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PART 1 – SPECIFIC DISCUSSIONS AND DATA

1 SCOPE 
This Engineering Technical Appendix (ETA) - a part of the Detailed Project Report (DPR) for the Section 
202 Project in Johnson County, Kentucky - documents the engineering studies, investigations, and the 
preliminary designs that were performed by the Project Delivery Team (PDT) for the Feasibility Phase of 
the project development. Johnson County is located within the Appalachian Mountains in eastern Kentucky 
and is in the watershed of the Levisa Fork of the Big Sandy River. The study area for the DPR and this ETA 
(Figure 1.1) consists of those flood prone areas within the city of Paintsville, where a structurally focused 
plan was formulated, and supplemented with nonstructural measures. The DPR also studies the flood prone 
areas county wide. Non-structural measures have been considered throughout Johnson County as a separate 
flood risk management project to reduce flood risk to property and life safety excluding the city limits of 
Paintsville, which is addressed in the main report and is not discussed in this Engineering Appendix. Non-
structural supplements that benifit the city of Paintsville are discussed in Volume 1 and Volume 6.  

 

Figure 1.1 - Study Area Overview 

Part 1 of the ETA consists of an overall discussion and summary of the recommended plan while Part 2 
consists of specific discussions and data by discipline of the engineering study, investigation, and 
preliminary subsurface exploration which are provided in the TABS of this appendix. The formulation led 
to project delivery team to one structural recommended alternative for the City of Painstville, among other 
recommended non-structural measures, meeting the requirements of ER 1110-2-1150 for “Engineering 
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During Feasibility Phase”. After screening the other alterntives, the recommended plan was studied in 
sufficient detail to provide a concept plan, detailed cost estimate and project design and construction 
schedule.  See Volume 1 for a description of the formulation and screening process.  

 The Johnson County FRM Project, Alternative 4, discussed in Volume 1 and Volume 6, and the Paintsville 
FRM Project, Alternative 2, are not mutually exclusive, both projects can be completed with or without the 
other and do not overlap in scope.  

2 AUTHORIZATION 
This work was authorized by Section 202 of the 1981 Energy and Water Development Appropriations Act 
which mandates that the Corps of Engineers protect against future losses to the community from a 
recurrence of a flood such as the April 1977 flood event that devastated much of the Big Sandy River Basin, 
including the Levisa Fork and its tributaries. The Bipartisan Budget Act of 2018 (PL 115-123) provided 
$118 million for study, design, and construction and relieved the local sponsor of the obligation to match 
federal funds with local dollars. In order to meet this directive, this ETA proposes the construction of a 
series of floodwalls and levees, development of a county wide flood warning and emergency evacuation 
plan (FWEEP), and a non-structural plan to flood proof residential and nonresidential structures inside the 
Paintsville city limits which will remain in the floodway and flood plain after the construction of the above 
mentioned series of floodwalls and levees.  

3 SITUATION 
The City of Paintsville (Figure 3.1 below) lies on the Levisa Fork approximately 62.7 miles above its 
confluence with the Big Sandy River at Louisa, Kentucky. Paintsville, the county seat of Johnson County, 
is made up of a residential downtown nearest the confluence of Paint Creek and Levisa Fork, a commercial 
downtown area along Paint Creek 1.6 miles above its confluence with Levisa Fork, and a residential 
community known as King’s Addition on the Levisa Fork right bank descending between mile 62.6 and 
61.3. While significant floods occurred in 1862, 1957, and 1963, in early April of 1977, much of Eastern 
Kentucky and communities along the Levisa Fork were devastated by an unexpected flood event which 
triggered the enactment of the above authorization. Johnson County experienced significant flooding but in 
Paintsville KY the event was not the flood of record. Readings from the Levisa Fork - Paint Creek Gage 
estimated the 1977 event as a 5% chance exceedance event. This event is discussed in more detail in the 
H&H Tab. 
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Figure 3.1 - Paintsville, KY City Limits 
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4 ALTERNATIVE 2 RECOMMENDED PLAN 
Detailed engineering and analysis was performed on Alternative 2 in order to sufficiently develop a 
complete project schedule and cost estimate as described in the following paragraphs. Figure 4.1 shows the 
major recommended measures on a map and table 4.1 sumarizes the details of the recommended alternative 
2 measures.   

 

Figure 4.1 – Location of Major Recommended Measures and Project Features 

Table 4.1 –Alternative 2 Recommended Measures  

Alternative 2 Recomened Measures 

Levees and Floodwalls Provides flood risk reduction from the backwater of Levisa 

Floodwalls:  

Main  <6’ I-wall: 1530’, 10’ T-wall: 320’, 15’ Twall 280, 28’ T-wall: 165’, 
Cut:10,900 CY, Fill: 1,470 CY 

Levees:  

Kings Addition  Cut:500 CY, Fill: 750 CY, 350 SY of rip rap.  

Interior Levees and 
Floodwalls 

Provides flood risk reduction from the back water of Paint Creek. 

Floodwalls:  
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Alternative 2 Recomened Measures 

Euclid Ave  <6’ I-wall: 1,716’, 10’ T-wall: 2505’, Cut: 8,190  CY, Fill: 9,610 CY 

Highland Ave <6’ I-wall: 320 

Levees:  

States Street  Cut:2,120 CY, Fill: 5,770 CY 

Flat Rock Branch Cut:800 CY, Fill: 2,650 CY, 500 SY of rip rap. 

Black Berry Branch Cut:600 CY, Fill: 5,820 CY, 350 SY of rip rap. 

Court House Cut:3,670 CY, Fill: 3,110 CY, 350 SY of rip rap. 

Walnut Ave. Cut:310 CY, Fill: 500 CY 

Gravity Drainage  Allows flow through levees and floodwalls during high water stages 

Paint Creek 3 – 25’x25’ tainter gates structure. See the Structural Tab 

Kings Additon levee 1 – 60” storm sewers w/ flapgates, trashracks, new gatewell, sluicegate, 
and headwalls.  

Euclid Ave Floodwall 3 - 24”, 2 - 30”, 2 - 60” storm sewers w/ flapgates, trashracks, new 
manholes, and headwalls. Sluice gate provided on the 60” culverts.  

States Street Levee 1 - 30” storm sewers w/ flapgates, trashracks, and headwalls 

Flat Rock Branch Levee 1 – 60” storm sewers w/ flapgates, trashracks, new gatewell, sluicegate, 
and headwalls. 

Black Berry Branch Levee 1 – 60” storm sewers w/ flapgates, trashracks, new gatewell, sluicegate, 
and headwalls. 

Court House Levee 4 - 24” storm sewers w/ flapgates, trashracks, new manholes, and 
headwalls  

Walnut Ave. Levee 1 - 24” storm sewers w/ flapgates, trashracks, and headwalls 

Backflow prevention of storm 
sewers North West Paintsville 

4 - 24” storm sewers w/ flapgates, new manholes, and headwalls 

Interceptor Sewer  Bypasses headwater from leveed areas through or around the levee or 
floodwall 

Mill Branch Intercepts flow from Mill Branch 1SQ Mile, and directed flow directly 
to Paint Creek. 3 – 36” storm culverts 300 LF each, and headwalls.  

Black Berry Branch Retained for further study not recommended at this time. 

Flat Rock Branch Retained for further study not recommended at this time. 
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Alternative 2 Recomened Measures 

Highland Ave  Retained for further study not recommended at this time. 

Margret Heights Retained for further study not recommended at this time. 

Closure Structure  Allows traffic and access through floodwalls during non flood stages . 

Main Flood Wall   

        Tutor Key Road Swing gate, 40 ft. wide x 6 ft. high. 

        Route 40 Swing gate, 45 ft. wide x 5.5 ft. high. 

Highland Ave. Floodwall  

        Route 40 Swing gate, 40 ft. wide x 3.5 ft. high. 

Euclid Ave Floodwall  

Bridge Street Swing gate, 35 ft. wide x 3.5 ft. high. 

States Street  

        Chessie Lane Relocate Chessie Lane. Provide up and over access.  
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4.1 LEVEES AND FLOODWALLS 

4.1.1 Main Floodwall 
Refer to the exhibits for the site plan layout and stationing and 
CS601 – CS603 for profiles of Alternative 2 main flood wall. The 
final engineering design may include minor changes to the 
alignment of the main floodwall. Beginning at Station 0+20, a sheet 
pile I-wall will be utilized for the first 955 LF. This section in many 
places will be much less than 6’ tall but in no instance, would I-Wall 
exceed 6’ tall. The floodwall will be designed to meet all levee safety 
codes and requirements including (but not limited to) proper set-
back distances from the edge of bank. At Station 9+60, I-Wall will 
be incorporated into the Paint Creek gravity drainage structure. This 
report identifies two concept closure structure plans. The first 
concept is one large tainter gate with a series of large flap gates. The 
second concept is a system of three automated tainter gates both are 
further discussed in detail in Section 6.3. The type of gates to be used 
will be further explored and developed in the PED phase of the 
project. From Station 10+50 to 18+40, various T-wall heights will 
be utilized to provide flood risk reduction from as tall as 28’ down 
to as little as 6’ tall. At Station 12+40, the top of the flood wall will 
decrease as much as 1.4’ from elevation 618.0 (NAVD88) down to 
the 95% confidence level for the 1% annual chance exceedance 
elevation 616.4 (NAVD88) for Levisa Fork. 

The remainder of the main flood wall will have a top of wall 
elevation of 616.4 (NAVD88). At Station 18+40, the 6’ tall T wall 
will transition into a 6’ tall sheet pile I-wall. At Station 23+90, the 
floodwall will reach and terminate into the high ground tie in 
point(Figure 4-2). 

4.1.2  King’s Addition Levee.  
Refer to Exhibit CS43K for the site plan and 
CS603 for profiles for the King’s Addition 
Neighborhood levee. The levee would tie into 
high ground near the end of Kentucky Lane and 
proceed perpendicular across Preston Branch 
ditch, tying into high ground near the end of 
Auxier Ave. The levee would include a 60” 
diameter culvert approximately 110’ long, a 
sloped and flared headwall on each end, a 60” 
diameter flap gate on the outlet, a trash rack on the 
inlet, and a gatewell with seated head sluice gate 
to provide secondary means of closure. Figure 4-
3 is an Aerial view of the site. 

Figure 4.2 - Alternative 2 
 

Figure 4.3 - King’s Addition Levee 
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4.2 ROADS AND ACCESS 

4.2.1 Chessie Lane 
The majority of Alternative 2 Main flood wall will be accessed from Chessie Lane. The road will require 
stabilization in order to handle the load from the project materials. Full depth reclamation will be 
investigated during Preconstruction Engineering and Design (PED) Phase to ensure that the main access 
point will remain safe and stable. There is a secondary access point but involves a CSX rail crossing point, 
which could be utilized for tall and/or wide loads.  

4.2.2 River Road 
River Road runs adjacent to the Alternative 2 main floodwall from Station 12+00 to 24+00. The road will 
be required to be removed for the construction of the floodwall and will be replaced with a reinforced 
concrete road suitable to handle an overtopping event without undermining or excessive erosion along the 
floodwall. A light paved access road will also be constructed on the river side of the floodwall from Station 
12+00 to 24+00 for access to the existing boat ramp, water treatment facility, and maintenance shops.  

4.2.3 Access to the Main Wall from Route 40 
River Road provides access to the Route 40 closure structure that is limited both in width and height. 
Temporary access to the site may be created by grading an access road from north of the confluence. This 
will be beneficial for bringing material on site and building the closure structure more efficiently. 

4.2.4 Frank Street and Preston Street 
The design solution for Euclid Avenue interior floodwall (discussed in Section 6.3.1.1) will likely convert 
portions of Frank Street and Preston Street to one way roads upon completion of the floodwalls adjacent to 
them. T-walls will be utilized in these areas and will likely reduce the width of each road.   

4.2.5 Other Roads Potentially Affected.  
Euclid Ave will have a road closure near its intersection with Highland Ave. A tie in I-wall will extend 
from the Euclid Ave floodwall through a vacant lot and tie into high ground. The road closure on Euclid 
will be 3.5’ tall and an egress detour will be available via Highland Ave. in the event of a closed gate 
scenario.   

4.3 INTERIOR FLOOD CONTROL 
Engineering Manual (EM) 1110-2-1413 chapter 6 identifies several measures that will be deployed as part 
of a structural solution that can reduce the flood risk in an interior area. Since the main floodwall intersects 
Paint Creek near the confluence of Levisa Fork, the entire Paintsville community is a proposed interior 
area. This study has identified several measure to be used both along and away from the floodwall 
alignment. This section will discuss interior floodwalls and levees, gravity outlets, interceptor sewers, 
pressure pipes, detention basins, and pump stations.   

4.3.1 Interior Floodwalls and Levees 
The main floodwall reduces the expected 1% ponding elevation in Paintsville by 4 feet, from 613.7 down 
to 609.7. Since there are still many structures lower than 609.7’, interior walls and levees will be constructed 
to reduce the risk of flooding to those low areas from the new ponding elevation. Reference the H and H 
Tab for a detailed description of the coincidence frequency analysis. During a high Levisa Fork event, the 
project includes a series of interior floodwalls and levees located in key areas. The interior floodwall/levee 
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alignments are summarized in the following sections of this report. Refer to the exhibit for the interior 
floodwall/levee site plan layout and CS603 – CS607 for profiles. 

EM 1110-2-1413 identifies interior floodwalls and levees away from the main line of protection as a flood 
risk management measure. Paragraph 6-3 e(2) states “If interior levees or walls are of sufficient height, and 
damage potential from failure is great, they are considered the same as the main line levee or wall”. 

Based on this guidance, the interior walls will be constructed to the 95% Confidence level for the 1% 
ponding elevation, which is 613.2’ (NAVD88). In locations where the tie-in points allow the interior walls 
and levees to meet this requirement it will be met. In all other locations the interior walls will be maximized 
to the highest local tie-in elevation. Locations that are protected by interior floodwalls and levees that meet 
elevation 613.2 will be recommended by the USACE for accreditation to FEMA during the letter of map 
revision process. Similarly areas that are above the expected 1% ponding elevation of 609.7 and structures 
that have finished first floors above that elevation that are not protected by interior levees and floodwalls 
will be among the recommended for accreditation.  

Areas that are below the expected ponding elevation, yet do not have the appropriate existing topography 
for a high enough tie-in to meet the 95% confidence elevation will not be recommended for a NFIP map 
revision. All of these areas will have levees that exceed the expected 1% ponding elevation so there will 
still be considerable risk reduction to nearly 98% of the Paintsville community.  

4.3.1.1 Euclid Ave Floodwall 
Beginning at a point near the north east bridge abutment of Broadway St, a floodwall consisting of Sheet 
pile I-wall and T-wall will be constructed that follows the north bank of Paint Creek. This alignment 
minimizes utility relocations and avoids taking available parking and property structures as much as 
practical.  See Exhibits for site plans profiles.   

From Station 0+00 to 12+20 (shown in red in Figure 4.4) the floodwall’s top elevation is at minimum 612.0 
(NAVD88) which makes this portion of levee not eligible for a USACE recommendation for accreditation 
to FEMA.  

At Station 12+20 the Eucid Floodwall alignment continues along the north bank of Paint Creek with a 
minimum top elevation of 613.2 making it tall enough to achieve a recommendation for NFIP accreditation, 
the Highland Ave. Floodwall also has a minimum top elevation of 613.2. The Euclid floodwall ends at 
station 40+00 and transitions to buried sheet piling that crosses the CSX railroad embankment providing 
protection from under seepage through the railroad ballast. The sheet pile ties into the wing wall of the 
Paint Creek tainter gate structure. Work will be staged allowing only one set of tracks to be closed at any 
given time and track closures will be limited to very short duration, likely less than 1 day.    
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4.3.1.2 Highland Avenue Interior Floodwall 
This section of floodwall begins at station 12+20 on the Euclid Ave floodwall in a vacant lot just east of 
the fire department. The floodwall heads north and crosses Euclid Ave with a 4’ road closure and ties into 
the Highland Ave road embankment. (Figure 4.4) 

4.3.1.3 States Street Interior Levee 
Beginning at a point northeast of the State Street and Depot Road intersection, a levee will be constructed 
heading in an easternly direction, requiring the acquisition of five residential properties. After crossing 
Chessie Lane, the levee ties into high ground at Station 6+50 on the CSX rail road embankment and then 
transitions to buried sheet pile that crosses the CSX railroad embankment providing protection from under 
seepage through the railroad ballast. Chessie lane will be relocated to avoid the need for a road closure. The 
top of this levee will meet the 95% confidence ponding elevation and will be recommended for accreditation 
(Figure 4-5).  

                       

 

4.3.1.4 Flat Rock Branch Interior Levee 
Beginning at a point near Washington Ave and 12th Street, a levee will be constructed that proceeds 
perpendicular across Flat Rock Branch and will tie into high ground near Pine Street. The levee would 
include a 60” diameter culvert approximately 200’ long, a headwall on each end, and a 60” diameter flap 
gate on the outlet, a gatewell, seated head sluice gate, and a trash rack at the inlet. This levee would have a 
top elevation of 610.85 (NAVD88) and would not be recommended for accreditation. Flat Rock Levee 
would still reduce risk to the community behind it and would reduce the likelihood of an expected 1% flood 
from inundating the area it protects. Figure 4-6 and the exhibits.  

4.3.1.5 County Courthouse and Jail Levee 
A levee was constructed in 2006 around the Johnson County Courthouse. This levee will be removed and 
reconstructed to a higher elevation, from 607.5 to 613.2 as required to meet the requirements under NFIP 
and will be extended to protect the jail also. The new levee will also have 10’ wide crown with 3:1 side 
slopes. (Figure 4-7).   

Figure 4.4 - Euclid Avenue & Highland Ave Interior Floodwalls  

Figure 4.5 - State Street Interior Levee 

Figure 4.6 - Flat Rock Branch Interior Levee 
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4.3.1.6 Blackberry Branch Interior Levee 
Beginning at a point near Mill Branch Road and Broadway St., a levee will be constructed that proceeds 
perpendicular across Blackberry Branch and ties into high ground near the intersection of Washington Ave 
and 8th Street. The levee would include a 60” diameter culvert approximately 240’ long, a headwall on each 
end, a gatewell, seated head sluice gate, and a 60” diameter flap gate on the outlet. This levee would have 
a top elevation of 610.0 (NAVD88) and would not be recommended for accreditation. Blackberry Branch 

Levee would still reduce flood risk to the community behind it and would 
the likelihood of an expected 1% flood from inundating the area it 
protects. (Figure 4-8).  

4.3.1.7 Walnut Ave. Interior Levee 
The Walnut Ave levee closes a low drainage area to keep ponding from 
backing into the residential area. This levee would include a 24” storm 
sewer and flap gates. The top of the levee is elevation 610 (NAVD88) and 
would not be recommended for NFIP accreditation. (Figure 4.9) 

 

 

 

4.3.2 Interceptor Sewers  
The next measure considered is a combination of interceptor sewers, Interceptor sewers are defined as pipes 
that connect two or more existing pipes, channels, or overland flow areas in the interior floodplain and 
conveys the flows to, among other measures, culverts or pressure conduits for discharge through the line of 
protection. Pressure conduits include pipes and closed conduits that convey interior flood waters through 
the line of protection with internal pressure.   

To reduce storm water from entering the leveed area (behind the interior levees and floodwalls), water may 
be intercepted through ditching and piping from areas higher in elevation than the top of the interior levees 
and flood walls and convey the water through closed storm sewer pipes through the interior floodwall line 
of protection to Paint Creek without the use of backwater prevention at the outlets. This DPR evaluates all 
lands and easements required for the water conveyance, identify pipe sizes, pipe alignments, and include 
cost for each in the detailed cost estimate. Table 4.2 sumarizes these details while Figure 4.10 shows the 

Figure 4.7–Courthouse and Jail Interior Levee 

Figure 4.8 – Blackberry Branch Interior Levee 

Figure 4.9 – Walnut Ave Levee 
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location of each interceptor sewer considered. At this time four of the 5 interceptor sewer pipes are not 
recommended however all five will be retained for potiential use during PED.  

The green area shown on Figure 4.11 represents the Mill Branch drainage basin, currently this basin flows 
to the Blackberry Branch Ditch. The current FRM project will be intercepting Mill Branch, upstream of the 
confluence with Blackberry Branch, with a culvert conveying the flow to Paint Creek.  beneficial to reduce 
the flow entering into the Blackberry drainage area. Mill Branch conveyance is included in the 
recommended plan however 4 other locations could benefit from similar storm water conveyance. During 
PED, additional survey and H and H modeling will be completed to determine if these additional areas 
could benefit from a storm water conveyance culvert. At this time only the Mill Branch interceptor is 
recommended.  

Table 4.2 – Interceptor Sewer Scope 

Location Intercepted Drainage area Pipe Diameter Outlet Pipe Length 
Mill Branch .64 Sq. Miles 3x 36” 300’ 
Blackberry Branch .44 Sq. Miles 60” 3,400’ 
Flat Rock Branch .23 Sq. Miles 48” 3,600’ 
Margret Heights .03 Sq. Miles 36” 1,200’ 
Highland Ave .07 Sq. Miles 24” 2,300’ 

 

 

Figure 4.10 –Interceptor Sewer Pipe Locations.  
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4.3.3 Detention Basins 
During formulation detention basins were initially measure that were not moved forward for consideration. 
However when utilized along with an interior levee or flood wall they could be useful. Storm water 
detention may be used during PED in cases where the interior ponding behind interior floodwalls and levees 
may require temporary storage to minimize consequences during an exterior flood event. Areas that are 
already low in elevation will be used for these basins as needed including but not limited to Blackberry 
Branch, Flat Rock Branch, and an existing low area near Euclid and Depot St Bridge north of Paint Creek, 
and near the interceptor sewer inlets.  

4.3.4 Gravity Outlets 
Gravity outlets are culverts, conduits, and other openings that permit gravity discharge of interior waters 
through the line of protection. Gravity outlets will be associated with both the Main Floodwall and each 
interior floodwall and levee. Levee safety design guidance requires all gravity outlets that exceed 36-inch 
in diameter must have both active (sluice gates) and passive (flap gates) flood closures. This study assumes 
all outlets greater than 36-inch will have a flap gate and seating head sluice gate. The Paint Creek tainter 
gate will utilize bulkheads for the secondary means of closure.  

4.3.4.1 Paint Creek Tainter Gate Structure 
The main floodwall beginning at Station 9+70 will include a gravity drainage structure responsible for 
draining Paint Creek. This structure will be designed with three main functions. The first is that under every 
circumstance the gate will add no harm or consequences to the community. This will be accomplished by 
designing the gates large enough that an interior storm event would not be further restricted than it is prior 
to construction.  The designer will consider the CSX rail bridge the most constricting section on Paint Creek 
without a project. This will be the upper constraint of this requirement. The second function is stopping the 
flow of Levisa Fork backwater from entering Paint Creek. This function will begin anytime Levisa Fork 
exceeds elevation 595 (NAVD88). This elevation corresponds to Paint Creek’s Reservoir and Dam’s water 

Figure 4.11 –Interceptor Sewer Basins.  
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control manual. According to the dam manual, outflows from the dam are reduced to a negligible flow 
when Levisa Fork reaches elevation 595’ NAVD88. At this stage the closure structure’s gates will close. 
The third function will include proper operation of the structure during times of both high Levisa Fork stage 
and high discharge flows from Paint Creek. The operations manual will be a critical function to ensure that 
the gates are in the correct position at the right time. During PED a structure comprised of tainter gates will 
be further developed along with situational opening and closing manual to handle interior flows and exterior 
stage. In order to allow automatic discharge of interior flows the designer will also consider large flap gates 
that would operate without an actuator in lieu of providing the full array of tainter gates. Figures 4.12 and 
4.13 show a concept model of three tainter gates. This layout is used in the project’s cost estimate. Further 
detail on the main closure structures is discussed in the structural tab.           

             

 

4.3.4.2 Interior Floodwall Gravity Outlets 
Each interior floodwall and levee will be equipped with gravity outlets and back water preventers. Some of 
these outlets will intercept existing storm sewer culverts while others will intercept existing drainage 
channels. Each gravity outlet will have a new section of pipe, headwall and flap gate. Culverts larger than 
36” in diameter will also have a gate well and seating head sluicegate for an active means of closure. The 
location of these gravity outlets are each identified in the Exhibits. 

4.3.4.3 Additional Gravity Outlets 
Along both sides of Paint Creek, all storm drainage culverts that connect areas below the base flood 
elevation (BFE) ponding area will be fitted and installed with the appropriate size flap gates and headwalls. 
Culverts have been located in four areas. Each of these areas will be fitted with flap gate closure structures 
large enough to accommodate the city’s planned storm water improvement project. Additional survey will 
be required during the PED phase of this project. The general location of these flap gates can be seen in 
Figures 4.14, 4.15, and 4.16.  

         

Figure 4.13 – Tainter Exterior Side 

Figure 4.12 – Tainter Interior Side 

Figure 4.14 –Flap Gates 1&2 Figure 4.15 – Flap Gate 
 

Figure 4.16 –Flap Gate #4 
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4.3.5 Paint Creek Pump Station 
In a scenario where Levisa Fork is high enough to necessitate a gate closure, headwater from the Paint 
Creek watershed would begin to pond in the channel. In order to lower the elevation of the water in the 
channel, a pump station was considered to be located next to the gravity structure. Multiple sizes of pump 
station variations were considered and it was determined that once exceeding the capacity of a 100 CFS 
station the sponsor would be unlikely to afford the OMRRR for that station. The team also determined that 
if the selected plan included a 100 CFS station the interior ponding elevation would only be lowered by 0.3 
feet. Based on the high cost and low benefit of this option a pump station was not included in the 
recommended plan. A concept plan for a 100 CFS pump station is discussed in the electrical and mechanical 
tabs.  

4.3.6 Coincident Frequency Analysis 
A coincident frequency analysis was performed in accordance with EM 1110-2-1415 “Hydraulic Frequency 
Analysis” and EM 1110-2-1413 “Hydraulic Analysis of Interior Areas”.   

The coincident frequency analysis allowed the PDT to evaluate the ponding area and a variatey of 
corresponding pump station capacities, and lower Paint Creek, at a variety of ponding elevations. The 
combination of a ponding elevation of 609.7’ (NAVD88) and no pump station was selected due to the 
sponsor’s inability to pay for OMRRR for a large pump station and the negligible benefits achieved by a 
pump station. Table 4.3 for a breakdown of the ponding elevation and pump station capacity selection. For 
a detailed breakdown of the H and H modeling and the investigations and study that was performed see the 
Hydrology and Hydraulic tab.    

Table 4.3 – Alternative Variation Comparison 

 Variation 1 
(Elev. 
609.7) 

Variation 2 
(Elev. 608) 

Variation 3 
(Elev. 606) 

Variation 4 
(Elev. 
609.4) 

# of total structures removed from the flood 
plain. 

804 872 893 806 

% of structures removed from the flood 
plain. 

81.5% 88.4% 90.6% 81.6% 

% of structures protected from the 
reoccurrence of 1977 flood. 

98% 98% 100% 98% 

# of structures flooded in 1977, not likely to 
be accredited under NFIP. 

77 32 20 75 

Required pump station capacity. Cubic Feet 
/ Second (CFS) 

0 500 1300 100 

Estimated annualized 50 year pump 
replacement cost ($) 

0 305,000 610,000 100,000 

USACE’s Estimate of the Sponsor’s 
annualized ability to pay ($) 

80,000 

 

4.4 RELOCATIONS 

4.4.1 Public Facilities 
Public facility relocations were considered as an option to reduce the Eueclid and Court House interior 
levee alignments with the goal of lowering the overall project cost. The Fire Department on Main Street, 
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the county court house and prison on 3rd Street were considered on a very conceptual basis comparing the 
cost of relocating the structure and reducing the risk of flooding to these structures in their current locations.  

4.4.1.1 Fire Department  
Relocating the fire department would not reduce the floodwall length or drainage structure requirements 
for the associated portion of work because that portion of floodwall protects other residents near the fire 
station. Construction of a new fire station of similar size at Fort Campbell, Kentucky in 2017 cost 
approximately $10 million. The flood wall scope reduction associated with relocating the fire department 
would be negligible considering the entire scope of that flood wall being less than $1 million.  Protecting 
the Fire Department with a floodwall is recommended.  

4.4.1.2 County Court House and Prison 
Relocating the county court house and prison would reduce scope of the project by 1,200 linear feet of 
levee.  The levee in this section would include 1,200 LF and approximately 6,780 CY of embankment 
material ranging from 5 to 12’ in height.  In 2017, LRL awarded and constructed a longer taller levee, 1,500 
LF, 12’ tall, that cost $3.5 million. The two facilities to be relocated would be significantly more costly to 
relocate. The Court house and jail are valued by the local PVA at $12.725 and $2.65 million. Relocation 
would very likely exceed the current property values. Construction of a levee to protect these facilities at a 
concept level would be significantly less than relocation and therefore neither alternative 2 or 3 considered 
relocation of public facilities. Protecting the courthouse and jail with a levee is recommended.   

4.4.2 Utility Relocations 
The preliminary design of both Alternatives 2 and 3 made efforts to avoid utility relocations to the greatest 
extent practical based on the information available through as-built records, LIDAR topo, and mapping 
websites like Google Earth. During PED, the locations of the identified utilities will be verified through 
field topographic survey. The utility relocation information in the following sections of this report is not 
based on topographic survey; therefore, new information could result in minor changes to the location of 
flood walls to avoid or reduce major relocation efforts. The utilities investigated for this study include gas, 
water, storm sewer, sanitary sewer, and electric. Each utility is discussed below and summarized in Table 
4.4 along with the expected utility relocation and floodwall penetration efforts associated with Alternative 
2.  

Table 4.4 – Utility Relocation Summary Table 

Utility Relocations and Floodwall and levee penetrations.  

Gas Line 
Diameter 2" 3" 4" 6" 

Relocation Length 1,390 650     
# of Penetrations 1 2 4 1 

Water Line 
 Diameter 6" 8" 10" 12" 

Length 500 300 450 375 
# of Penetrations 1 2 0 6 

Sanitary Sewer Line 
Diameter 6" 8" 10" 14" 

Length 800 990     
# of Penetrations 0 5 2 2 

Storm Sewer 
 Diameter 24" 30"  60"   

Length 797 220 570   
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# of Penetrations 13 3 5   

Power 
Voltage Low Med High   

Poles Relocated 6 5 3   
 

4.4.2.1 Gas 
On the main floodwall alignment 1,200 lineal feet of 2” gas line is present on the west shoulder of River 
Road. The floodwall design will attempt to avoid relocation of the River Road gas line. This relocation is 
captured and included in the cost estimate.   

On the Euclid Ave interior floodwall wall alignment, a 2” gas line is present in Preston Street and could 
require relocation. Between Main Street and Paint Creek a 3” gas line is present and could require 
relocation. On the State Street interior levee, a 2” gas line is present but will be avoided. Figure 4.17 
provides a map of the existing gas line network and proposed floodwalls and levees.   
 

 

Figure 4.17 - Gas Penetrations and Relocations Map 

4.4.2.2 Water 
On the main floodwall alignment, both a 12” and a 10” waterline penetration are anticipated. These will 
likely be deep enough to go under our project since they extend under the Levisa Fork. Another 10” water 
line is also anticipated on the west side of River Road. The floodwall alignment will attempt to avoid 
relocation of this water line, however the cost is included in the estimate.  

There is a 6” water line located in Preston Street. The design will attempt to avoid relocation of this line. 
There is a 12” line that intersects Flat Rock Branch near the levee alignment. This line is scheduled for 
relocation. There is a 12” line in State Street that will not be relocated. Figure 4.18 provides a map of the 
existing water line network and proposed floodwalls and levees.    
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Figure 4.18 - Water Line Penetrations and Relocations Map 

4.4.2.3 Storm Sewer 
Since very little storm data was available, a combination of the site exploration and topo survey has 
identified the location of storm outlets, drop Inlets, and manholes near Paint Creek. During PED a complete 
survey of the storm sewer system will be completed to insure that no storm sewer is cutoff from drainage, 
found during construction, or omitted from the design. Figure 4.19 provides a map of the existing storm 
sewer outlets and proposed floodwalls and levees.   

 

Figure 4.19 - Storm Sewer Penetrations and Relocations Map 
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4.4.2.4 Sanitary Sewer 
On the main floodwall alignment, it is anticipated that 1,100 lineal feet of sanitary sewer exists on the west 
shoulder of River Road. The floodwall design will attempt to avoid relocation of the River Road sewer line, 
but it is included in the cost estimate.  

On the interior floodwalls, eleven additional penetrations are expected and many sewer lines run parallel to 
proposed floodwall alignments. These sewers range in size from 8” to 24” and many are constructed out of 
clay tile. Located near the northwest shoulder of Depot Road Bridge, a sanitary lift station pumps much of 
the city’s sanitary waste across Levisa Fork to the waste water treatment facility located on Lewis Drive. 
The sewer line locations are currently believed not to be close enough to the alignment but because there 
are so many (a significant number not identified) the cost estimate will assume various length and diameter 
relocations. If required, existing clay tile sanitary sewers will be replaced with PVC and located at a 
minimum of 15’ from the face of the nearby floodwall or levee toe. Figure 4.20 provides a map of the 
existing sanitary sewer network and proposed floodwalls and levees.   

 

Figure 4.20 - Sanitary Sewer Penetrations and Relocations Map 

4.4.2.5 Electric 
On the main floodwall alignment, power poles will be relocated along with the associated guy wires. On 
Tutor Key Road, one low voltage residential power pole will be relocated. Low and medium voltage lines 
run down both sides of Route 40 and the design will avoid relocation of these lines. Power lines along River 
Road traverse on both sides and will be evaluated if they are still needed since all residential properties 
have been removed over the last 15 years. Relocation will be assumed for 1,000 lineal feet of low voltage 
power lines, including 6 power pole relocations.  

On the interior floodwalls, eight additional low voltage power poles will be relocated along with the 
associated power lines, including three between the apartments on Route 40 and Paint Creek, one on Preston 
Street, and three behind the county courthouse.  
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4.4.2.6 County Courthouse and Jail Levee Utilities 
Preliminary data only shows sewer and water in the county courthouse and jail proposed levee area. Based 
on site investigation information, power lines are also present in this area. Sewer and power pole relocations 
will be required for this levee section as well as one waterline penetration. Figure 4.21 provides a map of 
the existing utility network and proposed Courthouse and levee alignmnet.   

 

Figure 4.21 - County Courthouse and Jail Utility Penetrations and Relocations Map 

4.4.2.7 King’s Addition Neighborhood Utilities 
Preliminary data only shows a six inch water line running parallel with the proposed levee alignment. This 
water line will need to be relocated out of the levee’s footprint. A low voltage power pole may also be 
require to be relocated. Figure 4.22 provides a map of the utilities and proposed King’s Addition levee.   
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Figure 4.22 – King’s Addition Utility Penetrations and Relocations Map 

4.5 BORROW AND SPOIL AREAS 
An investigation was made to locate sources for the impervious borrow material that is required for this 
project. Three sites within close proximity to the project were originally identified based on accessiblity, 
proximity to the project, and high elevations, were targeted. One of the site’s property owners would not 
agree to a right of entry so it was removed from consideration. The second of the sites had very poor access 
and was not conducive to geotechnical exploration. The third site located in an area adjacent to Hidden 
Valley Rd and shown on Figure 4.23, met all of the targeted criteria. The site is at the top of the hill, access 
is available via a rough graded road, clearing over much of the areas has already been performed and the 
property owner is willing to participate in both rights of entry and easements required for use of the site. 
Sampling and testing was performed in this areas, which can be found in the Geotechnical Tab.   
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Figure 4.23 – Hidden Valley Borrow Site  

In addition to the selected borrow site, during the investigation, the City of Paintsville requested that the 
USACE use material that will be available from the excavation of a large land slide that occurred in 2018. 
This landside mitigation project has produced a detailed geotechnical report and estimates 40,000 cubic 
yards of material is available. Based on a review of the geotechnical report our team estimates that nearly 
half of that material can be used for suitable fill for levee construction. The material not used for the project 
will be hauled away by the mitigation contractor and will not be in the scope of this project. Use of this 
material is beneficial to the government because the material will be provided at no cost, it is even closer 
in proximity than the selected borrow site, borings and soil testing was completed at no cost to the 
government, NEPA, cultural resources, and environmental mitigation will be covered by others. Partnering 
with the Land Side Mitigation work is beneficial to the Landside Mitigation Contractor because our use of 
the spoil material will greatly reduce the haul cost for their contract. Figure 4.24 is a map that shows the 
proximity of this site to the project.    
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Figure 4.24 – Carter Lane Slope Failure Mitigation and Borrow Site 

4.6 PROJECT ENGINEER’S OFFICE  
A Project Engineer’s office was determined to be necessary for construction of the Paintsville FRM project. 
A USACE Project Engineer’s office job trailer will be provided by the Contractor for the life of the contract. 
Several sites are available for locating the structure in the Paintsville project area. One of these typical sites 
was laid out and quantities calculated to provide input for schedule and cost development. Final site 
selection will be accomplished during the PED phase of the project. The first tentative location for a project 
office is the empty L shaped lot at the corner of Preston St. and Euclid Ave approximately one acre. The 
second area identified is the storage facility property also one acre located on Euclid near the Paint Creek/ 
Levisa Fork confluence. Figure 4.25 is a map that shows the proposed location of the project engineers 
office trailer for this project. 
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Figure 4.25 – Proposed Project Engineer’s Office  

4.7 CONTRACTOR WORK LIMITS 
Adjustments to the Contractor’s Work Limits (CWL) were made during development of the Paintsville 
FRM Project recommended alternative. All of the proposed right of way including temporary work 
easements, utility easements, and levee right of way to be purchased in fee are shown on in the Real Estate 
Appendix. The floodwall and levee Contractor work limits can be found in Exhibits CS101-CS125. 

5 AUTOMATIC FLOOD WARNING SYSTEM 
Alternative 2 includes the development of a FWEEP that will reduce life safety risk associated with flash 
flooding, and provides important basin inflow data to the Paint Creek Closure Operator which will assist 
emergency response capabilities of the local emergency responders. The FWEEP will include: 

-A written plan that communicates how to operate the Paintsville FRM closure structures during flood 
emergencies 

-A plan for evacuation in the event of flash flooding or potential design exceedance of levees and/or 
floodwalls.  There will also be a map identifying the evacuation routes as well. 

-An automated flood warning system including, data collection, processing, and dissemination system. 

-A study of inundation areas to support the evacuation plan. 
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5.1.1 Flood Warning and Emergency Evacuation Plan (FWEEP)  
As part of the project, a FWEEP will be developed that considers flash flood evacuation plans for each 
community throughout Johnson County. The primary flood emergency is flash flooding and will focus on 
short notice evacuation planning. These plans will include inundation mapping, targeted warning based on 
real time collected data, evacuation routing, and will identify safe parking locations for those displaced by 
rising water. Most of the FWEEP will be discussed in Volume 6 non-structural. The automatic flood 
warning system portion of the FWEEP is discussed below.  

5.1.2 Automatic Flood Warning System (AFWS) 
In order to provide real time flood data, the project will utilize innovative technology that has been 
developed by the Department of Homeland Security (DHS) Science and Technology section over the last 
three years. Because of grant funding provided by DHS, low-cost real time flood sensors are now available 
and are being produced by multiple U.S. small business companies. These sensors are stand alone, solar 
powered, have 2 forms of communication capabilities for redundancy, and they communicate in real time. 
During the PED phase of this project, this portion of work will be solicited for design by the public sector 
and the solicitation will likely be targeted to companies already involved with the study and grants made 
possible by the DHS.  

Below are bulletins provided by DHS that explain the technology and the grant that led to this innovation.   

5.1.3 Department of Homeland Security’s Development of Low Cost Flood Inundation 
Sensors 

5.1.3.1 DHS Bulletin: Internet of Things (IoT) 
Flooding is the nation’s leading natural disaster, accounting for the greatest loss of life, property damage 
and economic impact. Over the past three decades alone, floods have accounted for $8.2 billion in damages 
and more than 80 fatalities per year. Much of this devastation could be mitigated with deployable Internet 
of Things (IoT) technology that monitors flood-prone areas in real time, and rapidly detects and alerts 
officials, industry and citizens to potential threats.  

The Department of Homeland Security’s Science and Technology Directorate (S&T) is working with three 
small business partners to design, develop and test a network of inexpensive, deployable flood inundation 
sensors. The sensors will be part of a scalable wireless mesh network that rapidly measures rising water 
and reports flood conditions back to operations centers, first responders, and citizens. 

The sensors are designed to be modular, allowing maximum flexibility for communities to configure the 
sensors to meet specific needs. Once completed, the system can be deployed for years at a time with little-
to-no maintenance. Sensor costs, depending upon configuration, are expected to be less than $1,000 per 
unit—which is 20 times less expensive than many flood sensors used today. 

In spring 2016, three industry performers—Evigia Systems, Inc., Physical Optics Corporation (POC), and 
Progeny Systems Corporation—were awarded Small Business Innovation Research (SBIR) Phase I funds 
to prototype low cost flood sensors that are ruggedized, submersible, and deployable across mesh networks 
in different environments. 

Sensor Refinement and Field Testing Phase II, which began in spring 2017, is focusing on the technical 
refinement of the sensors to: harden the sensor housing, increase power through energy harvesting, expand 
communications network range, transmit imagery, provide GPS location, implement open data exchange 
standards and monitor performance diagnostics. Over 300 sensors are currently field deployed with select 
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state, county and city government stakeholders for testing and evaluation over a 6-month period. S&T is 
working with the three industry performers to identify commercial markets and foster community 
awareness and adoption. 

5.1.3.2 DHS Bulletin: Smart Alerts Pilot Program 
A Flood Sensor Network for Real-Time Alerts and Warnings the U.S. Department of Homeland Security 
(DHS) Science and Technology Directorate’s (S&T) Smart Alerts Pilot project aims to make flood alerts 
and warnings smarter by sending location and time specific information to public. This will help local 
jurisdictions provide real time alerts so they can make better decisions when facing a flood threat. 

The National Weather Service sends out warnings to a wide area ahead of a big storm. At a local level, 
many communities handle floods by dispatching first responders to the flooded area to assess the situation, 
put up barricades, report back to the command center, prepare alerts and warnings and send them out to the 
general public. 

As part of the Flood Apex Program, S&T is working with the Lower Colorado River Authority (LCRA) in 
Austin, Texas, to develop a faster, better and safer way to deliver alerts and warnings to the general public. 
Instead of physically sending first responders to flooded areas, the project is developing a software system 
to collect data from low-cost flood sensors. Geo-targeted information is then sent to individuals in the areas 
specifically affected by the event by leveraging the location-based features of smart mobile devices. First 
responders can then concentrate their resources to where they are needed the most.  

LCRA is partnering with local communities in central Texas to research and prototype this next generation 
smart alerts system. The system includes four critical components: 1) a sensor network that includes front-
line sensors. 2) a data aggregation repository system that collects sensor data wirelessly for evaluation; 3) 
a real-time rules engine, which includes algorithms and logical rules applied to sensor data for better 
decision making regarding alerts and warning; and 4) an alert system that produces and disseminates real-
time, geo-targeted alerts and warning messages. (Figure 5.1)  

 

5.1.4 Utilizing DHS Technology to Save Lives 
Recent flood history in Johnson County shows that due to the terrain and flash flood nature of low lying 
areas around the county, loss of life is not just possible but a reality that the residents of Johnson County 

Figure 5.1 – Smart Alert System Flow Chart 



Johnson County, KY  Volume 2 
Section 202 Project  Engineering Technical Appendix 

27 | P a g e  

live with every day. A flash flood that was concentrated on a small community named Flat Gap in Johnson 
County occurred in 2012 and claimed the lives of 2 residents attempting to evacuate.  

The goal of this project will be to not just provide evacuation notices when there is an isolated flood, but to 
target these notices to the parts of the community that actually need to evacuate. The problem with county 
wide evacuation is that it’s not real clear where to go, and after evacuating multiple times without any real 
threat, residents may become hesitant to evacuate during future events that could leave them in harm’s way.    

Another way this technology will be used to save lives is the direct reporting to the Emergency Management 
Center. The real time flood data will help mobilize rescue missions to areas where we know homes are 
flooded, roads are inundated, and flash flooding is occurring, without actually driving to the various regions 
of the county to verify. This ability has the potential to greatly increase efficiencies of the county’s limited 
emergency staff and could lead to faster water rescue deployment, as well as getting needed supplies to 
effected areas faster.  

5.1.5 Warning Dissemination 
After data is collected and processed, there are lots of options on how to disseminate the warning message. 
The most common in Johnson County is sirens that alert the community. Currently 4 sirens are located in 
the Paintsville area but non outside of the city limits. The project design will evaluate adding sirens 
throughout the county and enhancing the sirens to include a recorded message that provides more direction 
than just a loud noise.  

Auto dialers are also currently being utilized in the region to alert residents of potential flood risks. These 
notifications are helpful but only for phones identified and included in the auto dialer list for that region. 
The design will also evaluate continuing the approach of utilizing auto dialers in this region.  

A new approach to information dissemination in this area, is through smart phones and the internet. 
Websites and phone applications could be utilized to give the most up to date, real time data, and evacuation 
notification, as well as evacuation directions. Notifications could be set to override smart phone silence 
modes similar to the way Amber Alerts are sent out, and they could be targeted to geo-referenced regions 
so out of town visitors could also receive evacuation notices.  

The warning dissemination piece of this project is critical for life safety during flash floods in this region. 
Each method of notification may be more effective than the others as they relate to the different people they 
are serving. While the exact details of the plan will not be complete until the design is finished the solution 
will require more than one approach not just for redundancy but also to extend the notification to as many 
effected as possible.  

5.1.6 County Wide Micro-Storm Drainage Basins 
The collection and dissemination of real time flood data will be separated into regional watersheds. The 
data sensors will be networked through the watersheds that they are located in and flood warnings will be 
targeted toward the watershed that are experiencing flooding.  

Figure 5.2 is a county map that identifies the HUC 12 watersheds. The Watershed Boundary Dataset (WBD) 
maps the full areal extent of surface water drainage for the U.S. using a hierarchical system of nesting 
hydrologic units at various scales, each with an assigned hydrologic unit code (HUC). HUCs are delineated 
and geo-referenced to U.S. Geological Survey (USGS) 1:24,000 scale topographic base maps according to 
compilation criteria monitored by the national Subcommittee on Spatial Water Data. HUC 12 is the 
hydrologic unit hierarchy indicated by the number of digits within the HUC code.  
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The HUC 12 watersheds will be utilized as the basis for the projects information collection and 
dissemination network.  

 

Figure 5.2 – HUC 12 Watersheds in Johnson Co.   

6 COST ESTIMATE 

6.1 METHODOLOGY 
The Recommended Plan, Alterntaive 2, Cost Estimate was based on studies, investigations, and other 
factual information obtained from records of other projects, as well as the normal quotes, crews, and 
productivity generation by cost engineers. Risk-based contingencies were based on the judgment of the cost 
engineer and the PDT and reflect the degree of risk, difficulty of work, unknown and incomplete design, 
and historical data. Backup for the cost estimate and associated cost products can be found in the Cost 
Engineering Appendix. MCACES MII software, Version 4.4, was used to prepare the estimate. Feature 
account codes assigned are in accordance with the Civil Works Breakdown Structure. 

6.2 COST AND SCHEDULE RISK ASSESSMENT  
A cost and schedule risk assessment was performed on Alternative 2, the recommended structural solution 
for the city of Paintsville. In the CSRA the alternative was evaluated to incorporate risk drivers and how 
those drivers could impact the cost and schedule.  
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6.3 TOTAL PROJECT COST 

6.3.1 Paintsville Flood Risk Management Project Total Cost 
The Cost Estimate was prepared at the 30 September 2019 price level and is shown in Table 6.1. The costs 
are given by Feature Account and include the appropriate contingencies based on the CSRA.   

Table 6.1 - Cost Estimate for Alternative 2 the Recommended Johnson Co. FRM Plan. 

 Feature Account Cost 

01 – Lands and Damages $6,776,000 

02 – Relocations $4,056,000 

06 – Fish And Wildlife Facilities  $561,000 

11 – Levees and Floodwalls $36,210,000 

15 – Floodway Control & Diversion Structures $42,749,000 

18 – Cultural Resource Preservation $1,337,000 

19 – Buildings, Grounds, & Utilities $623,000 

20 – Permenent Operating Equipment $1,337,000 

30 – Planning. Engineering and Design $13,396,000 

31 - Construction Management $9,952,000 

Total Project Cost (Rounded) $116,997,000 

The fully funded cost estimate, which includes inflation according to the implementation schedule, is 
$116,997,000. Refrence Volume 5 Cost Appendix for a full description of the development of the MII Cost 
Estimate, the CSRA, and Total Project Cost Summary. 

7 SCHEDULE 

7.1 DESIGN BUDGET 
The PDT design budget below is shown in Table 7.1 and is in the Quality Control Plan (QCP). Other 
engineering costs associated with the design can be found in Tab 8 Quality. 

 

 

 

 

Table 7.1 – Design Budget 
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7.2 DESIGN SCHEDULE 
The Design Schedule is included in the quality control plan and is in Table 7.2.  

Table 7.2 – Design Schedule 

 

7.3 STUDY SCOPE DURING DESIGN  
This Detailed Project Report makes well documented risk informed decisions. Throughout the report some 
decsisions have been deferred until more information is available. Most descions that have been delayed 
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attempt to use conservative assumptions in the place of known quantities. To insure all of the descions are 
made the following is a summary of tasks to be completed.  

1. The PDT was unable to fully develop the control structure concept during design due to lack of 
design data, so two alternatives are presented. The control structure alternative will be selected 
during design after a comprehensive hydraulic analysis can be performed. 

2. Storm interceptor pressure pipes maybe used to pass water under the flood wall in multiple 
locations and will be coordinated with the flood wall foundation during design. At this time 
four of the 5 interceptor sewer pipes are not recommended however all five will be retained for 
potential use during design. 

3. A 100 CFS pump station is included in the study in order to capture its costs in case a larger pump 
station which could possibly have a more significant impact on the interior ponding elevation is 
reconsidered during design. 

4. During formulation detention basins along Paint Creek were initially measures that were not moved 
forward for consideration because they were ineffective. However when utilized along with an 
interior levee or floodwall they could be useful. Storm water detention may be used during design 
in cases where the interior ponding behind interior floodwalls and levees may require temporary 
storage to minimize consequences during an exterior flood event. 

5. The locations of the identified utilities will be verified through field topographic survey. 
6. A complete survey of the storm sewer system will be completed to insure that no storm sewer is 

cutoff from drainage, found during construction, or omitted from the design. 
7. The final type of road closure gate will be investigated during design, but either roller gates or 

swing gates will be provided instead of post and panel type closures in order to reduce the 
installation time of the closure gates. 

8. Consideration will be given to include reduction in construction schedule as a contractor bid 
selection criteria. 

9. Full depth reclamation will be investigated at the Chessie Lane underpass to ensure that the main 
access point will remain safe and stable. There is a secondary access point but involves a CSX rail 
crossing point, which could be utilized for tall and/or wide loads. 

10. A list of H&H models to be completed during design is included in the H&H tab under section 3 
Scope during Design. 

11. Upon completion of H&H modeling and Topo survey. Levees and floodwalls not anticipated to 
meet NFIP Accredidation due to tie in and top of wall elevation will be evaluated for extentions 
that could meet the criteria for accrdidation. Lands in consideration for extentions are shown in the 
Exhibits and are typically city/state owned roadways. 

7.4 PROJECT IMPLEMENTATION SCHEDULE 
The proposed implementation schedule (Table 7.3) for feasibility, design, and construction was established 
by Lakes and Rivers Division (LRD) through a memorandum on the subject of Delivery of Fiscal year 2018 
and 2019 civil works supplemental program. The memo requests that all long term construction items 
should be completed in 3-5 years. The PDT accepts and welcomes this challenge and expects to deliver by 
making risked informed decisions and documenting through the risk register, identifying and overlapping 
critical path schedule drivers, exercising excellent team communication and identifying and addressing 
issues proactively as they arrive.  

Table 7.3 – Project Implementation Schedule 
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Major milestones Date 
Execution of the Project Cooperation Agreement (PCA).  February 1, 2020 
Completion of DPR and signed FONSI March 1, 2020 
Alternative 2 design complete August 1, 2020 
Alt 2 RE acquisition September 1 2020 
Award Alt 2 construction project November 1 2020 
Completion November 1, 2023 

The schedule assumes priority for design and construction of the Paintsville FRM Construction Project. 
Floodwall and levee construction will require three years to complete and is assumed to be accomplished 
with one construction contract. 

The Johnson County FRM project and the Non-structural features associated with the Paintsville FRM 
project are discussed in Volume 6 Non-Structural Appendix.  

8 ENGINEERING STUDIES AND INVESTIGATIONS 

8.1 SURVEYING AND MAPPING 
Huntington District provided an aerial photographic survey of Paintsville and surrounding area that was 
made in 2004. The data from this survey was used to create digital topographic mapping with the scale 1” 
equal to 200’ and a contour interval of 2 ft. The horizontal datum of this mapping is NAD83 and the 
coordinates and projection are based on Kentucky State Plane Coordinate System, South Zone. In the spring 
of 2019, in-house surveyors from the Louisville District (LRL) conducted field surveys in areas that had 
changed or were not covered by the aerial mapping. These areas include the levee around the courthouse, 
the pavement and buildings adjacent to the courthouse, a new storage facility location along the river, a 
culvert area, and the area for a potential floodwall. Storm sewer utility data was also collected which 
included invert elevations and pipe sizes. Hydrographic surveys were conducted on approximately 1.1 miles 
of Levisa Fork to provide stream cross sections for hydrographic modeling. A bridge section was also taken 
on the HWY 40 (Euclid Ave) where it crosses Levisa Fork. A task order was written to the Louisville 
District IDIQ survey contractor, SEAS, Inc., to provide topographic, hydrographic, and utility surveys of 
approximately 60 acres of area along Paint Creek and Levisa Branch. 

8.2 HYDROLOGY AND HYDRAULICS 
The hydrology and hydraulics for the Johnson County Section 202 Project required extensive investigation 
and modeling throughout this Feasibility study.  The following information is intended as a summary.  
Reference the Engineering Technical Appendix Tab 1 for engineering approaches taken, issues 
encountered, solution details, and assumptions. 

8.2.1 General  
The City of Paintsville is situated in Johnson County, Kentucky, at the confluence of Paint Creek and Levisa 
Fork.  The USGS Gage No. 03212500 on Levisa Fork at Paintsville is located on the Euclid Avenue bridge 
encompassing a total drainage area of 1,975 mi2.  There are four upstream reservoirs regulating flows: 
Dewey Lake (1949), John W. Flannagan Reservoir (1964), Fishtrap Lake (1968), and Paintsville Lake 
(1983).  Paint Creek drains 168.8 mi2 of watershed, with 92.5 mi2 (approximately 55%) controlled by 
Paintsville Lake Dam (1983).  The remaining 76.3 mi2 is uncontrolled drainage area.  The watershed is 
typical of Appalachia with steep hills and mountains with the only developable land in the valleys near 
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streams.  The steep terrain lends itself to flash floods during heavy rain events.  During the late fall to early 
spring months, precipitation infiltration into the soil nears zero, transforming practically all rainfall into 
runoff.   

Paint Creek is deeply entrenched and can handle extremely high flows when Levisa Fork (the tailwater) is 
at normal stage.  The overbanks of Paint Creek have been developed into urban areas.  The combination of 
a large uncontrolled drainage area and no overbank storage (for flood waters) sets the stage for flooding.  
Levisa Fork controls the river stage at Paint Creek.  When Levisa Fork stage is up, problems can quickly 
arise as the elevated tailwater occupies some of the in-channel storage in Paint Creek.  A storm event on 
Paint Creek coincident with a moderately-elevated Levisa Fork stage can induce flooding in Paintsville.  
The flood damage elevation is approximately 600.3 ft NAVD88.   

8.2.2 Vertical Team Agreement 
Vertical team coordination was necessary to determine the 1% Annual Exceedance Probability (AEP) flow 
for the project.  The vertical team consisted of the Louisville District, the Huntington District, and the Ohio 
River and Great Lakes Division.  An official memorandum of record (MFR) was produced to describe the 
outcome for the Johnson County Section 202 Supplemental Project.  The MFR described previous reports 
and studies that calculated the 1% AEP flows and elevations, then presented the vertical team’s agreed-
upon flow.  The flow of 55,000 cfs represented the upper confidence values for the 90% confidence limit 
based on the Louisville District’s Bulletin 17B Analysis (a Bulletin 17C Analysis was completed later).  
The agreed-upon flow of about 54,500 cfs corresponds to an elevation of 612.8 ft NAVD88, and was 
obtained from the Huntington District’s HEC-RAS model.  The risk and uncertainty increment of 3.6 feet 
was calculated using HEC-FDA.  The final elevation for 1% AEP on Levisa Fork at Paintsville is 616.4 
NAVD88.  Refer to Tab 1 of the Engineering Technical Appendix for more explanation.   

8.2.2.1 Bulletin 17C Analysis 
Expert support from the USACE Hydrologic Engineering Center (HEC) was provided in the application of 
the Bulletin 17C Analysis in HEC-SSP version 2.1 to produce a flow frequency analysis for modified flows 
adding historical events (Table 8.1).  The expected probability curve was computed for the Bulletin 17C 
analysis using spreadsheet tools currently in use by the Risk Management Center (RMC).   

Table 8.1  Bulletin 17C Analysis with Calculated Expected Flows and Stage 

 

8.2.2.1.1 Coincident Frequency Analysis Results 
The coincident frequency analysis results at the time of this report have yielded a 1% AEP interior ponding 
elevation favorable to advancing the design for feasibility.  Assumptions for the configuration and operation 
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of the flood risk reduction system are listed in the Engineering Technical Appendix Tab 1.  Table 8.2 shows 
the current results for the 1% AEP interior ponding elevation for 3-Day and 5-Day average flows using an 
exterior stage hydrograph.  The 1-Day average flow was screened out as a concern because the total volume 
for any of the simulated interior events, even at a constant high exterior stages, was shown to be contained 
within the interior ponding area without a pump station.  The resulting 1% AEP interior ponding elevation 
for a 1-Day average flow under these conditions was 608.0 ft NAVD88.   

Table 8.1  Coincident Frequency Analysis 1% AEP Interior Ponding Elevations 

% ACE 3-Day Avg Flow 
No Pump 

3-Day Avg Flow 
100 cfs Pump 

5-Day Avg 
Flow 

No Pump 

5-Day Avg 
Flow 

100 cfs Pump 
1 609.7 609.5 609.7 609.4 
2 608.0 607.8 608.0 607.6 
5 605.6 605.4 605.3 605.1 

10 603.3 602.9 602.9 602.5 
 

The results in this table suggest that adding a pump station to the flood risk reduction project effects the 1% 
AEP interior ponding elevations very little.  In fact, for every additional 50 cfs of pumping capacity, a 
reduction of 0.2 to 0.3 feet can be expected.  This situation is indicative of the large uncontrolled Paint 
Creek drainage area and the relatively small storage area created by the flood risk reduction project.  If the 
interior ponding area were to be managed solely by a pump station, the pumping discharge would need to 
match the inflow for nearly all interior events when the gravity outlets are closed.  Costs associated with a 
pump station quickly escalate with this approach.  Therefore, the flood risk reduction project design for 
feasibility relies on a flap gate and/or automatic tainter gate operation.  Basically, the gravity structure will 
pass flow for an interior stage that exceeds the exterior stage at any time, thus equalizing the stages.  The 
coincident frequency analysis results are not final.  A change in gate configurations or operations must be 
analyzed again to ensure the 1% interior ponding elevation is not adversely impacted.  The process is 
iterative and can be lengthy when model simulation times increase.  Figure 8.2 presents the 90% confidence 
limits for the coincident frequency analysis.  
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Figure 8.2  Confidence Limits Tabulation for the Coincident Frequency Analysis 

8.2.2.2 Assumptions and Risk Associated with the Design 
Risk will be present with any design, but the amount of risk accepted is not determined at this level.  The 
risk implied by the design and coincident frequency analysis can be highlighted and assumptions stated.  
Risks associated with the structure’s operational performance and Paintsville Lake Dam upstream of the 
project are highlighted in Engineering Technical Appendix Tab 1.   

8.2.2.3 No Significant Impacts Downstream Due to Project 
The LRH Levisa Fork HEC-RAS model and the HEC-RAS component of the HEC-CWMS model were 
combined to simulate downstream consequences.  The unsteady flow model extended Levisa Fork 
approximately 13 miles downstream of the confluence and tributaries were modeled as storage areas.  Paint 
Creek was modeled as a storage area with and without the closure structure near the mouth.  The 1977 
hydrograph was scaled to the standard project flood (SPF) flow for simulations.  Maximum water surface 
inundation boundaries indicate no substantial increase in flooding downstream of Paintsville.  The 
difference between ‘with project’ and ‘without project’ conditions for Levisa Fork water surface elevations 
range from 0.20 feet upstream, 0.25 feet at, and 0.22 feet downstream of the closure structure.  No 
significant impacts are expected downstream of Paint Creek due to the installation and operation of a closure 
structure.   

8.2.2.4 Items for the PED Phase 
Due to project schedule and complexity of the hydrology and hydraulics, some tasks have been delayed to 
the PED Phase or have been deemed better suited for analysis during the Risk Assessment.  Tasks include 
creating detailed unsteady flow 1D and 2D HEC-RAS models, computation fluid dynamics (CFD) 
modeling, an overtopping assessment using HEC-LifeSim, completing an interior drainage analysis, 
designing pressure conduits, and assessing Flood Warning Systems.  Review Engineering Technical 
Appendix Tab 1 for details of future tasks.   

8.2.2.5 Climate Change Assessment 
This Feasibility Study evaluated the addition of a closure structure on Paint Creek at its confluence with 
Levisa Fork that would be accompanied by a leveed interior ponding area. Increased frequency and intensity 
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of rainfall has potential to increase streamflows on both Paint Creek and Levisa Fork, thereby increasing 
flood risk and vulnerability associated with this project.  Potential resilience measures which could be 
implemented to reduce future flood risks associated with climate change may include structural 
modifications to levees or closure structures, acquisition of additional real estate to facilitate increased flood 
storage, removal of flood prone structures, and changes to operation procedures.  It is recommended that 
stage-frequency, flow-frequency, and precipitation-frequency for Paint Creek and Levisa Fork be 
reevaluated periodically in the future to determine how projected trends manifest themselves in future 
observations.  Depending on the results of these future analyses, additional flood risk reduction measures 
may be required.   

Based on this assessment, it is recommended that the potential, future effects of climate change be treated 
as occurring within the uncertainty range calculated for the current hydrologic analysis.  If this assumption 
proves to be inadequate when future observations or more refined projections become available, then a 
quantitative evaluation and revision of these results may be required. 

For full details of this topic, see the full Climate Change Qualitative Assessment under the Engineering 
Technical Appendix Tab 7.   

8.3 GEOTECHNICAL 

8.3.1 Geotechnical Investigations 
Borings were advanced along the potential floodwall and levee alignments, as well as in the preferred 
borrow area.  Disturbed and undisturbed soil samples, as well as rock cores, were obtained and tested.  The 
parameters derived from the soil and rock testing were used for the geotechnical analyses.     

8.3.2 Geotechnical Design 
The project includes I-wall and T-wall floodwalls along Levisa Fork and Paint Creek (Euclid Avenue), as 
well as a buried sheetpile cutoff wall through deep deposits of existing uncontrolled fill on Levisa Fork 
north of Paint Creek.   Levee embankments are planned at the Courthouse and along State Street, as well 
as in draws (low areas) draining to Paint Creek and Levisa Fork at Flat Rock Branch, Blackberry Branch, 
Walnut Avenue, and Kings Addition.  Geotechnical design for the selected floodwall and levee 
embankment alignments includes foundation, settlement, seepage, and slope stability analyses, as well as 
seismic considerations.  Preliminary geotechnical design strength parameters were developed for design of 
the various system components.   

8.4 MATERIALS 

8.4.1 General 
The Government will provide the borrow areas for random and impervious soil for development by the 
Contractor.  The Contractor will be required to furnish all other materials, including aggregate and concrete.  
For the feasibility study, the closest potential aggregate and concrete ready mix providers were identified, 
with preliminary discussions and a cursory review undertaken to confirm the likely ability to provide the 
necessary materials for the project.  A complete materials investigation will be performed during the PED 
phase (e.g., reviewing test results for fine and coarse aggregate and riprap).   
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8.4.2 Soil 
Three sites in close proximity to the project are identified as sources of the required soil borrow material 
for the project.  Sampling and testing has been performed at the preferred source (Hidden Valley).  At this 
time, the preferred borrow source appears to be a favorable source for sufficient quantities of both random 
and impervious fill.   

A geotechnical report has been reviewed and a visual reconnaissance has been conducted at a second site 
(Carter Lane Landslide), but the area was not accessible for exploration at the time of this report.  The third 
site (Tays Branch Road Property) recently was identified and has not been investigated.  If future needs for 
additional borrow sources are identified, additional exploration will be conducted at the alternative sites 
identified above and/or other potential borrow sources will be identified at that time.   

8.4.3 Stone Slope Protection 
Stone will be obtained from one or more of the multiple commercial sources available.  The nearest 
commercial sources for rock are located approximately 60 to 70 miles from Paintsville.  The predominant 
rock in the Paintsville area is not durable or suitable for use as a commercial source, resulting in longer haul 
distances to obtain suitable stone materials.  While beds of suitable rock may be interbedded with the 
predominant rock in the Paintsville area, these beds generally are not reliable or of sufficient quantity to 
mine commercially.   

8.4.4 Concrete 
Concrete is required for the I-wall, T-wall, and closure structure, as well as other ancillary structures. As 
part of the materials investigation, potential sources of ready mixed concrete were identified. There are 
multiple ready mix plants located within 25 miles of the project. In addition to the nearby ready mix plants, 
establishing an on-site ready mix plant also is an option.  The Contractor will be required to set up a batch 
plant onsite or use the ready mixed concrete source(s). 

8.5 STRUCTURAL  
Schematic level structural design and drawings were completed to develope the concept for the project 
flood walls, closure structures, and the Paint Creek control structure. Data from existing LRL projects were 
used as reference for gate well and headwall construction. Reference the the Engineering Technical 
Appendix Structural Tab for detailed discussion about each project feature and the structural design criteria.  

8.5.1 Floodwalls 
Concrete flood walls will be provided as the primary flood risk reduction measure instead of earthen levees 
due to the urban setting and close proximity to the steam banks of Paint Creek and Levisa Fork. Various 
heights of T-walls were developed for feasibility for cost information and layout dimensions.  I-walls were 
not analyzed during this phase, because geotechnical lab data was not available to adequately address the 
design and generally the cost information can be captured without an analysis during feasibility. It was 
assumed that I-walls will be feasible for wall heights up to 6 feet.  I-walls are desired due to the low costs, 
high reliability when designed and constructed properly, and small footprint. Where wall heights exceed 6 
feet, T-walls will be used.  

8.5.1.1 I-Walls 
Steel sheet pile I-walls with a concrete cantilever wall above grade, also known as Type II flood walls, will 
be provided at flood wall locations where the wall height measured from land side ground surface is less 
than 6 feet and adequate soil depth is available to develop the minimum embedment depths. Sheet piling 
will be embedded at least 2.5 times the wall stickup height on natural ground of the landside or 10 feet 



Johnson County, KY  Volume 2 
Section 202 Project  Engineering Technical Appendix 

38 | P a g e  

below the lower ground elevation in order to meet USACE design criteria requirements (per ETL 1110-2-
575).  

8.5.1.2 T-Walls 
Reinforced concrete T-walls will be provided where the wall height is greater than 6 feet or where adequate 
sheet pile embedment is unable to be obtained for I-Walls. Flat based T-walls were assumed to be more 
economical for the site conditions compared to sloped based T-walls. 

Cutoff walls were assumed to be required under the heel of the flood walls in order to reduce underseepage 
and uplift pressures and also reduce the risk of soil piping and other soil transport phenomenon transverse 
to the flood wall alignment.  Toe drains are not anticipated to be required.  

8.5.1.3 Retaining Walls 
Retaining walls adjacent to the Paint Creek Gravity Drainage Closure Structure will be provided .  

8.5.1.4 Road Closures 
Road closures and steel gates will be provided where roads pass through the flood wall at four locations. 
Generally, the closures are about 40 feet wide and between 4 and 6 feet tall.  

The final type of steel gate will be investigated during PED, but either roller gates or swing gates will be 
provided instead of post and panel type closures in order to reduce the installation time of the closure gates. 

8.5.2 Paint Creek Tainter Gate Structure 
A gravity drainage control structure will be provided across Paint Creek to protect Paintsville from flood 
waters due to backflow from Levisa Fork. The control structure is approximately 60 feet tall and 100 feet 
wide. The portion of Paint Creek upstream and downstream from the closure will be channelized to increase 
hydraulic parameters of the structure and reduce scour potential caused by the closure structure. The 
upstream channel is the approach and the downstream channel will also serve as the stilling basin. The PDT 
was unable to fully develop the control structure concept during PED due to lack of design data, so two 
alternatives are presented. Variation A includes (3) 25’x25’ tainter gates and Variation B includes (1) 
25’x25’ tainter gate and (12) 10’x10’ flap gates. Although, during the early phase of PED, an iteration 
between Variations A and B could be chosen if inherent problems with either the tainter gates or flap gates 
are not discovered. The tainter gate will be operated with cable and hoists. The flap gates are designed to 
open for gravity flow from Paint Creek and close when Levisa Fork stage is high enough to back into Paint 
Creek. 

8.5.3 Conduits, Headwalls, Flap Gates, and Gate Wells 
Conduits will pass through floodwalls and earthen levees at interior drainage areas along Paint Creek. The 
conduits will require reinforced concrete headwalls and flap gates on the flood side end of the conduits. 
Conduits greater than 36” in diameter will require an active gate within a gatewell adjacent to the flood side 
crown of the levees of the stem of the floodwall.  

Storm interceptor pressure pipes will pass under the flood wall in multiple locations and will be coordinated 
with the flood wall foundation during PED.  

8.6 MECHANICAL  
The Paint Creek control structure was determined to be necessary for controlling the water levels where 
Paint Creek meets the Levisa Fork. A 100 CFS pump station was considered that would have been located 
next to the closure structure, but the pump station had negligible benefits and is not being considered further. 
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The Paint Creek control structure has two viable arrangements being proposed under the selected plan. The 
arrangements are: (3) Tainter gates, or (1) Tainter gate combined with (12) flap gates. Both arrangements 
are being proposed at this stage, but will be refined later in design. 

8.6.1 Tainter Gate Closure System 
One arrangement consists of (3) 25’ x 25’ Tainter gates, hoisted by a cable system. The equipment layout 
and design will be similar to that of Tainter gates located on the Ohio River and as laid out by EM 1110-2-
2610, powered by a 5 hp motor. This style layout has proven to be very reliable with relatively low 
maintenance, while being able to pass large amounts of debris very efficiently. The machinery will be 
designed to operate with a 40’ head differential. 

8.6.2 Tainter Gate and Flap Gate Combination Closure System 
The second arrangement consists of (1) tainter gate as previously described, parallel to (12) 10’ x 10’ flap 
gates. The primary benefit of using flap gates is that they allow Paint Creek to drain to Levisa whenever 
differential head permits. Each flap gate will have an associated sluice gate to be used as an active means 
of closure. Additionally, each flap gate entrance will be protected with a trash rack, to filter out debris and 
prevent obstructions from interfering with proper operation. The motorized actuators will be selected to 
operate with a 40’ head differential. Due to the high head requirement, the actuators have high power 
requirements and using a portable actuator will not be possible. It is recommended that the gate size and 
head requirements be investigated further during PED to lower the power requirements. Additionally, some 
manufacturers do not cast gates as large as 10’ x 10’. Reducing the gate size may lower project cost by 
allowing more manufacturers to bid.  

8.6.3 Pump Station  
A 100 CFS pump station was investigated, but it was determined that it did not provide enough benefit to 
justify the maintenance cost. As tentatively designed, the pump station would consist of two pumps, each 
sized for 50 CFS at 40’ of head. The discharge would be above the river flood elevation, so an active gate 
on the discharge pipe would not be required. A trash rack and an access platform to remove debris from the 
trash rack were also required. The pumps considered were submersible column pumps, due to the low initial 
costs. 

Reference the Engineering Technical Appendix Mechanical tab for more details and calculations. 

8.7 ELECTRICAL 
Two general options to reduce flood risks for the city of Paintsville have been identified: a pump station 
and a closure structure or a stand-alone closure structure. Alternative 2 of the Engineering Technical 
Appendix indicates the consideration of constructing a pump station for the Paintsville Flood Risk 
Management (FRM) project. However the pump station is not included in the recommended plan. 
Alternative 2 includes the closure structure describe herein. 

8.7.1 Pump Station 
Due to the pump station not providing adequate risk reduction compared to the overall cost to build and 
maintain the pump station, the pump station alternative has been deemed not feasible. The standalone 
closure structure alternative has been deemed the primary option for FRM for the city of Paintsville.  
General equipment requirements for the pump station and closure structure facilities are discussed below. 
For a complete record of the electrical work required for the alternatives, referce the Engineering Technical 
Appendix Electrical tab.   
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The major pump station electrical equipment would be consist of electrical service, motor control center 
(MCC), pumps and associated motors, pump control methodology, and lighting transformer and panel for 
controls and building support power.  Controls for operation of the pump station would be relay based.  
Power factor correction capacitors, reduced voltage motor starters, a lightning protection system and other 
support equipment would also be present at the station.  

8.7.2 Closure Structure 
Closure structures consisting of one tainter gate and a number of sluice gates or three tainter gates have 
been examined as potential options for the Paintsville FRM plan.  These structures will contain tainter gate 
motors and sluice gate motors where applicable.  The closure structure power will come from a distribution 
panel which would be located in a control structure adjacent to the structure.  Lighting transformer/panel 
would be provided for control and support loads (lighting/receptacles).  Controls for the tainter gates will 
be similar to the Ohio River high lift dams and will be relay based. Controls for all gates will be present in 
both the control structure and local to gate location.  Motor starters will be required for each tainter gate for 
operational purposes. Additional circuits may be required in the finalized layout equipment includes 
actuator driven sluice gates. Actuator controls will be integral to the actuator itself.  

Concept power one line diagrams, a tainter gate machinery elevation plan with typical equipment, and a 
concept tainter gate control panel have been provided in the drawings. Power calculations have been 
provided at the end of the electrical tab. 

8.8 HAZARDOUS, TOXIC, AND RADIOACTIVE WASTE (HTRW) INVESTIGATIONS 
Primary guidance for the environmental professionals conducting the Phase I Environmental Site 
Assessments (ESAs) was the USACE Engineering Regulation (ER) 1165-2-132, Hazardous, Toxic and 
Radioactive Waste (HTRW) Guidance for Civil Works Projects, 26 June 1992. The objective of ER 1165-
2-132 is to outline procedures to facilitate early identification and appropriate consideration of HTRW 
problems. Tab III Hazardous, Toxic and Radioactive Waste provides information regarding potential 
HTRW concerns and discusses resolutions and/or provides recommendations to address those concerns. 

Guidance provided by the Standard Practice for Environmental Assessments; Phase I Environmental Site 
Assessment Process (Designation: E1527-13 and E 1528- 14), prepared by American Society for Testing 
of Materials (ASTM) was followed for the Phase I ESAs.  The assessments were conducted on properties 
within the construction work limits (CWL) and adjacent properties for Alternatives 2 and 3.  According to 
ER 1165-2-132, non-HTRW environmental issues that do not comply with federal, state and local 
regulations should be discussed in the HTRW investigation along with HTRW issues. For example, solid 
waste is a non-HTRW issue that was considered. Therefore, non-HTRW and HTRW issues identified are 
discussed in this report. 

8.8.1 Phase 1 ESA’s 
The Phase I ESAs weighed HTRW issues regarding each alternative based on their floodwall alignments. 
In analyzing the alternatives, information provided a thorough review of historical records of the properties, 
including historical topographic maps and aerial photographs, historic fire insurance maps, interviewing 
property owners, property ownership records, and any additional research that may provide information on 
the environmental condition of the properties. 

The assessments were used in the development of alternatives and detailed analysis of the alternatives. The 
assessments were an interactive dynamic process that was conducted concurrently in a phased approach 
using Phase I ESA criteria to evaluate, analyze and select a recommended plan.  
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8.8.1.1 Phase I ESA Criteria Evaluation 
The alternatives were evaluated against Phase I ESA criteria in accordance with ASTM E 1527-13 and 
1528-14 Standards. The criteria of onsite assessments were modified due to the delay in obtaining right-of-
entries from some property owners. The evaluation of other key criteria was part of the alternatives analysis.  

The Phase I ESA criteria evaluation was performed as follows:  

Identification, evaluation and interpretation of any database or other environmental records that indicated 
current or past violations: This included state and federal environmental databases (National Priorities List, 
Comprehensive Environmental Response, Compensation, and Liability Information System, CERCLIS-
NFRAP, Emergency Response Notification System (ERNS), Kentucky State LUST and UST databases, 
RCRA), discussions with the KYDEP and FOIA requests for past and ongoing remedial investigations, 
interviews with property owners, adjacent property owners, and local officials. Records that indicate spills, 
tank and well registrations.  

Thorough review of historical records: Historical aerial photographs and topographic maps were reviewed 
and possible environmental concerns evaluated.  Sanborn® Fire Insurance Maps dated 1910-1940 for the 
City of Paintsville were reviewed and provided details of past industries that could have contributed to 
contamination of the property and provided the type of waste that may be present. Property deeds were 
reviewed to determine past use and property owners.  

Visual site inspections to evaluate the condition of the property: Visual site inspections were conducted if 
the property owner provided verbal permission. The site inspections were only conducted on the several 
high risk properties along the alternatives’ alignments.  

The HTRW team analyzed the alternatives using a risk-based analysis process. The PDT adjusted 
alternatives’ alignments to avoid possible intersections with contaminated properties. Areas with layers of 
fill are difficult to analyze even with extensive sampling due to the non-homogenous soil layers and 
unknown/uncontrolled material that had been placed.  The fill layer along the left-descending bank of the 
Levisa Fork near the City of Paintsville, KY garage is a typical example.  The city workers interviewed 
said there were many materials in the fill layer including trash, car parts, tires, brush, sediment removed 
after flood events, soil from city projects, etc.  

Properties were evaluated for evidence of the type of contamination which may typically be generated by 
the type(s) of industries provided in the records research.  

8.8.2 Alternative considerations 
Alternative considerations included:  

No Action Alternative 

Alternative 1 – Original Huntington District USACE Alternative.  

Alternative 2 and 3, Interior Walls -  

• Twenty-one (21) properties were identified within, on the boundary, or outside but near the CWL. 
Two of those properties, under KYDEP remedial investigation, have no impact unless the current 
remedial parameters change.  

• One (1)  property (H12) would not currently impact the project with the current alignment.  
• One property, is not anticipated to impact the project unless the condition of the USTs change 

(spills, violations, monitoring system failure, etc).  
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• Seven (7) properties require further investigation due to unknown UST closure.  
• Eight (8) properties, identified on 1910-1940 Sanborn Maps, require further investigation to 

identify waste disposal practices and UST presence (filling stations, paint supplier, drycleaner, 
medical facilities).   

Alternative 2 –  

• One (1) high risk property was identified for this alternative due to a fill layer of unknown material. 
• One (1) medium risk property was identified for an unknown UST. 

Alternative 3 –  

• Two (2) high risk properties were identified; one would have no impact and had been remediated, 
the other is an ongoing KYDEP active investigation for UST contamination that would impact the 
project.  

• One (1) medium risk property (historic bulk oil/fuel storage) was identified outside but bordering 
the CWL; dependent on groundwater flow, this site could impact the project.   

Alternative 4 – Voluntary non-structural program.  

Alternative 5 – combined plan of Alternatives 2 and 4. 

Alternative 6 – combined plan of Alternatives 3 and 4.   

For the alternative analysis, it is assumed the following: 

No HTRW/Phase I ESA can wholly eliminate any uncertainty regarding the potential for HTRW associated 
with a project area. 

The nature and extent of contamination which may be present in fill material is not predictable or consistent 
by employing the Phase I ESA process.  Confirmation of the presence of HTRW contamination would 
require a subsurface investigation with an associated sampling and analysis program. 

Appropriate delays during discovery of HTRW issues during PED and/or construction phase of the project 
is indicative as to the ‘type’ of contamination discovered. Certain contaminants and the regional screening 
levels would dictate the expediency of waste identification, classification, removal and disposal.  

8.9 ENVIRONMENTAL  
Refer to Volume 1 of this DPR for the main report and Environmental Assessment of the selected Johnson 
County nonstructural and Paintsville structural alternatives.  

9 CONSTRUCTION 

9.1 SCHEDULE 
A three year construction length is estimated for the construction of the floodwalls and levees for 
Paintsville.  Completing the project earlier that 3 years would be beneficial due to of the City’s need for 
flood risk reduction and because of the disruption the construction operations would cause in daily life, in 
addition to the consideration of overall cost. During PED consideration will be given to include reduction 
in construction schedule as a contractor bid selection criteria. Phasing of the floodwall construction into 
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separate construction contracts was not evaluated, however a separate contract for construction of the 
county wide Automatic Flood Warning System was assumed.  The construction contracts for the county 
wide Automatic Flood Warning System is 12 months and would overlap construction of the Paintsville 
FRM Contract.  

9.2 DURATION 
The actual duration of the construction schedule would be governed mainly by the scope of the work, the 
constraints of the site, the lengths of the construction seasons, and the resources that the Contractor applied 
to the work.   

9.3 LENGTHS OF CONSTRUCTION SEASONS 
Levee embankment construction could be carried on for about six months each year, between May 1st and 
October 31st.  There could be years, though, when weather conditions would permit an earlier start and/or 
a later finish of embankment construction.  Other work, e.g. concrete placing, would not be limited to this 
period if proper measures were taken to ensure that cold weather did not affect the quality of the work. With 
proper scheduling work for both contracts can be productive all year long.  

9.4 HAULING MATERIALS 
Approximately 17,440 CY of cut, haul, and spoil. 45,400 CY of fill placement in addition to other 
construction materials will be hauled by on-highway trucks through the city of Paintsville.  Several major 
highways access Paintsville and could be used depending on which borrow area or spoil area is used.  City 
streets would also be used to access the Contractor’s Work Limits (CWL) at various points throughout the 
city during construction. Hauling by boat or rail is an attractive option due to the projects proximity to the 
Levisa fork and CSX Railroad and Rail yard. However the use of the various modes of transportation will 
be left to the Contractor’s means and methods.  

9.5 CONSTRAINTS 
Because the haul routes for the embankment and spoil for the levee and floodwall construction would 
involve state roads, highway legal trucks would have to be used.  Regular traffic on the roads would affect 
haul times.  A further constraint is the linear layout and extent of the project and the number of access 
points.  The main floodwall section located on CSX property is constrained by a single road that underpasses 
the rail road and is susceptible to flooding. This road will need to be stabilized prior to hauling significant 
amounts of heavy loads, this will be a contract requirement.  

9.6 TRAFFIC AND DUST CONTROL 
The Contractor would be required to develop and implement a traffic control plan that would include the 
use of signs, signals, flaggers, and other measures necessary to safely maintain traffic on highways and 
streets in work areas.  Also, the Contractor would be required to develop and implement measures to control 
dust from construction operations.  Temporary parking and access will be required during construction in 
some areas, RW will be provided to accommodate.  These features of work have been considered and 
associated costs included in development of the cost estimate and schedule. 
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9.7 CONTRACTOR LAYDOWN AREAS 
Five areas have been identified for storage of materials and contractor operations during construction of the 
floodwall project.  The first area is at the Hidden Valley borrow site. Area 2 is in the parking lot south east 
of the intersection of Main and Broadway. The third laydown area is the lot near the proposed job office 
trailer between Frank St. and Preston St. The fourth is on Euclid Ave in the current storage facility property, 
and the fifth potential laydown area is the City’s operation easement south of the old water treatment plant 
between Levisa Fork and the CSX Rail yard.   

10 OPERATION, MAINTENANCE, REPLACE, REHAB, AND 
REFURB 

The Code of Federal Regulations, as promulgated in Chapter II - Corps of Engineers, Department of the 
Army, Section 208.10 - Flood Control Regulations for local flood protection works; maintenance and 
operation of structures and facilities is the guiding principles of the required O&M to be performed by the 
sponsor.  These regulations were issued under authority of (Sec. 3, 49 Stat. 1571, as amended; 33 U.S.C. 
701c) (9 F.R. 9999, Aug. 17, 1944) (9 F.R. 10203, Aug. 22, 1944). 

10.1 OPERATION 
Upon completion of construction of the FRM projects, they will be turned over to Johnson County for 
operation, maintenance, rehabititation, refurbishment, and replacement (OMRRR).  An operation and 
maintenance manual will be prepared for the city’s use.  Operation of the project for flood risk reduction 
would include closing the floodwall gates, closing the gates in the gate wells, and operating the stream and 
rain gages. It would also include monitoring the project works during flood events for failure or malfunction 
and correcting any issues that occur.  Operation after a flood consists of opening the floodwall gates and 
gate well gate, and monitoring the flood warning system.  

10.2 MAINTENANCE 
Maintenance would include mowing, regularly inspecting the floodwall and levees and repairing any 
damage caused by burrowing animals and erosion, inspecting all the elements of the project and correcting 
any condition that would affect its integrity, and exercising and servicing the road closures and mechanical 
features.   

Other maintenance associated with this project is to maintain the flood sensors and warning dissemination 
network, and to maintain areas established by the project’s environmental mitigation.  

10.3 OPERATION AND MAINTENANCE SCHEDULE 
For the purpose of this study, preliminary O&M cost aswell as repair, replace and rehabilitation costs 
have been considered and estimated. The PED phase will require a comprehensive analysis of 
Operation and Maintenance costs associated with the Paintsville Flood Risk Management Project. The 
Paintsville Flood Risk Management Project Life-Cycle Costs Table includes an estimate of all future 
Operations, Maintenance, Repair, Replacement and Rehabilitation Costs to be incurred over a 50-year 
period of analysis. Due to time constraints, a lump sum cost for the operation and maintenance is 
included in lieu of an itemized cost analysis, and an itemized cost for RRR. All OMRR&R costs will 
be borne by-the sponsors. 
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10.3.1 Channel  
• Patrol banks - During high water periods, four patrols per year with three people and five days 

per patrol were assumed. 
• Inspect/Remove Debris - For debris inspection and removal, four patrols per year with three 

people and five days per patrol were assumed. 
• General Inspection - Seven days of effort, including the report, was assumed for the general 

annual inspection. 
• Repair Side slope Erosion - The repair of side slope erosion was assumed to follow a five year 

cycle with 17 days needed each cycle.  
• Repair Riprap - Riprap repair was assumed to occur every 5 years for 10 days. 
• Woody Vegetation Removal - Woody vegetation was assumed to be removed twice every year 

for one and a half days each time. 
• Access Road Maintenance - Access road maintenance was assumed to occur every five years. 
• Mowing - Mowing was assumed to occur twice every year with 10 days per mow. 

10.3.2 Floodwalls and I-Walls 
• Floodwall/Levee Inspection - For annual floodwall inspections, a total of 6 days of inspection 

was assumed. 
• Replace Wall Joint Material - The replacement of wall joint material was assumed to occur 

twice over the 50-year period of analysis. 
• Repair Cracks/Spalling/Cavitation - The repair of cracks/spalling/and cavitation to the 

concrete paving was assumed to occur every 10 years. 

10.3.3 Main Closure Structure 
• Tainter Closure Inspection/Electrical Inspection - Tainter gate inspections/electrical 

inspections were assumed to be on an annual basis with a half day for each gate. 
• Tainter Closure Inspection during High Water Events - It was assumed that one operator would 

be needed to inspect the station during the duration of high water events for 6 days per event, 
once per year. 

• Miscellaneous Tainter Closure Maintenance - Miscellaneous pump maintenance was assumed 
to occur on an annual basis with a half day per pump. 

• Tainter Closure Repainting - Tainter closure repainting was assumed to occur once every 25 
years. 

10.3.4 Levees 
• Spraying and Mowing - Spraying riprap and mowing levees was assumed to occur on an 

annual basis. Spraying is assumed to take 1 day per year; mowing is assumed to take five days 
twice a year. 

• Miscellaneous Maintenance - Miscellaneous maintenance of levees was assumed to occur 
every five years for five days. 

• Gate Closure Inspection/Trial Run - Gate closure inspections were assumed to occur once per 5 
years when no closures are required during that period with one day for all swing gate closures. 

• Gate Closure Operation - Gate closure operation was assumed on an annual basis. 
• Gate Closure Equipment Rehabilitation - Closure equipment rehabilitation was assumed to occur 

once every 25 years. 
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10.4 REPLACEMENT, REHABILITATION, AND REFURBISHMENT. 

The Local sponsor will be responsible for Replacement, Rehabilitation, and Refurbishment of the flood risk 
management project pursuant with the Project Cooperation Agreement.  

Mechanical features are formulated to last 50 years while structural features are formulated for 100 years. 
With proper operation maintenance and timely rehabilitation replacement should not be required during the 
life of the project.  
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57
0

570

570

5
7
0

570

570

570

570

570

570

570

ELEV= 571.8

E=2493929.519

N=2192753.644

TEMP CONTROL POINT

SET HUB AND TACK

L
E

V
I
S

A

F
O
R

K

L
E

V
I

S
A

F
O

R
K

L
E

V
I
S

A

F
O

R
K

ELEV= 574.1

E=2494229.041

N=2192980.478

TEMP CONTROL POINT

SET HUB AND TACK

ELEV=609.2

SEWER MANHOLE

TOP OF SANITARY

ELEV= 575.0

E=2491745.977

N=2192623.488

TEMP CONTROL POINT

SET HUB AND TACK

ELEV= 575.0

E=2492847.000

N=2192681.887

TEMP CONTROL POINT

SET HUB AND TACK

575

575

57
5

57
5

575

57
5

575

57
5

5
7
5

5
7
5

575

575

575 575

575

57
5

575

575

575

575 57
5

5
7
5

575

5
7
5

B
L

A
C

K
B

E
R

R
Y

B
R

A
N

C
H

ELEV= 576.6

E=2493396.575

N=2192351.992

TEMP CONTROL POINT

SET HUB AND TACK

PAINT 

CREEK

PAINT 

5
8
0

5
8
0

580

5
8
0

5
8
0

580

58
0

5
8
0

580

58
0

580

580

5
8
0

5
8
0

5
8
0

5
8
0

58
0

580

580

580

580

580

58
0

580

580

580

B
O

Y
D

B
R

A
N

C
H

ELEV=583.8

SEWER MANHOLE

TOP OF 24" SANITARY

ELEV= 581.7

E=2492479.281

N=2192858.774

TEMP CONTROL POINT

SET HUB AND TACK

C
R

E
E

K

PAINT

PAINT

CREEK

NO ID.

CONCRETE POST

585

585

58
5

5
8
5

585

585

585

5
8
5

585

58
5

5
8
5

585

5
8
5

58
5

5
8
5

5
8
5

585

585

585

585

585

585

585

585

585

5
8
5

5
8
5

585

5
8
5

585

ELEV= 585.7

E=2493677.693

N=2192689.429

TEMP CONTROL POINT

SET HUB AND TACK

FL OUT ELEV=604.9

36" CMP 

587.1

ELEV= 587.6

E=2490787.390

N=2192452.332

TEMP CONTROL POINT

SET HUB AND TACK

TELEPHONE POLE

EXPOSED SEWER LINE

589.0

590

5
9
0

590

59
0

590

59
0

5
9
0

590

590

5
9
0

590

590

590

590

590

590

590

590

590

5
9
0

590

5
9
0

590

5
9
0

5
9
0

590

5
9
0

590590

5
9
0

5
9
0

AVENUE

S
T

A
F

F
O

R
D

S
T

R
E

E
T

B
R
I

D
G

E

STREET

BOYD

STREET

S
T

R
E

E
T

PIPELINE 

TOP OF PETROLEUM

591.1

GROUND TARGETS

ELEV=603.6

TOP OF DRAINAGE INLET

ELEV=603.8

TOP OF DRAINAGE INLET

PIPELINE

P
I
P
E
L
I

N
E

WITH 20" STEEL CAP

WATER METER

BRUSH

FL IN ELEV=583.4

18" CMP

593.9

ELEV=605.9

TOP OF DRAINAGE INLET

ELEV=606.0

TOP OF DRAINAGE INLET

595

595

59
5

595

595

595

595

595

595

5
9
5

5
9
5

5
9
5

595

5
9
5

5955
9
5

595

5
9
5

5
9
5

5
9
5

595

5
9
5

59
5

5
9
5

5
9
5

5
9
5

5
9
5

5
9
5

595.1

BRUSH BRUSH

BRUSH

595.4

595.4

 

FL INVERT=603.9

18" CMP

 

FL INVERT=601.1

18" CMP

DRAINAGE INLET

POWER POLE

596.8

597.0

597.2

TELEPHONE POLE

ATHLETIC FIELDS

597.8

POWER BOX

TELEPHONE POLE

POWER &

ELEV=609.2

TOP OF DRAINAGE INLET

598.2

598.2

609.6

TOP OF DRAINAGE INLET

OF PIPE UNKNOWN

SIZE AND PURPOSE 

TOP OF EXPOSED PIPE

FL OUT ELEV=583.4

16" METAL PIPE

609.6

TOP OF DRAINAGE INLET

ELEV=609.6

TOP OF DRAINAGE INLET

598.5

598.6

598.6

598.8

STUBOUT

2.5" YELLOW PVC

ELEV=581.7

SEWER MANHOLE

TOP OF SANITARY

ELEV=610.0

TOP OF DRAINAGE INLET

ELEV= 599.0

E=2490843.634

N=2192486.002

TEMP CONTROL POINT

SET HUB AND TACK

599.0

TELEPHONE POLE

POWER &

   AREA

PARKING 

   AREA

PARKING 

NO ID.

MARKED "W" ON NORTH AND SOUTH SIDE

FOUND 6"X6" CONCRETE POST

FL OUT ELEV=617.3

12" CMP 

FL IN ELEV=618.1

12" CMP 

FL IN ELEV=618.4

12" CMP 

FL OUT ELEV=618.3

12" CMP 

FL IN ELEV=618.0

18" CMP 

WITH 12" STEEL TOP

WATER METER

GUY ANCHOR

GUY ANCHOR

WITH 12" STEEL TOP

WATER METER

FL OUT ELEV=615.3

24" CMP 

FL IN ELEV=615.4

24" CMP 

FL OUT ELEV=612.9

24" CMP 

FL IN ELEV=612.5

24" CMP 

FIRE HYDRANT

WATER VALVE

GUY ANCHOR

WATER VALVE

FIRE HYDRANT

WATER METER

FL IN ELEV=601.5

18" CMP 

GUY ANCHOR

WATER VALVE

SEWER MANHOLE

SANITARY

SEWER MANHOLE

TOP OF 24" SANITARY

WATER METER

WATER VALVE

WATER METER

FL IN ELEV=594.5

16" CMP

FL OUT ELEV=592.7

16" CMP

GUY ANCHOR

GUY ANCHOR

GUY ANCHOR

BOAT RAMP

CONCRETE

FL OUT ELEV=586.3

42" CMP

FL IN ELEV=587.5

42" CMP

FL IN ELEV=584.1

16" METAL PIPE

NO ID.

CONCRETE POST

FL OUT ELEV=572.8

18" CMP

OF PIPE

EXPOSED TOP

OF PIPE

EXPOSED TOP

OF PIPE

EXPOSED TOP

OF PIPE

EXPOSED TOP

SEWER PIPE SIGN

UNDERGROUND SANITARY

GUY ANCHOR

SEWER PIPE SIGN

UNDERGROUND SANITARY

SEWER PIPE SIGN

UNDERGROUND SANITARY

FL ELEV=578.9

6" PVC PIPE

FL OUT ELEV=578.8

32" X 28" ELIPTICAL BRICK PIPE

WATER METER

WATER VALVE

FIRE HYDRANT

FL OUT ELEV=580.8

30" CPP

NATURAL GAS TANK

CONCRETE PAD

POWER PEDESTAL

16" CONCRETE 

FIRE PIT

8" CONCRETE

SEWER PIPE SIGN

UNDERGROUND SANITARY

NO ID.

MARKED "W" ON NORTH AND SOUTH SIDE

FOUND 6"X6" CONCRETE POST

WATER VALVE

SEWER PIPE SIGN

UNDERGROUND SANITARY

NO ID.

CONCRETE POST

FL OUT ELEV=598.1

18" CMP

(COULD NOT GET PIPE INVERTS)

TOP OF INLET ELEV=609.0

DRAINAGE INLET

WATER METER

WATER METER

WATER METER

OF PIPE

EXPOSED TOP

OF PIPE

EXPOSED TOP

GUY ANCHORS

POWER POLE

FL OUT ELEV=595.2

15" CPP

FL OUT ELEV=595.2

15" CPP

OF PIPE

EXPOSED TOP

OF PIPE

EXPOSED TOP

FL OUT ELEV=581.2

24" CMP

TOP OF INLET ELEV=607.4

DRAINAGE INLET

ELEV=582.2

SEWER MANHOLE

TOP OF SANITARY 

ELEV=590.7

SEWER MANHOLE

TOP OF SANITARY

ELEV=585.3

SEWER MANHOLE

TOP OF 24" SANITARY

ELEV=585.1

CLEANOUT

TOP OF 4" SEWER

ELEV=583.5

CLEANOUT

TOP OF 3" SEWER ELEV=582.0

SEWER MANHOLE

TOP OF 24" SANITARY

ELEV=607.5

SEWER MANHOLE

TOP OF SANITARY

ELEV=608.1

SEWER MANHOLE

TOP OF 24" SANITARY

ELEV=608.2

SEWER MANHOLE

TOP OF 24" SANITARY

ELEV=602.0

SEWER MANHOLE

TOP OF 24" SANITARY

ELEV=584.3

CLEANOUT

TOP OF SEWER

ELEV=584.3

CLEANOUT

TOP OF SEWER

ELEV=584.9

SEWER MANHOLE

TOP OF SANITARY 

ELEV=586.4

SEWER MANHOLE

TOP OF SANITARY

ELEV=590.1

SEWER MANHOLE

TOP OF SANITARY

ELEV=582.0

SEWER MANHOLE

TOP OF SANITARY

ELEV=580.9

SEWER MANHOLE

TOP OF SANITARY

ELEV=605.1

SEWER MANHOLE

TOP OF SANITARY

ELEV=610.4

SEWER MANHOLE

TOP OF SANITARY

ELEV=605.0

SEWER MANHOLE

TOP OF SANITARY

ELEV=599.7

SEWER MANHOLE

TOP OF SANITARY

ELEV=614.5

SEWER MANHOLE

TOP OF 24" SANITARY

ELEV=616.9

SEWER MANHOLE

TOP OF SANITARY

ELEV=617.0

SEWER MANHOLE

TOP OF 24" SANITARY

ELEV=616.6

SEWER MANHOLE

TOP OF 24" SANITARY

ELEV=617.7

SEWER MANHOLE

TOP OF SANITARY

ELEV=617.2

SEWER MANHOLE

TOP OF 24" SANITARY

ELEV=619.3

SEWER MANHOLE

TOP OF SANITARY

ELEV=619.8

SEWER MANHOLE

TOP OF SANITARY

ELEV=620.1

SEWER MANHOLE

TOP OF SANITARY
ELEV=619.7

SEWER MANHOLE

TOP OF SANITARY

TOPO OF INLET ELEV = 610.4

DRAINAGE INLET

599.2

599.1

599.2

599.2

599.2

599.4

599.6

599.5

ATHLETIC

FIELD

ATHLETIC

FIELD

ATHLETIC

FIELD

ATHLETIC

FIELD

ATHLETIC

FIELDS

ATHLETIC

FIELD

FL OUT ELEV=589.7

30" CPP

599.6

599.7

ELEV=608.0

SEWER MANHOLE

TOP OF SANITARY

599.7

ELEV=611.2

TOP OF DRAINAGE INLET

GROUND TARGETS

600.0599.9

600.1

600

600

600

600

60
0

600

600

6
0
0

60
0

600

6
0
0

600

6
0
0

6
0
0

6
0
0

6
0
0

6
0
0

600

6
0
0

600

6
0
0

6
0
0

6
0
0

600

600

600

60
0

600

6
0
0

FL OUT ELEV=617.4

18" CMP 

FL OUT ELEV=585.0

12" PVC

600.2

600.2

600.1600.2

600.1
600.1

600.3

600.3

TENNIS 

 COURT

600.4

600.6

600.8

600.7

PHOTO POINT

601.1

601.2

ELEV=584.2

SEWER MANHOLE

TOP OF SANITARY

601.3

GROUND TARGETS

CONC

PARKING

PARKING

601.8

601.9

601.8

TELEPHONE POLE

SEWER PIPE SIGN

UNDERGROUND SANITARY

602.0

TEMP CONTROL POINT

SET HUB AND TACK

ELEV= 602.1730

E=2494351.4600

N=2192571.0580

ELEV=610.3

SEWER MANHOLE

TOP OF SANITARY

602.3

RED AND WHITE SIGN

3" STEEL END POST

613.6

TOP OF DRAINAGE INLET

602.5

SEWER PIPE SIGN

UNDERGROUND SANITARY

GROUND TARGETS

602.7

602.7

602.8 603.1

603.0

PETROLEUM PIPELINE SIGN

UNDERGROUND 3" PVC 

ELEV=611.2

SEWER MANHOLE

TOP OF SANITARY

RED AND WHITE SIGN

STEEL END POST

603.3

603.3

603.3

ATHLETIC 

FIELD

SEWER  SIGN

UNDERGROUND SANITARY

RED AND WHITE SIGN

2" STEEL END POST

603.4

603.4603.4

603.6

603.5

603.6

603.5

TELEPHONE POLE

FL IN ELEV=585.5

24" CMP CHANGES TO 36" CMP UNDERGROUND

603.7

603.7

603.7

603.7

603.9

603.8

ELEV= 604.0

E=2493017.791

N=2192699.340

TEMP CONTROL POINT

SET HUB AND TACK

604.0

604.0

604.0

604.0

PARKING

C

604.2

604.4

604.3

604.4

604.5

604.4

ELEV=615.9

TOP OF DRAINAGE INLET

GROUND TARGETS

604.8

PARKING

604.9

605.1

604.9

605

6
0
5

6
0
5

6
0
5

6
0
5

6
0
5

605

6
0
5

6
0
5

6
0
5

6
0
5

6
0
5

605

6
0
5

6
0
5

6
0
5

6
0
5

60
5

605

605

6
0
5

6
0
5

6
0
5

605

6
0
5

605

605

6
0
5

6
0
5

GROUND TARGETS

605.2

605.3

605.2

605.4

605.4

605.3

RED AND WHITE SIGN

STEEL END POST

PHOTO POINT

605.6

605.6

605.6

605.5

S

W

605.9

P
R

E
S

T
O

N

S
T

R
E

E
T

TELEPHONE POLE

POWER &

606.0

606.1606.0

PARKING

O.S.

GROUND TARGETS

606.1

606.1

606.2

P

606.3

606.3

606.3

606.3

606.3

JEFFERSON

606.4

606.4

606.4

PARKING

SEWER PIPE

EXPOSED TOP OF 

ELEV=617.8

TOP OF DRAINAGE INLET

606.5

W

PHOTO POINT

606.7

606.7

606.7

606.6

PARKING

S

GROUND TARGETS

606.8

ELEV=584.9

SEWER MANHOLE

TOP OF SANITARY

606.9

606.9

DRIVE

607.2

607.1

P
K

N
G

PARKING

S
T

R
E

E
T

PARKING

P

AVENUE

 STAFFORD

607.3

607.3

6
T

H

GROUND TARGETS

GROUND TARGETS

607.4

607.5

607.5

W

ELEV= 607.7

E=2492885.369

N=2192886.523

WITH STAMPED 3" USACE ALUMINUM DISK

SET F TYPE MONUMENT

19-48-23 (2019)

607.6

LAUREL

LANE

8
T

H
S

T
R

E
E

T

S
T

R
E

E
T

FL IN ELEV=592.6

30" CMP

FL OUT ELEV=592.6

18" CMP

GROUND TARGETS

PLAY AREA

FL OUT ELEV=592.8

18" CMP

607.9

607.8

607.9

STREET

PARKING

608.1608.1

608.1

608.0

PARKING

PARKING

S

P

PARKING

PKNG

608.1

STREET

MADISON

AVENUE

GROUND TARGETS

P

PARKING

NO ID.

MARKED "W" ON NORTH AND SOUTH SIDE

FOUND 6"X6" CONCRETE POST

608.5

608.5

PARKING

608.7

608.6

608.7

S
T

R
E

E
T

608.7

ELEV= 608.7

E=2492780.707

N=2193099.152

#7191

SET NAIL AND DISK

19-48-21

608.7

608.8

608.7

PKNG

FL IN ELEV=593.7

18" RCP

ELEV=591.7

IN 3'X3' CONCRETE

SEWER MANHOLE

TOP OF 12" SANITARY

608.9

RUINS

MAPLE

PARKING

S
T

R
E

E
T

609.0

609.1

B
R

A
N

C
H

S

ROAD

PARKING

ELEV=592.0

SEWER MANHOLE

TOP OF SANITARY

609.2

609.1

609.2

PARKING

609.4

609.3

609.3
609.4

PARKING

P

P

PKNG

GROUND TARGETS

609.6

609.5

609.5

609.6

609.6

609.6

S

FP

W

PARKING

GROUND TARGETS

609.7

609.7

R
O

A
D

7
T

H

AVENUE

609.8

609.9

609.8

609.9

S

PARKING

PARKING

PARKING

CONC

PARKING

W

S
T

R
E

E
T

PARKING

PARKING

610

6
1
0

610

610

6
1
0

6
1
0

6
1
0

610

610

6
1
0

610

6
1
0

6
1
0

610

6
1
0

3RD

PKNG

W

PARKING

ATHLETIC

FIELD

S

AVENUE

PARKING

610.1

610.1

T
A

Y
S

PARKING

AVENUE

610.2

610.2

610.2

PARKING

8
T

H
S

T
.

PARKING

610.4

ELEV= 610.4

E=2490872.920

N=2191910.266

WITH STAMPED ALUMINUM DISK

SET IRON ROD

19-48-19 (2019)

610.4

610.4

610.3

610.4

FP

PKNG

W

F
R

A
N

K

ELEV= 610.5

E=2490861.715

N=2192574.609

SET NAIL AND DISK

19-48-21 (2019)

STREET

PARKING

GROUND TARGETS

610.6

610.6

610.6

610.6

PKNG

PARKING

P

1
1

T
H

POOL

POOLSLIDE P

9
T

H

FL IN ELEV=595.6

18" CMP

ELEV=618.7

SEWER MANHOLE

TOP OF SANITARY

610.7

610.8

610.8

610.8

610.8

PARKING

ELEV=618.8

SEWER MANHOLE

TOP OF SANITARY

GROUND TARGETS

GROUND TARGETS

610.8

610.9

610.9

610.9

610.9
610.9

PARKING

PARKING

PKNG

S
T

R
E

E
T

B
R

O
W

N

PARKING

P
K

N
G

VALVE

WATER 

611.0

611.1

611.0

611.1

611.0

S
T

R
E

E
T

PARKING

611.2

611.1
611.1

611.1

PARKING

C
H

U
R

C
H

PARKING

PARKING

PKNG

ELEV= 611.27

E=2490806.509

N=2192586.907

SET NAIL AND DISK

19-48-21 (2019)

PARKING

PARKING

E
A

S
T

S
T

R
E

E
T

PARKING

611.4

611.5
611.4

2ND

STREET

PARKING

PARKING

PARKING

FL OUT ELEV=600.8

12" RCP

611.5

S
T
.

FL OUT ELEV=600.6

12" RCP

611.6

611.6

PARKING

P
K

N
G

PARKING

PARKING

PARKING

PARKING
W

611.8

S

PARKING

C

1
2

T
H

AVENUE

S
T

R
E

E
T

JEFFERSON

1
2

T
H

612.0

PARKING

PARKING

S

W

PARKING

PARKING

PARKING

9
T

H

W

S

PARKING

612.1
612.1

PKNG

PARKING

1
0

T
H

612.3

FP

PKNG

S
T

R
E

E
T

PARKING

PKNG

612.5

P

PARKING

W

P
A

R
K
I

N
G

S

STATE

ELEV=607.8

SEWER MANHOLE

TOP OF SANITARY

612.6
612.5

PARKING

PARKING

PARKING

MAIN

M
A
I

N

WASHINGTON

PARKING

PARKING

P

RUINS

PARKING

STREET

JAMES

W
E

S
T

P

PARKING

S
T
R
E
E
T

IRI
S

STREET

W

MADISON

S

W

DAI
SY

STREET

LINCOLN

PARKING

612.9

613.0

612.9

P

P

613.2

613.0

613.1

PARKING

C
O

L
L

E
G

E

W

PARKING

P

W

TULI
P

STREET

PARKING

PARKING

S
T

R
E

E
T

S
T

R
E

E
T

BRANCH

PARKING

SHORT

WALNUT

ELEV=607.5

SEWER MANHOLE

TOP OF SANITARY

613.4613.4

613.4

613.3

PARKING

PARKING

PKNG

PARKING

S
T

R
E

E
T

S
T

R
E

E
T

W

P

W

P

PARKING

TRIMBLE

BOULEVARD

PARKING

613.8

613.7

613.7

613.7

613.7

CONC

PLAYGROUND

W

W

W

TENNIS

CONC

PLAYGROUND

W

W

W

TENNIS

613.9

S

W

W

P

COURTS

S

4TH

STREET

STREET

5TH

W

W

P

COURTS

P
A

R
K

A
V

E
N

U
E

614.1

S

W

PARKING

PARKING

S

W

FITCH

LANE

614.2

ELEV= 614.2

E=2494837.136

N=2193369.756

BRASS DISK

FOUND STAMPED USACE 

LRH PVP 262 / 14 (2010)

614.1

P
A

R
K
I

N
G

PARKING

S

W

S

S

W

S

614.5

614.4

614.4

614.4

SS

E
L

M

S
T

R
E

E
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BEGIN SHEET PILE 

STA 10+00

TUTOR KEY ROAD CLOSURE

STA. 2+62 - 2+98 

SHEETPILE IWALL WITH CAP 

BEGIN CONCRETE  LINED 

STA. 0+20 

FROM ELEV. 618 TO 616.4

TRANSITION T-WALL TOP ELEVATION 

STA. 19+00 - 19+10

FROM ELEV. 618 TO 616.4

TRANSITION T-WALL TOP ELEVATION 

STA. 19+00 - 19+10

OVER TOPPING ZONE. 

BEGIN 10' TALL T-WALL

END SHEET PILE I-WALL

STA 7+85

BEGIN SHEET PILE I-WALL

END 10' TALL T-WALL

STA 15+90

BEGIN 10' TALL T-WALL

END SHEET PILE I-WALL

STA 26+80

BEGIN SHEET PILE I-WALL

END 10' TALL T-WALL

STA 35+10

BEGIN 10' TALL T-WALL

END SHEET PILE I-WALL

STA 36+20

END  T-WALL

STA 40+55

BEGIN BLACKBERRY BRANCH LEVEE

STA 0+00

END BLACKBERRY BRANCH LEVEE

STA 2+00

BEGIN COURT HOUSE AND JAIL LEVEE

STA 0+00

END COURT HOUSE AND JAIL LEVEE

STA 11+50

BEGIN WALNUT AVE. LEVEE

STA 0+00

END WALNUT AVE. LEVEE

STA 1+20

BEGIN FLAT ROCK LEVEE

STA 0+00

END FLAT ROCK LEVEE

STA 1+20

BEGIN STATE STREET LEVEE

STA 0+00

HEADWALL WITH TRASH RACKS

60" SLOPED AND FLARED 

NEW STORM SEWER PIPE

HEADWALL WITH 60" FLAP GATE

60" SLOPED AND FLARED 

NEW STORM SEWER PIPE

HEADWALL WITH 24" FLAP GATE

24" SLOPED AND FLARED 

NEW STORM SEWER PIPE

APPROXIMATLY 320 SY OF RIPRAP

PLANNED OVERTOPPING AREA. 

STA 1+80 - 2+00

HEADWALL WITH 60" FLAP GATE

60" SLOPED AND FLARED 

NEW STORM SEWER PIPE

HEADWALL WITH TRASH RACKS

60" SLOPED AND FLARED 

NEW STORM SEWER PIPE

APPROXIMATLY 430 SY OF RIPRAP

PLANNED OVERTOPPING AREA. 

STA 0+30 - 0+75

HEADWALL WITH 30" FLAP GATE

30" SLOPED AND FLARED 

NEW STORM SEWER PIPE

HEADWALL WITH TRASH RACKS

30" SLOPED AND FLARED 

NEW STORM SEWER PIPE

TO BE REMOVED

EXISTING CHESSIE LANE 

TO BE REMOVED

EXISTING CHESSIE LANE 

ROUTE 40 ROAD CLOSURE

STA. 5+64 - 5+99

HEADWALL WITH 60" FLAP GATE

60" SLOPED AND FLARED 

NEW STORM SEWER PIPE

APPROXIMATLY 270 SY OF RIPRAP

PLANNED OVERTOPPING AREA. 

STA 0+00 - 0+40

HEADWALL WITH TRASH RACKS

60" SLOPED AND FLARED 

NEW STORM SEWER PIPE

HEADWALL WITH 24" FLAP GATE

24" SLOPED AND FLARED 

NEW STORM SEWER PIPE

REROUTE TO NEW OUTLET. 

STORM SEWER PIPE 

CONNECT TO EXISTING 

APPROXIMATLY 330 SY OF RIPRAP

PLANNED OVERTOPPING AREA. 

STA 1+55 - 2+60

HEADWALL WITH TRASH RACKS

24" SLOPED AND FLARED 

NEW STORM SEWER PIPE

HEADWALL WITH 24" FLAP GATE

24" SLOPED AND FLARED 

NEW STORM SEWER PIPE

HEADWALL WITH TRASH RACKS

24" SLOPED AND FLARED 

NEW STORM SEWER PIPE

HEADWALL WITH 24" FLAP GATE

24" SLOPED AND FLARED 

NEW STORM SEWER PIPE

HEADWALL WITH 24" FLAP GATE

24" SLOPED AND FLARED 

NEW STORM SEWER PIPE

HEADWALL WITH 24" FLAP GATE

24" SLOPED AND FLARED 

NEW STORM SEWER PIPE

ON EXISTING STORM SEWER

CONSTRUCT NEW MAN HOLE

ON EXISTING STORM SEWER

CONSTRUCT NEW MAN HOLE

ON EXISTING STORM SEWER

CONSTRUCT NEW MAN HOLE

HEADWALL WITH 24" FLAP GATE

24" SLOPED AND FLARED 

NEW STORM SEWER PIPE

ON EXISTING STORM SEWER

CONSTRUCT NEW MAN HOLE

HEADWALL WITH 24" FLAP GATE

24" SLOPED AND FLARED 

NEW STORM SEWER PIPE

HEADWALL WITH 24" FLAP GATE

24" SLOPED AND FLARED 

NEW STORM SEWER PIPE

ON EXISTING STORM SEWER

CONSTRUCT NEW MAN HOLE

ON EXISTING STORM SEWER

CONSTRUCT NEW MAN HOLE

HEADWALL WITH 30" FLAP GATE

30" SLOPED AND FLARED 

NEW STORM SEWER PIPE

HEADWALL WITH TRASH RACKS

60" SLOPED AND FLARED 

NEW STORM SEWER PIPE

MANHOLE INCLUDES BEHIVE INLET

CONNECT EXISTING STORM SEWER

NEW STORM SEWER PIPE

ROUTE 40 ROAD CLOSURE

STA 2+30 - 2+70

EGRESS ROUTE

HIGHLAND AVENUE 

HEADWALL WITH 24" FLAP GATE

24" SLOPED AND FLARED 

NEW STORM SEWER PIPE

ON EXISTING STORM SEWER

CONSTRUCT NEW MAN HOLE

HEADWALL WITH 24" FLAP GATE

24" SLOPED AND FLARED 

NEW STORM SEWER PIPE

HEADWALL WITH TRASH RACKS

60" SLOPED AND FLARED 

NEW STORM SEWER PIPE

MANHOLE INCLUDES BEHIVE INLET

CONNECT EXISTING STORM SEWER

NEW STORM SEWER PIPE

ON EXISTING STORM SEWER

CONSTRUCT NEW MAN HOLE

HEADWALL WITH 30" FLAP GATE

30" SLOPED AND FLARED 

NEW STORM SEWER PIPE

ACCESS AND OVERTOPPING EROSION CONTROL

8' WIDE 780' OF ASHPALT PAVEMENT USED FOR 

OVER TOPPING ZONE

STA 12+20 - 20+00

ACCESS AND OVERTOPPING EROSION CONTROL

8' WIDE 780' OF ASHPALT PAVEMENT USED FOR 

OVER TOPPING ZONE

STA 12+20 - 20+00

TO FACILITATE DRAINAGE

SEWER AND CATCH BASINS 

CONSTRUCT NEW STORM 
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1 GENERAL  
The purpose of the Hydrology and Hydraulic Design Engineering Technical Appendix is to provide 
information to engineers and other reviewers on technical approaches to engineering problems associated 
with the Johnson County Section 202 Project.  The intent is to provide as much relevant information as 
possible on the approach and results to different aspects of the study related to hydraulics and hydrology.  
Refer to the project models for specific modeling inputs and results not presented here.   

1.1 GENERAL HYDROLOGY 
The City of Paintsville is situated in Johnson County, Kentucky, at the confluence of Paint Creek and Levisa 
Fork.  The USGS Gage No. 03212500 on Levisa Fork at Paintsville is located on the upstream side of the 
Euclid Avenue bridge encompassing a total drainage area of 1,975 mi2.  There are four upstream reservoirs 
regulating flows: Dewey Lake (1949), John W. Flannagan Reservoir (1964), Fishtrap Lake (1968), and 
Paintsville Lake (1983).  Paint Creek drains 168.8 mi2 of watershed, with 92.5 mi2 (approximately 55%) 
controlled by Paintsville Lake Dam (1983).  The remaining 76.3 mi2 is uncontrolled drainage area.  See 
Figure 1.1.   

The watershed is typical of Appalachia with steep hills and mountains with the only developable land in 
the valleys near streams.  The steep terrain lends itself to flash floods during heavy rain events.  During the 
late fall to early spring months, precipitation infiltration into the soil nears zero, transforming practically 
all rainfall into runoff.  Even Levisa Fork with 1,975 mi2 of drainage area can be viewed as flashy with 
stream peak damage stages only lasting 2-3 days at Paintsville, when compared to larger streams like the 
Ohio River.   

Paint Creek is deeply entrenched and can handle extremely high flows when Levisa Fork (the tailwater to 
Paint Creek) is at normal stage.  The overbanks of Paint Creek have been developed into urban areas.  The 
combination of a large uncontrolled drainage area and no overbank storage (for flood waters) sets the stage 
for flooding.  Levisa Fork controls the river stage at Paint Creek.  When Levisa Fork stage is up, problems 
can quickly arise as the elevated tailwater occupies some of the in-channel storage in Paint Creek.  A storm 
event on Paint Creek coincident with an elevated Levisa Fork stage can induce flooding in Paintsville.  The 
flooding damage elevation is approximately 600.3 ft NAVD88.   
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Figure 1.1  Paint Creek Watershed 
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1.2 FIELD VISIT, POTENTIAL OPPORTUNITIES, AND REVIEW OF EXISTING 
INFORMATION 

A field visit was conducted in September of 2018 to look for flood reduction opportunities and assess the 
Paint Creek watershed.  Residents, newspapers, and local officials were interviewed.  Paintsville Lake Dam 
staff were also interviewed.  Stream channels were followed to the Johnson County boundaries.  Potential 
diversion channel opportunity locations were investigated.   

1.2.1 Diversion Channels 
Two locations were assessed for diverting Levisa Fork to reduce the water surface at the confluence with 
Paint Creek.  Initial estimates indicated that diverting Levisa Fork would likely reduce the water surface 
elevation at the confluence about 3 feet at most.  Property acquisitions and construction estimates for either 
diversion channel indicated extremely high cost.  A diversion channel alone would not be enough to satisfy 
the protection level authorization, so both diversion channel opportunities were terminated.  See Figure 1.2 
below for assessed locations marked in green.   

 

Figure 1.2  Investigated Diversion Channel Opportunities 

1.2.2 Detention Basins 
An offline detention basin on Levisa Fork would be less beneficial than a diversion channel.  Not only 
would flow need to be removed from Levisa Fork, but it would also have to be stored until the peak 
discharge passes.  Construction of a detention basin would not be feasible.  The size and location would be 
cost-prohibitive given the required capacity and steep terrain.   

An offline detention basin on Paint Creek would not be effective.  The channel of Paint Creek and the 
overbanks behave as storage areas.  The typical intent of a detention basin would be to reduce downstream 
flooding by decreasing the peak discharge.  In the case of Paint Creek, the deeply entrenched channel can 
handle extremely large flows when Levisa Fork stage is low.  The problem arises when the Levisa Fork 
stage is elevated because Paint Creek becomes a storage area for Levisa Fork; therefore, an offline detention 
basin would only increase the available storage.  An estimate of increasing the available storage as high as 
550 acre-ft only lowers the water surface elevation a matter of tenths of a foot as assessed with a closure 
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structure near the mouth of Paint Creek.  The 76.3 mi2 of uncontrolled drainage area above Paintsville 
quickly overwhelms available downstream storage with the closure structure in place.   

1.2.3 Previous Reports 
Previous study reports covering the Levisa Fork watershed were reviewed.  The most recent study was the 
1997 Haysi Dam Project report.  The proposed dam, which would have been the most upstream USACE 
project in the Big Sandy watershed, suggested a 1% AEP elevation of 613.6 ft NAVD88 (61,400 cfs) at the 
Paintsville gage on Levisa Fork.  The 2015 FEMA Flood Insurance Study based the 1% AEP on regression 
equations using a period of record from 1986.  The calculated 1% AEP elevation for the FIS is 613.7 ft 
NAVD88 (50,000 cfs).   

1.2.4 Modeling Review 
The steady flow HEC-RAS models procured from LRH were the effective models for Paint Creek and 
Levisa Fork.  The models were not combined with a confluence into one model.  In the Levisa Fork model, 
Paint Creek was represented by a flow change that assumed a noticeable reduction in discharge due to the 
assumption that Paint Creek behaves like a storage area.  LRL was unable to verify the assumption and 
discharge reductions with backup documentation.  A sensitivity analysis was performed on the hydraulic 
model by varying roughness coefficients in the channel.  It was found that the downstream boundary 
condition was being forced to the desired water surface elevation.  This degraded LRL’s confidence in the 
model.  The Paint Creek model used the water surface elevation at Levisa Fork as the downstream boundary 
condition.  The calculated 1% AEP elevation for the LRH model is 615.3 ft NAVD88 (61,000 cfs).   

The HEC-CWMS model provided by LRH produced an elevation of 611.8 ft NAVD88 for the same 61,000 
cfs flow.  LRL does not have strong confidence in the HEC-CWMS either.  However, the LRH HEC-RAS 
model is the effective calibrated model, so it was used to convert flow to elevations.  The effective USGS 
rating curve for the Levisa Fork gage at Paintsville at the time did not extend beyond 54,500 cfs.   

1.3 THE NATIONAL WEATHER SERVICE ON LEVISA FORK 
Based on information in existing project and flood reports within the Levisa Fork watershed, it appeared 
that large floods may be caused by storm systems that lasted days, widening and narrowing as they follow 
the southwest to northeast track along the Kentucky/Virginia border and was typical of the region.  This 
was LRL’s initial synopsis.   
 
The National Weather Service (NWS) office located in Jackson, KY, was contacted in March 2019.  Chuck 
Grief, a lead forecaster at the NWS Jackson Office, stated that he would not describe the general weather 
patterns in this manner.  However, it is typical that storms can stall out along the Appalachian Mountains 
dumping more rain on the western slopes (the Levisa Fork watershed) than on the eastern slopes.  The 
mountains certainly play a role in the rainfall patterns.  Isolated pop-up rainfall bursts are typical in the 
region, with larger amounts in the summer time; however, due to lack of soil infiltration, winter time 
isolated rainfalls have a much greater effect albeit lesser in precipitation volume.  When asked about 
coincident peak discharges from tributaries into the mainstream, Mr. Grief commented that it is not 
uncommon at all, though a frequency estimate of such occurrences had not been made.  Large, flashy 
tributary watersheds combined with isolated shower events setup the situations for coincident peak 
discharges with the mainstream.  Due to the lack of infiltration during the winter, the multiple burst 
rainfalls seen in February 2019, and likely those described in the water control manuals, had a much larger 
flooding response.  Coincident hydrograph peaks for large tributary watersheds are not surprising in 
weather forecasting of this region.  LRL believes the gage data supports this.   
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2 SCOPE OF FEASIBILITY 
It is typical of most flood mitigation projects that the Hydrology and Hydraulic Design Analysis is finished 
prior to the start of design phase.  The rigorous schedule of the project and the complexity of the hydrology 
and hydraulics have forced some decisions in the interest of time; however, every effort was made to err on 
the side of caution and remain conservative in the approach to engineering problems.  Some tasks have 
been delayed to the design phase.   

2.1 BULLETIN 17B ANALYSIS 
Due to the accelerated project schedule, a flow frequency analysis was not conducted on the watershed in 
natural conditions.  Instead of using annual peak discharges for the upstream USACE projects, ‘modified 
discharges’ were computed to estimate the reservoir reductions had all four reservoirs been in operation to 
provide a ‘modified’ period of record.  The four upstream reservoirs area: Dewey Lake (1949), John W. 
Flannagan Reservoir (1964), Fishtrap Lake (1968), and Paintsville Lake (1983).  A Bulletin 17B Analysis 
was computed on the modified period of record.  The resulting 1% AEP expected flow for the LRL analysis 
is 49,000 cfs (see Figure 2.1).  The LRH HEC-RAS model produced an elevation of 610.4 ft NAVD88 for 
that flow.  The upper limit of the 90% confidence interval from the analysis was about 55,000 cfs, for which 
the HEC-RAS produced an elevation of 612.8 ft NAVD88.   

 

Figure 2.1  HEC-SSP Bulletin 17B Analysis 

2.2 VERTICAL TEAM AGREEMENT 
Vertical team coordination was necessary to determine the 1% ACE flow for the project.  The vertical team 
consisted of members from the Louisville District (LRL), the Huntington District (LRH), the Ohio River 
and Great Lakes Division (LRD), and USACE Headquarters.  A vertical team meeting was held on 29 
November 2018 with representatives from LRD and HQ where concurrence was reached for the established 
Levisa Fork 1% AEP and SPF events.  Previous reports and studies that calculated the 1% AEP flows and 
elevations were utilized to establish the vertical team’s agreed-upon flow.  The flow of 55,000 cfs 
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represented the upper confidence values for the 90% confidence interval based on the Louisville District’s 
Bulletin 17B Analysis.  The agreed-upon flow of about 54,500 cfs corresponds to an elevation of 612.8 ft 
NAVD88 obtained from the Huntington District’s HEC-RAS model.  The risk and uncertainty increment 
of 3.6 feet was calculated using HEC-FDA.  The final elevation for 1% AEP on Levisa Fork at Paintsville 
is 616.4 ft NAVD88.   

 

Figure 2.2  1% AEP Rating Curve for USGS Gage Site on Levisa Fork at Paintsville 

2.3 AVAILABLE DATA AND THE BULLETIN 17C ANALYSIS 
Notwithstanding the vertical team agreed upon 1% ACE Levisa Fork flow, current standards require a 
Bulletin 17C Analysis.  A Bulletin 17C analysis can extend the equivalent period of record by including 
historical events when there is a gap in the flow record.   

2.3.1 USGS Gage at Paintsville and Paintsville Lake Dam Records 
The USGS Gage No. 03212500 on Levisa Fork at Paintsville, KY, is located just downstream of the Levisa 
Fork/Paint Creek confluence.  The USGS only publishes flows for the period of record, and so the study 
began with flow frequency analysis.  Problems were apparent with the flow/stage conversion.  The existing 
hydraulic steady flow model was calibrated to the 1977 event sometime in the 1990’s to match highwater 
marks for the peak stage at the time.  However, high Levisa Fork flows for recent events did not match well 
with the hydraulic model.  The flow/stage rating curve was investigated with the USGS local office, which 
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was already in the process of updating the rating curve to a Boyer rating.  This second rating curve update 
since 1994 was published by March 2019, and had a tremendous effect on the calculated exterior stage.  
The rating curve shift indicates less flow is required to reach stages greater than 595.0 ft NAVD88 when 
compared to the previous rating curves.  See the rating curves in Figure 2.3.   

 

Figure 2.3  Rating Curves for USGS Gage on Levisa Fork at Paintsville, KY 

The USGS gage at Paintsville has recorded annual peak streamflow data as far back as 1862, but mostly 
useful data since 1920.  Daily mean discharge is available nearly unbroken since 1928.  Hourly data is only 
available for last few years.   

Early in the study, daily reservoir water surface elevations and discharge data for the four upstream USACE 
reservoirs in the Levisa Fork watershed (Dewey Lake (1949), John W. Flannagan Reservoir (1964), 
Fishtrap Lake (1968), and Paintsville Lake (1983)) was provided for the period of record.   

The USGS gage and/or the lake data was provided in daily time increments.  This made assessing the 
discharge peak timing of Paint Creek with Levisa Fork cumbersome for some events.  Later, LRH provided 
hourly inflow estimates at Paintsville Lake based on CWMS calculations of daily reservoir pool elevation 
readings and outflows.   

2.3.2 Levisa Fork Bulletin 17C Flow Frequency Analysis  
As already stated, due to project time constraints, it was decided early in the study that a flow frequency 
analysis of the Levisa Fork watershed in ‘natural’ conditions was not feasible.  Like the Bulletin 17B 
Analysis, the period of record annual peak flows for the Paintsville and Pikeville stream gages were 
analyzed to estimate what the ‘modified’ flows would have been had all four of the reservoirs upstream of 
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Paintsville been in operation.  The modified flow period of record was then analyzed at the USGS Gage 
No. 03212500 on Levisa Fork at Paintsville, KY.  Expert support from the USACE Hydrologic Engineering 
Center (HEC) was provided in the application of the Bulletin 17C Analysis in HEC-SSP version 2.2 Alpha 
to produce a flow frequency analysis for modified flows adding historical events.  The 1862 flood event 
was included in the analysis to increase confidence in the flow frequencies.  The expected probability curve 
was computed for the Bulletin 17C analysis using spreadsheet tools currently in use by the Risk 
Management Center (RMC).  The analysis available for review contains slightly different results likely due 
to version differences, but since the software update was released later (Version 2.2), the original analysis 
was adopted.  See the Figure 2.4 for the 17C Analysis results.   

 

Figure 2.4  Bulletin 17C Analysis with Calculated Expected Flows and Stage 

2.4 COINCIDENT FREQUENCY ANALYSIS 
A coincident frequency analysis was performed in accordance with E.M. 1110-2-1415 “Hydraulic 
Frequency Analysis” (E.M. 1415) and E.M. 1110-2-1413 “Hydraulic Analysis of Interior Areas” (E.M. 
1413).   

The team assessed the relationship between events on the Paint Creek watershed and events on the Levisa 
Fork watershed, as medium coincidence with medium dependence.  E.M. 1413 defines this as: “Relative 
high likelihood of interior and exterior events occurring simultaneously”.   

2.4.1 Correlation and Dependence 
Coincidence refers to the simultaneous occurrence of a specified interior condition and a specified exterior 
condition in a system.  Correlation refers to the degree to which coincident interior and exterior events tend 
to be consistent in magnitude in a predictable manner.  The concept is illustrated by Figure 2.5.  Chart (a) 
illustrates high positive correlation; (b) illustrates low or no correlation; (c) illustrates common case of 
moderate positive correlation.   
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Figure 2.5  E.M. 1110-2-1413 Illustration of Correlation of Coincident Interior and Exterior 
Conditions 

Establishing a degree of correlation between Paint Creek interior flows and Levisa Fork exterior stage 
conditions is intended to guide the coincident frequency analysis approach by providing a starting 
assumption for dependence.  A correlation coefficient of 0.7 or higher can lead to the assumption that the 
two streams are not independent.  A correlation coefficient of 0.4 to 0.7 assumes a moderate correlation.  
The streams are said to have little correlation when the coefficient is between 0 and 0.4; the starting 
assumption is that the streams can be assumed independent (E.M. 1413).  While the ‘independent’ 
assumption does simplify some of the calculations, considerable study may be in order to identify specific 
conditions and find a solution that best reflects reality.  This is the situation with Paint Creek and Levisa 
Fork where the coefficient falls within the range of a weak statistical correlation.  The exterior stage on 
Levisa Fork does not appear to be in any way reliably related to or predicted by the interior Paint Creek 
discharge, and vice versa; the exterior stage and interior runoff appear independent.  The degree of 
dependence based on the available data suggests the two streams are not completely independent, but the 
weak statistical correlation implies the assumption of independence as the starting point for the analysis.   

Figure 2.6 reflects the correlation of Paint Creek interior flows and Levisa Fork exterior stage conditions.  
The trend reflects that when Levisa Fork channel stage increases the Paint Creek interior runoff increases.  
However, high interior runoff accompanies with low exterior stage from time to time.  Likewise, low 
interior runoff often is coincident with low exterior stage, but infrequent combinations with higher exterior 
stage do occur.   
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Figure 2.6  Correlation Coefficients for Uncontrolled Paint Creek Flows and Levisa Fork 

2.4.2 Conditional Probability 
A coincident-frequency analysis develops the desired probability distribution of stage at the interior 
ponding location from a flow-probability curve converted to stage for the Levisa Fork exterior stage and a 
duration-based probability distribution of the Paint Creek interior runoff.  These probability distributions 
for the interior runoff and exterior stage are considered together using conditional probability.  Conditional 
probability refers to the probability of occurrence (or exceedance) of one state of a property of the system, 
given a specified state of a second property upon which the first depends.   The resulting probability 
estimates are conditional probability estimates; that are “conditioned” on occurrence of the specified state 
of the exterior stage.   

For existing conditions, the interior stage of Paint Creek equals the stage on Levisa Fork.  Levisa Fork 
represents the exterior stage, or tailwater, in model simulations.  As with most projects that seek to exclude 
a flooding source from a protected area, gravity outlets are prevalent and drain the interior most of the time.  
Gravity outlet effectiveness depends on a difference in head between the interior and exterior stages.  
Situations arise when the exterior stage exceeds the elevation of the gravity invert and the interior stage.  In 
such situations, it is common to employ a pump station to handle inflows from interior drainage.  Pump 
stations are sized according to the expected inflow and the available ponding area to temporarily store the 
inflow volume.  The length of time the inflows must be stored prior to being discharged to the exterior, 
depend on the pump size, available ponding area, and the exterior stage hydrograph.  Conditional 
probability between the interior and exterior stage still applies with a line of protection in place.   
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2.4.3 Understanding the Coincident Frequency Analysis 
The coincident frequency analysis results for selected annual chance exceedance probabilities are derived 
from a computed curve using HEC-SSP statistical software.  It is important to understand that resulting 
interior ponding elevations represent a total probability for the given annual chance exceedance.  
Additionally, the results reflect the structure and storage area configurations (which may include the interior 
line of protection) and how the structure is being operated.  Therefore, the process is extremely iterative 
and is reconfigured and repeated anytime there is a change in any of the aforementioned configurations or 
structure operations.   

2.4.4 Data Inputs for the Coincident Frequency Analysis  
A coincident frequency analysis requires data inputs to represent interior flows and exterior stage.  The 
availability of data for either input were not known at the outset of the study.  The data was located or made 
available as the study progressed.  Data review began with Levisa Fork flows from the USGS gage at 
Paintsville, KY.  The flow results from the Levisa Fork Bulletin 17C Analysis served as the exterior stage 
for the coincident frequency analysis after converting to stage using the current USGS rating curve.   

2.4.5 Paint Creek Watershed Hydrologic Model and Peak Discharge Coincidence 
The initial approach for obtaining frequency discharges at the mouth of Paint Creek was to use the 
HEC-CWMS model provided by LRH.  However, the watersheds were not delineated such to provide 
reliable discharges for use as interior inflows.  LRL delineated the Paint Creek watershed using GIS data, 
including headwater basins of Paintsville Lake.  The hydrologic model is HEC-HMS version 4.2.1.  The 
Clark UH transformation method (R/(Tc+R) ratios were assumed from the HEC-CWMS model for the 
watershed.  Similar infiltration loss parameters were assumed for the basin.  The Paintsville Lake Dam 
Water Control Manual (WCM) indicated that infiltration losses approach zero in the flood season.  This 
was taken into account when calibrating the model to the February 2019 event.  A baseflow of 1 cfs/mi2 
was assumed based on information in the WCM; this was later increased to 1.5-1.8 cfs/mi2.   

The HEC-HMS model was used to simulate NOAA Atlas 14 frequency rainfall events.  The discharges at 
the mouth of Paint Creek were used as inputs for the interior flows.   

The calibration events used in the LRH HEC-CWMS model indicated that Paint Creek discharges prior to 
the Levisa Fork hydrograph peak arriving.  The gage records seem to reinforce this peak timing for past 
events, so this was the assumption until the February 2019 event.  The HEC-HMS model developed by 
LRL was later added to the LRH HEC-CWMS model to isolate the Paint Creek discharges from the rest of 
the Levisa Fork watershed.  Gridded radar rainfall of the February 2019 event was simulated in the 
combined HEC-CWMS model and the computed hydrographs at the mouth of Paint Creek indicated the 
event peak discharges were coincident.  The daily gage data makes determining coincidence for other events 
difficult; nonetheless, Paint Creek discharging prior to the Levisa Fork hydrograph peak arrival could no 
longer be assumed.  See Figure 2.7 below. 
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Figure 2.7  Simulations of the February 2019 Event on Levisa Fork at Paintsville, KY 

2.4.6 Paint Creek Uncontrolled Drainage Area 
There are no streamflow gages in the 76.3 mi2 uncontrolled drainage area of the Paint Creek watershed.  
The calculated inflows at Paintsville Lake were used to estimate discharges of the uncontrolled drainage 
area.  This was computed by multiplying the controlled drainage area inflows records by the ratio of 
uncontrolled to controlled drainage area (76.3 mi2/ 92.5 mi2 = 0.825).   

2.4.7 Initial Variable Assignment for Coincident Frequency Analysis 
There are no streamflow gages for measuring the uncontrolled drainage area of the Paint Creek watershed.  
The Paintsville Lake Dam records daily pool elevations and outflow releases.  A coincident frequency 
analysis requires the interior drainage and the exterior stage be assigned as Variable A or Variable B, 
depending on the levels of influence.   

Initially, the interior drainage from the Paint Creek watershed was assigned to Variable A in the form of 
frequency rainfalls transformed to runoff.  Variable B was assigned to the exterior stage represented by a 
duration curve from Levisa Fork gage data from 1968 to 2018.  This configuration resulted in interior 
ponding elevation that seemed unrealistically low and, at times, implied that structural measures had little 
effect.  The error in this approach was not immediately apparent, and HEC support suggested the study 
should progress using the same variable configuration as well as switching the variables in order to find the 
best path forward.   

Variable A was changed to Levisa Fork frequency stages from the Bulletin 17C Analysis using the expected 
probability curve, with Variable B represented by frequency rainfalls transformed to runoff.  This 
effectively produced the most conservative answer with very high interior ponding elevations.   

From these two extremes of low and high interior ponding elevations, HEC urged to find a realistic solution 
that would represent a compromise between the two.  The Levisa Fork gage data shows that large flood 
events last up to five days, but the time duration both the rising limb and falling limb of the hydrograph are 
above the damaging elevation may only be 2-3 days.  Finding a solution required some exploration to isolate 
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Paint Creek events to get a realistic picture of flood events.  The most conservative approach was assigned 
Variable A to the Levisa Fork frequency stages from the Bulletin 17C analysis because the exterior stage 
was the most influential regarding the interior ponding elevation.  Variable B was represented by the Paint 
Creek watershed inflows, but effort was still required to find a realistic inflow parameter.   

2.4.7.1 Paint Creek Inflows as Variable B 
A solution for the Paint Creek inflows required that two issues be addressed.  First, coincident peaks of the 
Paint Creek inflow and the Levisa Fork exterior stage had to be taken into account.  Second, the scenario 
of a high Levisa Fork stage with receding baseflow in the interior after the Paint Creek peak inflow passed 
had to be addressed; the objective being to assess whether the volume of baseflow after an event could be 
stored or pumped if the exterior stage was high for a maximum duration.   

An analysis of the Paintsville Lake Dam inflows calculated from the LRH HEC-CWMS model was 
conducted for the period of record (1986-2018).  Average daily flows into the lake for 1-Day, 3-Day, and 
5-Day durations were calculated for recorded events during flood season when Levisa Fork was above 
elevation 590 ft NAVD88.  Elevations above 590 ft would have the most effect on the interior ponding 
elevation.  The average daily flows were calculated by averaging the Paintsville Lake Dam inflow for events 
when Levisa Fork was above 590 ft; the averaging looked forward in order to capture the inflow when the 
closure structure at the mouth would be closed.  The Paintsville Lake Dam inflow computations for the 
duration of interest were multiplied by the ratio of uncontrolled to controlled drainage area (0.825) to 
estimate the uncontrolled 1-Day, 3-Day, and 5-Day average daily flows.   

2.4.7.2 Variable B Duration Curves 
The Paintsville Lake Dam period of record from 1986 to 2018 had a finite number of events for the 1-Day, 
3-Day, and 5-Day average daily flows, most limited for the 5-Day average daily flow.  The daily period of 
record was constructed for each of the average daily flows into duration curves.  These average daily Paint 
Creek uncontrolled inflows represent Variable B in the coincident frequency analysis, and the duration 
curves would be used to assign probabilities to the index flows.  See Figure 2.8 below.  
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Figure 2.8  Duration Curve for 5-Day Average Flow on Paint Creek 

The index flows for each the 1-Day, 3-Day, and 5-Day average daily flows were selected for model 
simulations to provide good definition of the computed interior ponding elevation curve for the 1% AEP.  
The interior ponding elevation curve is computed in HEC-SSP using the input response curves generated 
by simulations in the HEC-HMS model.  The HEC-SSP program calculates the interior ponding elevation 
curve for all selected probabilities by interpolating between the response curves.  When HEC-SSP response 
curve density sampling was inadequate for computing a well-informed curve, new index flows were chosen 
and re-simulated in HEC-HMS in an iterative process to provide definition for the 1% AEP.   

2.4.7.3 Modeled Inflow Volumes in Terms of Precipitation Runoff 
The index inflows for the uncontrolled Paint Creek drainage areas were addressed in previous sections and 
calculated based on ratios of the controlled area inflow records at Paintsville Lake Dam.  These calculations 
inform the coincident frequency analysis Variable B probabilities for given 5-Day average inflows; 
however, the index inflows were chosen in an iterative process during the coincident frequency analysis as 
to provide adequate resolution of the response curves around the 1% AEP ponding elevation while covering 
gate operation situations.  Using the uncontrolled drainage area of 76.3 mi2, the 5-day average flows can be 
converted to precipitation runoff for perspective (See Table 2.1.)   

Table 2.1  Simulated 5-Day Average Inflows Converted to Inches of Runoff 
Index Name 

(Bin) B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 

5-Day Avg 
Inflow (CFS) 250 400 450 500 550 600 650 750 1,000 1,300 1,500 1,800 

5-Day 
Volume 

(Acre-Ft) 
2,479 3,967 4,463 4,959 5,455 5,950 6,446 7,438 9,917 12,893 14,876 17,851 

5-Day 
Volume (IN) 0.61 0.97 1.10 1.22 1.34 1.46 1.58 1.83 2.44 3.17 3.66 4.39 
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2.4.7.4 Inflow Hydrograph Shape 
To examine the interior ponding response with closure structure in place, an inflow hydrograph shape was 
selected from a typical event with similar duration (1-Day, 3-Day, and 5-Day) for routing into the study 
area.  The range of index flows for each duration was scaled to the hydrograph shape while maintaining the 
volume over the duration period (see Figure 2.9).  The scaled hydrographs, in this case 12 (representing the 
coincident frequency analysis index flows) for each of the three durations, were input into an HEC-HMS 
model representing the interior ponding area and the closure structure.  The simulation results comprise the 
response curves in HEC-SSP for the coincident frequency analysis.   

 

Figure 2.9  Hydrograph Shape Applied to Paint Creek 5-Day Average Flow 

2.4.7.5 Variable Tailwater Stage 
Review of the Levisa Fork stage period of record suggests that the assumption of a constant exterior stage 
is too conservative.  The largest flood events appear to have peaked and receded relatively quickly 
compared to major streams, such as the Ohio River.  The 1977 flood hydrograph was chosen as the 
representative flood for applying a variable tailwater to the analysis.  Using HEC-HMS, the constant 
tailwater frequency stage was replaced with a 1977 flood hydrograph scaled to the peak frequency stage.  
The tailwater hydrograph was then shifted in time to produce the ‘worst case’ for the variable tailwater 
assumption.   

For the 5-Day average daily flow analysis, a tailwater hydrograph peak coincident with the inflow 
hydrograph peak produced the highest interior ponding elevation.  Coincidence occurs when the interior 
and exterior hydrograph peaks align within +/- 12 hours from simultaneous peaking.  Paint Creek 
hydrograph peaks reaching the ponding area prior to the 24-hr coincidence window will partially or entirely 
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discharge into Levisa Fork prior to the peak exterior stage arriving.  If the Paint Creek hydrograph peak 
arrives later than the 24-hr window, then the interior ponding area will begin to fill but will take advantage 
of the falling limb of the exterior stage hydrograph.  If the interior hydrograph peak is late enough, then 
Paint Creek will entirely discharge into Levisa Fork after the exterior peak stage has passed.  Figure 2.10 
depicts the effects of coincident peaks (simultaneous hydrograph peaking) on the interior ponding 
elevations.  Note that Figure 2.10 is not the coincident frequency analysis 1% AEP interior ponding 
elevation result, but a single model simulation of which over 100 simulations comprise the coincident 
frequency analysis.   
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Figure 2.10  Effects of Coincident Timing of Interior and Exterior Hydrograph Peaks on Interior 
Ponding Elevations 

For the 3-Day average daily flow analysis, the coincident peak time window was not as consistent across 
the selected index flows; however, each index flow required slight modifications to the tailwater timing to 
produce the highest interior ponding elevation.   
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A variable tailwater was not assessed with the 1-Day average flows because the 1-Day scenario had already 
passed or stored inflows for the constant exterior stage simulations.   

By using a variable tailwater stage in simulations, the coincident frequency analysis with ‘worst case’ peak 
timing is still a conservative approach and appears more grounded in reality than the constant exterior stage 
assumption.  The resulting difference reduced the 1% AEP interior ponding elevation by about a foot.  
However, the assumption when using the variable tailwater stage is that the closure structure will release 
flow from Paint Creek at any point the interior ponding water surface elevation exceeds the elevation of the 
tailwater.  The tailwater stage hydrograph is presented in Figure 2.11.   

 

Figure 2.11  Hydrograph Shape for Levisa Fork Converted to Stage 

2.4.8 Modeling to Create Response Curves 
The modeling results constitute the response curves and therefore inform the coincident frequency analysis.  
An HEC-RAS model was initially used for the coincident frequency analysis.  As the study progressed with 
different combinations of gate configurations and interior ponding extents, an HEC-HMS proved to be 
much faster in setup and execution.  A brief explanation of the modeling setup follows.  Modeling 
assumptions are included where appropriate.   

2.4.8.1 Model Setup 
The current HEC-HMS model setup executes all nine exterior stage (Variable A) computations for a single 
index inflow (Variable B) per simulation run.  There are 12 index flows used to inform the coincident 
frequency analysis response curves for adequate definition near the 1% AEP interior ponding elevation.  
The simulation results are the maximum interior ponding elevation for each reservoir component in the 
model.   

2.4.8.1.1 The Source: Variable B 
Variable B is modeled using a source component.  The source flow is represented by an index flow scaled 
to the shape of a representative hydrograph.  The source is routed directly to the interior ponding area 
represented by a reservoir component.   
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2.4.8.1.2 Reservoir: Interior Ponding Area and Variable A as Tailwater 
A reservoir component simulates each peak tailwater stage, determined by the nine Levisa Fork frequency 
stages (Variable A).  Each reservoir represents the interior ponding area via an elevation-storage curve, 
which was calculated using GIS data.  The elevation-storage curve includes the channel and all storage 
available up to the interior flood wall crest.  Therefore, resulting elevations exceeding the top of the interior 
wall (610 ft NAVD88 at the time of the report) were assumed unacceptable for the 1% AEP as they imply 
an interior wall overtopping.  The goal is to achieve a 1% AEP interior ponding elevation below the interior 
wall elevation crest.  Sensitivity tests indicate that only coincident frequency analysis result elevations 
greater than the interior wall elevation are impacted by this approach.   

Based on gate operation closure assumptions, the interior initial stage is assumed to be 596.0 ft NAVD88 
for all exterior stage elevations above 595.2 ft NAVD88 (gate closed scenario).  For all exterior stage 
elevations below 595.2 ft NAVD88, an interior initial stage is assumed equal to the exterior stage (gate 
open scenario).   

A dam top of 616.4 ft NAVD88 was assumed for the full length of the closure structure.  However, this is 
irrelevant in the HEC-HMS model as the elevation is well above the interior flood wall crest.   

The gates are modeled as culverts with flap gates.  Tainter gates and culverts are modeled in this manner.  
The one-way flow calculation that models the culvert/flap gate function represents the automatic opening 
and closing feature of the structure.  The literature reviewed suggests that the head losses exiting the flap 
gate are negligible compared to the entrance loss rate into the culvert.  If better data regarding head losses 
through flap gate become available, then the exit loss rates can be modified; however, the modeling assumes 
an exit coefficient of 1.0, which produces the maximum head loss.  Several gate configurations were 
considered as the study progressed.  Refer to the HEC-HMS model for dimension of the gate outlets 
modeled.   

Pumps were added for reservoirs with peak tailwater elevations above 595.2 ft NAVD88.  Actual pump 
curves can be modeled in later phases for pump sizing.  During Feasibility, the head-discharge curve was 
assigned with uniform discharge for all head ranges for modeling simplicity.  It was found efficient to assign 
10 identical pumps to each reservoir, allowing for quick iterations of pumping capacity.  This was 
accomplished by simply modifying the head-discharge curve, which would change the pumping capacity 
for all pumps in the simulation.  As an example, 15 cfs assigned to the head-discharge curve effectively 
sets the pumping capacity to 150 cfs.  Refer to the HEC-HMS model for pump attributes.  Actual pump 
head-discharge curves can be added later in the Design Phase.   

2.4.9 Data Extraction for Response Curves 
The modeling results were extracted using HEC-DSSVue.  Each simulation result file was opened in 
ascending index flow order, or bin number (B1 through B12).  The HEC-DSSVue time function calculator 
was used to extract the peak elevation of the interior ponding area over the simulation period.  The results 
were exported to MS Excel then applied to a template.  Finally, all 108 interior ponding elevations could 
be copied and pasted in HEC-SSP and the response curves tables were plotted (see Figure 2.12).   
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Figure 2.12  Response Curve Plot from HEC-SSP 

2.5 CONSIDERATIONS OF OVERFLOWS, OVERTOPPING, SEEPAGE, AND LEAKAGE 
The coincident frequency analysis must consider additional inflows into the ponding area.  Overflows from 
adjacent areas are not expected.  The main wall and closure structure design will tie into high-ground 
protecting from the exterior stream (Levisa Fork).  The steep terrain surrounding the protected area is 
expected to guard against inflows from other basins.  Inter-basin flow would be more typical of flat terrain.   

Overtopping the main line of protection into the ponding area is highly unlikely.  If overtopping occurs, the 
superiority section of the main wall will force Levisa Fork waves and overflow into the overtopping section.  
Below the overtopping section, the levee and surrounding ground will be heavily armored, channeling the 
overflow into the interior ponding area.  Overtopping of the main line of protection would be captured in 
the coincident frequency analysis by the HEC-RAS model.  The HEC-HMS model does not currently have 
this capability.  However, the event that causes the overtopping (0.2% AEP) only exceeds the top of 
protection by 0.5 feet and does not influence the 1% AEP interior ponding elevation in this case.  The 
overtopping event does effect the 0.2% AEP interior ponding elevation, but this exceeds the designed 
interior level of protection.  Overtopping concerns notwithstanding, HEC-RAS model simulations indicate 
that the Levisa Fork overtopping event (0.2% AEP) with a Paint Creek inflow of 200 cfs (assumed baseflow 
without an interior rain event) does not overtop the interior line of protection into the leveed areas during 
the 6-day simulation window.  Overtopping will be further investigated during the Risk Assessment.   

Seepage from Levisa Fork into the interior ponding area is expected to be minimal.  Seepage parameters 
will be calculated during the geotechnical efforts and included in future hydraulic modeling efforts.  
However, the model simulations informing the coincident frequency analysis assumes both interior and 
exterior events.  Assuming coincident events (simultaneous peak flows) and operating a structure that 
releases flow based on head difference minimizes overall head difference during simulation.  The maximum 
head difference is expected to be 4 to 5 feet with coincident events.  If the overall head difference is 
minimized, then so is the driving force behind seepage.  Additionally, Levisa Fork high-stage durations are 
expected to be relatively short at 3 to 4 days, compared to larger streams such as the Ohio River.   
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Leakage through the radial gates are expected to be minimal for the same reasons as seepage.  The driving 
force behind leakage is the head difference.  Estimates of a maximum of 100 cfs leakage through the radial 
gates is possible, based on run-of-the-river dams on the Ohio River.  This maximum leakage would be 
expected at peak Levisa Fork stage (0.2% AEP) without a Paint Creek interior event.   

Considering overtopping, seepage, and leakage together, HEC-RAS model simulations indicate that the 
interior ponding elevation does not overtop the interior line of protection.  The Levisa Fork overtopping 
event (0.2% AEP) without a Paint Creek interior event was modeled.  Paint Creek inflow was assumed to 
be a 200 cfs baseflow, with 100 cfs radial gate leakage, and 50 cfs seepage.  This was modeled for the 6-day 
simulation.  The resulting interior ponding elevation was about 607.5 ft NAVD88.   

2.6 COINCIDENT FREQUENCY ANALYSIS RESULTS 
It is an important reminder that the coincident frequency analysis reflects the manner in which the flood 
protection system is configured and operated; therefore, changes in the design as the study moves beyond 
the Feasibly Phase will require additional coincident frequency analyses.  The process for a more confident 
coincident frequency analysis has been established, so iteration efforts will be limited to model setup and 
simulations.   

The coincident frequency analysis results at the time of this report have yielded a 1% AEP interior ponding 
elevation favorable to advancing the design for feasibility.  Assumptions for the configuration and operation 
of the flood protection system are listed in subsequent sections.  Shown below are the current results for 
the 1% AEP interior ponding elevation for 3-Day and 5-Day average flows using an exterior stage 
hydrograph (Table 2.2).  The 1-Day average flow was screened out as a concern because the total volume 
for any of the simulated interior events, even at constant high exterior stages, was shown to be contained 
within the interior ponding area without a pump station.  The resulting 1% AEP interior ponding elevation 
for a 1-Day average flow under these conditions was 608.0 ft NAVD88.   

Table 2.2  Coincident Frequency Analysis 1% AEP Interior Ponding Elevations 

% AEP 3-Day Avg Flow 
No Pump 

3-Day Avg Flow 
100 cfs Pump 

5-Day Avg 
Flow 

No Pump 

5-Day Avg 
Flow 

100 cfs Pump 
0.2 613.0 612.7 613.1 612.9 
0.5 611.3 611.0 611.3 610.9 
1 609.7 609.5 609.7 609.4 
2 608.0 607.8 608.0 607.6 
5 605.6 605.4 605.3 605.1 

10 603.3 602.9 602.9 602.5 
20 600.2 600.0 600.1 599.7 
50 592.3 592.3 592.3 592.3 
99 580.3 580.3 580.3 580.3 

2.6.1 Results Discussion 
The results in the table shown above suggest that adding a pump station to the flood protection system 
effects the 1% AEP interior ponding elevations very little.  In fact, for every additional 50 cfs of pumping 
capacity, a reduction of 0.2 to 0.3 feet can be expected.  This situation is indicative of the large uncontrolled 
Paint Creek drainage area and the relatively small storage area created by the flood protection system.  If 
the interior ponding area were to be managed solely by a pump station, the pumping discharge would need 
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to match the inflow for nearly all interior events when the gravity outlets are closed.  Costs associated with 
a pump station quickly escalate with this approach.  Therefore, the flood protection system design for 
feasibility relies on a flap gate and/or automatic tainter gate operation.  Basically, the gravity structure will 
pass flow for an interior stage that exceeds the exterior stage at any time, thus equalizing the stages.   

The coincident frequency analysis results are not final.  While the Feasibility Phase is nearly complete, a 
coincident frequency analysis depends on closure structure configuration and operation.  A change in either 
must be analyzed again to ensure the 1% interior ponding elevation is not adversely impacted.  The process 
is iterative and can be lengthy when model simulation times increase.   

2.7 CONFIDENCE LIMITS FOR THE COINCIDENT FREQUENCY ANALYSIS 
The HEC-SSP software does not yet have capabilities to directly apply confidence intervals to a coincident 
frequency analysis.  The 90% confidence intervals can be applied using the ‘General Frequency Analysis’ 
function within HEC-SSP.  An average of the Paintsville Lake Dam inflow period of record and the Levisa 
Fork (equivalent record length) from the Bulletin 17C Analysis gave 51 equivalent years of record.  See 
Figure 2.13 for the graphical output and Figure 2.14 for the coincident frequency analysis tabulation for a 
closure structure design without a pump station.   

 

Figure 2.13  Confidence Intervals Graphical Output for the Coincident Frequency Analysis 
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Figure 2.14  Confidence Limits Tabulation for the Coincident Frequency Analysis 

2.8 ASSUMPTIONS AND RISK ASSOCIATED WITH THE DESIGN 
Risk will be present with any design, but the amount of risk accepted is not determined at this level.  The 
risk implied by the design and coincident frequency analysis can be highlighted and assumptions stated. 

2.8.1 No Floodway Encroachment 
The Paint Creek and Levisa Fork stream channels are deeply entrenched.  High flows on Paint Creek with 
a low Levisa Fork tailwater are not a flooding concern.  Levisa Fork can also pass high flows within the 
stream channel.  These are the two different scenarios upon which the regulatory floodway is based.  The 
proposed line of protection must not encroach on the regulatory floodway. Figure 2.15 shows the line of 
protection along the FEMA Flood Hazard Layer (FHL) Zone AE Floodway, indicating no encroachment.   
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Figure 2.15 No Floodway Encroachment by Proposed Project 

2.8.2 Structure Operational Performance 
The gated closure structure must perform without delays.  Whether the design allowing gravity flow under 
a positive head difference is operated automatically using sensors or by personnel at a control station, it 
must perform relatively quickly.  The HEC-HMS modeling (1-hour computational time step) assumes a 
relatively instant operation with no issues because the gates are modeled as culverts with flap gates.  
However, it is expected the automatic gates will be making opening changes every 30 minutes to an hour, 
with an estimated open/close rate of 25 feet per half hour.  Debris jams, power failures, washed out gages, 
etc., must not impede operation of the gates.  To fail in an open condition, the interior is vulnerable to 
flooding from Levisa Fork.  To fail in a closed condition, the interior is vulnerable to flooding from the 
uncontrolled Paint Creek drainage area and possibly Paintsville Lake Dam operations.  The closed condition 
failure is more time-sensitive.  System reliability must be considered during the Risk Assessment.   

2.8.3 Paintsville Lake Dam 
Early in the study, Paintsville Lake Dam releases were the main concern regarding the construction of a 
closure structure across Paint Creek.  The location of the closure structure was to be downstream of the 
railroad bridge.  The question of whether a gate structure could pass flows from Paintsville Lake Dam 
ranging up to a spillway design flood without increasing incremental consequences was to be answered.  
HEC-RAS modeling was used to simulate the range of flows.  It was found that the railroad bridge causes 
a constriction of headwater flow, and when discharges are large enough, can flood areas of Paintsville.  The 
number of main gates and flap gates were sized to match or exceed the conveyance through the railroad 
bridge.  The goal was to not increase the water surface elevations upstream of the railroad bridge when 
passing flow through the closure structure.   

The gated closure structure at the mouth of Paint Creek would be operated as not to impede operations of 
Paintsville Lake Dam.  In accordance with the Paintsville Lake Dam Water Control Manual, when the 
Levisa Fork stage reaches 595.2 ft NAVD88 and rising, the releases from the dam are curtailed.  At this 
point the gated closure structure would begin to close.  The simulated initial interior stage is 596.0 ft 
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NAVD88 upon closure.  The gated closure structure would open as needed to release any positive head 
difference, and continue to open as the exterior stage falls.  Paintsville Lake Dam would resume releases 
according to falling stage on Levisa Fork and other downstream control points.  In an event that Paintsville 
Lake Dam must release water while the gated closure structure is closed, then the gates must be opened to 
pass discharge from the Dam.  Such a situation would be possible if a sufficient storm event occurred while 
the Paintsville Lake Dam was well above normal pool.  This scenario and others would be addressed during 
a full Risk Assessment at a later study phase.   

2.9 SUPERIORITY IN OVERTOPPING 
The current guidance for managing the overtopping of levee systems is USACE Engineering and 
Construction Bulletin (E.C.B.) No. 2019-8.  The Project Delivery Team (PDT) decided to provide the most 
protection possible for the City of Paintsville.  National Flood Insurance Program (NFIP) certification will 
not be possible for all protected areas due to inadequate high ground tie-ins.  Due to the nature of this 
project, it is anticipated that there will be no significant sloping water surface on Paint Creek to consider 
for overtopping design.  Instead, the interior ponding area will have a pool elevation creating a somewhat 
level water surface.  Due to maximum height limitations for reasons stated above, an increment for 
overtopping was assumed to be 0.5 feet for all levee and floodwall segments (see Table 2.3).  An 
overtopping section was designed by varying the length along the alignment.  HEC-HMS was used to model 
the overtopping sections.  This was possible because of the level ponding elevation assumptions.  Dam top 
and spillway elements were used in HEC-HMS to calculate the overtopping section flows.  The goal was 
to contain the flow in the overtopping section for at least two hours for the purpose of warning time.  The 
largest 5-day average flow (1800 cfs) with a representative hydrograph shape used in the coincident 
frequency analysis was applied to the superiority in overtopping analysis.  Overtopping sections were not 
feasible for some levees with elevations around 610.0 ft to 611.0 ft NAVD88 because the overtopping 
section would be the full length of the levee segment.  Some levees may require full length scour protection 
because the superiority section is at maximum height with the high ground tie-in.  Scour protection extents 
should be determined in the Risk Assessment.   

For higher levels of protection along Euclid Avenue and State Street, larger flows of 2000 cfs to 2800 cfs 
and a higher initial interior ponding elevation were required to induce overtopping.  These large daily 
average flows fall on the least probable end of the interior flow duration curve and are not expected in actual 
flood events.   
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Table 2.3  Superiority Increments for the Lines of Protection 

Levee/Structure 
Overtopping 

Elevation 
(ft NAVD88) 

Overtopping 
Section 

Length (ft) 

Superiority 
Increment 

(ft) 

Superiority 
Elevation 

(ft NAVD88) 
Comments 

Blackberry Branch 610.0 24 0.5 610.5 

May require 
additional scour 
protection 

Walnut Avenue 610.0 100 0.0 610.0 
Superiority not 
feasible 

Flat Rock Branch 610.9 260 0.5 611.4 

May require 
additional scour 
protection 

State Street 613.2 95 0.5 613.7   
Euclid Ave Upstream 612.0 105 0.5 612.5   
Euclid Ave Downstream 613.2 105 0.5 613.7   
Main Closure Structure 616.4 500 1.6 618.0   

 

The main closure structure at the mouth of Paint Creek was modeled as a lateral structure in HEC-RAS.  
For the Feasibility Phase, the maximum height of the main closure structure was determined by the tie-in 
location elevations.  This set the top of wall at 618.0 ft NAVD88.  The agreed upon 1% AEP elevation plus 
risk and uncertainty places the levee base height at 616.4 ft NAVD88.  Therefore, the superiority increment 
is 1.6 feet.  The length of the overtopping section (elevation 616.4 ft NAVD88) was determined by scaling 
the 1977 flood hydrograph to the 1% AEP stage, then to the 0.2% AEP stage.  The length of the overtopping 
section was varied to force weir flow to occur at the desired location for the overtopping event.  The 
designated overtopping section was calculated and confined to a 500-foot length of wall upstream of Paint 
Creek.  The area below the overtopping section will be heavily armored and the overtopping flow will be 
diverted between the railroad yard and the closure structure into the interior ponding area.  The settlement 
increment will be calculated during geotechnical efforts, and then must be added to the overall height.   

2.10 NO SIGNIFICANT IMPACTS DOWNSTREAM DUE TO PROJECT 
The LRH Levisa Fork HEC-RAS model and the HEC-RAS component of the HEC-CWMS model were 
combined to simulate downstream consequences.  The unsteady flow model extended Levisa Fork 
approximately 13 miles downstream of the confluence and tributaries were modeled as storage areas.  Paint 
Creek was modeled as a storage area with and without the closure structure near the mouth.  The 1977 
hydrograph was scaled to the SPF flow for simulations.  Maximum water surface inundation boundaries 
indicate no substantial increase in flooding downstream of Paintsville.  The difference between ‘with 
project’ and ‘without project’ conditions for Levisa Fork water surface elevations range from 0.20 feet 
upstream, 0.25 feet at, and 0.22 feet downstream of the closure structure.  No significant impacts are 
expected downstream of Paint Creek due to the installation and operation of a closure structure.  The closure 
structure is located at approximate HEC-RAS modeling River Station 38.45 in Figure 2.16 below.   
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Figure 2.16  Levisa Fork Profile Plot with and without Closure Structure 

2.11 CLIMATE CHANGE ASSESSMENT 
For full details of this topic, see the full Climate Change Qualitative Assessment under Tab VIII.   

The Big Sandy River Basin flood risk management reservoirs, local levee projects, and this related Johnson 
County Feasibility Study operate to reduce risks and associated damages of flooding for Paintsville, 
Kentucky.  Based on the literature review and observed trends as well as an analysis of locally observed 
data, there is little evidence of significant temperature or precipitation changes in the Big Sandy River Basin 
Region.  There is, however, a general consensus of a moderate upward trend in precipitation.  This is likely 
due to the region being a “transition zone” within the Appalachian mountain region, where the northern and 
southern Appalachian regions are being impacted by climate change in different, almost opposite, ways.  
There is also a general consensus of an increasing trend in the number and intensity of extreme precipitation 
events occurring in the region.  An assessment of observed peak annual streamflow by the Climate 
Hydrology Assessment Tool (CHAT) and Nonstationarity Detection (NSD) Tool revealed little evidence 
of statistically significant increasing or decreasing trends or nonstationarities within the basin that can be 
attributed to climate change.  There are statistically significant decreasing trends and nonstationarities in 
observed, peak streamflow that can be directly attributed to the construction of flood risk management 
projects within the basin.   

Regarding projected future trends, there is generally a consensus of increasing temperatures, precipitation, 
and streamflow.  These changes will likely vary seasonally, with greater increases in the winter and spring 
months.  Additionally, the frequency of intense storms and rainfall is projected to increase.  It should be 
noted that substantial uncertainty exists within future climate projections, this uncertainty is effectively 
illustrated by the range of global circulation models (GCM) peak annual streamflow projections shown 
Figure 20 (see the Tab VIII for Climate Change details).  At this time, each of the 93 climate projections 
included in this figure’s range can be considered equally likely to occur.   

All of these trends in observed and projected temperature, precipitation, and streamflow are driving 
vulnerability within the HUC-4 region and for Paintsville, KY.  Paintsville’s flood risk is currently reduced 
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by 5 of the 6 USACE flood protection reservoirs located upstream within the Big Sandy Basin.  Other local 
levee protection exists within the basin outside of Paintsville.   

Table 2.4 displays the residual risk table required by ECB 2018-14.  This table lists potential climatic 
triggers, hazards, harms, and approximate qualitative likelihood of occurrence.  The table is primarily 
focused on the business line of interest, flood risk reduction, however that is not to say that other USACE 
business lines will not be impacted by climate change.  Because this qualitative analysis is focused on the 
Johnson County Feasibility Study as a whole, only generic project features have been identified within the 
table.   

This Feasibility Study evaluated the addition of a closure structure on Paint Creek at its confluence with 
Levisa Fork that would be accompanied by a leveed interior ponding area. Increased frequency and intensity 
of rainfall has potential to increase stream flows on both Paint Creek and Levisa Fork, thereby increasing 
flood risk and vulnerability associated with this project.  Potential resilience measures which could be 
implemented to reduce future flood risks associated with climate change may include structural 
modifications to levees or closure structures, acquisition of additional real estate to facilitate increased flood 
storage, removal of flood prone structures, and changes to operation procedures.  It is recommended that 
stage-frequency, flow-frequency, and precipitation-frequency for Paint Creek and Levisa Fork be 
reevaluated periodically in the future to determine how projected trends manifest themselves in future 
observations.  Depending on the results of these future analyses, additional flood risk reduction measures 
may be required.   

Based on this assessment, it is recommended that the potential, future effects of climate change be treated 
as occurring within the uncertainty range calculated for the current hydrologic analysis.  If this assumption 
proves to be inadequate when future observations or more refined projections become available, then a 
quantitative evaluation and revision of these results may be required.   
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Table 2.4  Climate Change Residual Risk Table for the Johnson County Section 202 Project 

Feature of 
Measure 

Trigger Hazard Harm Qualitative 
Likelihood 

Flood Risk 
Reduction - 
Reservoirs 

Increased 
precipitation 
volume from 

larger or more 
frequent storms 

Increased volume of 
runoff will result in more 

frequent and higher 
pools in upstream 

reservoirs 

Increased reservoir loading and 
frequency of high stages increases 

the probability of a dam failure 
upstream of Paintsville.  

Not Likely 

Flood Risk 
Reduction – 

Closure 
Structure 

Increased 
precipitation 
volume from 

larger or more 
frequent storms 

Increased volume of 
runoff will result in more 

frequent loading 
scenarios for closure 

structure and floodwalls 

Increased loading on floodwalls 
and closure structure increases 
the likelihood of coincident high 

stages that load the closure 
system and levee more frequently 

Likely 

Flood Risk 
Reduction – 

Closure 
Structure 

Change in 
seasonality of 

runoff 

Increased runoff 
occurring in the winter-

time and spring-time 
flood season 

Increased runoff in the flood 
season could result in higher 
stream flows and increased 

stresses on flood risk reduction 
infrastructure 

Likely 

Flood Risk 
Reduction, 

Water Supply, 
and 

Environmental 
Flows 

Increased 
temperatures 

Increased 
evapotranspiration, 
especially during the 

summer and fall when 
there is less 
precipitation  

Increased evapotranspiration 
when streams are low could result 

in stresses on water supply and 
water quality 

Likely 

 

2.12 RECOMMENDED PLAN 
The hydrology and hydraulics of this study are complex.  It has been a process of eliminating what is not 
feasible while working to faithfully execute the project authorization.  Ideas have been investigated, basic 
assumptions have been made, and expert support has been sought.  Many model simulations have been 
conducted using an array of storage area and closure gate configurations.  Through an exhaustive process 
the Feasibility Phase comes to a close.  By process of elimination, the recommended plan for design and 
Risk Assessment follows.   

The feasible plan selected by the Project Delivery Team (PDT), known as Alternative 2, consists of a 
closure structure across Paint Creek near the mouth (extending to high-ground along Levisa Fork), and 
different levels of certifiable protection (but all protected to the calculated 1% AEP interior ponding 
elevation) provided by floodwalls and levees along Paint Creek.  A 100 cfs pump station is an option with 
Alternative 2, though this analysis has shown the reduction in interior ponding water surface elevation is 
minimal.  The selected plan is balance between calculated Paint Creek inflows and Levisa Fork stage (and 
timing of both), gate operations, and the available storage contained within the structural measures.  
Variations of closure structure gate configurations will be investigated during the Design Phase for 
optimization.   
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3 SCOPE DURING DESIGN 
Due to project schedule and complexity of the hydrology and hydraulics, some tasks have been delayed to 
the Design Phase or have been deemed better suited for analysis during the Risk Assessment.   

3.1 OVERTOPPING ASSESSMENT 
A 2D unsteady flow HEC-RAS model has been developed for use with HEC-LifeSim computer software 
modeling to assess risk associated with overtopping of the closure structure and interior floodwalls.  HEC-
LifeSim modeling will be part of the Risk Assessment and has not been included in this report. An initial 
overtopping assessment was completed for formulation purposes and is included in Volume 1.    

HEC-LifeSim uses an agent-based approach to track individuals throughout the warning and evacuation 
process.  During an evacuation, agents are interacting with the roads, other vehicles, and the incoming 
hazard.  After the warning and evacuation process has been simulated, HEC-LifeSim calculates lethality 
for those people that are exposed and direct damages due to the hazard.  By tracking individual people and 
their movements, HEC-LifeSim can help identify where people are most at risk of losing their lives, whether 
it is on roads or in structures.   

3.2 UNSTEADY FLOW HEC-RAS MODELING 
Unsteady flow HEC-RAS models are necessary to validate the HEC-HMS modeling results and answer 
more detailed questions about the hydraulics of the closure structure.  The closure structure flow releases 
are handled differently between the HEC-HMS and HEC-RAS software.  HEC-RAS models are more 
detailed and will be used in verifying Project Delivery Team (PDT) design modifications.   

The 2D unsteady flow HEC-RAS model will also be required to answer detailed questions around the 
closure structure.  As the design progresses, the alterations to the channel will need to be captured in the 
terrain.  The 2D model directly uses the terrain for computations and mapping.   

A 2D unsteady flow HEC-RAS model has many advantages over 1D unsteady flow model, but a big 
disadvantage is computational speed.  The 2D unsteady flow model can take hours to run simulations.  It is 
expected that the design phase will require many changes to the closure structure gate configurations and 
operations.  Changes in either will require a coincident frequency analysis to ensure those changes do not 
adversely impact the 1% AEP interior ponding elevation.  These runs involve 8 to 12 inflows in combination 
with 9 exterior stages for 72 to 108 model runs.  Therefore, the development of a 1D unsteady flow model 
(a much smaller simulation time) is essential to provide reasonable answers in a reasonable amount of time.   

The 1D unsteady flow model will likely take two forms.  The first will utilize cross sections in the channel 
and overbanks with levee points.  The second will simulate Paint Creek and the leveed areas as storage 
areas.  It may prove beneficial to model the leveed areas as 2D areas.  The model used will depend on the 
question being answered.  It is anticipated that both models will be needed to answer questions in the Risk 
Assessment.   

3.3 COMPUTATIONAL FLOW DYNAMIC MODELING 
After an unsteady flow HEC-RAS model has been updated to the preferred design chosen by the Project 
Delivery Team (PDT), further modeling may be necessary to address study specifics not attainable using 
HEC software products.  Items may include discharge rating curves, sedimentation, peak velocities, and 
required scour protection.  The chosen PDT design for the closure structure will drive the need for the 
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computational flow dynamic (CFD) model.  Contact with Nashville District (LRN) modelers has been 
initiated and information is being gathered.   

3.4 PHYSICAL HYDRAULIC MODEL 
Physical models of projects in design can be useful in solving problems that may be outside modeling 
software capabilities, or even to confirm unexpected results from modeling software.  Physical models can 
take months to construct, so it is unlikely a physical model would be a feasible option given the rigorous 
project schedule.  There are no plans for a physical model at this time.   

3.5 INTERIOR DRAINAGE 
The interior drainage analysis will be completed during the design phase.  The existing storm sewer 
networks in the protected area have not been determined, and are scheduled for surveying in late 2019.   

There will be a two-condition approach to assessing the interior drainage.  The first will assume a low 
tailwater condition where the main closure structure gate is open and the interior ponding is within the Paint 
Creek channel.  Pipes and outlet structures will be sized to ensure a 1% ACE rain event will adequately 
drain through the line of protection.  The second condition will assume a high tailwater condition where the 
main closure structure is closed and the interior ponding fluctuates with inflows and the operating closure 
gates.  Coincident peak timing of the interior drainage and the peak interior ponding will provide a realistic 
and conservative answer.  Each interior drainage area will require a coincident frequency analysis to assess 
the 1% AEP interior ponding elevation.  In this case, Variable A will be the frequency elevations determined 
in the coincident frequency analysis for the main closure structure, simulated using interior ponding 
elevation hydrographs scaled to those frequency elevations.  Variable B will be selected inflow hydrographs 
based on the same 5-day average flows scaled proportionally to the respective interior drainage area.   

3.5.1 Pressure Conduits 
The interior drainage may be further altered by use of pressure conduits.  Interior drainage can be conveyed 
through the line of protection without the need of flap gates if the pipe invert is of higher elevation than the 
top of floodwall or levee, thus producing a positive head difference to pass flow.  The steep terrain 
surrounding Paintsville may provide unique opportunities to leverage pressure conduits.  Five potential 
subbasins have been selected for further investigation during the design phase.  The long distances of pipe 
required to drain the proposed locations may produce friction head losses high enough to prohibit adequate 
flow leading to large diameters pipe requirements.  The design team should be prepared to store inflows at 
the pipe invert with possible detention basins.   

3.6 FLOOD WARNING SYSTEM 
The Flood Warning System (FWS) is a non-structural option for Johnson County.  Conceptually, the FWS 
is technology-driven system that would utilize sensors in the field to provide real-time warnings for flash 
floods which are typical of Appalachia.  The FWS will be investigated in the design phase.   
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1 GENERAL  
This portion of the Engineering Technical Appendix (ETA) discusses geotechnical work performed during 
the feasibility phase of this project.  Geotechnical investigations performed to date, selected engineering 
properties of both in situ and borrow soils, and geotechnical design considerations are summarized in this 
section of the report.  Additionally, construction material requirements and sources also are discussed.   

2 REGIONAL TOPOGRAPHY & GEOLOGY 

2.1 PHYSIOGRAPHY AND TOPOGRAPHY 
The Paintsville site is located in the Cumberland Section of the Appalachian Plateaus Physiographic 
Province. This section is characterized by a maturely dissected, unglaciated plateau having V-shaped 
valleys with deep, steep-sided valley slopes with moderate to strong relief, narrow valley bottoms and 
winding ridges. The present landscape developed as a plateau of very little relief that was uplifted and 
subsequently eroded by the downcutting pattern, with the primary river being the Levisa Fork of the Big 
Sandy River, which flows in a northerly direction toward the Ohio River. 

The City of Paintsville is situated on Levisa Fork between River Miles 61 and 64.5. The width of the valley 
bottom varies throughout the project reach and ranges from approximately 500 to 4,000 feet wide. The 
riverbanks of Levisa Fork are steeply inclined from the river bottom (located at approximate elevation 562 
feet upstream of Paint Creek) to the relatively flat floodplain (located at approximate elevation 610 to 620 
feet). The angle of the valley walls rise steeply (average 30 to 35 degrees, i.e., approximately 1V:1.5H) 
from the floodplain to narrow serrated ridges at approximate elevation 1,100 feet, providing roughly 500 
feet of relief in the valley. The serrated ridges are the remnants of the old plateau.  The valley wall slopes 
rise non-uniformly and are broken at intervals by near-vertical cliffs of resistant sandstone.  Virtually all 
flat land in the project region is confined to bottom lands bordering Levisa Fork of the Big Sandy River, 
Paint Creek, and their larger tributaries. 

2.2 REGIONAL GEOLOGY 

2.2.1 Stratigraphy 
The exposed regional bedrock is sedimentary strata of Pennsylvanian age. These strata were formed from 
deposits of elastic materials from sources farther east. Sedimentation took place on a broad, subsiding basin 
with thick horizontal beds forming a wedge of elastic material that thinned to the northwest. The beds were 
formed by westwardly prograding deltas. These were alluvial sediments deposited on: (1) low-lying 
floodplains in shallow fresh water, (2) swampy environments, (3) meandering stream depositional 
environments, and/or (4) occasionally marine transgressions.  These conditions led to sediments that are 
lithified into rocks that display either gradational or abrupt changes in both horizontal and vertical direction.  

Available geologic mapping (Geologic Map of the Paintsville Quadrangle, Johnson and Floyd Counties, 
Kentucky, USGS, 1966) shows the project location to be underlain by the Breathitt Formation. The Breathitt 
Formation is reportedly 650 to 1,180 feet thick and consists of sandstone, shale, siltstone, claystone and 
coal. The lower boundary of this formation is established at the top of the Lee Formation, which is not 
exposed in the project region.  
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The geologic mapping identifies eight coal seams in the immediate vicinity of the project. The major coal 
beds within the Breathitt Formation that have been commercially mined include the Fire Clay, Williamson, 
Upper Elkhorn (Nos. 1, 2, and 3), and the Whitesburg. 

2.2.2 Structure 
Structurally, the region is situated on the eastern flank of the Acadian Orogeny (formerly known as the 
Appalachian Geosyncline). Great thicknesses of sediment accumulated and subsided in a wedge-shaped 
basin with a northeast to southwest orientation, thinning to the west. At the close of the Paleozoic Era, 
horizontal pressures originating from the Appalachian Mountain Orogeny were exerted on the basin 
sediments causing gentle to extreme deformations that trend from the northeast to southwest. Regionally, 
the bedrock structure fluctuates throughout the region with the influence of local synclines, anticlines, 
domes, and structural basins.  

2.3 SITE-SPECIFIC GEOLOGY 
Based on information obtained from the Kentucky Geological Survey Geologic Information Service 
website and the subsurface conditions encountered in the borings, the planned improvements are underlain 
by alluvial deposits that are underlain by the Pikeville Formation of the Breathitt Formation.  The alluvial 
deposits consist of sand, silty sand, sandy silt, and minor amounts of coal and gravel of two or possibly 
three ages.  The Pikeville Formation primarily consists of shales and siltstones.   

3  SUBSURFACE EXPLORATIONS 

3.1 DRILLING AND SAMPLING 
Subsurface explorations, totaling 75 separate borings, have been performed in the project area. All of these 
borings were drilled between April and July 2019.  Overburden in the borings was sampled using 2-inch 
splitspoon samplers advanced through hollow-stem augers.  Drilling consisted of 40 standard penetration 
test (SPT) borings, 17 undisturbed borings, 18 cone penetrometer testing (CPT) borings, and 5 test pits.  

Core samples of the bedrock also were obtained in 16 boring locations and consisted of 1.875-inch diameter 
cores.  Core drilling was accomplished with diamond core drilling machinery with an oil hydraulic-feed 
rotary head.  A cumulative total of approximately 410 linear feet of bedrock core was obtained from the 
borings.   Rock was cored at these locations to confirm the top of bedrock elevation along the proposed 
alignments and to confirm the strength parameters of bedrock at specific locations, such as the control 
structure.  

Drilling was performed in general accordance with EM 1110-1-1804, Geotechnical Investigations and 
ASTM D 1586 Drilling and Sampling Using the Standard Penetration Test (SPT) Method.  Boring locations 
are included on Exhibits CS01B to CS58B.  The exhibit drawings depicting boring locations are included 
in the ETA, Part 1 appendix.  The graphical logs of these borings are included in Appendix 2-1 of this tab. 

3.2 LABORATORY TESTING 
Soil and rock samples were sent to Stantec Consulting Services, Inc. for testing in general accordance with 
ASTM standards.   

Soil testing included, but was not necessarily limited to, the following:  moisture content; sieve/hydrometer 
analyses; Atterberg limits; standard Proctor; unconfined compression; direct shear; unconsolidated-
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undrained (UU); consolidated-undrained (CU); hydraulic conductivity; pH; organic content; resistivity; 
sulfate content of the soil; and chloride content soil of the soil.  

Rock testing included, but was not necessarily limited to, the following:  unconfined compression; Young’s 
modulus; direct shear; splitting tensile; and slake durability.  

Summaries and results of all soil and rock testing conducted to-date are included in Appendix 2-2 and 
Appendix 2-3, respectively, of this tab.  

3.3 BORROW SITE INVESTIGATIONS 

3.3.1 Soil & Random Borrow Areas 
The following three sites in close proximity to the project were identified as sources of the required borrow 
material for the project:  Hidden Valley Road Borrow Site; Carter Lane Slope Failure Mitigation and 
Borrow Site; and Tays Branch Road Borrow Site.  The specific location and limits of the first two borrow 
sites are provided in Section 6.5 of the ETA, Part 1.  The Tays Branch Road Borrow Site was recently 
identified and has not been investigated, nor its exact location and limits established.  As such, its specific 
location and limits are not depicted within the ETA.   

Sampling and testing has been performed at the preferred source (Hidden Valley Road Borrow Site, aka 
Castel Property).  Test pits were excavated at this site in June 2019.  The purpose of sampling these test 
pits was to determine the thickness of suitable soils for use as impervious fill for the proposed levee sections 
and for random re-grading/grade-raising fill, primarily located along the Euclid Avenue alignment.  Bulk 
samples were collected from this site in order to perform pertinent laboratory testing, such as classification, 
standard Proctor, California Bearing Ratio, and triaxial testing.  Samples were remolded to approximately 
95% of the standard Proctor maximum dry density near the optimum moisture content.  The results of this 
testing are compiled in Appendix 2-2 of this tab.   

At this time, the preferred borrow source appears to be a favorable source, with sufficient quantities of both 
impervious and random borrow material.  The borrow area is located on a ridge top.  The flat area of the 
ridge top included a thin layer of clay (in some areas) underlain by weathered non-durable shale.  The non-
durable shale was exposed at the ground surface in some areas.  A large knob that generally was at least 10 
to 20 feet higher than the surrounding ridge top remained in the northwest corner of the borrow area.  Based 
on the observation of some of the cut faces on the knob, the large knob appeared to be comprised of non-
durable weathered shale.   

Visual reconnaissance was conducted at the Carter Lane Slope Failure Mitigation and Borrow Site, but the 
area was not accessible for exploration at the time of this report.  S&ME, Inc. completed a geotechnical 
report for the slide.  The report was submitted for review and is included in Appendix 2-4 of this tab.   

The proposed borrow from the Carter Lane Slope Failure Mitigation and Borrow Site will be generated 
during stabilization of the slope.  Stabilization measures include excavating a 1V:3H slope up the hill from 
the back of the planned ditch line until the bedrock surface is intersected and then removing the soil uphill 
of the intersection of the soil/bedrock surface.  S&ME anticipates that the additional soil removal above the 
soil/bedrock intersection will be limited to the two smaller valleys above Carter Lane.  The soil material 
described in the report in these two smaller valleys (lean clay with shale fragments) generally appeared 
suitable for both soil and random fill.  However, the visual reconnaissance/report review indicated the upper 
soils to be removed likely are overladen with organics from the heavy tree vegetation.  In addition, rock 
was encountered at shallow depths in the upper regions of the site where this soil excavation will occur 
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(generally 5 feet or less).  These factors likely combine to result in a relatively thin layer of usable material 
in these areas.  Additional material also will be generated from laying the lower slope back on a 1V:3H 
slope.  The soil in these areas was described in the S&ME report as lean clay with shale and siltstone 
fragments.  This site, while likely viable, may not be capable of generating the quantities of usable material 
required for this project, although it could generate at least a portion of the required quantities if required.  
The site would require some planning to effectively recover and stockpile the usable material.  The sponsor 
has volunteered to stockpile suitable material during the remediation efforts, if USACE identifies a need 
for the material.   

The Carter Lane Slope Failure Mitigation and Borrow Site and the Tays Branch Road Borrow Site, as well 
as other sites if required, will be explored (with test pits/boring and laboratory testing) during Pre-
Construction Engineering and Design (PED) if a need is established.   

3.3.2 Stone Slope Protection 
Stone slope protection will originate from a commercial source.  The nearest commercial rock quarries are 
located approximately 60 to 70 miles from Paintsville.  Reference Section 7.1 Stone Slope Protection of 
this tab for additional information on available commercial sources of quarried stone.   

4 SITE CHARACTERIZATION 

4.1 SOIL STRATIGRAPHY 
Existing fill mantled the natural deposits in several areas.  The natural deposits were variable but were 
consistent with alluvial environments. More specifically, the natural soil column was composed of soft to 
stiff, low plasticity silts and clays generally underlain by a layer of interbedded silts/clays and silty sand 
that was underlain by silty sand.  In some areas, one of the 3 main natural soil strata (silts/clays, interbedded 
material, or silty sand) was missing.   

The soil column typically varied from approximately 56 to 83 feet thick in the main valley area, with the 
soil column thickness lessening closer to the valley walls.   

4.1.1 Existing Uncontrolled Fill 
Existing uncontrolled fill was encountered in many areas, including, but not necessarily limited to, along 
the Levisa Fork alignment north of Paint Creek, along the north side of Paint Creek (Euclid Avenue 
alignment), in draws draining to Paint Creek where short levees are planned, and at the Courthouse.   

The fill north of Paint Creek along Levisa Fork extended approximately 3 to 26 feet below existing grades 
and generally increased in depth toward Paint Creek (e.g., bottom of fill elevation 590-600 feet toward 
Paint Creek and elevation 610 feet further north).   

The fill along the north side of Paint Creek along the Euclid Avenue alignment extended approximately 2 
to 12 feet below existing grades, but extended approximately 10 to 12 feet below existing grades in most 
areas.  Minimal fill (typically less than 3 feet) was encountered at the apartments immediately west of the 
railroad bridge over Paint Creek.   

The fill penetrated in the draws draining to Paint Creek extended approximately 11 to 23 feet below existing 
grades.   
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The fill at the Courthouse extended approximately 9 to 13 feet below existing grades (bottom of fill 
elevation 591-596 feet) and consisted of both area-wide grade-raising fill for the Courthouse and the fill 
composing the existing levee section.   

The existing fill generally was comprised of fine-grained (generally clays) soils that contained various 
degrees of debris and foreign matter.  Some pockets of sand and gravel were encountered and should be 
expected.  Apparent compaction efforts in the fill were variable and generally appeared poor when 
compared to that required for this type of project.  Trapped or perched water may be encountered in the 
existing fill above predominant groundwater levels.   

4.1.2 Silt/Clay Deposits 
Where present, the existing fill generally was underlain by silt/clay deposits.  In the remaining areas, the 
surface materials generally were underlain by the silt/clay deposits.   

In many areas of the project, the silts and clays near the ground surface (generally upper 5 feet or less) were 
unsaturated and medium stiff, likely due to desiccation.  These silts and clays increased in moisture content 
and decreased in penetration resistance below this desiccated layer, generally becoming very soft to soft 
with depth (often with uncorrected blow counts between 0-4 blows/foot).  The liquid limits of the silts and 
clays found within this layer ranged from 23 to 42 while the plastic limits ranged from 17 to 25, with the 
plasticity index ranging from 2 to 17.  The moisture content was near or at the liquid limit in many areas, 
especially those areas where low blow counts were encountered.  These soft zones controlled or affected 
the preliminary geotechnical design of many project features.  

The silt/clay layer generally extended at least approximately 15 to 20 feet below existing grades, except in 
a few areas along the Levisa Fork alignment (i.e., at both ends of the alignment and at Paint Creek) and 
along Paint Creek at the Courthouse, where the silt/clay layer generally was on the order of approximately 
5 to 10 feet thick.  In one instance at the southern end of the Levisa Fork alignment, the silt/clay layer was 
not encountered and silty sands were encountered at the surface.   

4.1.3 Interbedded Deposits 
An interbedded and intermixed layer of the silt/clay deposits and the silty sand deposits generally was 
encountered below the silt/clay deposits, except where it was missing at the south end of the Levisa Fork 
alignment, at the Courthouse alignment, and at some of the short levees at the draws draining to Paint Creek.  
The interbedded layer generally extended to bedrock along Paint Creek at the Euclid Avenue alignment.  
The interbedded layer generally was visually estimated to consist of about an even mix (i.e., approximately 
50% ± 10%) of silt/clay layers and silty sand layers.  The silty sands within this layer generally contained 
a high fines content (commonly 30-40%), such that the permeability of the silty sand would be significantly 
limited.   

4.1.4 Silty Sand Deposits 
The silty sand deposits generally were encountered above bedrock.  The silty sands generally contained 
about 15-40% fines, although zones of cleaner sand (about 5-12% fines) were encountered in some borings.  
The silty sand typically was very loose to medium dense.  However, the sand approximately 10 to 15 feet 
above bedrock was denser and more gravelly.   

The sand layer, where encountered, generally was at least 20 feet below existing grades, except at the 
Courthouse where it was approximately 10 feet below existing grades along Paint Creek and at the south 
end of the Levisa Fork alignment where it was encountered at or near the ground surface.   
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4.2 BEDROCK STRATIGRAPHY 
The upper bedrock (i.e., the bedrock that pile foundations bear on) is predominantly shale, but includes 
some interbedded sandstone, limestone, and coal seams.  The predominant rock type at the project site is 
gray to dark gray, laminated to thin-bedded, moderately hard shale.  

The shale is sometimes slightly to moderately weathered and softer at the interface between the overburden 
and the unweathered rock.  This weathered zone, if present, is usually not more than a few feet thick.   

The top of rock typically was encountered approximately 57 to 83 feet below existing grades along Levisa 
Fork and Paint Creek, which generally corresponded to elevation 530-540 feet.  The top of rock at the 
Courthouse (i.e., further from Levisa Fork and the main erosion channel) generally was slightly higher in 
elevation (corresponding elevation 545-550 feet), with the top of rock, where encountered, approximately 
58 to more than 61 feet below existing grades.   

4.3 GROUNDWATER CONDITIONS 
Groundwater elevations in the borings along most of Levisa Fork generally were in the range of elevation 
569 to 577 feet, with exception of the south end of the alignment where groundwater was encountered 
between elevations 579 and 589 feet.  The groundwater elevations along Paint Creek, including along 
Euclid Avenue and at the Courthouse, generally were between elevations 574 and 593 feet.  Groundwater 
elevations generally coincided with the interface between the silts/clays and silty sands.   

5 SELECTION OF DESIGN PARAMETERS 

5.1 SOIL PARAMETERS 
The existing uncontrolled fill was variable both in composition and consistency (i.e., stiffness or compactive 
effort applied to the fill).  Debris pockets and obstructions were encountered.  In general, the existing 
uncontrolled fill was assumed to behave overall as a clay-like material for the analyses conducted for the 
purposes of this report (similar to the natural undisturbed clays encountered).  However, it is important to 
note that the existing uncontrolled fill may include layers and zones of different materials that may impact 
or control its assumed behavior in localized areas.  It is important that appropriate engineering judgment 
and consideration is given to this fact should the values presented herein be used by others or for other 
purposes. 

The silts and clays encountered during drilling varied in consistency from very soft to stiff based on their 
location within the soil column (upper soils generally stiffer, deeper soils generally softer). The presence 
of the upper stiff zone conservatively was ignored given its limited thickness and general presence above 
foundation bearing elevations.  Undisturbed samples, generally obtained from the softer zones, were tested 
to determine strength and other parameters. The test results for this layer are provided on Summary of Soil 
Laboratory Test Data included in Appendix 2-2 of this tab and were used as a basis to estimate pertinent 
soil parameters for the silt/clay layer. These fine-grained soils were partially saturated and included varying 
amounts of sand and, as such, exhibited and were assigned a low friction angle when subjected to undrained 
loading. 

The silty sands generally were found to have no plasticity.  However, the amount of silty fines observed in 
much of this layer will prevent good drainage during rapid loading.  Regardless, the cohesion component 
of undrained strengths conservatively was ignored during analyses.  Test results for both undisturbed and 
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remolded samples from this layer are provided on the Summary of Soil Laboratory Test Data included in 
Appendix 2-2 of this tab.  Assumed soil parameters for the silty sands have been adjusted for conservatism 
and to account for the presence of loose zones.   

The strength parameters for the interbedded layer of silt/clay and silty sands were based on a combination 
of the silt/clay and silty sand layers, with engineering judgment used to select appropriate conservative 
design parameters for the engineering analyses.  In general, given the overall percentage of fines within in 
this layer (both in the clay/silt layers and as the fines content in the silty sandy layers), it was generally 
assumed that the behavior of the fine-grained soils would control this layer.   

At this time, the fill planned to be used for both impervious fill and random fill for levee construction and 
grade-raising fill was assumed to originate from the preferred borrow source identified in Section 3.3.1 Soil 
& Random Borrow Areas of this tab and, as such, predominantly will be comprised of compacted non-
durable shale that readily degrades into a clay-like material when watered and compacted. Compacted 
impervious and random fill were assigned properties based on testing of remolded samples from the soil 
borrow area.  It is noted that the test results obtained on the preferred borrow for this project generally were 
consistent with other fine-grained soils anticipated to be encountered in the project region.  

Both conservative and average assumed soil parameters for each soil layer are provided on the Summary 
of Assumed Soil & Rock Parameters included in Appendix 2-5 of this tab.  In most analyses, the 
conservative soil parameters were used.  However, in some cases, it was necessary and reasonable to 
remove some of the conservatism from the base (conservative) assumptions.  As such, both the 
“conservative” and “average” values are provided for reference on the Summary of Assumed Soil & Rock 
Parameters included in Appendix 2-5 of this tab.   

The conservative values generally were based on the average values adjusted for one standard deviation 
(i.e., which captures approximately 68% of the test values).  The average values generally were based on 
the average test value.  For both assigned values, test results considered “outliers” generally were excluded.  
All values were adjusted, as deemed appropriate, using engineering judgment.  The additional borings and 
laboratory testing to be conducted during the PED phase will allow refinement of these values in final 
design analyses.   

5.2 BEDROCK PARAMETERS 
Due to the laminated nature of the bedding of the shale that underlies the project area, the rock cores easily 
degraded with exposure to air and handling, making obtaining testable samples difficult.  The test data 
reflects the strength of the unweathered, intact rock samples.  The test results for the rock are provided on 
Summary of Rock Laboratory Test Data included in Appendix 2-3 of this tab. 

Both conservative and average assumed parameters for the bedrock underlying the site are provided on the 
Summary of Assumed Soil & Rock Parameters included in Appendix 2-5 of this tab.  Reference Section 
5.1 Soil Parameters of this tab for a background discussion on the development of these values.   

5.3 SEISMIC PARAMETERS 
The project site lies in the Central Stable Tectonic Region in a relatively inactive seismic area, resulting in 
only minor seismic risk.  A review of existing literature during other projects in the immediate vicinity 
(Prestonsburg and Pikesville) indicates that there are no local faults or structural features capable of being 
a seismic source that would alter selected ground motion values derived from published seismic zone maps.  
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A preliminary conservative peak ground acceleration of 0.083 for the maximum considered earthquake 
(MCE) was used in the slope stability analyses (based on 2008 data set).   

Based on the subsurface conditions encountered throughout the borings, the site was borderline Site Class 
D/Site Class E.  For the purposes of this feasibility study, the site was classified as Site Class E.    

6 GEOTECHNICAL DESIGN 

6.1 GENERAL CONSIDERATIONS FOR LEVEES AND FLOODWALLS 
No special geotechnical considerations for the planned levees or floodwalls, beyond those discussed in this 
or the following sections, were identified.  The levee embankments and floodwalls for this project generally 
are considered “typical” for these features.   

Based on information contained in FHWA-NHI-16-009 Design and Construction of Driven Pile 
Foundations – Volume I, the corrosion environment for sheet pile and driven piles is considered aggressive 
for this project based on the available information.   

6.2 SLOPE STABILITY ANALYSES 

6.2.1 Levee Embankments 
The computer program SLOPE/W was used to analyze the stability of the proposed levee embankments at 
selected critical sections representative of the various levees, including the Courthouse Levee, State Street 
Levee, and Blackberry Branch Levee.   

The critical sections selected along these levees was based on a combination of factors including, but not 
necessarily limited to, the height of the embankment, the composition of the foundation soils, the strength 
of the foundation soils, and the geometry of the existing ground surface.  Analyses generally were conducted 
using the conservative soil parameters provided on the Summary of Assumed Soil & Rock Parameters 
included in Appendix 2-5 of this tab.  However, where necessary and reasonable, the soil parameters were 
increased to the average values.  Soil layering was assumed based on the conditions encountered in the 
borings.  The geometry of the selected cross-section was developed from the topography shown on Exhibits 
CS01B-CS58BX.  The assumed geometry, subsurface conditions, soil parameters, and other design 
assumptions are provided on the Stability Analysis Results included in Appendix 2-6 of this tab.  Some of 
the design assumptions also are described below.   

The normal pool elevations of Levisa Fork and Paint Creek have not yet been determined.  Levisa Fork 
reportedly is at approximately elevation 571 feet approximately 50% of the time.  Based on the connectivity 
of Levisa Fork and Paint Creek, Paint Creek is assumed to have the same normal pool as Levisa Fork.  For 
the purposes of this feasibility study, groundwater elevations during the steady state condition were 
established based on the groundwater elevations encountered in the borings and a conservative estimate of 
the assumed normal pool for Levisa Fork and Paint Creek of elevation 574.44 feet, which was selected as 
normal pool for the purposes of this feasibility study since it was the elevation where the currently available 
stage curves begin and is approximately 3 feet higher than the creek water level at least 50% of the time.   

The preliminary stage flood hydrographs developed by Hydraulics & Hydrology (H&H) were used to 
evaluate rapid drawdown conditions.  The hydrographs for both Levisa Fork and Paint Creek were similar, 
with the water rising quickly 35 to 40 feet from assumed normal pool to a peak at 3 to 4 days.  It then drops 
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quickly 15 to 20 feet over the next 2 days, holding that elevation for the next 6 days before falling another 
15 to 20 feet over the next day.  It eventually returns to normal over the next 5 days.  Based on the 
hydrographs, the flood events were considered “flashy”, with water not sustaining elevated levels for any 
extended time period to allow saturation to occur.  Cursory transient analyses on several sections was 
conducted to determine the impact of the flood events on actual groundwater levels.  Groundwater levels 
during drilling generally were 15 to 45 feet below existing grades.  The transient analyses confirmed that 
while groundwater levels rose during the flood events (generally to the top of the silty sand layer or in worst 
cases to the existing ground surface), saturation of the levee embankments would not occur.  It should be 
noted that with the height of most embankments, flood water is only expected to be on the levee 
embankment (both as it rises, peaks, and falls) for approximately 5 to 10 days. 

The required factor of safety was achieved using the conservative values for all the analyses, except for 
rapid drawdown.  An adequate factor of safety was not achieved during rapid drawdown using the 
conservative soil parameters and assuming a steady state condition with water at the top of the levee (i.e., 
the levee is fully saturated – a very conservative assumption given the flashy nature of flood events).  The 
required minimum factor of safety was readily achieved by either lowering the assumed water level in the 
embankment (to reflect more realistic conditions given the flashy nature of the flood events) or by reducing 
the level of conservatism in the assumed soil strength parameters.  For the purposes of this feasibility study, 
the assumed groundwater level was reduced from a fully saturated condition to a condition between the 
actual likely groundwater conditions and the worst case scenario (i.e., steady state conditions with water at 
the top of the levee).  Saturation generally was assumed to occur half way up the embankment.   
Furthermore, it should be noted that the levee slopes were assumed to be 1V:3H throughout instead of 
flattening to 1V:4H on the lower slopes where the embankment height exceeded 15 feet as recommended 
for typical levee sections in this District.   

Earthquake analyses were based on pseudo-static analysis assuming steady state conditions using the peak 
ground acceleration (PGA) for the maximum considered earthquake (MCE) of 0.083.   

Table 6.2.1-1 compares safety factors calculated during the analyses described above to required values 
from EM 1110-2-1913 Design and Construction of Levees.    

Table 6.2.1-1 Slope Stability Summary – Levees 

Location Station Design Case 

Minimum 
Required Factor 

of Safety 
Calculated 

Factor of Safety 
Courthouse 9+00 Steady State 1.4 1.8 
  Rapid Drawdown 1.2 1.2 
  End of Construction 1.3 1.8 
  Earthquake 1.0 1.4 
State Street 6+00 Steady State 1.4 1.9 
  Rapid Drawdown 1.2 1.2 
  End of Construction 1.3 1.6 
  Earthquake 1.0 1.5 
Blackberry Branch 0+80 Steady State 1.4 1.7 
  Rapid Drawdown 1.2 1.3 
  End of Construction 1.3 1.3 
  Earthquake 1.0 1.4 
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Based on the results of these analyses, it is anticipated the planned 1V:3H slopes will provide the necessary 
stability for levee embankments, as would 1V:3H slopes that flatten to 4H:1V where the embankment 
height exceeds 15 feet.  It should be noted that some of the existing ground surface elevations at the 
proposed Courthouse Levee were limited (mostly on the west side of this planned levee) requiring 
assumptions to be made about the existing ground surface.  This area will be surveyed in more detail during 
the PED phase, at which time the assumptions made during this analysis will be re-checked with necessary 
adjustments made at that time.   

6.2.2 Existing Riverbanks & Creek Banks 
The riverbanks along Levisa Fork are a sufficient distance from the planned alignment; therefore, the 
stability along the riverbanks is unlikely to impact the performance of the overall project.   

The project features (both floodwalls and levees) along Paint Creek are closer to the creek banks and could 
be impacted by the local stability of the bank.  With the exception of fill and re-grading between Stations 
32+00 to 40+30 on the Euclid Avenue alignment (between Depot Road and the railroad bridge) and at the 
control structure on the north side of Paint Creek where a ramp to that excavation is planned, the existing 
creek banks will remain unchanged, such that their performance, which reportedly has been acceptable to-
date, is not expected to change.  The overall project is not expected to materially change the duration or 
elevation of stored water, such that the creek banks will be subjected to different conditions from pre-project 
conditions that currently exist during flood events.   

The existing stability of a representative undisturbed creek bank was evaluated (Euclid Avenue Alignment 
Station 21+50).  It should be noted that the existing banks exhibited a factor of safety (FS) less than 1 (FS 
= 0.9) using the conservative values for the steady state conditions, indicating that the slopes already should 
have failed with the creek at normal pool levels and most assuredly should have failed after a flood event 
when rapid drawdown occurred.  The fact these failures have not occurred indicates the in situ strengths are 
greater than the conservative values assumed and are at least somewhere in between the conservative and 
average values.  For the purposes of this feasibility study, the analysis was conducted using the average 
values for the soil parameters as opposed to the conservative values (except for the end of construction 
value where the conservative values were used).  Additional work will be required during the PED phase 
to refine soil strength parameters in these areas and to evaluate existing creek bank stability where potential 
failures have the possibility of impacting project features.   

Where the slope is being reworked, it generally is being flattened to slopes less than the areas to remain 
undisturbed (i.e., typically flattened to 1V:2.5H whereas the existing slopes are in the range of 1V:2H).  
Therefore, the disturbed area evaluated exhibited higher factors of safety than the undisturbed area and 
allowed use of the conservative values.  However, for consistency between the undisturbed and disturbed 
bank analysis, the average values were used.  Since the fill operations associated with the slope are relatively 
minor, the benefits of the higher strength newly compacted fill were conservatively ignored (i.e., all slopes 
were modeled with the lower strength in situ soils).   

Where possible (i.e., where slopes were flattened to 1V:2.5H), the groundwater was assumed to be at the 
ground surface.  However, for steeper existing creek bank slopes to remain undisturbed, the groundwater 
elevation was adjusted to reflect the groundwater elevations calculated during cursory seepage analyses.   

Table 6.2.2-1 compares safety factors calculated during the analyses described above to required values 
from EM 1110-2-1902 Slope Stability.   
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Table 6.2.2-1 Slope Stability Summary – Existing Creek Banks 

Location Station Design Case 

Minimum 
Required Factor 

of Safety 

Calculated 
Factor of 

Safety 
Euclid Avenue 21+50 Steady State 1.5 1.4 
 
(undisturbed existing bank below wall) 

Rapid Drawdown 1.1 1.2 
Earthquake 1.0 1.2 

Euclid Avenue 38+00 Steady State 1.5 2.0 
 
(existing bank to be reconstructed) 

Rapid Drawdown 1.1 1.5 
Earthquake 1.0 2.1 

End of Construction 1.3 1.9 
 

Based on the analyses conducted using the soil parameters and groundwater conditions described above, 
the existing creek banks exhibit the required factors of safety, except for the steady state condition on the 
undisturbed existing creek bank (highlighted in yellow in Table 6.2.2-1).  It is noted that the minimum 
required factor of safety for non-levee slopes such as this one is higher than levees (1.5 versus 1.4).  The 
calculated factor of safety achieved the minimum factor of safety required for levee slopes.  It is important 
to note that additional analyses is required during the PED phase to confirm general overall stability and to 
refine the analysis approach and assumptions.  It is possible that more detailed analysis may require local 
stability measures to be implemented (e.g., blanketing the slope with riprap or laying back the existing bank 
to a flatter slope).   

6.3 SEEPAGE ANALYSES 
The topmost soil layer typically is composed of low plasticity silts and clays.  Generally, this layer acts as 
a semi-impervious "blanket" over the more granular silty sand layer below.  In most locations, the upper 
portion of the silty sand layer contained sufficient fines (30%-40%) such that it could be included in this 
blanket.  However, it was conservatively excluded for the purposes of this feasibility study.  Seepage 
analyses were performed to determine if gradients through the semi-impervious blanket were high enough 
to cause piping of blanket materials.  

Representative conditions of various design situations were selected for seepage analysis, including design 
situations that were identified as having a higher potential for seepage problems based on the presence of 
tall floodwall/levee heights and relatively thin blanket layers.  These areas included the following:  an I-
wall along Levisa Fork (typical condition for short I-walls combined with the absence of a semi-impervious 
blanket); a typical T-wall along Levisa Fork; a tall T-wall along Levisa Fork combined with a minimal 
semi-impervious blanket; a typical T-wall along Paint Creek; and a tall T-wall along Paint Creek.   

Exit gradients were calculated based on the computer program Seep/W.  Analyses were conducted using 
the soil parameters provided on the Summary of Assumed Soil & Rock Parameters included in Appendix 
2-5 of this tab.  Soil layering was assumed based on the conditions encountered in the borings.  The 
geometry of the selected cross-section was developed from the topography shown on Exhibits CS01B-
CS58BX.  Water elevations and durations during a flood event were obtained from H&H, although where 
possible, steady state conditions at the top of the floodwall/levee were assumed (NOTE:  This is a 
conservative assumption since the water levels will not be elevated for a sufficient period of time to allow 
full saturation).  The geometry, subsurface conditions, soil parameters, and other design assumptions are 
provided on the Seepage Analysis Results included in Appendix 2-6 of this tab.   
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At the short I-walls and shorter T-walls with thick silt/clay blankets, it was possible to conduct the seepage 
analysis assuming a steady state condition with water at the top of the wall (i.e., water at the top of the wall 
indefinitely – very conservative assumption).  However, once adverse loading conditions (i.e., taller walls) 
were combined with less favorable soil conditions (e.g., no or minimal silt/clay blanket), it was necessary 
to model the transient water conditions associated with the actual design flood event.  In general, with the 
exception of the tallest walls near the control structure, the seepage analysis were conducted with the 
conservative soil parameters.  At the tallest wall evaluated (the 25-foot tall wall at the control structure), 
the average soil parameters were used.   

In general accordance with EM 1110-2-2502 Retaining and Flood Walls and ETL 1110-2-569 Design 
Guidance for Levee Underseepage, exit gradients were limited to 0.5.  Table 6.3-1 summarizes the 
calculated exit gradients based on available information.   

Table 6.3-1 Seepage Summary 

Location Station Description 

Maximum 
Critical 

Gradient 

Calculated 
Critical 

Gradient 
Levisa Fork 11+50 25’ T-Wall 0.5 0.5 
Levisa Fork 14+50 10’ T-Wall 0.5 0.4 
Levisa Fork 23+50 < 3’ I-Wall (No Clay Blanket) 0.5 0.1 
Euclid Avenue 10+00 10’ T-Wall 0.5 0.5 
Euclid Avenue 11+50 20’ T-Wall 0.5 0.5 

 

While calculated gradients were limited to the maximum critical gradient in the analyses conducted, it is 
important to note that the hydrograph is still preliminary and additional soil boring information will be 
obtained during the PED phase.  Since the calculated gradients for several of the design cases were at or 
near the critical gradient, it is was conservatively assumed that a 30-foot sheet pile will be located below 
all floodwalls (both I-walls and T-walls) for the purposes of this feasibility study.  Once additional borings 
and more detailed analysis are conducted, elimination of the sheet pile wall may be possible in some areas.   

A full depth sheet pile cut-off wall tied into rock is expected to be necessary at the control structure based 
on the depth of water to be retained combined with the absence of an impervious layer in some locations at 
the planned control structure bearing elevation.    

6.4 FOUNDATION ANALYSES 

6.4.1 Levees 
Construction of the planned levees will increase effective vertical stresses on underlying soils, causing 
consolidation of the foundation soils that will result in settlement of the levee embankment.  To evaluate 
the magnitude of expected settlement, consolidation testing was conducted on selected samples.  Settlement 
analyses of selected levee sections will be conducted during the PED phase.  The anticipated settlement is 
expected to be within reasonable and constructable limits based on the past performance of levees in similar 
soil conditions.  It is expected that the levees can be overbuilt at the time of construction to accommodate 
the expected settlement.  The normal overbuild to accommodate settlement of the foundation soils and levee 
material is 5 percent.   
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6.4.2 Floodwalls 
Floodwalls for this project will consist of both T-walls and I-walls.  T-walls will be supported on both 
shallow, soil-bearing, spread foundations and H-piles driven to rock.  Soft to very soft soils were 
encountered in most borings at shallow depths.  The presence of these soils limited the recommended net 
allowable design bearing pressure to 1,000 psf.  The low bearing pressure resulted in large foundation sizes, 
with the foundation width typically in the range of twice the wall height.  These large foundation sizes 
became unrealistic and are anticipated to be more costly once the wall height exceeds 10 feet.  As such, T-
walls less than 10 feet in height should be designed for a net allowable design bearing pressure of 1,000 
psf, while T-walls greater than 10 feet should be designed assuming H-piles driven to rock.  Since the 
available capacity provided by H-piles end bearing on rock likely will exceed the loading requirements, the 
spacing of H-piles for most walls, with exception of the tallest walls, is expected to be controlled by 
structural considerations regarding the maximum allowable spacing between piles.  The tentative loading 
on the T-walls is expected to vary from approximately 20 kips per linear foot for walls just over 10 feet tall 
up to 135 kips per linear foot for walls 28 feet tall (maximum expected wall height).  The recommended 
allowable design capacity of H-piles end-bearing on intact shale is up to 90 tons per pile.  To increase the 
lateral load capacity of the piles, it is assumed they will be battered.  Driving the H-piles through any easily 
broken thin-bedded rock beneath this structure will be required to obtain adequate bearing.   

I-walls will be limited to a height of 6 feet.  The predominant loading on I-walls is lateral loading created 
by water loads during flood events.  Structural design of these walls depends primarily on lateral resistance 
of foundation soils to lateral pressures caused by water loads during flood events.  Structural stability at the 
I-walls will be achieved with the planned sheet piling at I-walls.  Since these wall types generate minimal 
bearing pressures, bearing capacity and settlement are not anticipated to be problematic for these wall types. 

The low recommended net allowable bearing pressure should limit settlement of the floodwalls to 
magnitudes that can be addressed by raising the height of the wall to compensate for the settlement.  
Detailed settlement calculations will be conducted during the PED phase.   

6.4.3 Control Structure 
The control structure will be supported on a mat foundation supported on both vertical and battered H-piles 
driven to rock.  Driving the proposed H-piles through any easily broken thin-bedded rock beneath this 
structure will be required to obtain adequate bearing.   

6.4.4 Pumping Station 
The proposed 100 cubic feet per second (cfs) pump station, if constructed, will be incorporated into the 
control structure foundation.   

6.4.5 Seismic Considerations 
Detailed seismic analysis was not conducted during this feasibility study.  However, it is noted that seismic 
considerations, such as liquefaction, were determined not to be a concern during previous studies 
undertaken in the project region along the Levisa Fork with similar geology and subsurface conditions (e.g., 
at Prestonsburg and Pikeville).   

6.5 STONE SLOPE PROTECTION 
Preliminary hydraulic calculations indicate average in-channel velocities in Levisa Fork approaching 6.5 
feet per second.  The flow velocity immediately adjacent to the project features (i.e., levees and 
floodwalls) is anticipated to be less than this value due to greater roughness associated with the 
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overbank area.  The average in-channel calculated velocity is well within the 6 to 8 feet per second 
allowed for grass-covered slopes.   

Paint Creek velocities are expected to be minimal under normal operation of the control structure at Paint 
Creek.  Under normal operation of the control structure at Paint Creek, it is expected that Levisa Fork 
velocities will control.   

Higher velocities are expected on and around Paint Creek at the control structure if Paint Creek experiences 
a significant event with a low Levisa Fork stage or if the main structure overtops into Paint Creek.  
Preliminary estimates of these higher velocities are up to 7 feet per second for events on Paint Creek when 
Levisa Fork is low and 10 feet per second if overtopping of the control structure at Paint Creek occurs.  
Velocities at and around the control structure will not be available until more detailed modeling is 
completed during the PED phase. 

Preliminary hydraulic calculations have shown that near-bank velocities will not be high enough to cause 
bank erosion for most areas under normal circumstances. However, slope protection is warranted and/or 
planned at some locations within the project, such as at designed overtopping locations, the riverbank 
directly across from the control structure (due to potential discharge issues from Paint Creek as opposed to 
water velocities in the river in the direction of flow), on Paint Creek and the right descending bank of Levisa 
Fork at and around the control structure, and possibly in ponding areas, if used.   

A top size of 18 inches is expected to prevent vandalism by the public. A 24-inch thickness of stone, with 
an underlying stone filter, are anticipated in these areas.   

7 CONSTRUCTION MATERIALS AND METHODS 

7.1 STONE SLOPE PROTECTION 
Based on the available information, suitable durable material for stone slope protection is expected to be 
available from the following preliminary commercial sources identified within approximately 60 to 70 
miles from the project:  Elkhorn Stone Company, Natural Bridge Stone Company, and Mountain 
Aggregates, Inc.  Commercial providers should be capable of transporting the required quantities to the site 
by truck, although the longer required haul distances should be noted (rock quarries approximately 60 to 
70 miles from Paintsville).   

A comprehensive evaluation of available commercial stone sources will be undertaken during the PED 
phase. 

7.2 CONCRETE 
Concrete is required for construction of the floodwalls and control structure, as well as other ancillary 
construction.  Concrete either will be batched onsite or will be furnished from a commercial ready-mix 
concrete plant.  Three preliminary sources of ready mixed concrete were identified within 25 miles of the 
project, all associated with The Wells Group (Salyersville, Prestonsburg, and Lovely, Kentucky) 

Fine and coarse grained aggregates for any concrete placed for a project feature must meet the requirements 
of ASTM C 33 "Standard Specification for Concrete Aggregates."  If an onsite batch plant is utilized for 
this project, the plant must meet the requirements set forth in UFGS 037 00 00 and with ASTM C 94 where 
applicable.  Concrete requirements must conform to USGS 037 00 00 Mass Concrete for mass concrete and 
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UFGS 03 00 00 Cast-In-Place for structural concrete.  If identified, additional requirements may be defined 
to address specific areas of concern resulting from USACE's past experience with the construction of other 
large-scale projects.   

A comprehensive evaluation of available ready mix and onsite batch plant sources will be undertaken during 
the PED phase.   

7.3 SOIL EXCAVATION 
It should be noted that excavation into rock is not expected at this time.  Excavations will be in soil, although 
some of the soil may be comprised of existing uncontrolled fill that may contain debris or other material 
not suitable for reuse.  For this feasibility study, it is presumed that some percentage of the soil excavated 
for floodwalls, for the control structure, for the ramp down to the control structure, and at the Courthouse 
Levee will be wasted and not suitable for reuse.  The intention would be to reuse all excavated materials if 
possible.  However, removal of unsuitable zones, layers, and debris in the existing fill deposits is expected.   

7.4 FILLS AND BACKFILL 
Most of the fill from the preferred borrow source is anticipated to consist predominantly of non-durable 
weathered shale from the Hidden Valley Road Borrow Site that breakdowns into low permeability clays 
when properly processed.  As such, the non-durable shale will require proper processing to facilitate the 
material breakdown necessary to achieve the desired fill material characteristics.  This processing typically 
consists of one or more iterations of watering and disking the material to facilitate breakdown into ¾-inch 
minus material before compactive effort is applied.   

Grade-raising low permeability fill will be placed at a low area along Paint Creek that generally extends 
from Depot Road to the railroad bridge (approximately 1,000 feet) to allow construction of a floodwall on 
the fill.  All below-grade excavations (e.g., for all walls, for inspection trenches, and for areas undercut to 
remove existing uncontrolled fill) will be backfilled with low permeability compacted fill.   

Fill will be placed in 8-inch loose layers and compacted with sheepsfoot rollers. Watering and/or disking 
likely will be required to adjust moisture contents for proper compaction of fill material.   

7.5 LEVEE CONSTRUCTION 
Levees will have a minimum 12-foot wide crown.  While analyses for this feasibility study were conducted 
assuming 1V:3H for all slopes, the actual levee embankments will comply with Louisville District typical 
levee section requirements and have side slopes of 1V:3H for levee sections up to a maximum height of 15 
feet and 1V:3H slopes for the upper 12 feet and 1V:4H for the lower embankment slopes for levee sections 
with heights greater than 15 feet.  Levees will be constructed of low permeability compacted soils, which 
at this time are expected to consist of the clays and non-durable weathered shales from the Hidden Valley 
Road Borrow Site.  The non-durable shale will require proper processing (described previously in Section 
7.4 Fills and Backfills of this tab) when used as levee fill.   

Foundation preparation will consist of clearing, grubbing, stripping of topsoil and sod, and foundation 
preparation consistent with the most recent version of EM 1110-2-1913 Design and Construction of Levees.  
An inspection trench (at least 8 feet wide at the bottom and 6 feet deep with a minimum of 1V:1H side 
slopes) will be excavated below all levees to confirm the nature and composition of the upper soils directly 
below the levee and to expose or intercept any undesirable underground features, such as old drain tile, 
water or sewer lines, animal burrows, buried logs, pockets of unsuitable material, or other debris.   
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Existing fill was encountered in the borings at the proposed Courthouse levee alignment.  The fill at this 
location is comprised of both existing levee fill, as well as grade-raising fill below the levee.  The existing 
levee fill will be removed in its entirety.  The existing grade-raising fill below the planned levee at the 
Courthouse will be removed in its entirety below the full crest width of the levee and then sloping up to the 
existing ground surface on a 1V:1H slope.  The planned inspection trench will penetrate much of this fill.  
However, to facilitate full removal of the existing fill below the levee, the inspection trench will be extended 
through the existing fill until undisturbed soils are encountered.   

Existing fill also was encountered along the sides of many of the draws (i.e., the abutment areas of the 
levees) that will underlie the short levee embankments crossing the draws.  Wide-scale removal of the 
existing fill in the abutment areas at these levees is not planned at this time based on the depth of fill present, 
the presence of surrounding construction to remain, and the composition of the fill generally observed in 
the borings (predominantly clay fill).   

The proposed State Street Levee ties into high ground at the rail yard along Chessie Lane.  It is important 
that any seepage concerns associated with the railroad track ballast are properly addressed in the final 
design.  Current plans include extending the levee to the south, driving sheet piles in the area of the railroad 
ballast (to act as a seepage barrier), and tying into high ground located approximately 450 feet south of the 
railroad bridge.   It is possible that the bottom of the railroad ballast has sufficient elevation (i.e., at least 
matches the top of the State Street levee), such that the sheet pile can be eliminated during the PED phase 
once the actual configuration of the railroad ballast is determined.    

7.6 FLOODWALL CONSTRUCTION 
Shallow conventional reinforced concrete foundations are planned for all I-walls and T-walls with an 
exposed wall height less than 10 feet.  H-piles driven to rock are planned for T-walls greater than 10 feet 
in height.   

Sheetpile cut-off walls, extending 30 feet below the wall are planned for all T-walls and I-walls.  The 
sheetpile cut-off wall below the control structure will be a full cut-off wall and will extend to bedrock.   

A toe drain to control local underseepage on the inland side of floodwalls is not planned at this time since 
sheet pile cutoff walls are planned for all floodwalls.  The sheet pile cutoff wall will be eliminated, if 
possible, during the PED phase once all the subsurface information is available and possibly replaced with 
a toe drain where feasible and deemed necessary.   

Driving difficulties are likely to be encountered for the sheet pile walls due to the existing uncontrolled fill 
to be penetrated (e.g., where the fill is not removed below the short I-walls or along Paint Creek or where 
railroad track ballast/fill is penetrated).  These driving difficulties may include, but not be limited to, 
excavation and backfilling of shallow obstructions, having to re-pull and re-drive some sheets, minor re-
alignment of the wall to avoid obstructions if deeper obstructions are encountered, and the use of driving 
shoes.   

Foundation preparation will consist of clearing, grubbing, and stripping of topsoil and sod.  The main 
foundation base excavation will be excavated and compacted/proof rolled with a sheepsfoot roller.  The 
key trench will be excavated for T-walls; reinforcing steel will be set; and concrete will be placed for the 
entire base of each monolith.  Formwork, steel reinforcement, and concrete placement will proceed for the 
stem portion of each monolith afterwards.  Construction of monolith bases will proceed simultaneously 
with adjacent stem sections in order to speed construction.   I-walls will be constructed in a similar manner 
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(minus the key and the monolith base).   The backfill around all wall sections will consist of low 
permeability materials and will be properly placed and compacted.   

It was assumed the existing uncontrolled fill encountered along the Euclid Avenue and Highland Avenue 
alignments along Paint Creek will be addressed in one of the following ways: 

1. It will be penetrated by foundations in the area of the apartments to the west of the railroad bridge 
where shallow fills were encountered (Station 36+00 and above). 

2. It will be removed and replaced with controlled fill in areas with T-walls 10 feet or less in height 
(i.e., areas where shallow, soil bearing foundations are planned). 

3. It will be addressed with H-piles driven to rock and the planned 30-foot sheet pile wall where T-
walls greater than 10 feet are planned.  The driven piles address the bearing and settlement concerns 
associated with the existing fill while the sheet pile walls addresses the seepage concerns.   

4. It will be addressed by the planned 30-foot sheet pile wall below the I-walls.  Undercut of the 
existing fill below I-walls is not necessary since there are minimal vertical loads (i.e., 
bearing/settlement not a concern and can be addressed through adhesion/friction on the sheet pile 
wall) and the predominantly lateral loads (created by water loading on the wall) will be resisted by 
the lateral capacity of the sheet pile wall below the I-wall.   

Even though the foundation bearing pressure assumed for this project was reduced to reflect the presence 
of soft to very soft soils, undercut of the worst soils and replacement with controlled fill will be required in 
some areas.   

It will be important that seepage at the railroad track ballast north of the bridge over Paint Creek is properly 
considered and addressed.  Current plans include driving sheetpile at the railroad tracks and tying into high 
ground east of the railroad tracks.   

7.7 CONTROL STRUCTURE 
Paint Creek will be re-routed to the south of the current alignment.  A ramp down to the control structure 
will be constructed.  A sheetpile cofferdam will be constructed around the control structure area, with the 
exposed height extending from approximately elevation 565 to 590 feet.  Dewatering of the area within the 
cofferdam will be required, but it is likely the cofferdam will be designed to sustain full hydrostatic 
pressures.  The control structure foundation will be excavated.  The control structure will be supported on 
H-piles driven to rock.  Battered piles are expected to be used.  Once piles are driven, reinforcing steel and 
concrete placement for the foundation and overlying structure will commence.   

7.8 BURIED SHEETPILE WALLS 
A buried sheetpile wall is planned at the existing storage facility units along Levisa Fork on the north side 
of Paint Creek.  Some difficulty driving through the existing uncontrolled fill is anticipated.  Difficult 
driving is expected to include excavation and backfill of shallow obstructions, pulling and re-driving of 
some sheetpile, sheetpile offsets (minor re-alignment of the wall to avoid obstructions if deeper obstructions 
are encountered), and/or the use of driving shoes, where required.   
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8 FUTURE EXPLORATIONS AND INVESTIGATIONS 

8.1 FLOODWALLS & LEVEES 
Additional borings are recommended along Levisa Fork to investigate the extent of the lack of a fine-
grained cap in an area near the proposed floodwall termination at the south end of the alignment.   

Additional borings are recommended along the Euclid Avenue alignment due to the large distances between 
borings given the variability of the natural deposits combined with the variable uncontrolled fill depths.  
These additional boring locations include, but are not necessarily limited to, the following:  the first 850 
feet of the alignment (western end) and between Stations 12+25 to 21+50 of Euclid Avenue.  Furthermore, 
additional borings along the Highland Avenue Extension of the Euclid Avenue alignment are recommended 
since the extension spans the transition area between the alluvial floodplain deposits and adjacent hillside 
where shallow rock and residual clays predominant.   

Borings are recommended at features that were not investigated during this phase of the work for various 
reasons (e.g., the feature was added or the location was changed subsequent to the field activities), 
including, but not necessarily limited to, the following locations:  Blackberry Branch Levee, Walnut 
Avenue Levee, Flat Rock Levee, and Courthouse Levee.  Furthermore, additional borings may be required 
if the system features elements or locations change.   

Borings are recommended to explore the railroad ballast and embankments at the two railroad tie-in areas 
points (i.e., east end of Euclid Avenue floodwall alignment and east end of State Street levee).   

8.2 BORROW SITES 
Additional investigation of the preferred source may be desirable if the quantity of required borrow 
increases sufficiently to necessitate an expansion of the area or depth of borrow material required.   

In addition, should additional borrow sources be required, sampling and testing will be required at that 
location(s) once the site(s) is identified and available for access.  The potential alternative borrow sources 
currently include the Carter Lane Slope Failure Mitigation and Borrow Site and the Tays Branch Road 
Borrow Site.  Other sites may be identified in the future, if a subsequent need is determined.   
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Project: Johnson County - Section 202 Prepared By: S. Schardein Date: 09/17/19
Subject: Subsurface Summary Checked By: M. Jones Date: 09/27/19

Status: DPR Report

Subsurface Summary1

Borings located along the Levisa Fork alignment

201-ADC 615.8 43.8 0.6 -- 0.8 -- 4.5 -- 18.6 36.0 80.2 80.2 81.4

202-AD 615.2 45.6 0.5 -- 0.3 -- 5.0 -- 6.0 21.0 > 81.5 > 81.5 > 81.5

203-AD 615.2 44.1 0.4 -- 0.6 -- 4.5 6.5 42.2 -- 79.0 79.0 82.3

204-AD 610.3 38.8 -- -- 0.4 -- 3.5 9.8 20.0 38.5 78.2 78.2 78.6

205-ADC 615.5 41.5 -- 0.6 0.2 -- 25.5 -- -- 33.5 82.4 82.4 82.5

206-A 614.4 37.8 -- -- -- -- -- -- 34.2 -- 82.8 -- 82.8

206-ADC (Abandoned) 614.4 -- 0.2 -- 0.6 -- 18.0 -- 27.0 -- -- -- --

207-ADC 591.6 18.7 -- -- -- 0.8 -- -- 2.1 27.0 58.2 58.2 58.9

208-ADC 591.4 19.0 0.3 -- 1.2 -- -- -- 15.6 23.5 57.0 57.0 58.2

401-AD 592.2 20.2 0.3 -- 0.6 -- -- -- 10.9 18.4 -- -- --

209-AD (Abandoned) 598.1 -- -- -- -- 0.5 -- -- 6.8 -- -- -- --

210-AD 605.2 31.0 0.5 2.1 0.6 -- -- -- 21.6 -- 72.8 72.8 73.7

211-AD 606.2 33.6 0.8 -- 0.2 -- -- -- 31.2 -- 73.9 73.9 75.3

212-AD 608.7 22.9 0.5 -- 0.2 -- -- -- 22.5 -- -- -- --

213-AD 615.1 26.1 0.5 -- 0.1 -- -- -- 6.4 -- -- -- --

Upper fine grained layer underlain by 
sand to 22.5 ft.  Bottom of second layer 
of fine grained soil at 34.5 feet (sand 
from 6.4 to 22.5 feet)

214-ADC 616.2 37.0 0.5 -- 0.2 -- -- -- -- -- 83.3 -- 83.4

No surface fine grained layer.  Sand to 
23.4 feet.  Fine grained to 34.8 feet. 
Underlain by sand.

Borings located along Euclid Avenue alignment

301-ADC 613.5 15.8 -- -- -- 0.6 2.0 -- 28.5 -- -- 28.5 29.7

302-AD 600.1 22.7 0.4 -- 0.6 -- 6.0 -- 21.6 68.0 -- 68.0 68.9

303-ADC 598.8 15.2 -- -- -- -- 3.0 -- 17.2 67.1 -- 67.1 67.7

304-ADC 598.4 18.3 -- -- -- 0.4 1.5 -- 18.7 64.8 -- 64.8 65.5

305-ADC 604.2 26.2 -- -- -- 0.3 10.5 -- 20.3 68.9 -- 68.9 69.4

216-ADC 602.4 16.0 0.6 -- 0.2 -- 5.3 -- 16.0 64.1 -- 64.1 64.8

217-AD 607.9 15.4 0.6 -- 0.3 12.0 -- 24.9 70.5 -- 70.5 71.1

315-ADC 610.7 28.3 -- -- -- 0.2 12.4 -- 27.0 74.3 -- 74.3 75.3

314-AD 605.2 24.7 0.4 -- -- -- 11.2 -- 22.9 65.7 -- 65.7 66.2

309-ADC 591.1 16.1 -- -- -- 0.2 -- -- 9.2 56.6 -- 56.6 57.0

310-AD (Abandoned) 606.7 -- 0.5 -- 0.2 -- 4.0 -- -- -- -- -- --

310B-AD 606.7 18.4 0.6 -- 2.1 -- -- -- 19.5 > 51.5 -- > 51.5 > 51.5

307-AD 606.5 13.8 -- -- -- 0.2 -- 1.5 20.1 > 61.5 -- > 61.5 > 61.5

311-ADC 606.7 13.1 0.5 -- 0.8 -- -- -- 23.5 72.3 -- 72.3 72.3

Groundwater 
Depth (ft)3

Asphalt 
Thickness 

(ft)

Concrete 
Thickness 

(ft)

Top of 
Weathered 
Rock (ft)

Depth to 
Bedded Rock 

(ft) Comments

Topsoil 
Thickness 

(ft)

Bottom of 
Existing Fill 

(ft)

Bottom of 
Possible Fill 

(ft)

Bottom of 
Silt/Clay 
Layer (ft)

Bottom of 
Interbedded 

Layer (ft)

Bottom of 
Sand Layer 

(ft)

Gravel 
Thickness 

(ft)Boring

Ground 
Surface 

Elevation (ft)2
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Project: Johnson County - Section 202 Prepared By: S. Schardein Date: 09/17/19
Subject: Subsurface Summary Checked By: M. Jones Date: 09/27/19

Status: DPR Report

Subsurface Summary1

Groundwater 
Depth (ft)3

Asphalt 
Thickness 

(ft)

Concrete 
Thickness 

(ft)

Top of 
Weathered 
Rock (ft)

Depth to 
Bedded Rock 

(ft) Comments

Topsoil 
Thickness 

(ft)

Bottom of 
Existing Fill 

(ft)

Bottom of 
Possible Fill 

(ft)

Bottom of 
Silt/Clay 
Layer (ft)

Bottom of 
Interbedded 

Layer (ft)

Bottom of 
Sand Layer 

(ft)

Gravel 
Thickness 

(ft)Boring

Ground 
Surface 

Elevation (ft)2

Borings located along the Courthouse alignment

215-AD 607.3 21.9 -- -- -- 0.3 9.2 -- 21.9 -- 57.7 57.7 58.4

501-AD 607.9 21.7 -- -- -- 0.1 12.4 -- 23.5 -- 59.6 59.6 60.0

502-AD 608.2 21.6 -- -- -- 0.1 11.0 -- 21.6 -- > 61.5 > 61.5 > 61.5

505-AD 608.2 23.0 -- -- -- 0.2 9.0 -- 61.0 -- 15.0 61.0 61.4

503-AD 608.4 19.8 -- -- -- 0.3 9.7 -- 15.5 -- 33.0 60.9 61.4

Second layer of clay encountered at 33.0 
feet (below first sand layer) and second 
layer of sand encountered below second 
clay layer at 58.3 feet.

504-AD 608.4 20.2 -- -- -- 0.3 12.9 -- 17.1 -- 33.0 > 61.5 > 61.5

Second layer of clay encountered at 33.0 
feet (below first sand layer) and second 
layer of sand encountered below second 
clay layer at 57.7 feet.

506-AD 607.8 19.5 -- -- -- 0.2 8.6 -- 10.7 -- 32.5 > 61.5 > 61.5

Second layer of clay encountered at 32.5 
feet (below first sand layer) and second 
layer of sand encountered below second 
clay layer at 57.7 feet.

Borings located along miscellaenous alignments

508-ADC 609.0 42.5 -- -- -- 0.1 23.0 -- 50.0 -- 66.9 66.9 67.7

306-ADC 608.8 27.0 -- -- 1.9 0.1 10.5 -- 36.5 -- -- 37.5 40.4

509-ADC (Abandoned) 609.5 -- -- -- 3.0 -- 6.0 -- -- -- -- -- --

509B-ADC 610.0 19.5 -- -- -- -- -- -- 24.0 48.0 76.9 76.9 77.3

Notes:

3.  The report depth to groundwater is the depth of groundwater encountered at the time of drilling and should not be considered long-term readings.

1.  This summary is a general summary.  It does not include all layers in all borings, nor does it represent all subsurface conditions that exist.  The individual boring log for each location must be referenced for details on the subsurface conditions encountered at each 
specific location.  Borings are grouped by area (e.g., Levisa Fork borings are grouped together, Courthouse borings are grouped together, etc.).  In addition, borings are ordered by location along the alignment, not their number sequence.
2.  The ground surface elevation is based on elevations obtained from the boring logs prepared by Stantec.  Stantec interpoloated ground surface elevations from the Digital Elevation Model (DEM) that was developed by Kentucky based on LIDAR data obtained from 
KyFromAbove, which is part of Kentucky Aerial Photography & Elevation Data (KYAPED).
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22.3

20.9

19.7

22.6

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

10:43
PID: 0.0/0.7

10:44
PID: 0.0/4.0

10:49
PID: 0.0/1.3
Bulk sample taken from 4.5' to 10.0'

10:55
PID: 0.0/0.0

11:05
PID: 0.0/0.0

11:10
PID: 0.0/0.0

11:18
PID: 0.0/0.0

11:19
PID: 0.0/0.0

11:24
PID: 0.0

11:38
PID: 0.0/0.0

11:45
PID: 0.0/0.0

12a: 11:46
PID: 0.0/0.0
12b: 11:47
PID: 0.0/0.0

13a: 12:03
PID: 0.0/0.0
13b: 12:04
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

ASPHALT

FILL: POORLY GRADED GRAVEL

FILL: LEAN CLAY WITH GRAVEL, little brick and coal fragments, gray,
moist, soft to medium

SILTY CLAY, grayish brown with brown mottling, moist, soft

LEAN CLAY, brown with gray mottling, moist, very soft to medium

POORLY GRADED SAND WITH CLAY, brown, moist, very loose to
loose, fine-grained

POORLY GRADED SAND, trace clay, brown, moist, very loose to loose,
fine-grained

615.2

614.4

611.3

608.3

597.2

595.8

A

F

F

CL-
ML

CL

SP-
SC

SP

100

80

67

87

100

100

100

100

93

100

93

93

87

1.5

2

2

2

2.25

3

3.5

0.5

0.5

0.5

0.75

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

80.2'

11.6'

91.8'

SHEET 1201-ADC OF 4

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

6/4/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

615.8'

6/3/19

Stantec

572.0'

3

Johnson Co. Section 202 Study

N: 3834324.45578 E: 5775420.72211

3 1/4" ID HSA
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201-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

14
6
3

1
1
2

3
1
2

1
1
1

2
3
4

3
2
5

2
2
4

1
1
3

1
1
1

0
1
2

0
0
1

0
2
2

1
2
2

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20
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7.4

25.1

25.2

7.1

20.3

33.3

12:05
PID: 0.0/0.0

15a: 12:26
PID: 0.0/0.0
15b: 12:27
PID: 0.0/0.0
15c: 12:27
PID: 0.0/0.0
12:28
PID: 0.0/0.0

12:28
PID: 0.0/0.0

12:44
PID: 0.0/0.0

12:45
PID: 0.0/0.0

20a: 13:01
PID: 0.0/0.0
20b: 13:03
PID: 0.0/0.0

13:04
PID: 0.0/0.0

13:08
PID: 0.0/0.0

13:23
PID: 0.0/0.0

13:24
PID: 0.0/0.0

13:39
PID: 0.0/0.0

13:39
PID: 0.0/0.0

14:00
PID: 0.0/0.0

14:03
PID: 0.0/0.0

14:11
PID: 0.0/0.0

14:18
PID: 0.0/0.0

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

POORLY GRADED SAND, trace clay, brown, moist, very loose to loose,
fine-grained (continued)

POORLY GRADED SAND, brown, moist, very loose, fine-grained

SANDY LEAN CLAY, brown, dry, soft

SILTY SAND, brown, moist, very loose, fine-grained

SILTY CLAY WITH SAND, brown with gray mottling, moist, soft to
medium

SILTY SAND, brown, moist, very loose to loose, fine-grained

Clay nodules at 32.2'

SILTY CLAY WITH SAND, gray with brown mottling, moist to wet, soft to
medium

SILTY SAND, trace clay, trace gravel, gray to brown, dry, medium dense,
varved, fine to coarse-grained

Clay lens, trace coal fragments at 40.4'

Little gravel , trace coal at 43.1'

WELL GRADED SAND, little gravel, little coal fragments, dark gray to
brown, moist, loose, fine to coarse-grained

SILT, little clay, gray, wet, medium

592.6
592.2

588.8
588.4

585.1

582.8

579.8

570.8

568.8

SP

SP

CL

SM

CL-
ML

SM

CL-
ML

SM

SW

ML

93

100

93

100

100

100

80

73

87

53

73

73

93

93

73

60

93

0.5

0.5

0.5

0.5

0.5

0.5

0.5

1.5

BORING LOG (cont sheet) Hole No. 201-ADC

4 SHEETS
2

ELEVATION TOP OF HOLE 615.8

1. PROJECT Johnson Co. Section 202 Study
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201-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

0
1
1

1
1
2

1
0
2

1
1
1

2
1
2

1
1
1

2
3
3

1
1
1

1
1
3

1
2
5

3
7
12

5
9
15

5
7
11

5
9
15

12
10
7

1
2
7

0
1

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48
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22.5

22.9

15.7

20.8

24.5

14:31
PID: 0.0/0.0

14:32
PID: 0.0/0.0

33a: 14:52
PID: 0.0/0.0
33b: 14:53
PID: 0.0/0.0

14:53
PID: 0.0/0.0

35a: 15:08
PID: 0.0/0.0
35b: 15:09
PID: 0.0/0.0

No recovery

15:38
PID: 0.0/0.0

16:08
PID: 0.0/0.0

31

32

33

34

35

36

37

38

SILT, little clay, gray, wet, medium (continued)

POORLY GRADED SAND WITH SILT, gray, moist, loose, fine-grained

SILTY CLAY WITH SAND, gray, moist, medium to firm

POORLY GRADED SAND, little coal fragments, gray, moist, loose to
medium dense, fine-grained

SILTY SAND, little clay, little sandstone fragments, gray, moist, loose,
fine to medium-grained

SILT WITH SAND, little clay, gray, moist, medium

SILTY SAND, gray, moist, loose, fine-grained

563.8

561.3

560.1

555.2

547.8

542.8

ML

SP-
SM

CL-
ML

SP

SM

ML

SM

67

60

67

100

100

0

87

80

1

1.5

1.75

BORING LOG (cont sheet) Hole No. 201-ADC

4 SHEETS
3

ELEVATION TOP OF HOLE 615.8

1. PROJECT Johnson Co. Section 202 Study
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201-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

4

1
2
9

1
4
5

2
2
6

2
7
8

2
9
10

3
5
4

0
2
3

2
3
5

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76
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15.5

39a: 16:08
PID: 0.0/0.0
39b: 16:09
PID: 0.0/0.0

RC-01: 81.4'-83.6'
3.5 minute run

RC-02: 83.6'-87.0'
3 minute run

RC-03: 87.0'-91.8'
4 minute run

DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 91.8 feet.

39

SILTY SAND, gray, moist, loose, fine-grained (continued)

SILTY CLAY, gray, moist, hard

WEATHERED SHALE, gray, hard, fissile

SHALE, gray, slightly weathered, slightly to moderately fractured, very
fine-grained, soft

INTERBEDDED SANDSTONE AND SHALE (80%/20%) SANDSTONE:
gray, moderately weathered, slightly to moderately fractured,
fine-grained, moderately hard SHALE: gray, moderately weathered,
slightly fractured, very fine-grained, soft. most fractures in shale

End of boring at 524 feet.

100

94

100

72

94

98

2.2

3.4

4.8

537.8

535.6

534.4

528.8

524.0

ROCK

ROCK

ROCK

1

2

3

SM

CL-
ML

71

BORING LOG (cont sheet) Hole No. 201-ADC

4 SHEETS
4

ELEVATION TOP OF HOLE 615.8

1. PROJECT Johnson Co. Section 202 Study
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201-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

8
18

50/5"

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103
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Down Pressure: 20 psi
Time Pushed: 12:35
Time Pulled: 12:50

1

ASPHALT

GRAVEL

OVERBURDEN, see log for 202-AD

LEAN CLAY WITH SAND, and silt, light brown to tan, moist to wet

OVERBURDEN, see log for 202-AD

614.4

613.5

600.0

598.0

A

GP

CL

100

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

43.2'

SHEET 1202-A OF 2

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

6/4/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

615.0'

6/4/19

Stantec

N/A

N/A

Johnson Co. Section 202 Study

N: 3834306.60115 E: 5775471.72791

3 1/4" ID HSA
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202-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

0

1
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5
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7

8

9
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15

16
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19

20
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Down Pressure: 100 psi
Time Pushed: 13:17
Time Pulled: 13:38
Used Piston Sampler

Down Pressure: 1000 psi
Time Pushed: 14:01
Time Pulled: 14:15
Pushed 1.2'
Used Piston Sampler

Bottom of hole at 43.2 feet.

2

3

OVERBURDEN, see log for 202-AD (continued)

SILTY CLAYEY SAND, tan to light brown, moist, fine to medium-grained

OVERBURDEN, see log for 202-AD

POORLY GRADED SAND, trace silt, trace gravel, light gray to gray, wet,
fine to coarse-grained

End of boring at 571.8 feet.

588.0

586.0

573.0

571.8

SC-
SM

SP

100

100

BORING LOG (cont sheet) Hole No. 202-A

2 SHEETS
2

ELEVATION TOP OF HOLE 615

1. PROJECT Johnson Co. Section 202 Study
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202-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48
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18

20

16.8

25.9

26.1

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

10:20
PID: 0.0/0.0

10:31
PID: 0.0/0.0

10:31
PID: 0.0/0.0

10:45
PID: 0.0/0.0

5a: 10:51
PID: 0.0/0.0
5b: 10:52
PID: 0.0/0.0

10:56
PID: 0.0/0.0

7a: 10:59
PID: 0.0/0.0
7b: 11:00
PID: 0.0/0.0

8a: 11:06
PID: 0.0/0.0
8b: 11:07
PID: 0.0/0.0

11:12
PID: 0.0/0.0

10a: 11:27
PID: 0.0/0.0
10b: 11:28
PID: 0.0/0.0

11a: 11:33
PID: 0.0/0.0
11b: 11:34
PID: 0.0/0.0

11:42
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

ASPHALT

POORLY GRADED AGGREGATE

FILL: LEAN CLAY, little gravel, brick, and wood fragments, gray to brown,
moist, medium to firm

Wood from 2.8'-3.0'
Gravel is primarily shale fragments

SANDY LEAN CLAY, light brown to tan, moist, firm

SILTY SAND, light brown to tan, moist, medium dense, fine-grained

LEAN CLAY WITH SAND, little gravel, trace root debris, light brown with
gray to light gray mottling, moist, medium to firm

POORLY GRADED SAND, tan to light brown, moist, loose, fine-grained

SILTY SAND, little clay lenses, light brown, moist, very loose to loose,
fine-grained

LEAN CLAY, some silt, little sand lenses, light brown to tan, moist to wet,
soft to medium

SANDY SILT, light brown to tan, moist, medium to firm

614.7
614.4

610.2

609.2

606.9

603.9

602.6

599.7

597.8

A

GP
F

CL

SM

CL

SP

SM

CL

ML

87

87

67

87

100

93

100

87

80

100

100

100

100

1.75

2.25

2.75

1.25

2.5

1.75

0.25

0.25

0.25

0.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Greg Thompson

N/A

N/A

81.5'

SHEET 1202-AD OF 4

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

6/3/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

615.2'

6/3/19

Stantec

569.6'

N/A

Johnson Co. Section 202 Study

N: 3834296.09527 E: 5775484.68557

3 1/4" ID HSA
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202-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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2
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2
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20.1

18.1

24.2

23.5

22.3

14a: 11:50
PID: 0.0/0.0
14b: 11:50
PID: 0.0/0.0
14c: 11:51
PID: 0.0/0.0
11:56
PID: 0.0/0.0

16a: 12:05
PID: 0.0/0.0
16b: 12:06
PID: 0.0/0.0

17a: 12:11
PID: 0.0/0.0
17b: 12:12
PID: 0.0/0.0

12:18
PID: 0.0/0.0

12:21
PID: 0.0/0.0

12:27
PID: 0.0/0.0

12:32
PID: 0.0/0.0

12:36
PID: 0.0/0.0

23a: 12:42
PID: 0.0/0.0
23b: 12:43
PID: 0.0/0.0

12:47
PID: 0.0/0.0

25a: 12:54
PID: 0.0/0.0
25b: 12:55
PID: 0.0/0.0

12:59
PID: 0.0/0.0

27a: 13:11
PID: 0.0/0.0
27b: 13:12
PID: 0.0/0.0

28a: 13:17
PID: 0.0/0.0
28b: 13:18
PID: 0.0/0.0

29a: 13:29
PID: 0.0/0.0
29b: 13:30
PID: 0.0/0.0

Auger charged with water prior to
advancing from 45' to 47.5'

30a: 13:36
PID: 0.0/0.0
30b: 13:37

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

SILTY SAND, little clay lenses, light brown to tan, moist to wet, loose,
fine-grained

POORLY GRADED SAND, tan to light brown, moist to wet, loose,
fine-grained

SILTY SAND, little clay lenses, light brown to tan, moist to wet, very loose
to loose, fine-grained

SILTY CLAY, little sand lenses, light brown to tan, moist to wet, soft

SILTY SAND, trace to some clay lenses, tan to light brown, moist to wet,
very loose, fine-grained

SANDY SILT, trace clay, tan to light brown, moist to wet, soft to medium

SILTY SAND, tan to light brown, moist to wet, loose, fine-grained

POORLY GRADED SAND WITH SILT, tan to light brown, moist, loose,
fine-grained

SILTY SAND, tan to light brown, moist to wet, loose, fine-grained

POORLY GRADED SAND WITH SILT, tan to light brown, moist, loose,
fine-grained

POORLY GRADED SAND, tan to light brown, moist to wet, loose,
fine-grained

SILTY SAND, trace very thin clayey lenses, tan to light brown, moist,
loose, fine-grained

POORLY GRADED SAND, trace silt, tan to light brown, moist, medium
dense, fine-grained

SILTY SAND, little very thin clayey lenses, tan to light gray, loose, wet,
fine-grained

SANDY SILT, light gray to gray, wet, firm, fine-grained

POORLY GRADED SAND, trace silt, trace gravel, light gray to tan, moist,
loose to medium dense, fine to coarse-grained
Coal fragments at 43.2'-43.3'

Silty clay lenses at 43.3'-43.6'

POORLY GRADED SAND WITH GRAVEL, light gray to gray, wet, loose
to medium dense, fine to coarse-grained

POORLY GRADED SAND, trace gravel, orange to tan, moist, medium
dense, fine to coarse-grained
Coal fragments present at 46.3'-46.5'

594.2

593.5
593.1

591.2

590.5

589.7

588.9

588.2

585.2

583.7

580.7
580.4

577.3

576.2

574.7

573.7

571.6

569.6

SM

SP

SM

CL-
ML

SM

ML

SM

SP-
SM

SM

SP-
SM

SP
SM

SP

SM

ML

SP

SP

SP

93

73

100

87

87

93

87

87

100

73

93

93

87

100

80

73

100

0.25

0.25

BORING LOG (cont sheet) Hole No. 202-AD

4 SHEETS
2

ELEVATION TOP OF HOLE 615.2
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202-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

2
4
3

0
1
1

1
1
2

0
2
2

3
4
3

2
2
3

2
3
3

4
4
4

2
3
4

3
2
2

4
4
4

4
5
6

3
3
2

1
4
8

3
5
4

4
6
6

8
8

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48
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29.2

24.2

24.6

16.9

22.2

14.3

PID: 0.0/0.0

31a: 13:46
PID: 0.0/0.0
31b: 13:47
PID: 0.0/0.0

32a: 13:54
PID: 0.0/0.0
32b: 13:55
PID: 0.0/0.0

14:02
PID: 0.0/0.0

14:06
PID: 0.0/0.0

14:11
PID: 0.0/0.0

Instructed by M. Jones to continue to
TOR on 5' intervals 6/3/19, 14:14

14:29
PID: 0.0/0.0

14:42
PID: 0.0/0.0

38a: 15:00
PID: 0.0/0.0
38b: 15:01
PID: 0.0/0.0

31

32

33

34

35

36

37

38

POORLY GRADED SAND WITH GRAVEL, light gray to tan, wet, medium
dense, fine to coarse-grained (continued)

SANDY SILT, dark gray to light gray, moist, firm

POORLY GRADED SAND WITH GRAVEL, gray to light gray, moist,
medium dense, fine to coarse-grained

POORLY GRADED SAND, trace silt, trace gravel, trace coal fragments,
light gray to gray, moist, medium dense, fine to coarse-grained

WELL GRADED SAND, little gravel, little coal fragments, light gray to
gray with black laminations, medium dense, fine to coarse-grained

WELL GRADED SAND WITH GRAVEL, trace coal fragments, light gray
to gray, moist, dense, fine to coarse-grained

SANDY SILT, gray to dark gray, moist, firm

POORLY GRADED SAND WITH GRAVEL, light gray, moist to wet,
dense, fine to coarse-grained

566.9

564.6

561.8

560.2

556.2

550.2

545.2

540.2

SP

ML

SP

SP

SW

SW

ML

SP

73

87

33

40

67

67

80

67

BORING LOG (cont sheet) Hole No. 202-AD

4 SHEETS
3

ELEVATION TOP OF HOLE 615.2
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202-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

7

7
5
6

6
8
5

4
8
7

5
6
8

4
6
6

7
7
42

4
4
6

31
19
15

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76
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12.6

15:20
PID: 0.0/0.0
Boring terminated at 81.5' due to
tightness of augers. Approved by M.
Jones, USACE.

Bottom of hole at 81.5 feet.

39

SANDY SILT, gray to dark gray, wet, hard (continued)

POORLY GRADED SAND WITH GRAVEL, gray to light gray, moist,
dense, fine to coarse-grained

End of boring at 533.7 feet.

539.3

535.2

533.7

ML

SP

60

BORING LOG (cont sheet) Hole No. 202-AD

4 SHEETS
4

ELEVATION TOP OF HOLE 615.2
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202-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

28
34
14

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103
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21.7

25.6

23.2

25.9

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

16:09
PID: 0.0/0.0

16:10
PID: 0.0/0.0

16:20
PID: 0.0/0.0

4a: 16:37
PID: 0.0/0.0
4b 16:38
PID: 0.0/0.0

16:38
PID: 0.0/0.0

16:39
PID: 0.0/0.0

16:51
PID: 0.0/0.0

16:52
PID: 0.0/0.0

17:01
PID: 0.0/0.0

17:11
PID: 0.0/0.0
End 6/04/2019

9:03
PID: 0.0/0.0

9:04
PID: 0.0/0.0

9:14
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

ASPHALT

GRAVEL

FILL: SANDY LEAN CLAY WITH GRAVEL, trace brick, asphalt, and coal
fragments, brown to dark gray, moist, soft to firm

POSSIBLE FILL: LEAN CLAY, dark gray to gray, moist, soft to medium

LEAN CLAY, brown with gray mottling, moist, medium to firm, contains
oxides

LEAN CLAY, trace silt, trace sand, brown with gray mottling, moist, very
soft to soft

614.8

614.2

610.7

608.7

601.7

A

GP

F

F

CL

CL

73

80

93

100

100

100

93

100

100

100

100

100

93

2.5

1.75

2

2

3.5

3

2.5

2.25

2

1.5

1.5

1

1

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

79.0'

3.3'

82.3'

SHEET 1203-AD OF 4

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

6/5/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

615.2'

6/4/19

Stantec

571.1'

N/A

Johnson Co. Section 202 Study

N: 3834245.29353 E: 5775490.61206

3 1/4" ID HSA
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203-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

3
3
6

3
2
1

3
1
2

1
2
4

1
2
4

1
4
4

2
2
4

2
2
3

1
1
2

1
2
1

0
1
1

0
0
0

0
0
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20
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26.4

22.6

22.1

21.8

23.6

12.7

9:18
PID: 0.0/0.0

12:00
PID: 0.0/0.0

12:01
PID: 0.0/0.0

12:02
PID: 0.0/0.0

No photo

13:18
PID: 0.0/0.0

13:20
PID: 0.0/0.0

13:22
PID: 0.0/0.0

13:23
PID: 0.0/0.0

13:27
PID: 0.0/0.0

13:28
PID: 0.0/0.0

13:29
PID: 0.0/0.0

13:35
PID: 0.0/0.0

26a: 13:36
PID: 0.0/0.0
26b: 13:37
PID: 0.0/0.0

13:50
PID: 0.0/0.0

13:52
PID: 0.0/0.0

13:58
PID: 0.0/0.0
Added water at 45.0'

14:00
PID: 0.0/0.0

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

LEAN CLAY, trace silt, trace sand, brown with gray mottling, moist, very
soft to soft (continued)

SANDY LEAN CLAY, little silt, brown, moist, very soft to medium

SILT WITH SAND, little clay, little gravel, gray to brown, moist, soft to
medium

POORLY GRADED GRAVEL WITH SAND, gray to brown, moist, medium
dense, fine-grained

POORLY GRADED SAND WITH GRAVEL, gray to brown, moist, loose to
medium dense, fine to coarse-grained

592.7

576.2

573.0

568.2

CL

CL

ML

GP

SP

100

100

100

80

73

80

100

100

100

100

53

93

100

67

80

53

60

1

0.5

0.5

0.5

1.25

0.75

0.5

0.5

1
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0.5

0.5

0.5

1.5

BORING LOG (cont sheet) Hole No. 203-AD
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ELEVATION TOP OF HOLE 615.2
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203-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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1
7
7

1
2

21

22

23

24

25

26

27
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32

33

34
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38

39

40

41

42

43

44

45

46

47

48
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28.8

25

20.8

19.7

23.6

21.5

31a: 14:15
PID: 0.0/0.0
31b: 14:16
PID: 0.0/0.0
31c: 14:18
PID: 0.0/0.0

14:20
PID: 0.0/0.0

14:38
PID: 0.0/0.0

14:57
PID: 0.0/0.0

15:06
PID: 0.0/0.0

15:18
PID: 0.0/0.0

15:30
PID: 0.0/0.0

31

32

33

34

35

36

37

38

POORLY GRADED SAND WITH GRAVEL, gray to brown, moist, loose to
medium dense, fine to coarse-grained (continued)

SILT WITH SAND, gray, moist, firm

POORLY GRADED SAND, trace silt, trace coal fragments, gray to brown,
moist, loose to medium dense, fine-grained

Coal fragments at 53.0'

SILTY SAND, gray, moist, loose to medium dense, fine-grained

565.0

564.2

547.2

SP

ML

SP

SM

100

100

73

67

40

100

100

100

1

BORING LOG (cont sheet) Hole No. 203-AD

4 SHEETS
3

ELEVATION TOP OF HOLE 615.2
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203-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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13.4

15:54
PID: 0.0/0.0

Bottom of hole at 82.3 feet.

39

SILTY SAND, gray, moist, loose to medium dense, fine-grained
(continued)

WEATHERED SANDSTONE AND SHALE, gray to dark gray, hard

End of boring at 532.9 feet.

536.2

532.9

SM

100

BORING LOG (cont sheet) Hole No. 203-AD

4 SHEETS
4

ELEVATION TOP OF HOLE 615.2

1. PROJECT Johnson Co. Section 202 Study
SHEET
OF

S
A

M
P

LE
 T

Y
P

E

D
E

P
T

H
 S

C
A

LE

M
O

IS
T

U
R

E
 %

REMARKS

S
A

M
P

LE
 #CLASSIFICATION

OF MATERIALS

R
Q

D
 %

ELEVATION

B
LO

W
S

 / 
6-

IN
C

H

U
S

C
S

 C
LA

S
S

LE
G

E
N

D

R
E

C
O

V
E

R
Y

 %

P
E

N
E

T
R

O
M

E
T

E
R

(T
S

F
)

203-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

6
14
23

77

78
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18.6

13.8

23.7

17

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
8:03
PID: 0.0/0.0

8:10
PID: 0.0/0.0

3a: 8:27
PID: 0.0/0.0
3b: 8:28
PID: 0.0/0.0

8:35
PID: 0.0/0.0

8:46
PID: 0.0/0.0

8:57
PID: 0.0/0.0

7a: 9:08
PID: 0.0/0.0
7b: 9:13
PID: 0.0/0.0

9:27
PID: 0.0/0.0

9:36
PID: 0.0/0.0

9:40
PID: 0.0/0.0

11:20
PID: 0.0/0.0

11:21
PID: 0.0/0.0

11:21
PID: 0.0/0.0

11:22
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

GRAVEL

FILL: SILTY CLAY, trace plastic debris, brown, moist, soft to medium,
contains oxides

POSSIBLE FILL:  SILTY CLAY, brown, moist, soft to medium, contains
oxides

SILT WITH SAND, little clay, brown, moist, medium

SILTY CLAY WITH SAND, brown, moist, soft

Clay nodule at 16.5'

SANDY SILT, little clay, brown, moist, soft to medium

SILTY SAND, little clay, brown, moist, very loose to loose, fine to
medium-grained

609.9

606.8

600.5

599.8

593.0

590.3

GP

F

F

ML

CL-
ML

ML

SM

87

80

87

87

100

100

87

100

100

100

100

100

100

100

3

2

2.5

2.25

2

2.5

3

2.5

1

0.75

1

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

78.2'

0.4'

78.6'

SHEET 1204-AD OF 4

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/14/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

610.3'

5/14/19

Stantec

571.5'

N/A

Johnson Co. Section 202 Study

N: 3834104.69047 E: 5775655.78365
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204-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

3
2
2

1
1
1

1
1
3

1
2
2

2
2
2

2
2
3

2
2
3

1
1
2

1
1
2

1
1
1

1
1
2

1
1
1

1
1
3

1
2
3

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

18|Page Volume 2 Tab 2 Geotechnical



17.4

19.3

20.9

23.2

20.3

15a: 11:22
PID: 0.0/0.0
15b: 11:23
PID: 0.0/0.0

11:40
PID: 0.0/0.0

11:46
PID: 0.0/0.0

11:53
PID: 0.0/0.0

12:51
PID: 0.0/0.0

12:55
PID: 0.0/0.0

12:59
PID: 0.0/0.0

13:15
PID: 0.0/0.0

23a: 13:40
PID: 0.0/0.0
23b: 13:41
PID: 0.0/0.0
23c: 13:42
PID: 0.0/0.0
24a: 13:48
PID: 0.0/0.0
24b: 13:49
PID: 0.0/0.0
24c: 13:50
PID: 0.0/0.0
13:58
PID: 0.0/0.0

14:38
PID: 0.0/0.0

14:36
PID: 0.0/0.0

14:45
PID: 0.0/0.0
Added water

14:52
PID: 0.0/0.0

15:05
PID: 0.0/0.0

15:31
PID: 0.0/0.0

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

SILTY SAND, little clay, brown, moist, very loose to loose, fine to
medium-grained (continued)

SILTY CLAY WITH SAND, brown, moist, soft

SILTY SAND, little clay, brown, moist, very loose to loose, fine-grained

Clay nodule at 24.5'

SILTY CLAY WITH SAND, brown, moist, soft to medium

SILTY SAND, little clay, brown to grayish brown, moist, very loose to
loose, fine-grained

Oxides dark reddish brown at 33.3'

SILTY CLAY WITH SAND, brown, moist, soft to medium

POORLY GRADED SAND, brown, moist, loose, fine-grained

SILTY CLAY, gray, moist, soft to medium

POORLY GRADED SAND, gray to brown, moist, very loose to loose,
fine-grained

SILTY CLAY WITH SAND, gray to brown, moist, soft to medium

POORLY GRADED SAND, trace clay, trace silt, gray to brown, moist,
loose, fine-grained

SILTY SAND, little gravel, trace clay, gray to reddish brown, moist, very
dense, fine to coarse-grained

POORLY GRADED SAND, little gravel, trace clay, trace silt, gray to
brown, moist, loose to medium dense, fine to coarse-grained
Water staining with dark reddish brown color at 41.0'

Coal fragments at 43.0'

588.3

587.3

583.3

581.8

576.1
575.8
575.6
574.8

573.6

571.8
571.3

569.8

SM

CL-
ML

SM

CL-
ML

SM

CL-
ML
SP
CL
SP

CL-
ML

SP

SM

SP

100

93

87

100

100

100

100

100

87

100

100

100

100

80

80

67

80

1

0.5

BORING LOG (cont sheet) Hole No. 204-AD
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2

ELEVATION TOP OF HOLE 610.3
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204-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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9
8
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21

21.9

19.4

22.9

20.3

32a: 16:09
PID: 0.0/0.8
32b: 16:25
PID: 0.0/3.4

16:37
PID: 0.0/0.0

16:48
PID: 0.0/0.0

16:49
PID: 0.0/0.0

17:01
PID: 0.0/0.0

37a: 17:07
PID: 0.0/0.0
37b: 17:08
PID: 0.0/0.0

17:19
PID: 0.0/0.0

17:25
PID: 0.0/0.0

40a: 17:39
PID: 0.0/0.0
40b: 17:39
PID: 0.0/0.0

17:50
PID: 0.0/0.0

18:01
PID: 0.0/0.0

32

33

34

35

36

37

38

39

40

41

42

POORLY GRADED SAND, little gravel, trace clay, trace silt, gray to
brown, moist, loose to medium dense, fine to coarse-grained (continued)

Coal fragments at 93.6'-69.0'

WELL GRADED SAND, little gravel, brown to gray, wet, dense to very
dense, fine to coarse-grained

539.9

SP

SW

73

60

73

33

53

93

93

100

100

87

67

BORING LOG (cont sheet) Hole No. 204-AD

4 SHEETS
3

ELEVATION TOP OF HOLE 610.3
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204-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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17
24
13
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3
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14.4
18:18
PID: 0.0/0.0

Bottom of hole at 78.6 feet.

43

WELL GRADED SAND, little gravel, brown to gray, wet, dense to very
dense, fine to coarse-grained (continued)

WEATHERED SHALE, gray, hard

End of boring at 531.7 feet.

532.1
531.7

SW

100

BORING LOG (cont sheet) Hole No. 204-AD

4 SHEETS
4

ELEVATION TOP OF HOLE 610.3
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204-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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50/1"
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3-1/4" augers advanced to target
depths to collect undisturbed samples

ST-1: 9.0'-11.0'
Down Pressure: 100 psi
Insufficient recovery--no sample
submitted.

ST-2: 12.0'-14.0'
Down Pressure: 50 psi

1

2

CONCRETE

OVERBURDEN, see log for 205-ADC

POSSIBLE FILL: SANDY LEAN CLAY, little gravel, trace organics,
reddish brown and gray, moist

OVERBURDEN, see log for 205-ADC

POSSIBLE FILL: SANDY LEAN CLAY, little gravel, trace organics,
reddish brown and gray, moist

OVERBURDEN, see log for 205-ADC

615.2

606.7

604.7

603.7

601.7

C

F

F

40

50

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

45.0'

SHEET 1205-A OF 2

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/7/19

STARTED

15. DATE HOLE

16. INSPECTOR
Greg Budd

615.7'

5/7/19

Stantec

N/A

N/A

Johnson Co. Section 202 Study

N: 3833813.06835 E: 5775644.24725

3 1/4" ID HSA
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205-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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ST-3: 35.0'-37.0'
Down Pressure: 400 psi
Used Piston Sampler

ST-4: 43.0'-45.0'
Down Pressure: 600 psi
Used Piston Sampler

Bottom of hole at 45 feet.

3

4

OVERBURDEN, see log for 205-ADC (continued)

WELL GRADED SAND, brown, moist, fine to coarse-grained

OVERBURDEN, see log for 205-ADC

SILTY SAND, little clay, brown, moist, fine-grained

End of boring at 570.7 feet.

580.7

578.7

572.7

570.7

SW

SM

80

100

BORING LOG (cont sheet) Hole No. 205-A

2 SHEETS
2

ELEVATION TOP OF HOLE 615.7
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205-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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19.8

8.6

17.6

16.8

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

8:36
PID: 0.0/0.0

8:43
PID: 0.0/0.0

8:46
PID: 0.0/0.0

8:53
PID: 0.0/0.0

9:04
PID: 0.0/0.0

9:15
PID: 0.0/0.0

9:16
PID: 0.0/0.0

9:20
PID: 0.0/0.0

9:25
PID: 0.0/0.0

9:36
PID: 0.0/0.0

9:54
PID: 0.0/0.0

9:55
PID: 0.0/0.0

10:10
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

CONCRETE

GRAVEL

FILL: LEAN CLAY WITH GRAVEL, some brick fragments, gray to brown,
dry to moist, very soft to medium

Little coal fragments

FILL: SILTY CLAY, little gravel, brown with gray mottling, moist, soft to
firm

Concrete fragments

614.9
614.7

601.5

C

GP
F

F

47

73

47

60

27

60

33

7

33

60

60

33

80

2.5

2

1.5

2

1

1.5

1.5

1.5

1.5

2

1.5

1.5

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

82.4'

39.8'

122.2'

SHEET 1205-ADC OF 5

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/7/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton/Greg Budd

615.5'

5/3/19

Stantec

574.0'

9

Johnson Co. Section 202 Study

N: 3833813.69728 E: 5775655.85484
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205-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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17.2

19.5

19.6

22.1

29.5

10:18
PID: 0.0/0.0

15a: 10:26
PID: 0.0/0.0
15b: 10:27
PID: 0.0/0.0

10:38
PID: 0.0/0.0

10:44
PID: 0.0/0.0

10:49
PID: 0.0/0.0

11:05
PID: 0.0/0.0

11:14
PID: 0.0/0.0

11:24
PID: 0.0/0.0

11:45
PID: 0.0/0.0

23a: 11:48
PID: 0.0/0.0
23b: 11:49
PID: 0.0/0.0

24a: 12:07
PID: 0.0/0.0
24b: 12:08
PID: 0.0/0.0

12:15
PID: 0.0/0.0

12:31
PID: 0.0/0.0

12:31
PID: 0.0/0.0
End 5/3/2019

Start 5/6/2019, Gred Budd logging
boring
28a: 10:32
PID: 0.0/0.0
28b: 10:32
PID: 0.0/0.0

29a: 10:42
PID: 0.0/0.0
29b: 10:42
PID: 0.0/0.0

10:53
PID: 0.0/0.0

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

FILL: SILTY CLAY, little gravel, brown with gray mottling, moist, soft to
firm (continued)

Wood pieces

FILL: SILTY CLAY, little organics, dark brown, moist, soft

FILL: SILTY CLAY WITH SAND, little wood fragments, dark brown, moist,
soft to medium

POORLY GRADED SAND WITH SILTY CLAY, dark grayish brown, moist,
very loose, fine-grained

Clay nodules

SILT WITH SAND, little clay, grayish brown, moist, soft

SILTY CLAYEY SAND, grayish brown, moist, very loose, fine-grained

SILTY CLAY WITH SAND, grayish brown, moist, soft

SILTY CLAYEY SAND, grayish brown, moist, very loose, fine-grained

SANDY SILT, little clay, grayish brown, moist, soft

POORLY GRADED SAND WITH SILT, brown, moist, very loose,
fine-grained

SILTY CLAY WITH SAND, grayish brown, moist, soft to medium

POORLY GRADED SAND WITH SILT, trace clay nodules, brown, moist,
very loose to loose, fine to medium-grained

POORLY GRADED SAND, brown, moist, very loose, fine-grained

Few clay nodules

POORLY GRADED SAND WITH CLAY, brown, moist, loose to medium
dense, fine to medium-grained

POORLY GRADED SAND, light brown, moist, loose to medium dense,
fine to medium-grained

CLAYEY SAND, brown, moist, loose, fine-grained

POORLY GRADED SAND WITH CLAY, brown and gray, moist, loose,
fine-grained

SILTY SAND, little organics, trace clay, brown and gray, moist, very loose
to medium dense, fine-grained

592.9

591.5

590.0

585.5

584.7

584.0
583.8

582.9

582.0

581.2

580.1

578.9
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573.0
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569.6
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100

100

100

100

87

100

93
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100
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0.75

1

0.75

0.75

1

1.25

BORING LOG (cont sheet) Hole No. 205-ADC
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2

ELEVATION TOP OF HOLE 615.5
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205-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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2
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6
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2
1
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24.5

21.4

19.2

21.4

15.5

15.6

11:00
PID: 0.0/0.0

11:09
PID: 0.0/0.0

11:22
PID: 0.0/0.0

11:32
PID: 0.0/0.0

11:42
PID: 0.0/0.0

11:52
PID: 0.0/0.0

12:09
PID: 0.0/0.0

12:29
PID: 0.0/0.0

31

32

33

34

35

36

37

38

SILTY SAND, little organics, trace clay, brown and gray, moist, very loose
to medium dense, fine-grained (continued)

SILTY SAND WITH GRAVEL, trace clay, light brown to dark gray, moist,
loose to medium dense, fine to coarse-grained

WELL GRADED SAND, little gravel, gray to brown, moist, dense to very
dense, fine to coarse-grained

563.0

545.5

SM

SM

SW

67

67

93

80

40

73

100

100

BORING LOG (cont sheet) Hole No. 205-ADC

5 SHEETS
3

ELEVATION TOP OF HOLE 615.5

1. PROJECT Johnson Co. Section 202 Study
SHEET
OF

S
A

M
P

LE
 T

Y
P

E

D
E

P
T

H
 S

C
A

LE

M
O

IS
T

U
R

E
 %

REMARKS

S
A

M
P

LE
 #CLASSIFICATION

OF MATERIALS

R
Q

D
 %

ELEVATION

B
LO

W
S

 / 
6-

IN
C

H

U
S

C
S

 C
LA

S
S

LE
G

E
N

D

R
E

C
O

V
E

R
Y

 %

P
E

N
E

T
R

O
M

E
T

E
R

(T
S

F
)

205-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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4
5
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5
5
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4
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10

4
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3
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16
26

7
20
26
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14.3

12:45
PID: 0.0/0.0

Auger refusal at 82.5'
Begin rock coring
RC-01: 82.5'-84.5'
4 minute run
WR = 100%
MF at 83.6', 84.2', 84.4'

RC-02: 84.5'-87.1'
2 minute run
Water return = 100%
MF at 84.6', 85.6'-85.9', 86.6'

HAF (45 deg), fresh at 86.2'

RC-03: 87.1'-92.1'
3.5 minute run
WR = 75%
MF at 88.2', 88.3', 80.4', 89.6', 90.6'

RC-04: 92.1'-97.2'
3.5 minute run
WR = 10%
MF at 92.4', 93.6', 94.2', 94.7', 94.8'

RC-05: 97.2'-102.2'
3.75 minute run
WR = 0%
MF at 97.9'

RC-06: 102.2'-107.2'
4.5 minute run
WR = 0%
MF at 107.0'

39

WELL GRADED SAND, little gravel, gray to brown, moist, dense to very
dense, fine to coarse-grained (continued)

SHALE, dark gray, slightly weathered, very slighlty to slightly fractured,
very fine-grained, soft, laminated to thinly bedded

100

96

100

100

100

100

85

100

100

100
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2.6
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5.1

5

533.1
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ROCK

ROCK
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BORING LOG (cont sheet) Hole No. 205-ADC
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ELEVATION TOP OF HOLE 615.5
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205-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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38
36
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Highly fractured zone at 103.6'-104.1',
with chert and limestone inclusions,
weathered

RC-07: 107.2'-112.2'
4.1 minute run
WR = 0%
MF at 107.7', 108.1'
Limestone inclusions at 107.2'-109.0'

Highly fractured zone, weathered, with
trace clay at 109.0'-109.3'

HAF (40 deg), open, weathered at
109.8'
HAF (40 deg), clay-filled, weathered at
110.0'

RC-08: 112.2'-117.2'
3.5 minute run
WR = 0%
MF at 112.6', 113.8', 114.9',
116.9'-117.2'
Drill spin at 112.2'-112.4'

RC-09: 117.2'-122.2'
3 minute run
WR = 0%
MF at 117.2'-117.5', 118.9'

DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 122.2 feet.

SHALE, dark gray with thin beds of light gray, slightly to moderately
weathered, slightly to moderately fractured, very fine-grained, soft,
laminated to thin bedded

SHALE (70%) and INTERBEDDED LIMESTONE (30%); SHALE: dark
gray, slightly weathered, very slightly to slightly fractured, very
fine-grained, soft, laminated to very thin bedded, LIMESTONE: light gray,
unweathered, unfractured, fine-grained, hard, very thin bedded

End of boring at 493.3 feet.
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ROCK

ROCK

ROCK

ROCK

6

7

8

9

BORING LOG (cont sheet) Hole No. 205-ADC
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205-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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Advance 3-1/4" augers to target depth
of 15' to collect UD sample (Shelby
Tube)
PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
Auger cuttings from 0'-5':
PID A/R
0.0/0.6 at 15:45

Auger cuttings from 5'-10':
PID A/R
0.0/5.9 at 15:55

ST-01: 15.0'-17.0'
Down Pressure = 400 psi
Insufficient recovery, no sample
submitted

ST-02: 18.0'-20.0'
Down Pressure = 250 psi

Continue advancing augers to target
depth to collect UD sample

1

2

Boring 206-ADC abandoned. Move to offset boring 206-A. Auger to 31.5'
and resume SPT sampling from 31.5'. Collect shelby tube samples at
target depths.

POSSIBLE FILL: LEAN CLAY, trace sand, dark gray, moist

OVERBURDEN, see log for 206-ADC

POSSIBLE FILL:  GRAVELLY LEAN CLAY WITH SAND, dark gray, moist

OVERBURDEN, see log for 206-ADC

599.4

597.4

596.4

594.4

F

F

45

100

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

82.8'

59.4'

142.2'

SHEET 1206-A OF 6

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/10/19

STARTED

15. DATE HOLE

16. INSPECTOR
Greg Budd

614.4'

5/8/19

Stantec

576.6'

13

Johnson Co. Section 202 Study

N: 3833747.17183 E: 5775385.88064

3 1/4" ID HSA
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206-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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24.1

26.1

24.6

27.9

Auger cuttings from 20.0'-25.0'
PID A/R
0.0/0.0 at 17:32

ST-03: 25.0'-27.0'
Down Pressure = 200 psi

Auger cuttings from 27.0'-31.0'
PID A/R
0.0/0.0 at 17:52
**End of samples for 5/8/19. Resume
with SPT on 5/9/19**

1a: 07:58
PID A/R: 0.0/0.0
1b: 07:58
PID A/R: 0.0/0.0

2a: 08:09
PID A/R: 0.0/0.0
2b: 08:09
PID A/R: 0.0/0.0

ST-04: 34.5'-36.5'
Down Pressure: 250 psi

08:35
PID A/R: 0.0/0.0

08:42
PID A/R: 0.0/0.0

08:52
PID A/R: 0.0/0.0

09:00
PID A/R: 0.0/0.0

09:12
PID A/R: 0.0/0.0

8a: 09:22
PID A/R: 0.0/0.0
8b: 09:22
PID A/R: 0.0/0.0

ST-05: 47.5'-49.5'
Down Pressure: 600 psi
Used Piston Sampler

3

1

2

4

3

4

5

6

7

8

5

OVERBURDEN, see log for 206-ADC (continued)

LEAN CLAY WITH SAND, and silt, gray and brown, moist

OVERBURDEN, see log for 206-ADC

LEAN CLAY, trace sand, brown, moist, soft to medium

CLAYEY SAND, brown, moist, loose, fine-grained

LEAN CLAY WITH SAND, brown, moist, soft to medium

WELL GRADED SAND, brown, moist, loose, fine to medium-grained

CLAYEY SAND, little organics, trace silt, brown and gray, moist to wet,
very loose, fine-grained

SILTY SAND, brown and gray, moist, loose, fine-grained

WELL GRADED SAND, trace clay lenses, trace organics, brown and gray
to tan, moist, loose, fine to medium-grained

SILTY SAND, little organics, gray, moist, loose, fine-grained

SANDY SILT, little clay, reddish brown to brown, moist, soft to medium

589.4

587.4

582.9

582.0

581.4

580.2

577.9

574.9

573.4

569.4

568.4

CL

CL

SC

CL

SW

SC

SM

SW

SM

ML

100

100

100

50

100

80

100

100

67

93

95

BORING LOG (cont sheet) Hole No. 206-A
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206-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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23.5

29.3

40.4

13.1

29.9

24.7

10:01
PID A/R: 0.0/0.0

10a: 10:21
PID A/R: 0.0/0.0
10b: 10:21
PID A/R: 0.0/0.0

10:31
PID A/R: 0.0/0.0

10:43
PID A/R: 0.0/0.0

10:55
PID A/R: 0.0/0.0

11:10
PID A/R: 0.0/0.0

11:26
PID A/R: 0.0/0.0

11:32
PID A/R: 0.0/0.0

11:45
PID A/R: 0.0/0.0

11:57
PID A/R: 0.0/0.0

12:17
PID A/R: 0.0/0.0

9

10

11

12

13

14

15

16

17

18

19

SANDY SILT, little clay, reddish brown to brown, moist, soft to medium
(continued)

SILTY SAND, red and brown to gray, moist, loose, fine to
medium-grained

POORLY GRADED SAND, trace clay lenses, gray, moist, loose, fine to
coarse-grained

CLAYEY SAND, little organics, trace coal fragments, reddish brown and
gray, moist, very loose, fine-grained

LEAN CLAY, little sand, trace organics, gray, wet, very soft

POORLY GRADED SAND, little gravel, gray, moist, medium dense, fine
to coarse-grained

SILTY SAND, gray, moist, loose, fine-grained

CLAYEY SAND, gray, wet, loose, fine-grained

POORLY GRADED SAND, little gravel, brown and gray, moist, very
dense, fine to coarse-grained

564.4

561.2

559.4

556.9

548.2

544.4

541.9

539.4

ML

SM

SP

SC

CL
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100

100

100

53
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BORING LOG (cont sheet) Hole No. 206-A
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206-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

1
2
4

2
4
5

1
1
1

0
1
1

0
0
0

2
2
4

0
3
11

2
6
5

1
3
2

1
2
5

40
50/5"
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15.1

12:36
PID A/R: 0.0/0.0

RC-01: 82.8'-85.8'
2.5 minute run
WR = 100%
MF at 83.2'

RC-02: 85.8'-87.2'
1.5 minute run
WR = 100%

RC-03: 87.2'-92.2'
4.0 minute run
WR = 100%
MF at 87.6', 87.9', 88.3'. 88.5', 88.8',
89.7', 89.9', 90.3', 91.2'

RC-04: 92.2'-97.2'
4.5 minute  run
WR = 100%
MF at 92.6', 93.3', 93.6', 94.0', 95.1',
96.5'

RC-05: 97.2'-102.2'
5.0 minute run
WR = 100%
MF at 97.5', 97.9', 98.2', 99.7', 100.2',
101.3'

RC-06: 102.2'-107.2'
5.5 minute run
WR = 100%
Highly weathered and fractured zone
from 102.8' to 102.9' along

20

POORLY GRADED SAND, little gravel, brown and gray, moist, very
dense, fine to coarse-grained (continued)

INTERBEDDED SHALE AND SANDSTONE (90%/10%), SHALE: dark
gray, moderately weathered, very slightly to slightly fractured, very
fine-grained, soft, laminated to thin bedded, SANDSTONE: light gray,
moderately weathered, very slightly to slightly fractured, fine-grained,
moderately hard, laminated to thin bedded

SHALE, dark gray, slightly weathered, very slightly fractured, very
fine-grained, slightly hard, laminated to thin-bedded, sticky

INTERBEDDED SHALE AND SANDSTONE (70%/30%), SHALE: dark
gray to black, slightly weathered, very slighlty to slightly fractured, very
fine-grained, soft, laminated to thin bedded, SANDSTONE: grayish
brown, very slighlty to slightly fractured, very fine-grained, moderately
hard, laminated to thin bedded

100

100

100

100

100

100

100

100

100

100

3
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5
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5

531.6
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512.2

ROCK

ROCK

ROCK

ROCK

ROCK

1

2

3

4

5

SP

100

BORING LOG (cont sheet) Hole No. 206-A
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PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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shale-sandstone contact

RC-07: 107.2'-112.2'
5.0 minute run
WR = 100%

RC-08: 112.2'-117.2'
3.0 minute run
WR = 100%
MF at 114.3', 115.0', 115.4', 115.9',
116.4', 116.9'

Weathered, open LAF along
shale-sandstone conact at 114.6'

RC-09: 117.2'-122.2'
3.0 minute run
WR = 100%
MF at 118.0', 120.0', 120.1'. 120.2',
120.7', 120.9'

RC-10: 122.2'-127.2'
3.3 minute run
WR = 100%
MF at 123.5', 125.2', 126.0', 126.9'

RC-11: 127.2'-132.2'
3.5 minute run
WR = 100%
MF at 127.9', 128.8', 129.4', 130.7',
131.2'

INTERBEDDED SHALE AND SANDSTONE (70%/30%), SHALE: dark
gray to black, slightly weathered, very slighlty to slightly fractured, very
fine-grained, soft, laminated to thin bedded, SANDSTONE: grayish
brown, very slighlty to slightly fractured, very fine-grained, moderately
hard, laminated to thin bedded (continued)

INTERBEDDED SANDSTONE AND SHALE (80%/20%), SANDSTONE,
light gray, slighty weathered, very slightly fractured, very fine-grained,
moderately hard, laminated, SHALE: dark gray, slightly weathered, very
slightly fractured, soft, laminated

INTERBEDDED SHALE AND SANDSTONE (70%/30%), SHALE: dark
gray to black, slightly weathered, very slightly to slightly fractured, soft,
laminated to thin bedded, SANDSTONE: brownish gray, unweathered,
very slightly to slightly fractured, moderately hard, laminated to thin
bedded

INTERBEDDED SHALE AND SANDSTONE (50%/50%) SHALE, dark
gray, slightly weathered, very slightly to moderately fractured, soft,
laminated, SANDSTONE: light gray, slightly weathered, very slightly to
moderately fractured, very fine-grained, moderately hard, laminated to
thin bedded
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ROCK

ROCK
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BORING LOG (cont sheet) Hole No. 206-A
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5

ELEVATION TOP OF HOLE 614.4
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206-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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RC-12: 132.2'-137.2'
2.8 minute run
WR = 100%
MF at 134.4', 135.9', 136.2', 136.4',
136.9'
HAF from 132.2' to 132.9', open,
weathered
HAF from 133.6' to 134.0', open,
weathered

RC-13: 137.2'-142.2'
3.5 minute run
WR = 100%
MF at 137.7', 139.2', 141.5'

DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 142.2 feet.

INTERBEDDED SHALE AND SANDSTONE (50%/50%) SHALE, dark
gray, slightly weathered, very slightly to moderately fractured, soft,
laminated, SANDSTONE: light gray, slightly weathered, very slightly to
moderately fractured, very fine-grained, moderately hard, laminated to
thin bedded (continued)

End of boring at 472.2 feet.

100

100

70

100

5

5

472.2

ROCK

ROCK

12

13

BORING LOG (cont sheet) Hole No. 206-A
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ELEVATION TOP OF HOLE 614.4
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206-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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9.5

19

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

9:56
PID: 0.0/0.0

10:04
PID: 0.0/0.0

10:09
PID: 0.0/0.0

10:16
PID: 0.0/0.0

10:21
PID: 0.0/0.0

10:27
PID: 0.0/0.0

10:36
PID: 0.0/6.4

10:44
PID: 0.0/24.0

10:52
PID: 0.0/9.6

11:49
PID: 0.0/0.0

11:55
PID: 0.0/0.7

12:15
PID: 0.0/0.0

12:24
PID: 0.0/0.0
Bulk sample collected from 19.5' to
22.5'

1

2

3

4

5

6

7

8

9

10

11

12

13

ASPHALT

GRAVEL

FILL: LEAN CLAY WITH GRAVEL, little asphalt fragments, reddish brown
to gray, dry, firm

FILL: LEAN CLAY, trace to little sand, trace to little gravel, brown and
gray, moist, very soft to medium
Asphalt and glass fragments from 6.0' to 9.0'

Color changes to more gray at 13.7'

Coal slag fragments from 15.0' to 18.0'

LEAN CLAY, trace to some sand, trace to little silt, dark brown to dark
gray, moist, very soft to soft

614.2

613.6

608.4

596.4

C
GP

F

F

CL

93

100

100

53

87

53

100

33

33

100

60

100

1000

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

31.5'

SHEET 1206-ADC (Abandoned) OF 2

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/8/19

STARTED

15. DATE HOLE

16. INSPECTOR
Greg Budd

614.4'

5/8/19

Stantec

N/A

N/A

Johnson Co. Section 202 Study

N: 3833748.40116 E: 5775374.2911

3 1/4" ID HSA
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206-ADC (Abandoned)
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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0
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0
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25.1

26.9

26.8

12:32
PID: 0.0/0.0

12:38
PID: 0.0/0.0

12:43
PID: 0.0/0.0

12:51
PID: 0.0/0.0

12:57
PID: 0.0/0.0

13:07
PID: 0.0/0.0

13:18
PID: 0.0/0.0

Bottom of hole at 31.5 feet.

14

15

16

17

18

19

20

LEAN CLAY, trace to some sand, trace to little silt, dark brown to dark
gray, moist, very soft to soft (continued)

CLAYEY SAND, brown, moist, very loose, fine-grained

Boring abandoned at 31.5' as directed by USACE. Moved to offset boring
location 206-A to resume drilling and sampling.
End of boring at 582.9 feet.

587.4

582.9

CL

SC

87

100

100

100

100

100

100

BORING LOG (cont sheet) Hole No. 206-ADC (Abandoned)
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ELEVATION TOP OF HOLE 614.4
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206-ADC (Abandoned)
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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ST-01: 13.0' - 15.0'
Down Pressure = 50 psi
Used Piston Sampler

1

OVERBURDEN, see log for 207-ADC

SILT WITH SAND, trace clay, dark gray, moist

OVERBURDEN, see log for 207-ADC

579.4

577.4

ML

60

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

28.0'

SHEET 1207-A OF 2

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

4/29/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

592.4'

4/29/19

Stantec

572.3'

N/A

Johnson Co. Section 202 Study

N: 3833551.14269 E: 5775675.98669

3 1/4" ID HSA
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207-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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ST-02: 24.0' - 26.0'
Down Pressure = 150 psi
Used Piston Sampler
Took jar sample of recovered material
in ST-02

ST-03: 26.0' - 28.0'
Down Pressure = 175 psi
Used Piston Sampler

Bottom of hole at 28 feet.

2

3

OVERBURDEN, see log for 207-ADC (continued)

SILTY CLAY, some wood fragments, gray to dark gray, moist to wet

End of boring at 564.4 feet.

568.4

564.4

CL-
ML

25

100

BORING LOG (cont sheet) Hole No. 207-A

2 SHEETS
2

ELEVATION TOP OF HOLE 592.4
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207-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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19.5

21

21.1

34.7

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
15:06
PID 0.0/1/57

2a: 15:23
PID: 0.0/1.5
2b: 15:25
PID: 0.0/3.0

15:25
PID: 0.0/0.0

15:50
PID: 0.0/0.0

5a: 16:01
PID: 0.0/0.0
5b: 16:02
PID: 0.0/0.0

6a: 16:05
PID: 0.0/0.0
6b: 16:06
PID: 0.0/0.0

16:10
PID: 0.0/0.0

8a: 16:24
PID: 0.0/0.0
8b: 16:25
PID: 0.0/0.0
8c: 16:26
PID: 0.0/0.0
9a: 16:32
PID: 0.0/0.0
9b: 16:33
PID: 0.0/0.0
16:50
PID: 0.0/0.0

11a: 16:52
PID: 0.0/0.0
11b: 16:53
PID: 0.0/0.0

12a: 16:54
PID: 0.0/0.0
12b: 16:55
PID: 0.0/0.0

13a: 17:02
PID: 0.0/0.0
13b: 17:03
PID: 0.0/0.0

17:15
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

TOPSOIL

SILTY CLAY, brown to brownish gray, moist, soft

POORLY GRADED SAND WITH SILT, trace clay lenses, brown to light
brown, moist, very loose, fine-grained

SILTY CLAY, light gray to brown, moist, very soft

POORLY GRADED SAND WITH SILT, trace silty clay lenses, orange
brown to light brown, moist, very loose, fine-grained

SILTY CLAY, little sand lenses, gray to brownish gray, moist, very soft

Dark gray color at 11.6'

POORLY GRADED SAND WITH SILT, trace clay lenses, tan to orange
brown, moist, very loose, fine-grained

SILTY CLAY WITH SAND, dark gray, moist, very soft to soft

SILTY SAND, trace clay lenses, gray to dark gray, moist, very loose, fine
to medium-grained

SILTY CLAY WITH SAND, gray to dark gray, moist, very soft to soft

SILTY SAND, little clay lenses, gray to dark gray, moist to wet, very
loose, fine-grained

SILTY CLAY, some wood fragments, little sand, gray to dark gray, moist
to wet, very soft to hard

590.8

589.5

584.5
584.1

583.4

580.0

579.1

575.7

574.1

572.8

572.1

T

CL-
ML

SP-
SM

CL-
ML
SP-
SM
CL-
ML

SP-
SM

CL-
ML

SM

CL-
ML

SM

CL-
ML

20

100

80

100

100

100

80

100

100

93

100

87

87

100

1

0.5

0.25

0

0

0

0.5

0.25

0.25

0.75

0.25

0.25

0.25

0.5

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

58.2'

40.9'

99.1'

SHEET 1207-ADC OF 4

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

4/29/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

591.6'

4/25/19

Stantec

572.9'

10

Johnson Co. Section 202 Study

N: 3833559.4117 E: 5775674.25047

3 1/4" ID HSA
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207-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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28.7

31.4

31.9

38.3

18.8

19.2

15a: 17:20
PID: 0.0/0.0
15b: 7:30
PID: 0.0/0.0

7:30
PID: 0.0/0.0

8:02
PID: 0.0/0.0

8:27
PID: 0.0/0.0

8:31
PID: 0.0/0.0

8:45
PID: 0.0/0.0

8:49
PID: 0.0/0.0

9:00
PID: 0.0/0.0

23a: 9:11
PID: 0.0/0.0
23b: 9:13
PID: 0.0/0.0

9:22
PID: 0.0/0.0

9:26
PID: 0.0/0.0

26a: 9:37
PID: 0.0/0.0
26b: 9:40
PID: 0.0/0.0

27a: 9:54
PID: 0.0/0.0
27b: 9:57
PID: 0.0/0.0

10:14
PID: 0.0/0.5

10:25
PID: 0.0/0.0

10:41
PID: 0.0/0.0

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

SILTY CLAY, some wood fragments, little sand, gray to dark gray, moist
to wet, very soft to hard (continued)

Wood becomes less frequent at 24.6'

Increase in fine-grained sand lenses at 25.5'

SILTY SAND, trace very thin clay lenses, trace wood fragments, brown to
grayish brown, wet, very loose to loose, fine-grained

Trace coal fragments and no clay lenses or wood fragments at 28.5'

Wood fragments at 30.0'

SILTY CLAY WITH SAND, dark gray to brownish gray, moist to wet, very
soft to soft

SILTY SAND, trace very thin clay lenses, trace organics, dark brown to
dark gray, wet, very loose, fine-grained

SILTY CLAY WITH SAND, dark gray, moist to wet, soft to medium

SILTY SAND, little clay lenses, trace organics, trace gravel, brown to
grayish brown, wet, loose, fine to coarse-grained

SILTY CLAYEY SAND, trace gravel, moist, loose, fine to coarse-grained

WELL GRADED SAND WITH GRAVEL, light gray to gray, moist, loose to
very dense, fine to coarse-grained

Sandy silty clay lens from 43.7' to 44.0'

564.6

559.4

557.1

554.1

553.1
552.6

551.9

CL-
ML

SM

CL-
ML

SM

CL-
ML

SM

SC-
SM

SW

87

100

60

27

47

67

73

93

87

93

100

100

100

60

87

100

0

0

0.25

0

0.25

0

0

0

0.5

0.5

0

0.5

0.25

BORING LOG (cont sheet) Hole No. 207-ADC

4 SHEETS
2

ELEVATION TOP OF HOLE 591.6
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JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID
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14.6

17.6

11:23
PID: 0.0/0.0

11:50
PID: 0.0/0.0

34a
PID: 0.0/0.0
34b
PID: 0.0/0.0

RC-01: 58.9'-62.0'
3 minute run
DP = 350 psi
WP = 240 psi

RC-02: 62.0'-67.0'
4 minute run
DP = 240 psi
DP = 350 psi

HAF (85 deg) from 64.2' to 64.6'

HAF (90 deg) from 66.7' to 67.0'
RC-03: 67.0'-72.0'
4 minute run
DP = 240 psi
WP = 350 psi

HAF (90 deg) from 69.2' to 69.4'

RC-04: 72.0'-77.0'
3 minute run
DP = 350 psi
WP = 200 psi

31

32

33

34

WELL GRADED SAND WITH GRAVEL, light gray to gray, moist, loose to
very dense, fine to coarse-grained (continued)

Increased gravel content at 52.5', angular to sub-rounded

SHALE, gray, unweathered to slightly weathered, very slightly to slightly
fractured, very fine-grained, soft, thin to medium bedded
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100

100
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68

68
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BORING LOG (cont sheet) Hole No. 207-ADC
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ELEVATION TOP OF HOLE 591.6

1. PROJECT Johnson Co. Section 202 Study
SHEET
OF

S
A

M
P

LE
 T

Y
P

E

D
E

P
T

H
 S

C
A

LE

M
O

IS
T

U
R

E
 %

REMARKS

S
A

M
P

LE
 #CLASSIFICATION

OF MATERIALS

R
Q

D
 %

ELEVATION

B
LO

W
S

 / 
6-

IN
C

H

U
S

C
S

 C
LA

S
S

LE
G

E
N

D

R
E

C
O

V
E

R
Y

 %

P
E

N
E

T
R

O
M

E
T

E
R

(T
S

F
)

207-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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RC-05: 77.0'-81.6'
5 minute run
DP = 350 psi
WP = 250 psi
Highly fractured from 77.6' to 79.6'

Very soft and vuggy at 79.5'

Sandstone lens at 81.5'
RC-06: 81.6'-86.5'
5 minute run

Sandstone lens at 83.0'

Sandstone lens at 84.0'

Moderately weathered at 85.0' to 85.5'

RC-07: 86.5'-87.0'

RC-08: 87.0'-92.0'
5 minute run
DP = 350 psi
WP = 250 psi
Slightly weathered fractures at 87.0'
Highly weathered fractures from 87.8'
to 87.9'
Crossbedded (~20 deg) to 91.0'
DP = 300 psi
WP = 160 psi
HAF (70 deg) from 89.8' to 90.0'

HAF (70 deg) from 89.8' to 90.0'
RC-09: 92.0'-97.0'
6 minute run

HAF (70 deg) at 95.5'
Highly weathered fractures from 95.8'
to 96.2'

RC-10: 97.0'-99.1'
2 minute run

DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 99.1 feet.

SHALE, gray, unweathered to slightly weathered, very slightly to slightly
fractured, very fine-grained, soft, thin to medium bedded (continued)

SHALE, gray, slightly weathered, moderately fractured, very fine-grained,
soft to moderately hard

SANDSTONE, gray, slightly weathered, slightly to moderately fractured,
very fine to fine-grained, hard, some crossbedding with some very thin
shale laminations

End of boring at 492.5 feet.
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20
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SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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Two bulk samples taken from 1.2' to
24.5'

ST-01: 11.0'-13.0'
Down Pressure = 250 psi
Pushed at 8:48
Used Piston Sampler
PID: 0.0/2.2

ST-02: 13.0'-15.0'
Down Pressure = 500 psi
Used Piston Sampler
no recovery

ST-03: 15.0'-17.0'
Down Pressure = 900 psi
Pushed at 10:29
Pulled at 10:39
Used Piston Sampler

1

2

3

ASPHALT

GRAVEL

OVERBURDEN, see log for 208-ADC

SANDY SILT, little clay, gray to brown, moist

OVERBURDEN, see log for 208-ADC

591.5

590.6

580.8

574.8

A
GP

ML

20

0

55

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

47.5'

SHEET 1208-A OF 2

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

4/25/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

591.8'

4/25/19

Stantec

574.0'

N/A

Johnson Co. Section 202 Study

N: 3833559.3077 E: 5775622.14592

3 1/4" ID HSA
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208-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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ST-04: 21.5'-22.5'
Down Pressure = 500 psi
Used Piston Sampler

ST-05: 34.0'-36.0'
Down Pressure = 1000 psi
Pushed at 12:10
Used Piston Sampler
PID: 0.0/6.2
Driller noticed petroleum odor when
removing ST-05 from borehole

ST-06: 46.0'-47.5'
Down Pressure = 1200 psi
Used Piston Sampler

Bottom of hole at 47.5 feet.

4

5

6

OVERBURDEN, see log for 208-ADC (continued)

LEAN CLAY WITH SAND, and silt, trace organics, gray, moist

OVERBURDEN, see log for 208-ADC

POORLY GRADED SAND, little gravel, gray to bluish gray, moist, fine to
coarse-grained

OVERBURDEN, see log for 208-ADC

SITLY SAND, trace clay, trace gravel, gray to dark gray, moist, fine to
coarse-grained

End of boring at 544.3 feet.
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BORING LOG (cont sheet) Hole No. 208-A
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208-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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29.1

29.6

33.8

31.9

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

11:30
PID: 1.5/3.0

11:32
PID: 0.0/0.0

11:35
PID: 0.0/0.0

12:05
PID: 0.0/0.4

12:05
PID: 0.0/0.3

13:54
PID: 0.0/0.0

14:16
PID: 0.5/0.6

14:18
PID: 0.5/0.6

14:20
PID: 0.5/0.6

14:21
PID: 0.5/0.7

13:37
PID: 0.0/0.0

13:38
PID: 0.0/0.0

14:51
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

ASPHALT

GRAVEL

SILTY CLAY, gray, moist, very soft to soft, micacous

SILT WITH SAND, gray, moist, very soft

SILTY CLAY, gray, moist, very soft to soft, micacous

Silt seam, little fine-grained sand, from 10.4' to 10.5'

SILT WITH SAND, some clay, gray, wet, very soft to soft, micacous

SILTY CLAY WITH SAND, gray, moist, very soft to medium

POORLY GRADED SAND WITH SILT, gray, moist, loose, fine-grained

SILTY CLAY, little sand, gray, wet, very soft to medium

POORLY GRADED SAND WITH SILT, gray, wet, very loose to loose,
fine-grained

SILTY CLAY, gray, moist, very soft

POORLY GRADED SAND WITH SILT, gray, moist, very loose,

591.1

589.9

583.4
583.0

580.4

577.9

575.8

574.9

572.9

571.4
570.9

A
GP

CL-
ML
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CL-
ML

ML

CL-
ML

SP-
SM

CL-
ML

SP-
SM

CL-
ML

100

100

100

60
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80

100

100

100

73

100

100

100

1.5

0.75

1

0.5

0.25

0.25

0.25

1

1.5

1.5

1.25

0

0.5

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

57.0'

41.7'

98.7'

SHEET 1208-ADC OF 4

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

4/24/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

591.4'

4/23/19

Stantec

572.4'

10

Johnson Co. Section 202 Study

N: 3833562.54556 E: 5775615.49239

3 1/4" ID HSA
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208-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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25

20

20.9

23.6

15:01
PID: 0.0/0.0

15:03
PID: 0.0/0.0

15:13
PID: 0.0/0.0

15:15
PID: 0.0/0.0
6 inch heave with augers changed

15:38
PID: 0.0/0.0

15:40
PID: 0.0/0.0

15:49
PID: 0.0/0.0

15:58
PID: 0.0/0.0

16:04
PID: 0.0/0.0

16:22
PID: 0.0/0.0

16:31
PID: 0.0/0.0

17:11
PID: 0.0/0.0

17:22
PID: 0.0/0.0

Augered to 43.0' as directed by
USACE to transition from continous to
2.5-foot sampling

Begin 4/24/19
9:43
PID: 0.0/0.0

8:04
PID: 0.0/0.0

8:15
PID: 0.0/0.0

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

fine-grained

SILTY CLAY, trace sand, gray, wet, very soft

POORLY GRADED SAND WITH SILT, trace organics, gray, moist to wet,
very loose, fine-grained

SILTY CLAY, little sand, trace organics, gray, moist, very soft to firm

POORLY GRADED SAND, gray, moist, loose, fine-grained

POORLY GRADED SAND WITH SILT, gray, moist, medium dense,
fine-grained

POORLY GRADED SAND, gray, moist, loose to medium dense,
fine-grained

POORLY GRADED SAND WITH CLAY, trace silt, gray, moist, loose,
fine-grained

POORLY GRADED SAND, little gravel, trace silt, gray to blueish gray,
moist, loose to medium dense, fine to coarse-grained

Trace coal fragments at 30.0'

Coal fragments from 40.1' to 40.5'

POORLY GRADED SAND WITH GRAVEL, gray to dark gray, moist,
medium dense to very dense, fine to coarse-grained

570.6
570.4
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BORING LOG (cont sheet) Hole No. 208-ADC
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208-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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11.9

11.8

8:26
PID: 0.0/0.0

8:55
PID: 0.0/0.0

9:08
PID: 0.0/0.0

9:31
PID: 0.0/0.0

RC-01: 58.3'-60.3'
2 minute run

RC-02: 60.3'-62.2'
2 minute run

RC-03: 62.2'-67.2'
3 minute run
MF at 64.6'

RC-04: 67.2'-72.2'
3 minute run
MF 68.1'

RC-05: 72.2'-77.2'
MF at 72.6'

30

31

32

33

POORLY GRADED SAND WITH GRAVEL, gray to dark gray, moist,
medium dense to very dense, fine to coarse-grained (continued)

Coal fragments from 50.6' to 50.8'

Blueish gray color from 55.8' to 56.2'

WEATHERED SHALE, gray, fine-grained, highly weathered, hard, friable

SHALE, gray, slightly weathered, unfractured to slightly fractured, very
fine-grained, soft, flat bedded, thin to medium bedding, fractures along
bedding planes
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JUNE 2000
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SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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RC-06: 77.2'-82.2'
4 minute run

Sandstone nodules from 78.8' to 79.1'

RC-07: 82.2'-87.2'
4 minute run

Sandstone lenses from 83.0' to 86.0'

RC-08: 87.2'-92.1'
4 minute run

HAF (90 deg) at 89.4'

Highly fractured 90.8'-91.4'

HAF (90 deg) from 91.4' to 91.5'
Highly fractured 91.5'-92.0'

RC-09: 92.1'-97.2'

Clay seam from 92.9' to 93.0'

RC-10: 97.2'-98.7'

DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 98.7 feet.

SHALE, gray, slightly weathered, unfractured to slightly fractured, very
fine-grained, soft, flat bedded, thin to medium bedding, fractures along
bedding planes (continued)

SHALE, gray, slightly to moderately weathered, slightly to moderately
fractured, fine-grained, soft, with frequent sandstone lenses

INTERBEDDED SANDSTONE AND SHALE (50%/50%), SANDSTONE:
gray, slightly weathered, slightly fractured, fine to medium-grained, hard
SHALE: gray, moderately weathered, slightly to moderately fractured,
fine-grained, soft, thin bedded

End of boring at 492.7 feet.
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BORING LOG (cont sheet) Hole No. 208-ADC
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ELEVATION TOP OF HOLE 591.4
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208-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
1a: 14:11
PID: 0.0/0.0
2a: 14:13
PID: 0.0/0.0
14:26
PID: 0.0/0.7

14:42
PID: 0.0/1.3

4a: 14:45
PID: 0.0/10.2
4b: 14:48
PID: 0.0/12.2

5a: 15:02
PID: 0.0/7.0
5b: 15:04
PID: 0.0/5.0

6a: 15:25
PID: 0.0/0.0
6b: 15:30
PID: 0.0/0.0

Drilling stopped after 10.2 PID reading
at 4.5'. Driller had advanced to 9.0'
prior to high reading at 14:45. At 18:25
a 3" spoon was driven from 5.0' to 7.0'
for Huntington USACE to test for
contaminations.  Material from offset
boring did not match original hole,
Huntington USACE took SPT-4 to test.

Bottom of hole at 9 feet.

1

2

3

4

5

6

TOPSOIL

POSSIBLE FILL: SILTY CLAY, little sand, little gravel, dark brown to
brown, moist, soft to medium

POSSIBLE FILL: LEAN CLAY, little sand, dark brown, moist, soft to firm

POSSIBLE FILL: LEAN CLAY, little gravel, dark brown to brown, moist,
medium to very firm

POSSIBLE FILL: POORLY GRADED SAND WITH SILT, tan to light
brown, moist, loose, fine-grained

POSSIBLE FILL: SILTY CLAY, little sand, trace gravel, dark brown,
moist, soft

POSSIBLE FILL: POORLY GRADED SAND WITH SILT, tan, moist, very
loose, fine-grained

POSSIBLE FILL: POORLY GRADED SAND WITH SILT, trace clay
lenses, brown, moist, very loose, fine-grained

End of boring at 589.1 feet.

597.6

595.1
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589.9

589.1
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87

80

0

0.25

0.5

0.5

0.25

0.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Donald Clements

N/A

N/A

9.0'

SHEET 1209-AD (Abandoned) OF 1

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

4/29/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

598.1'

4/29/19

Stantec

N/A

N/A

Johnson Co. Section 202 Study

N: 3833400.46878 E: 5775685.54802
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209-AD (Abandoned)
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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19.2

26.2

34.2

26.3

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

14:02
PID: 0.0/0.0

14:07
PID: 0.0/0.0

14:10
PID: 0.0/0.0

14:24
PID: 0.0/0.0

14:30
PID: 0.0/0.0

14:38
PID: 0.0/0.0

14:47
PID: 0.0/0.0

14:54
PID: 0.0/0.0

15:14
PID: 0.0/0.0

10a: 15:26
PID: 0.0/0.0
10b: 15:27
PID: 0.0/0.0

15:38
PID: 0.0/0.0

12a: 15:47

1

2

3

4

5

6

7

8

9

10

11

ASPHALT

CONCRETE (old foundation pad from water plant)

DENSE GRADED AGGREGATE (DGA)

SILTY CLAY WITH SAND, brown, moist, soft to medium

Gravel at 5.5'

LEAN CLAY, brown, moist to wet, soft

SILTY CLAY WITH SAND, brown to light brown, moist, very soft to soft

SILTY CLAY, little sand, brown to tanish brown, moist, very soft to soft

604.7

602.6

602.0

596.7

588.9

587.4

A

C

GP

CL-
ML

CL

CL-
ML

CL-
ML

93
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73

93
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100

100

100

100

67

0.75

1

0.75

1

0.5

0.5

0.5

0

0

0

0

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Donald Clements

72.8'

0.9'

73.7'

SHEET 1210-AD OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/2/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

605.2'

5/1/19

Stantec

574.2'

N/A

Johnson Co. Section 202 Study

N: 3833109.30991 E: 5775562.24971

3 1/4" ID HSA
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210-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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23.5

5.9

22.4

20

23.8

21.6

PID: 0.0/0.0
12b: 15:49
PID: 0.0/0.0

16:17
PID: 0.0/0.0

14a: 16:30
PID: 0.0/0.0
14b: 16:33
PID: 0.0/0.0

16:39
PID: 0.0/0.0

16:46
PID: 0.0/0.0

16:52
PID: 0.0/0.0

16:59
PID: 0.0/0.0

17:07
PID: 0.0/0.0

17:14
PID: 0.0/0.0

17:22
PID: 0.0/0.0

20:00
PID: 0.0/0.0
Augers charged with water prior to
starting SPT-22. 1.3' of heave in auger
End 5/1/19
Begin 5/2/19
9:17
PID: 0.0/0.0

4.4' of heave occured prior to driving
SPT-23, used 3" SS to clear

10:15
PID: 0.0/0.0
3.0' of blowback removed with 3" SS
prior to driving SPT-25

Augers charged with water prior to
advancing to next sampling interval

10:23
PID: 0.0/0.0

11:08
PID: 0.0/0.0

11:26
PID: 0.0/0.0

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

SILTY CLAY, little sand, brown to tanish brown, moist, very soft to soft
(continued)

POORLY GRADED SAND, trace silty clay lenses, brown to tanish brown,
moist, very loose to loose, fine-grained

SILTY CLAY WITH SAND, brown to dark brown, moist, medium

SILTY SAND, trace thin clay lenses, tan to orange brown, dry to moist,
loose to medium dense, fine to medium-grained

Frequent clay lenses from 34.7' to 35.5'

POORLY GRADED SAND, trace silty clay lenses, trace gravel, gray to
orange brown, moist, loose, fine to coarse-grained

POORLY GRADED SAND, little gravel, trace coal fragments, tan to
orange tan, moist, loose, fine to coarse-grained

POORLY GRADED SAND, trace very thin silty clay lenses, trace coal
fragments, grayish brown with black streaks, moist, medium dense,
fine-grained

POORLY GRADED SAND, trace gravel, light gray to tan, moist, medium
dense, fine to coarse-grained

Color changes to orange at 46.4'

No gravel from 47.5 to 50.0

583.6

581.7
581.2

569.7
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BORING LOG (cont sheet) Hole No. 210-AD
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2

ELEVATION TOP OF HOLE 605.2
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210-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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14

17.9

22.3

13.2

14.4

11:39
PID: 0.0/0.0

11:49
PID: 0.0/0.0

11:59
PID: 0.0/0.0

13:05
PID: 0.0/0.0

13:17
PID: 0.0/0.0

13:31
PID: 0.0/0.0

13:48
PID: 0.0/0.0

14:09
PID: 0.0/0.0

Bottom of hole at 73.7 feet.

29

30

31

32

33

34

35

36

POORLY GRADED SAND, trace gravel, light gray to tan, moist, medium
dense, fine to coarse-grained (continued)

POORLY GRADED SAND WITH GRAVEL, light gray to gray, moist,
medium dense, fine to coarse-grained

POORLY GRADED SAND, trace gravel, trace coal fragments, light gray
to gray, moist, medium dense, fine to coarse-grained

POORLY GRADED SAND, trace gravel, gray to light gray, moist, medium
dense, fine to coarse-grained

POORLY GRADED GRAVEL, little sand, trace coal fragments, gray to
dark gray, moist, dense to very dense, fine to coarse-grained, friable

SHALE, silty, dark gray, hard, laminated

End of boring at 531.5 feet.
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BORING LOG (cont sheet) Hole No. 210-AD
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3

ELEVATION TOP OF HOLE 605.2
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210-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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16.4

12.4

24.8

33.2

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

9:40
PID: 0.0/0.5

9:48
PID: 0.0/0.6

3a: 9:54
PID: 0.0/0.0
3b: 9:56
PID: 0.0/0.0

4a: 10:04
PID: 0.0/0.4
4b: 10:05
PID: 0.0/0.7

5a: 10:15
PID: 0.0/0.6
5b: 10:16
PID: 0.0/0.4

6a: 10:24
PID: 0.0/0.0
6b: 10:26
PID: 0.0/0.0

10:31
PID: 0.0/0.0

10:45
PID: 0.0/0.0

10:52
PID: 0.0/0.0

11:00
PID: 0.0/0.0

11:13
PID: 0.0/0.0

11:20
PID: 0.0/0.0

11:37
PID: 0.0/0.0

1
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4
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8

9

10

11

12

13

ASPHALT

DENSE GRADED AGGREGATE (DGA)

SILTY CLAY WITH SAND, trace gravel, dark brown to brown and tan,
moist, medium

POORLY GRADED SAND WITH SILT, trace very thin clay lenses, tan to
light brown, moist, loose, fine-grained

SILTY CLAY WITH SAND, brown to light brown, moist, medium

POORLY GRADED SAND WITH SILT, trace very thin to thin clay lenses,
light brown to tan, moist, loose, fine-grained

SILTY CLAY, little sand, brown to light brown, moist to wet, very soft to
medium

Gray mottling at 20.0'

605.4
605.2

598.7

597.7

596.9

595.7

A

GP
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ML

SP-
SM

CL-
ML

SP-
SM

CL-
ML

100

100

100

87

100

93
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0.75

0.25

0.75

0.25

0.25

0.5

1

1.25

1

0.75

0.5

0.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Donald Clements

73.9'

1.4'

75.3'

SHEET 1211-AD OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/1/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

606.2'

4/30/19

Stantec

572.6'

N/A

Johnson Co. Section 202 Study

N: 3833015.85144 E: 5775591.80707

3 1/4" ID HSA
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211-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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34.5

35.2

36.9

27.7

21.3

23.5

11:39
PID: 0.0/0.0

12:18
PID: 0.0/0.0

12:25
PID: 0.0/0.0

12:31
PID: 0.0/0.0

12:38
PID: 0.0/0.0

12:49
PID: 0.0/0.0

20a: 13:00
PID: 0.0/0.0
21b: 13:01
PID: 0.0/0.0

13:09
PID: 0.0/0.0

22a: 13:15
PID: 0.0/0.0
22b: 13:18
PID: 0.0/0.0

13:26
PID: 0.0/0.0

13:40
PID: 0.0/0.0

13:47
PID: 0.0/0.0

14:03
PID: 0.0/0.0

14:10
PID: 0.0/0.0
1.1' of heave removed from augers
prior to SPT-27

15:47
PID: 0.0/0.0

16:16
PID: 0.0/0.0

16:30
PID: 0.0/0.0

16:38
PID: 0.0/0.0

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

LEAN CLAY WITH SAND, and silt, gray to brownish gray with tan
mottling, wet, soft to medium

Orange brown medium-grained sand at 24.0'

POORLY GRADED SAND WITH SILT, trace very thin clay lenses, gray to
dark gray, wet, very loose to medium dense, fine-grained

WELL GRADED SAND WITH GRAVEL, trace wood organics, orange
gray to gray, wet, very loose to medium dense, fine to coarse-grained

SILTY CLAY, little sand, little gravel, dark gray to brownish gray, moist,
firm

POORLY GRADED SAND WITH SILT, trace very thin clay lenses, little
gravel, dark gray to gray, moist, loose to medium dense, fine to
coarse-grained

POORLY GRADED SAND WITH SILT, trace gravel, tan to light brown,
moist, medium dense, fine to coarse-grained

Silty clay lens from 48.2 to 48.3'

585.2

575.0

572.2

568.7

567.2

561.2

CL

SP-
SM

SW

CL-
ML

SP-
SM

SP-
SM

100

100

100

100

100

100

87

100

80

73

67

47

100

67

67

53

60

53

0.25

0

0.75

0.75

0.5

0.75

0.25

1

0.25

0.25

BORING LOG (cont sheet) Hole No. 211-AD

3 SHEETS
2

ELEVATION TOP OF HOLE 606.2
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211-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

0
1
2

0
0
2

0
0
2

0
1
1

1
2
3

0
1
2

0
2
4

3
4
7

1
2
1

2
4
9

2
2
2

2
4
5

2
4
5

2
5
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5
6
8

3
5
7

6
5
6

5
7

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48
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21.6

22.1

20.6

15

13.7

16:47
PID: 0.0/0.0

33a: 16:58
PID: 0.0/0.0
33b: 17:00
PID: 0.0/0.0

17:11
PID: 0.0/0.0

15:17
PID: 0.0/0.0

17:29
PID: 0.0/0.0

Begin 5/2/19
8:54
PID: 0.0/0.0

9:29
PID: 0.0/0.0
1.4' of heave removed from augers
prior to SPT-38

Boring backfilled with auger cuttings to
2.5', then filled with high strength
concrete (5000 psi) to top.  Borehole
collapsed to 46.5' after augers were
pulled

10:22
PID: 0.0/0.0

Bottom of hole at 75.3 feet.

32

33

34

35

36

37

38

39

POORLY GRADED SAND WITH SILT, trace gravel, tan to light brown,
moist, medium dense, fine to coarse-grained (continued)

POORLY GRADED SAND WITH SILT, trace silty clay lenses, some coal
fragments, moist to wet, loose to medium dense, fine to coarse-grained

POORLY GRADED SAND WITH GRAVEL, trace silty clay lenses, light
gray to gray, moist, loose to dense, fine to coarse-grained

Coal fragments present at 57.5'

SHALE, silty, gray to dark gray, laminated

End of boring at 530.9 feet.

556.2

552.9

532.3

530.9

SP-
SM

SP-
SM

SP

73

73

40

47

87

93

60

100

BORING LOG (cont sheet) Hole No. 211-AD

3 SHEETS
3

ELEVATION TOP OF HOLE 606.2
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211-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

10

2
3
5

4
6
4

5
6
5

3
4
5

8
5
19

10
24
26

10
11
17

50/4"

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76
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17.1

20.8

31.4

34.6

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

10:56
PID: 0.0/0.0

11:04
PID: 0.0/0.0

11:09
PID: 0.0/0.0

11:22
PID: 0.0/0.0

11:29
PID: 0.0/0.0

11:32
PID: 0.0/0.0

12:20
PID: 0.0/0.0

12:31
PID: 0.0/0.0

12:50
PID: 0.0/0.0

12:58
PID: 0.0/0.0

13:03
PID: 0.0/0.0

13:06
PID: 0.0/0.0

13:20
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

ASPHALT

DENSE GRADED AGGREGATE (DGA)

SILTY CLAY WITH SAND, brown, moist, soft to medium

Trace organics from 4.5' to 6.0'

LEAN CLAY, trace sand, tan to light brown, moist to wet, soft to medium

608.2
608.0

602.7

A

GP
CL-
ML

CL

73

80

93

100

80

87

100

93

100

100

100

93

100

0.5

0.5

0.5

1

1

1.25

1.25

1.25

1

0.75

1

0.75

1

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Donald Clements

N/A

N/A

61.5'

SHEET 1212-AD OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/6/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

608.7'

5/6/19

Stantec

585.8'

N/A

Johnson Co. Section 202 Study

N: 3832859.7553 E: 5775653.05662

3 1/4" ID HSA
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212-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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25.9

23.1

10.6

24.3

22.9

21.7

14a: 11:39
PID: 0.0/0.0
14b: 11:38
PID: 0.0/0.0

13:48
PID: 0.0/0.0

13:57
PID: 0.0/0.0

14:06
PID: 0.0/0.0
Augers charged with water prior to
advaning from 25.5'

18a: 14:17
PID: 0.0/0.0
18b: 14:19
PID: 0.0/0.0

14:27
PID: 0.0/0.0

14:35
PID: 0.0/0.0

14:42
PID: 0.0/0.0

22a: 15:22
PID: 0.0/0.0
22b: 15:24
PID: 0.0/0.0

15:36
PID: 0.0/0.0

24a: 15:38
PID: 0.0/0.0
24b: 15:40
PID: 0.0/0.0

25a: 15:49
PID: 0.0/0.0
25b: 15:51
PID: 0.0/0.0

26a: 15:58
PID: 0.0/0.0
26b: 16:00
PID: 0.0/0.0

16:18
PID: 0.0/0.0

17:19
PID: 0.0/0.0

17:25
PID: 0.0/0.0

17:39
PID: 0.0/0.0

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

LEAN CLAY, trace sand, tan to light brown, moist to wet, soft to medium
(continued)

SILTY CLAY, trace sand, tan to light brown, moist, medium

POORLY GRADED SAND, trace silty clay lenses, light brown to brown,
moist, loose, fine-grained

SILTY CLAY WITH SAND, tan to light brown, moist, medium

SANDY SILT, little clay, tan to light brown, moist to wet, medium to firm

POORLY GRADED SAND, trace clay lenses, tan to light brown, moist,
medium dense, fine-grained

POORLY GRADED SAND, trace coal fragments, orange brown, wet,
loose to medium dense, fine to medium-grained

LEAN CLAY, little sand lenses, little gravel, gray to orange brown, moist
to wet, firm

SILTY CLAY WITH GRAVEL, little sand, moist, firm

LEAN CLAY WITH SAND, some gravel lenses, gray to orange brown,
moist to wet, firm

SILTY SAND, little coal fragments, trace clay, trace gravel, tan to orange
brown, moist, loose to medium dense, fine to coarse-grained

POORLY GRADED SAND, little gravel, orange tan to tan, moist, loose,
fine to coarse-grained

586.5
586.2

584.7

580.8

578.7

574.9

571.9

571.2

570.2

568.8

561.2

CL

CL-
ML
SP

CL-
ML

ML

SP

SP

CL

CL-
ML

CL

SM

SP

100

100

93

67

87

67

53

47

67

40

73

67

73

53

33

47

33

0.5

0.25

0.25

0

0.5

0.25

BORING LOG (cont sheet) Hole No. 212-AD

3 SHEETS
2

ELEVATION TOP OF HOLE 608.7
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212-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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1
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27.6

23.9

19.1

17:45
PID: 0.0/0.0

17:52
PID: 0.0/0.0

33a: 18:06
PID: 0.0/0.0
33b: 18:09
PID: 0.0/0.0

18:14
PID: 0.0/0.0

18:24
PID: 0.0/0.0

Bottom of hole at 61.5 feet.

31

32

33

34

35

POORLY GRADED SAND, little gravel, orange tan to tan, moist, loose,
fine to coarse-grained (continued)

POORLY GRADED SAND, trace silty clay lenses, trace coal tragments,
trace gravel, light gray to dark gray, moist, loose to medium dense, fine to
coarse-grained

Gravel from 55.0' to 55.7'

Trace gravel at 60.5'

End of boring at 547.2 feet.

558.7

547.2

SP

SP

73

73

87

47

73

BORING LOG (cont sheet) Hole No. 212-AD

3 SHEETS
3

ELEVATION TOP OF HOLE 608.7
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212-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

5

4
4
5

2
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5

3
6
6

4
5
6

3
10
14

49

50

51

52

53

54

55
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62
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18.1

12.2

10.7

21.1

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

9:40
PID: 0.0/0.0

9:57
PID: 0.0/0.0

10:02
PID: 0.0/0.0

10:09
PID: 0.0/0.0

10:16
PID: 0.0/0.0

10:27
PID: 0.0/0.0

10:45
PID: 0.0/0.0

10:53
PID: 0.0/0.0

11:12
PID: 0.0/0.0

11:20
PID: 0.0/0.0

11a: 11:34
PID: 0.0/0.0
11b: 11:36
PID: 0.0/0.0

12a: 11:40
PID: 0.0/0.0
12b: 11:41
PID: 0.0/0.0

13a: 11:51
PID: 0.0/0.0
13b: 11:51
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

ASPHALT

DENSE GRADED AGGREGATE (DGA)

SILTY CLAY, little sand, trace gravel, trace coal fragments, tannish brown
to light brown, moist, medium

POORLY GRADED SAND, trace silt, trace silty clay lenses, tan to light
brown, moist, loose, fine-grained

SILTY CLAY, little sand lenses, tan to light brown, moist, medium

POORLY GRADED SAND, trace very thin silty clay lenses, tan to light
brown, moist, loose, fine-grained

SILTY CLAY, little sand lenses, light brown to brown, moist, soft

POORLY GRADED SAND, trace silty clay lenses, light brown to tan,
moist, very loose, fine-grained

614.6
614.5

608.7

598.0

596.1
595.6

594.9

A

GP
CL-
ML

SP

CL-
ML

SP

CL-
ML

SP

87

60

100

93

100

73

100

87

100

100

100

100

100

0.75

1

1.25

0.5

0.5

0.75

0.75

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Donald Clements

N/A

N/A

61.5'

SHEET 1213-AD OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/7/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

615.1'

5/7/19

Stantec

589.0'

N/A

Johnson Co. Section 202 Study

N: 3832491.9391 E: 5775681.11234

3 1/4" ID HSA
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213-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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21.9

28.7

20.2

20

21.1

22.3

14a: 13:22
PID: 0.0/0.0
14b: 13:22
PID: 0.0/0.0

13:32
PID: 0.0/0.0

13:39
PID: 0.0/0.0

13:45
PID: 0.0/0.0

13:50
PID: 0.0/0.0

14:03
PID: 0.0/0.0

14:13
PID: 0.0/0.0

14:24
PID: 0.0/0.0

14:30
PID: 0.0/0.0

14:46
PID: 0.0/0.0

14:52
PID: 0.0/0.0

15:01
PID: 0.0/0.0

26a: 15:11
PID: 0.0/0.0
26b: 15:14
PID: 0.0/0.0

15:23
PID: 0.0/0.0

15:34
PID: 0.0/0.0

29a: 15:56
PID: 0.0/0.0
29b: 15:59
PID: 0.0/0.0

30a: 16:07
PID: 0.0/0.0
30b: 16:09

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

POORLY GRADED SAND, trace silty clay lenses, light brown to tan,
moist, loose, fine-grained

SILTY CLAY, little sand lenses, light brown to brown, moist, soft to
medium

LEAN CLAY, little silt, trace sand, trace gravel, light brown with gray and
reddish orange mottling, moist, soft

SILTY SAND, trace clay lenses, tan to orange brown, moist to wet, very
loose, fine to medium-grained

LEAN CLAY, little silt, moist, gray, medium

SILTY CLAY, little sand lenses, gray to orange brown, moist, medium to
firm

SILTY SAND, orange to tan, moist, loose, fine to medium-grained

LEAN CLAY, little silt, dark gray, moist to wet, firm

SILTY SAND, tan to orange tan, wet, loose to medium dense, fine to
medium-grained

Color changes to orange brown at 41.0'

Trace coal fragments at 41.7'

SILTY CLAY WITH SAND, trace gravel, light gray to gray, moist, medium
to very firm

POORLY GRADED SAND, grayish tan to orange brown, wet, medium
dense, fine to medium-grained

SILTY CLAY WITH SAND, light gray to gray, moist, medium

594.1

592.6

588.1

584.3

583.6
583.3

580.6

576.1

574.9

572.6

568.9

567.6

SP

CL-
ML

CL

SM

CL
CL-
ML

SM

CL

SM

CL-
ML

SP

CL-
ML

100

93

100

100

60

87

100

100

67

53

47

47

67

87

80

60

67

0.5

0.25

0.5

0.5

0.25

0.5

0.25

0.25

0.25

0.75

0.25

1.75

0.5

BORING LOG (cont sheet) Hole No. 213-AD

3 SHEETS
2

ELEVATION TOP OF HOLE 615.1
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213-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID
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22

21.9

21

PID: 0.0/0.0

16:15
PID: 0.0/0.0

16:27
PID: 0.0/0.0

16:27
PID: 0.0/0.0

16:49
PID: 0.0/0.0

35a: 17:03
PID: 0.0/0.0
35b: 17:05
PID: 0.0/0.0

Boring backfilled on 5-7-19. Collapsed
to 21.1', auger cuttings to 2.5' then
high strength (5000 psi) concrete to top

Bottom of hole at 61.5 feet.

31

32

33

34

35

POORLY GRADED SAND, trace gravel, trace coal fragments, tan to
orange tan with black streaks, moist, loose to medium dense, fine to
coarse-grained (continued)

POORLY GRADED SAND WITH GRAVEL, trace coal fragments, light
gray, moist, medium dense, fine to coarse-grained

End of boring at 553.6 feet.

566.5

554.0
553.6

SP
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BORING LOG (cont sheet) Hole No. 213-AD
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213-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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ST-01: 11.0'-13.0'
Down Pressure = 200 psi
Time Pushed = 8:20
Time Pulled = 8:35
Used Piston Sampler

1

ASPHALT

GRAVEL

OVERBURDEN, see log for 214-ADC

SILTY SAND, trace clay, brown, moist, fine to medium-grained

OVERBURDEN, see log for 214-ADC

615.3
614.9

604.8

602.8

A

GP

SM

70

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

25.0'

SHEET 1214-A OF 2

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/2/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

615.8'

5/2/19

Stantec

N/A

N/A

Johnson Co. Section 202 Study

N: 3832383.6926 E: 5775708.8321

3 1/4" ID HSA
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214-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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ST-02: 23.0'-25.0'
Down Pressure = 50 psi
Time Pushed = 8:58
Time Pulled = 9:20

Bottom of hole at 25 feet.

2

OVERBURDEN, see log for 214-ADC (continued)

SILTY CLAYEY SAND, brown, moist, fine-grained

End of boring at 590.8 feet.

592.8

590.8

SC-
SM

65

BORING LOG (cont sheet) Hole No. 214-A
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214-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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9.2

13.4

12.9

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

11:15
PID: 0.0/0.0
Bulk samples taken from 1.5' to 10.5'
and 1.5' to 12.0'

2a: 11:17
PID: 0.0/0.0
2b: 11:18
PID: 0.0/0.0

11:20
PID: 0.0/0.0

11:28
PID: 0.0/0.0

11:33
PID: 0.0/0.0

6a: 11:38
PID: 0.0/0.0
6b: 11:39
PID: 0.0/3.4

11:41
PID: 0.0/0.0

12:12
PID: 0.0/0.0

12:20
PID: 0.0/0.0

12:20
PID: 0.0/0.0

11a: 12:35
PID: 0.0/0.0
11b: 12:36
PID: 0.0/0.0

12:41
PID: 0.0/0.0

12:58
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

ASPHALT

GRAVEL

POORLY GRADED SAND, brown, moist, loose, fine-grained

POORLY GRADED SAND WITH CLAY, brown, moist, loose, fine-grained

POORLY GRADED SAND, brown, moist, very loose, fine-grained

SILTY CLAYEY SAND, brown, moist, very loose, fine-grained

POORLY GRADED SAND WITH SILT, brown, moist, very loose,
fine-grained

POORLY GRADED SAND WITH CLAY, brown, moist, very loose to
loose, fine-grained

615.7
615.5

613.2
612.7

606.2
605.7

598.4

A

GP
SP

SP-
SC
SP

SC-
SM
SP-
SM

SP-
SC

100

100

60

93

80

93

100

80

73

100

100

100

100

0.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

83.3'

10.7'

94.0'

SHEET 1214-ADC OF 4

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/1/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

616.2'

4/30/19

Stantec

579.2'

3

Johnson Co. Section 202 Study

N: 3832367.08305 E: 5775715.60177

3 1/4" ID HSA
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214-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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31.8

38.7

33.3

24.1

35.4

19a 13:11
PID: 0.0/0.0
19b: 13:12
PID: 0.0/0.0

15a: 13:15
PID: 0.0/0.0
15b: 13:16
PID: 0.0/0.0

16a: 13:34
PID: 0.0/0.0
16b: 13:35
PID: 0.0/0.0

13:42
PID: 0.0/0.0

18a: 14:00
PID: 0.0/0.0
18b: 14:01
PID: 0.0/0.0
18c: 14:03
PID: 0.0/0.0
14:12
PID: 0.0/0.0

20a: 14:18
PID: 0.0/0.0
20b: 14:19
PID: 0.0/0.0

14:22
PID: 0.0/0.0

14:34
PID: 0.0/0.0

14:55
PID: 0.0/0.0

12:49
PID: 0.0/0.0

15:08
PID: 0.0/0.0

15:15
PID: 0.0/0.0
Augers charged with water from
heaving soils at 39.0'

15:34
PID: 0.0/0.0

28a: 15:40
PID: 0.0/0.0
28b: 15:41
PID: 0.0/0.0

29a: 16:05
PID: 0.0/0.0
29b: 16:09
PID: 0.0/0.0

30a: 16:12
PID: 0.0/0.0
30b: 16:13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

SILTY CLAY WITH SAND, brown with red mottling, moist, soft

POORLY GRADED SAND, brown, moist, very loose to loose,
fine-grained

SILTY CLAY WITH SAND, brown, moist, very soft to medium

SILTY CLAY WITH SAND, brown with gray mottling, moist, very soft to
soft

SILTY SAND, little clay, brown, wet, very loose, fine-grained

SILT, trace clay, trace sand, gray, wet, very soft

SILTY CLAY WITH SAND, gray, moist, very soft

SANDY SILT, gray and brown, moist, very soft

SILTY CLAY WITH SAND, gray, wet, very soft to soft

Organics at 34.0'

SILTY SAND, trace clay, brown, wet, very loose, fine to medium-grained

CLAYEY SAND, little silt, gray, moist, very loose, fine-grained

LEAN CLAY, little sand, little organics, gray with red mottling, moist, very
soft

POORLY GRADED SAND WITH CLAY, gray, wet, loose, fine-grained

CLAYEY SAND, trace organics, gray with red mottling, wet, loose, fine to
medium-grained

WELL GRADED SAND, reddish brown mottled with gray and black,
moist, very loose to medium dense, fine to medium-grained

LEAN CLAY WITH SAND, gray, moist, firm

POORLY GRADED SAND WITH CLAY, reddish brown to dark reddish
brown, wet, loose, fine to medium-grained

SILTY CLAY, gray, moist, soft to medium

Sand and clay seam from 47.4' to 47.8'

SILTY CLAY WITH SAND, gray, moist, soft to medium

594.6
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BORING LOG (cont sheet) Hole No. 214-ADC
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214-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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20

19.7

19.3

19.2

PID: 0.0/0.0

31a: 16:53
PID: 0.0/0.0
31b: 16:58
PID: 0.0/0.0

17:07
PID: 0.0/0.0

17:19
PID: 0.0/0.0

17:41
PID: 0.0/0.0

Begin 5/1/19
8:13
PID: 0.0/0.0

8:17
PID: 0.0/0.0

8:22
PID: 0.0/0.0

8:38
PID: 0.0/0.0

31

32

33

34

35

36

37

38

SILTY CLAY WITH SAND, gray, moist, soft to medium (continued)

POORLY GRADED SAND, brown, moist to wet, very dense, fine-grained

POORLY GRADED SAND WITH GRAVEL, trace clay nodules, gray, dry
to moist, loose to very dense, fine to coarse-grained

566.7

565.1

CL-
ML
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BORING LOG (cont sheet) Hole No. 214-ADC
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214-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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1.2

9:41
PID: 0.0/0.0

RC-01: 83.4'-86.6'
3 minute run
Borehole measured 85.2' after RC-01
was removed from hole, slipped 1.4',
picked up in RC-02

Many mechanical fractures throughout
rock

RC-02: 86.6'-90.3'
4 minute run
Picked up slip from previous run

HAF (90 deg) from 89.7' to 89.9'

RC-03: 90.3'-94.0'
4 minute run

DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 94 feet.

39

POORLY GRADED SAND WITH GRAVEL, trace clay nodules, gray, dry
to moist, loose to very dense, fine to coarse-grained (continued)

SHALE, gray, unweathered to slightly weathered, very slightly to slightly
fractured, very fine-grained, soft

End of boring at 522.2 feet.

97

100

100

44

19

65

3.2

3.7

3.7

532.9

522.2

ROCK

ROCK

ROCK

1
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SP

100

BORING LOG (cont sheet) Hole No. 214-ADC
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ELEVATION TOP OF HOLE 616.2
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214-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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12.7

23.1

29.4

25.5

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
1a: 10:18
PID: 0.0/0.0
1b: 10:19
PID: 0.0/0.0
2a: 10:25
PID: 0.0/0.0
2b: 10:26
PID: 0.0/0.0
3a: 10:37
PID: 0.0/0.0
3b: 10:38
PID: 0.0/0.0

10:40
PID: 0.0/0.0
Bulk sample taken from 5.0' to 9.0'

10:45
PID: 0.0/0.0

6a: 10:57
PID: 0.0/0.0
6b: 10:57
PID: 0.0/0.0

7a: 11:05
PID: 0.0/0.0
7b: 11:06
PID: 0.0/0.0
7c: 11:07
PID: 0.0/0.0
11:14
PID: 0.0/0.0

11:19
PID: 0.0/0.0

11:24
PID: 0.0/0.0

11:29
PID: 0.0/0.0

12a: 11:37
PID: 0.0/0.0
12b: 11:45
PID: 0.0/0.0

13a: 11:44
PID: 0.0/0.0
13b: 11:45
PID: 0.0/0.0

14a: 11:51
PID: 0.0/0.0
14b: 11:52
PID: 0.0/0.7
14c: 11:53

1

2

3

4

5

6

7

8

9

10

11

12

13

14

TOPSOIL

FILL: POORLY GRADED GRAVEL WITH SILTY CLAY, trace coal
fragments, light brown to brown, moist, loose to medium dense, fine to
coarse-grained

FILL: LEAN CLAY WITH GRAVEL, little sand, light brown to orange
brown, moist, medium to firm

FILL: LEAN CLAY, light orange brown with light gray mottling, moist,
medium to firm

Trace coal fragments at 6.0'

FILL: LEAN CLAY WITH GRAVEL, little brick fragments, dark gray, moist,
firm

FILL: POORLY GRADED GRAVEL, trace sand lenses, trace silty clay
lenses, trace brick and wood fragments, light brown to black, moist, loose
to medium dense, fine-grained

LEAN CLAY, trace wood fragments, gray to brownish gray, moist, soft to
medium

Trace gravel vugs from 16.2' to 16.3'

LEAN CLAY, trace sand, orange tan to light gray mottling, moist, medium
to firm

POORLY GRADED SAND, light gray, moist, medium dense, fine-grained

607.0

605.3

604.1

599.8
599.3

598.1

590.6

587.0

T
F

F

F

F

F

CL

CL

SP

80

87

100

100

73

100

100

60

100

100

100

100

93

100

2

3

2.75

2.75

2

2

1.5

1

1.25

1.75

2.25

2.5

1.75

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

57.7'

0.7'

58.4'

SHEET 1215-AD OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

7/17/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

607.3'

7/17/19

Stantec

585.4'

N/A

Johnson Co. Section 202 Study

N: 3837349.4 E: 5764818.1

3 1/4" ID HSA
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215-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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23.1

20.1

24.8

27

19.2

24.3

PID: 0.0/0.7
15a: 12:04
PID: 0.0/0.0
15b: 12:05
PID: 0.0/0.0
16a: 12:55
PID: 0.0/0.0
16b: 12:56
PID: 0.0/0.0
Augers charged with water at 24.0'
17a: 13:05
PID: 0.0/0.0
17b: 13:06
PID: 0.0/0.0

13:11
PID: 0.0/0.0

13:19
PID: 0.0/0.0

13:25
PID: 0.0/0.0

13:30
PID: 0.0/0.0

13:36
PID: 0.0/0.0

13:41
PID: 0.0/0.0

24a:13:53
PID: 0.0/0.0
24b: 13:54
PID: 0.0/0.0

14:03
PID: 0.0/0.0

26a: 14:12
PID: 0.0/0.0
26b: 14:13
PID: 0.0/0.0

14:18
PID: 0.0/0.0

14:27
PID: 0.0/0.0

14:50
PID: 0.0/0.0

30a: 15:05
PID: 0.0/0.0
30b: 15:06
PID: 0.0/0.0

15:11
PID: 0.0/0.0

15

16

17

18

19

20
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22

23

24

25

26

27

28

29

30

31

SILTY CLAY, trace sand, orange brown, moist, loose to medium dense
(continued)

WELL GRADED SAND, trace gravel, tan to light gray, moist, loose to
medium dense, fine to coarse-grained

WELL GRADED SAND, trace silt, tan to light brown, wet, loose to
medium dense, fine to medium-grained

POORLY GRADED SAND, little gravel, trace silt, light gray to gray, wet,
loose to medium dense, fine to coarse-grained
Silt lens from 24.6' to 24.7'

POORLY GRADED SAND WITH GRAVEL, gray, moist, loose, fine to
coarse-grained

SILTY SAND, trace clay, trace coal fragments, gray to light gray, moist,
loose, fine to coarse-grained

POORLY GRADED SAND, little gravel, little coal fragments, light gray to
black, moist, loose, fine to coarse-grained
Abundant coal fragments from 35.1' to 35.4'

POORLY GRADED SAND, trace coal fragments, gray to tanish gray, wet,
medium dense, fine-grained

Silt lens from 38.2' to 38.3'

POORLY GRADED SAND, little gravel, gray to light gray, moist, medium
dense, fine to coarse-grained

WELL GRADED SAND WITH GRAVEL, gray to tannish gray, wet,
medium dense, fine to coarse-grained

SILTY SAND, trace clay, trace gravel, trace coal fragments, gray to dark
gray, moist, loose to medium dense, fine to coarse-grained

SILT WITH SAND, gray to dark gray, moist, medium to firm

POORLY GRADED SAND, light gray to tannish gray, wet, medium
dense, fine-grained
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BORING LOG (cont sheet) Hole No. 215-AD
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2

ELEVATION TOP OF HOLE 607.3
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215-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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27.9

21.6

15:18
PID: 0.0/0.0

15:27
PID: 0.0/0.0

15:40
PID: 0.0/0.0

35a: 16:02
PID: 0.0/0.0
35b: 15:03
PID: 0.0/0.0

Boring backfilled with auger cuttings

Bottom of hole at 58.4 feet.

32

33

34

35

POORLY GRADED SAND, light gray to tannish gray, wet, medium
dense, fine-grained (continued)

SILTY SAND, gray to light gray, moist, loose, fine-grained

POORLY GRADED SAND WITH SILT, gray to dark gray, moist, loose to
very dense, fine-grained

SHALE AND SANDSTONE, light gray to gray, sandstone is very fine to
fine-grained, shale is silty, thinly laminated

End of boring at 548.9 feet.

557.3

552.3

549.6

548.9
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BORING LOG (cont sheet) Hole No. 215-AD
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3

ELEVATION TOP OF HOLE 607.3
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215-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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22.3

28

26.1

30.8

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

10:57
PID: 0.0/0.0

10:59
PID: 0.0/0.0

3a: 11:05
PID: 0.0/0.0
3b: 11:06
PID: 0.0/0.0

11:12
PID: 0.0/0.0

11:14
PID: 0.0/0.0

11:19
PID: 0.0/0.0

Bulk sample taken from 10.0' to 15.0'

11:24
PID: 0.0/0.0

11:29
PID: 0.0/0.0

11:35
PID: 0.0/0.0

10a: 11:41
PID: 0.0/0.0
10b: 11:42
PID: 0.0/0.0

11:51
PID: 0.0/0.0

13:03
PID: 0.0/0.0
Augers charged with water prior to
advancing from 18.0'

13a: 13:07
PID: 0.0/0.0
13b: 13:08
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

ASPHALT

DENSE GRADED AGGREGATE (DGA)

FILL: LEAN CLAY WITH GRAVEL, dark gray to black, moist, medium

Brick fragments at 3.0'

LEAN CLAY, trace sand, light brown to tan with light gray mottling, moist,
very soft to medium

Increase in fine-grained sand at 13.5'

POORLY GRADED SAND, trace silty clay lenses, light brown to tan,
moist to wet, very loose, fine-grained

SANDY LEAN CLAY, light brown to tan with light gray mottling, wet, soft

POORLY GRADED SAND, tan to light brown, wet, very loose,
fine-grained

601.8
601.6

597.1

586.4

584.4

583.8

581.9

A

GP
F

CL

SP

CL

SP

87

73

60

67

80

93

93

100

100

100

100

100

80

1

1.5

2.75

1.25

1.25

1

1

0.75

0.25

0.75

0.5

0.25

0.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Greg Thompson

64.1'

11.5'

75.6'

SHEET 1216-ADC OF 4

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/21/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

602.4'

5/20/19

Stantec

586.4'

3

Johnson Co. Section 202 Study

N: 3833270.8401 E: 5773962.19911

3 1/4" ID HSA
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216-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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34.5

31.6

22.1

21

22.4

14a: 13:17
PID: 0.0/0.0
14b: 13:18
PID: 0.0/0.0

13:21
PID: 0.0/0.0

13:30
PID: 0.0/0.0

13:33
PID: 0.0/0.0

13:37
PID: 0.0/0.0

13:50
PID: 0.0/0.0

13:53
PID: 0.0/0.0

13:58
PID: 0.0/0.0

14:06
PID: 0.0/0.0

14:12
PID: 0.0/0.0

14:23
PID: 0.0/0.0

14:29
PID: 0.0/0.0

14:35
PID: 0.0/0.0

14:43
PID: 0.0/0.0

14:55
PID: 0.0/0.0

15:03
PID: 0.0/0.0

15:47
PID: 0.0/0.0

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

SILTY CLAY WITH SAND, brown to light brown with gray mottling, wet,
very soft to medium (continued)

POORLY GRADED SAND, trace very thin clay lenses, orange to orange
brown, wet, loose, fine to medium-grained

Color changes to light gray at 25.3'

POORLY GRADED SAND WITH SILT, trace clay lenses, trace organics,
light gray to gray, wet, very loose, fine-grained

SILTY SAND, trace clay, trace organics, gray to light gray, wet, very
loose, fine to medium-grained

SANDY SILT, trace wood organics, light gray to gray, wet, medium

POORLY GRADED SAND, trace gravel, trace wood fragments, light gray
to gray, wet, loose, fine to coarse-grained

POORLY GRADED SAND WITH GRAVEL, light gray to gray, wet,
medium dense, fine to coarse-grained

SILTY CLAY, trace sand, greenish gray, moist, medium to firm

Gravel from 35.6' to 35.7'

Trace gravel, trace sand from 39.2' to 39.4'

Sand lens from 43.1' to 43.2'

SILTY CLAY WITH SAND, greenish gray to gray, moist, medium

580.7
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0.75
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1
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BORING LOG (cont sheet) Hole No. 216-ADC

4 SHEETS
2

ELEVATION TOP OF HOLE 602.4
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216-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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22.9

15.7

15:54
PID: 0.0/0.0

16:05
PID: 0.0/0.0

33a: 16:10
PID: 0.0/0.0
33b: 16:12
PID: 0.0/0.0

16:20
PID: 0.0/0.0

16:35
PID: 0.0/0.0

16:46
PID: 0.0/0.0
RC-01: 64.8'-65.5'
1 minute run
WR = 90%-100%
WC = Gray to Dark Gray
DP = 300 psi
RC-02: 65.5'-70.4'
1 minute run
WR = 90%-100%
WC = Gray to Dark Gray
DP = 300 psi
MF at 65.6'-66.6', 65.7', 66.1', 66.7',
67.7', 68.0', 68.3'-68.4', 69.9', 70.2'

RC-03: 70.4'-75.6'
1 minute run
WR = 90%-100%
WC = Gray to Dark Gray
DP = 300 psi
MF at 71.1', 71.3', 71.5', 71.8', 72.0'
72.2', 72.3', 72.5', 72.8', 73.0', 73.2',
74.4', 74.7'-74.8', 74.9', 75.1', 75.3'

DP = Down Pressure
HAF = High Angle Fracture

31

32

33

34

35

36

SILTY CLAY WITH SAND, greenish gray to gray, moist, medium
(continued)

SANDY SILT, little clay lenses, greeenish gray to gray, moist, medium to
hard

POORLY GRADED SAND WITH GRAVEL, gray to dark gray, moist,
dense, fine to coarse-grained

WELL GRADED GRAVEL WITH SAND, gray, moist, very dense, fine to
coarse-grained

SHALE, gray to dark gray, highly weathered, highly fractured to broken,
silty, laminated

SHALE, gray to dark gray, moderately weathered, very slightly to
moderately fractured, very fine-grained, soft, flat bedding with fractures
along bedding planes, silty with clay laminations

End of boring at 526.8 feet.
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BORING LOG (cont sheet) Hole No. 216-ADC
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216-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

3

0
2
3

2
2
4

7
14
20

17
24
24

22
25

50/2"

50/5"

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

73|Page Volume 2 Tab 2 Geotechnical



LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 75.6 feet.

BORING LOG (cont sheet) Hole No. 216-ADC
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ELEVATION TOP OF HOLE 602.4

1. PROJECT Johnson Co. Section 202 Study
SHEET
OF

S
A

M
P

LE
 T

Y
P

E

D
E

P
T

H
 S

C
A

LE

M
O

IS
T

U
R

E
 %

REMARKS

S
A

M
P

LE
 #CLASSIFICATION

OF MATERIALS

R
Q

D
 %

ELEVATION

B
LO

W
S

 / 
6-

IN
C

H

U
S

C
S

 C
LA

S
S

LE
G

E
N

D

R
E

C
O

V
E

R
Y

 %

P
E

N
E

T
R

O
M

E
T

E
R

(T
S

F
)

216-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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10.2

19.4

22.1

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

8:50
PID: 0.0/0.0

8:57
PID: 0.0/0.0

9:05
PID: 0.0/0.0

9:00
PID: 0.0/0.0

5a: 9:12
PID: 0.0/0.0
5b: 9:13
PID: 0.0/0.0

9:18
PID: 0.0/0.0

No recovery, drill advanced to 12.0'
prior to opening spoon

9:28
PID: 0.0/0.0

9:31
PID: 0.0/0.0

9:38
PID: 0.0/0.0

9:4
PID: 0.0/0.0

12a: 10:0
PID: 0.0/0.0
12b: 10:03
PID: 0.0/0.0
12c: 10:04
PID: 0.0/0.0
10:11
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

ASPHALT

DENSE GRADED AGGREGATE (DGA)

FILL: LEAN CLAY WITH GRAVEL, little brick and coal fragments, dark
brown, moist, medium to very firm

Color grades to brown at 5.0'

FILL: POORLY GRADED GRAVEL WITH SAND, light gray, moist, loose
to medium dense, fine-grained

SILTY CLAY, trace sand, light brown to tan, moist, very soft to medium

POORLY GRADED SAND WITH SILT, light brown to tan, wet, very loose,
fine-grained

SILTY CLAY, little silty sand lenses, light brown to tan, wet, very soft to
soft

607.3
607.0

599.3

595.9

589.4
589.0

A

GP
F

F

CL-
ML

SP-
SM
CL-
ML

60

73

100

67

67

60

0

60

73

80

100

100

100

1.25

2

2

2

1.25

1

1

0.25

0.25

0.25

0.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Greg Thompson

70.5'

0.6'

71.1'

SHEET 1217-AD OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/14/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

607.9'

5/14/19

Stantec

592.5'

N/A

Johnson Co. Section 202 Study

N: 3833445.35878 E: 5773631.83658

3 1/4" ID HSA
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217-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

4
3
2

3
3
3

4
4
4

5
6
15

20
17
11

14
9
7

3
2
3

3
2
3

1
2
2

1
1
1

0
0
1

0
1
1

0
0
0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

75|Page Volume 2 Tab 2 Geotechnical



30.6

25

22.1

26.7

22.7

10:18
PID: 0.0/0.0
Water added to augers prior to
advancing past 21.0'

10:28
PID: 0.0/0.0

16a: 10:31
PID: 0.0/0.0
16b: 10:31
PID: 0.0/0.0

10:37
PID: 0.0/0.0

10:44
PID: 0.0/0.0

19a: 10:54
PID: 0.0/0.0
19b: 10:54
PID: 0.0/0.0

20a: 11:01
PID: 0.0/0.0
20b: 11:02
PID: 0.0/0.0

21a: 11:11
PID: 0.0/0.0
21b: 11:11
PID: 0.0/0.0

11:16
PID: 0.0/0.0

11:21
PID: 0.0/0.0

11:27
PID: 0.0/0.0

25a: 11:36
PID: 0.0/0.0
25b: 11:37
PID: 0.0/0.0

11:42
PID: 0.0/0.0

11:49
PID: 0.0/0.0

12:50
PID: 0.0/0.0

13:05
PID: 0.0/0.0

13:15
PID: 0.0/0.0

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

SILT WITH SAND, and very thin clay lenses, light brown to tan, wet, very
soft to soft

POORLY GRADED SAND WITH SILT, trace very thin clay lenses, light
brown to tan, wet, very loose, fine-grained

SILT WITH SAND, trace clay lenses, tan to light brown, moist, soft

Color grades to orange brown at 28.1'

POORLY GRADED SAND WITH SILT, light brown to tan, wet, medium
dense, fine-grained

POORLY GRADED SAND WITH SILT, white to light gray, wet, medium
dense, fine-grained

SILTY SAND, trace clay, trace gravel, tan to brown, wet, loose to medium
dense, fine to medium-grained

POORLY GRADED SAND, trace gravel, white to gray, wet, loose to
medium dense, fine to coarse-grained
Color grades from light brown to white and gray a 31.0'

WOOD, dark brown to black, contains odor

POORLY GRADED SAND WITH GRAVEL, gray to dark gray, wet, loose,
fine to coarse-grained

POORLY GRADED SAND, trace gravel, moist, loose to medium dense,
fine to coarse-grained

LEAN CLAY, some silt, grayish brown, moist, very soft to medium

Fine sand lenses from 45.5' to 45.6', 46.0' to 46.1'

586.9

583.0

580.9

579.4

578.2
577.9

577.0

575.4
574.9

571.9

569.3

ML

SP-
SM

ML

SP-
SM

SP-
SM
SM

SP

Wd

SP

SP

CL

100

93

100

87

100

100

100

100

27

53

87

80

73

20

100

100

100

0

0.5

0.5

0

0.5

0

0.5

BORING LOG (cont sheet) Hole No. 217-AD

3 SHEETS
2

ELEVATION TOP OF HOLE 607.9
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217-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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24.2

23.9

15.4

13.2

13:24
PID: 0.0/0.0

13:33
PID: 0.0/0.0

13:44
PID: 0.0/0.0

14:00
PID: 0.0/0.0

14:15
PID: 0.0/0.0

14:18
PID: 0.0/0.0

14:27
PID: 0.0/0.0

38a: 14:40
PID: 0.0/0.0
38b: 14:42
PID: 0.0/0.0

39a: 14:57
PID: 0.0/0.0
39b: 14:58
PID: 0.0/0.0

Bottom of hole at 71.1 feet.

31

32

33

34

35

36

37

38

39

Trace gravel from 48.6' to 49.0'
LEAN CLAY, some silt, grayish brown, moist, very soft to medium
(continued)

SILTY CLAY WITH SAND, dark gray to greenish gray, moist, soft to firm

POORLY GRADED SAND WITH GRAVEL, little coal fragments, dark
brown to grayish brown, moist, medium dense to dense, fine to
coarse-grained

POORLY GRADED GRAVEL WITH SAND, light gray, moist, dense to
very dense, fine to coarse-grained

SHALE, dark gray, silty, laminated

End of boring at 536.8 feet.

555.4

547.9

538.8

537.4

536.8

CL

CL-
ML

SP

GP

100

100

100

100

47

73

80

53

100

0.5

0.25

0.25

0.25

BORING LOG (cont sheet) Hole No. 217-AD

3 SHEETS
3

ELEVATION TOP OF HOLE 607.9
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217-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
10:58
PID: 0.0/0.0

2a: 11:17
PID: 0.0/0.0
2b: 11:19
PID: 0.0/0.0

11:20
PID: 0.0/0.0

11:30
PID: 0.0/0.0

11:38
PID: 0.0/0.0

11:45
PID: 0.0/0.0

11:48
PID: 0.0/0.0

11:50
PID: 0.0/0.0

9a: 12:09
PID: 0.0/0.0
9b: 12:09
PID: 0.0/0.0
9c: 12:10
12:51
PID: 0.0/0.0

12:52
PID: 0.0/0.0

12:53
PID: 0.0/0.0

13a: 12:55
PID: 0.0/0.0
13b: 12:56
PID: 0.0/0.0

13:10
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

TOPSOIL

FILL: LEAN CLAY WITH GRAVEL, some organics, dark brown to brown,
moist, soft to medium

LEAN CLAY, little oxides, brown with light brown to gray mottling, moist,
soft to firm

Becomes firm at 9.0'

SILTY CLAY WITH SAND, gray, moist, firm

SANDY LEAN CLAY, little oxides, trace gravel, reddish brown to brown,
moist, soft to firm

SILTY SAND, little clay, little oxides, brown, moist, loose to medium
dense, fine-grained

LEAN CLAY, little gravel, brown, moist, very firm to hard

612.9

611.5

600.7
600.5

598.5

594.7

T

F

CL

CL-
ML
CL

SM

CL

87

93

100

100

100

100

100

100

100

100

100

100

100

73

2.5

2.5

2

2.5

2.5

3

3.5

3.5

3.5

1.5

1.5

1

3.75

4.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

28.5'

13.4'

41.9'

SHEET 1301-ADC OF 2

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/13/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

613.5'

5/13/19

Stantec

597.7'

3

Johnson Co. Section 202 Study

N: 3834038.08299 E: 5775157.59009

3 1/4" ID HSA
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301-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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34
37
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13:10
PID: 0.0/0.0

13:24
PID: 0.0/0.0

13:28
PID: 0.0/0.0

13:37
PID: 0.0/0.0

13:45
PID: 0.0/0.0

13:5
PID: 0.0/0.0

RC-01: 29.7'-31.9'
1 minute run

HAF from 31.5' to 31.8' and 32.3' to
32.5' with water staining
RC-02: 31.9'-36.9'
4 minute run

HAF (80 deg) with water staining and
vugs from 33.1' to 33.6'

Coal stringer at 34.0'

HAF (80 deg) with iron staining from
36.0' to 36.3'

RC-03: 36.9'-41.9'
4 minute run
Hole measured 41.4' after run, did not
retrieve slipped core
HAF (80 deg) with water staining from
37.8' to 38.0'

DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 41.9 feet.

15

16

17

18

19

20

LEAN CLAY, little gravel, brown, moist, very firm to hard (continued)

WEATHERED SHALE, little oxides, brown with gray mottling, hard

SANDSTONE, gray to reddish brown, moderately to highly weathered,
slightly to highly fractured, fine-grained, hard, thin bedded, vugging, water
stains throughout, with some coal stringers

COAL, black, highly weathered, moderately to highly fractured, very
fine-grained, soft, water stains along bedding planes

SHALE, gray, slightly weathered, slightly fractured, very fine-grained, soft

SHALE, brown to brownish gray, highly weathered, slightly fractured, very
fine-grained, soft

SANDSTONE, brown to brownish gray, fine-grained, highly fractured,
hard, with shale partings

SANDSTONE, gray, unweathered, unfractured, moderately strong, very
fine-grained, hard, with shale laminations

End of boring at 571.6 feet.

100

98

84

73

86

44

2.2

5

5

585.0

583.8

582.0

581.0

578.0

576.9

575.5

571.6

ROCK

ROCK

ROCK

1

2

3

CL

67

73

67

87

100

67

4.5

2.75

2

BORING LOG (cont sheet) Hole No. 301-ADC

2 SHEETS
2

ELEVATION TOP OF HOLE 613.5
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301-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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19.8

Bulk sample taken from 8.0' to 12.5'

ST-01: 13.0'-15.0'
Down Pressure = 20 psi
Time Pushed = 11:37
Time Pulled = 11:52

ST-02: 18.0'-20.0'
Down Pressure = 100 psi
Time Pushed = 12:05
Time Pulled = 12:25

Bottom of hole at 20 feet.

1

2

ASPHALT

GRAVEL

OVERBURDEN, see log for 302-AD

SILTY CLAY WITH SAND, brown, moist to wet

OVERBURDEN, see log for 302-AD

SILTY CLAY WITH SAND, brown, moist to wet

End of boring at 580 feet.

599.7

598.9

587.0

585.0

582.0

580.0

A
GP

CL-
ML

CL-
ML

100

80

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

20.0'

SHEET 1302-A OF 1

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/16/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

600.0'

5/16/19

Stantec

N/A

N/A

Johnson Co. Section 202 Study

N: 3833772.18424 E: 5775137.92609

3 1/4" ID HSA
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302-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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15.7

24.8

32.5

13:04
PID: 0.0/0.4

13:08
PID: 0.0/0.0

13:19
PID: 0.0/0.4

13:29
PID: 0.0/0.0

13:31
PID: 0.0/0.0

13:35
PID: 0.0/0.0

13:49
PID: 0.0/0.0

13:50
PID: 0.0/0.0

13:51
PID: 0.0/0.0

14:00
PID: 0.0/0.0
Bulk sample taken from 15.0' to 17.5'

14:08
PID: 0.0/0.0

14:14
PID: 0.0/0.0

14:31
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

ASPHALT

GRAVEL

FILL: LEAN CLAY WITH GRAVEL, little coal and asphalt fragments,
brown, moist, soft to medium

SILTY CLAY WITH SAND, brown, moist to wet, very soft to soft

599.7

599.1

594.1

A

GP

F

CL-
ML

73

67

73

93

40

87

100

100

100

100

100

100

100

2

2.5

2

1.5

0.75

1

0.75

0.5

0.5

0.5

0.5

0

0.5

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

68.0'

0.9'

68.9'

SHEET 1302-AD OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/16/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

600.1'

5/15/19

Stantec

577.4'

N/A

Johnson Co. Section 202 Study

N: 3833784.948 E: 5775139.6938

3 1/4" ID HSA
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302-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

2
3
3

3
2
2

3
3
2

1
0
1

1
1
1

0
1
1

1
0
1

0
0
0

0
0
0

0
1
1

0
1
0

0
0
0

0
1
0

0

1
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28

19.1

24.8

22.7

24.1

14a: 14:40
PID: 0.0/0.0
14b: 14:41
PID: 0.0/0.0

15a: 14:54
PID: 0.0/0.0
15b: 14:55
PID: 0.0/0.0
15c: 14:56
PID: 0.0/0.0
16a: 15:09
PID: 0.0/0.0
16b: 15:10
PID: 0.0/0.0
16c: 15:11
PID: 0.0/0.0
15:30
PID: 0.0/0.0
Augers charged with water prior to
advancing past 25.5'
18a: 15:38
PID: 0.0/0.0
18b: 15:39
PID: 0.0/0.0
15:49
PID: 0.0/0.0

16:00
PID: 0.0/0.0

21a: 16:20
PID: 0.0/0.0
21b: 16:21
PID: 0.0/0.0

16:22
PID: 0.0/0.0

23a: 16:41
PID: 0.0/0.0
23b: 16:42
PID: 0.0/0.0

16:58
PID: 0.0/0.0

17:08
PID: 0.0/0.0

17:09
PID: 0.0/0.0

17:18
PID: 0.0/0.0

17:22
PID: 0.0/0.0

17:31
PID: 0.0/0.0

17:40
PID: 0.0/0.0

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

SILTY CLAY WITH SAND, brown, moist to wet, very soft to soft
(continued)

CLAYEY SAND, little silt, brown, moist, very loose, fine-grained

LEAN CLAY WITH SAND, brown with gray and reddish brown mottling,
moist, soft

SANDY LEAN CLAY, reddish brown with brown mottling, moist, soft

POORLY GRADED SAND, gray to reddish to dark reddish brown, wet,
very loose, medium to coarse-grained
Soft, gray, moist clay seam from 24.6' to 24.8'

Coal fragments at 26.2'

CLAYEY SAND, gray to reddish brown, moist, loose, fine to
coarse-grained

POORLY GRADED SAND, gray to reddish brown, moist, loose, medium
to coarse-grained
Silt seam from 28.0' to 28.3'
Clay nodule at 28.4'

SILTY CLAY WITH SAND, gray, moist, medium

SILT WITH SAND, some clay, gray, moist, soft to medium

SILTY SAND, little clay, gray, wet, very loose, fine to medium-grained

SILTY CLAY WITH SAND, gray, moist, very soft to medium

SILTY CLAY WITH SAND, gray, moist, soft to medium

Wet at 37.5'

SILTY SAND, little clay, gray, moist to wet, very loose, fine to
medium-grained

WELL GRADED SAND WITH SILT, gray, moist, very loose, fine to
medium-grained

POORLY GRADED SAND WITH SILT, light brown, moist, very loose,
fine-grained
Oxide staining from 41.5' to 41.6'

POORLY GRADED SAND, brown to orange brown, wet, very loose,
fine-grained

SILTY SAND, little clay nodules, gray to grayish brown, moist, very loose,
fine-grained

578.5

577.3

576.6
576.1

573.1

572.4

571.3

570.1

567.5
567.1

565.1

561.1

559.6

558.6

556.9

555.6

SC

CL

CL

SP

SC

SP

CL-
ML

ML

SM

CL-
ML

CL-
ML

SM

SW-
SM

SP-
SM

SP

SM

87

87

73

73

93

73

100

93

67

100

100

100

100

93

100

53

67

0.5

1

1.5

1.5

1

1

1

0.5

BORING LOG (cont sheet) Hole No. 302-AD

3 SHEETS
2

ELEVATION TOP OF HOLE 600.1
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302-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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0
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22

24.3

24.7

22.4

Begin 5/16/19
8:20
PID: 0.0/0.0

8:26
PID: 0.0/0.0

8:44
PID: 0.0/0.0

8:47
PID: 0.0/0.0

9:03
PID: 0.0/0.0

36a: 9:28
PID: 0.0/0.0
36b: 9:29
PID: 0.0/0.0

9:29
PID: 0.0/0.0

38a: 9:49
PID: 0.0/0.0
38b: 9:50
PID: 0.0/0.0

Bottom of hole at 68.9 feet.

31

32

33

34

35

36

37

38

SILTY SAND, little clay nodules, gray to grayish brown, moist, very loose,
fine-grained (continued)

SANDY SILT, little clay, gray, moist, very soft to soft

SILTY SAND, gray, moist, loose to medium dense, fine to
medium-grained

LEAN CLAY, little gravel, gray, moist, hard

WEATHERED SHALE, gray, hard

End of boring at 531.2 feet.

550.6

536.9

533.1

532.1

531.2

SM

ML

SM

CL

100

100

80

100

100

100

100

93

0.5

0.25

0.75

0.5

0.5

0.75

1.5

BORING LOG (cont sheet) Hole No. 302-AD

3 SHEETS
3

ELEVATION TOP OF HOLE 600.1
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302-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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50/5"
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ST-01: 8.0'-10.0'
Down Pressure = 100 psi
Time Pushed = 15:17

1

ASPHALT

GRAVEL

OVERBURDEN, see log for 303-ADC

LEAN CLAY, and silt, trace sand, brown with gray mottling, moist

OVERBURDEN, see log for 303-ADC

598.7

597.7

591.0

589.0

A
GP

CL

100

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

37.0'

SHEET 1303-A OF 2

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/21/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

599.0'

5/21/19

Stantec

579.1'

N/A

Johnson Co. Section 202 Study

N: 3833704.12697 E: 5774948.23159

3 1/4" ID HSA
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303-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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ST-02: 35.0'-37.0'
Down Pressure = 50 psi
Time Pushed = 15:48
Time Pulled = 16:08

Bottom of hole at 37 feet.

2

OVERBURDEN, see log for 303-ADC (continued)

SILTY CLAY WITH SAND, gray, moist

End of boring at 562 feet.

564.0

562.0

CL-
ML

100

BORING LOG (cont sheet) Hole No. 303-A

2 SHEETS
2

ELEVATION TOP OF HOLE 599
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303-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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17.2

29

28.1

22.5

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
10:20
PID: 0.0/0.0

10:26
PID 0.0/0.0

10:36
PID 0.0/0.0

10:37
PID 0.0/0.0

10:41
PID 0.0/0.0

10:53
PID 0.0/0.0

10:54
PID 0.0/0.0

11:00
PID 0.0/0.0

11:05
PID 0.0/0.0

11:20
PID 0.0/0.0

11:21
PID 0.0/0.0

11:36
PID 0.0/0.0

13a: 11:37
PID 0.0/0.0
13b: 11:38
PID 0.0/0.0

14a: 11:49
PID 0.0/0.0
14b: 11:50
PID 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

FILL: LEAN CLAY WITH GRAVEL, little coal fragments, brown to gray,
moist, medium to firm

LEAN CLAY, brown, moist, soft to medium

LEAN CLAY, brown with gray mottling, moist, soft

LEAN CLAY, grayish brown with brown mottling, moist, very soft

SILTY CLAYEY SAND, brown, wet, very loose to loose, fine to
medium-grained

SILTY SAND, little clay, brown to gray, wet, very loose to loose, fine to
medium-grained

595.8

591.3

583.8

581.6

578.8

F

CL

CL

CL

SC-
SM

SM

80

73

73

87

67

100

87

87

100

100

100

100

100

100

1.5

2.5

2

2.5

2.5

1.5

1.5

1.5

1.5

1.5

1.5

0.5

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

67.1'

41.6'

108.7'

SHEET 1303-ADC OF 5

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/21/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

598.8'

5/20/19

Stantec

583.6'

10

Johnson Co. Section 202 Study

N: 3833701.96063 E: 5774966.84933

3 1/4" ID HSA
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303-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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42.3

21.5

19.6

25.4

26.6

25

15a: 12:06
PID 0.0/0.0
15b: 12:07
PID 0.0/0.0

16a: 12:08
PID 0.0/0.0
16b: 12:08
PID 0.0/0.0

12:11
PID 0.0/0.0

12:23
PID 0.0/0.0

12:24
PID 0.0/0.0

20a: 12:33
PID 0.0/0.0
20b: 12:34
PID 0.0/0.0

12:39
PID 0.0/0.0

12:50
PID 0.0/0.0

23a: 13:00
PID 0.0/0.0
23b: 13:00
PID 0.0/0.0

13:10
PID 0.0/0.0

13:14
PID 0.0/0.0

13:22
PID 0.0/0.0

13:39
PID 0.0/0.0

14:48
PID 0.0/0.0

14:56
PID 0.0/0.0

15:11
PID 0.0/0.0

15:18
PID 0.0/0.0

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

SILTY CLAY WITH SAND, gray, wet, very soft

CLAYEY SILT WITH SAND, brown to gray, moist to wet, soft

POORLY GRADED SAND, gray to brown, moist, very loose to medium
dense, fine-grained

SILTY CLAYEY SAND, gray to brown, moist to wet, loose, fine-grained

POORLY GRADED GRAVEL WITH CLAY AND SAND, gray to brown,
moist, loose to medium dense, fine-grained

No gravel, some silt from 30.0' to 31.5'

SILTY CLAY WITH SAND, gray, moist, very soft to medium

SILTY CLAY WITH SAND, gray, moist, very soft to soft

577.2

576.3

575.4

571.8

570.0

565.0

558.3

SM

CL-
ML

CL-
ML

SP

SC-
SM

GP-
GC

CL-
ML

CL-
ML

100

100

100

67

67

87

93

53

100

100

80

100

100

100

100

100

100

0.75

0.5

0.5

0.75

0.5

0.5

0.75

0.5

0.5

0.75

0.5

0.25

0.25

0.5

BORING LOG (cont sheet) Hole No. 303-ADC

5 SHEETS
2

ELEVATION TOP OF HOLE 598.8

1. PROJECT Johnson Co. Section 202 Study
SHEET
OF

S
A

M
P

LE
 T

Y
P

E

D
E

P
T

H
 S

C
A

LE

M
O

IS
T

U
R

E
 %

REMARKS

S
A

M
P

LE
 #CLASSIFICATION

OF MATERIALS

R
Q

D
 %

ELEVATION

B
LO

W
S

 / 
6-

IN
C

H

U
S

C
S

 C
LA

S
S

LE
G

E
N

D

R
E

C
O

V
E

R
Y

 %

P
E

N
E

T
R

O
M

E
T

E
R

(T
S

F
)

303-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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25.9

16

20.1

32a: 15:29
PID 0.0/0.0
32b: 15:30

15:31
PID 0.0/0.0

15:51
PID 0.0/0.0

16:03
PID 0.0/0.0

36a: 16:19
PID 0.0/0.0
36b: 16:19
PID 0.0/0.0
36c: 16:20
PID 0.0/0.0

16:34
PID 0.0/0.0

16:40
PID 0.0/0.0

RC-01: 67.7'-70.0'
3.5 minute run

RC-02: 70.0'-72.1'
1 minute run

RC-03: 72.1'-77.3'
4.5 minute run

32

33

34

35

36

37

38

39

SILTY CLAY WITH SAND, gray, moist, very soft to soft (continued)

POORLY GRADED SAND WITH CLAY AND GRAVEL, gray, moist, loose
to medium dense, fine to coarse-grained

SILT WITH SAND, little clay, gray, moist, medium to firm

WEATHERED SHALE, gray, hard, fissile

SHALE, gray, moderately weathered, very slightly to slightly fractured,
very fine-grained, soft, flat bedded

100

100

96

70

100

92

2.3

2.1

5.2

548.0

541.8

531.7

531.1

ROCK

ROCK

ROCK

1

2

3

CL-
ML

SP-
SC

ML

100

73

53

87

100

67

40

100

0.25

0.75

0.5

0.5

BORING LOG (cont sheet) Hole No. 303-ADC

5 SHEETS
3

ELEVATION TOP OF HOLE 598.8
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303-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

1

0
1
8

1
7
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6
8

50/2"
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RC-04: 77.3'-82.3'
4.5 minute run
LAF (15 deg) at 77.5', tight spacing

RC-05: 82.3'-87.3'
5 minute run
Highly fractured along bedding from
82.6' to 84.6'

Weathered fractures along bedding
from 86.8' to 87.3'
RC-06: 87.3'-92.3'
3 minute run

RC-07: 92.3'-97.3'
3 minute run
Increased coal stringers from 92.3' to
93.6'
HAF (85 deg) at 92.4', slightly
weathered

Light gray color from 96.2' to 96.4'

RC-08: 97.3'-102.3'
4 minute run

Narrow HAF (60 deg) from 100.6' to
101.0'

RC-09: 102.3'-107.3'
5 minute run

SHALE, gray, moderately weathered, very slightly to slightly fractured,
very fine-grained, soft, flat bedded (continued)

SANDSTONE, brownish gray, slighty weathered, slightly fractured,
fine-grained, hard

SANDSTONE, brownish gray to gray, slighty weathered, very slightly to
slightly fractured, fine-grained, hard, some coal and shale partings

SHALE, dark gray to black, moderately weathered, slightly fractured, very
fine-grained, moderately hard, flat to slightly angled bedding, with coal
interbedded throughout

SHALE, gray, highly weathered, highly fractured, very fine-grained, very
soft, argillaceous, with sandstone nodules

INTERBEDDED SHALE AND SANDSTONE (70%/30%), SHALE: gray,
slightly to moderately weathered, slightly fractured, very fine-grained,
moderately hard, SANDSTONE: light gray, slightly weathered, slightly
fractured, very fine-grained, moderately hard, 0 to 60 deg fractures

SANDSTONE, gray, unweathered to slightly weathered, very slightly to
slightly fractured, fine-grained, hard, flat bedded

100

100

96

100

100

90

50

84

90

88
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5

5

5

512.0
511.5

501.2

500.0

499.4

497.0
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8

BORING LOG (cont sheet) Hole No. 303-ADC
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ELEVATION TOP OF HOLE 598.8
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303-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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Highly weathered, flat fracture from
104.0' to 104.1', filled with highly
weathered shale

RC-10: 107.3'-108.7'
1 minute run

DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 108.7 feet.

SANDSTONE, gray, unweathered to slightly weathered, very slightly to
slightly fractured, fine-grained, hard, flat bedded (continued)

End of boring at 490.1 feet.

100

100

92

100

5

1.4

490.1
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BORING LOG (cont sheet) Hole No. 303-ADC
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5

ELEVATION TOP OF HOLE 598.8
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303-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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ST-01: 5.0'-7.0'
Down Pressure = 400 psi
Time Pushed = 10:27
Time Pulled = 10:50

ST-02: 14.0'-16.0'
Down Pressure = 350 psi
Time Pushed = 11:09
Time Pulled = 11:22

1

2

OVERBURDEN, see log for 304-ADC

SILTY CLAY, little organics, grayish brown, moist to wet

OVERBURDEN, see log for 304-ADC

LEAN CLAY, little oxides, brown and gray mottling, moist

OVERBURDEN, see log for 304-ADC

593.6

591.6

584.6

582.6

CL-
ML

CL

90

100

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

42.0'

SHEET 1304-A OF 2

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/28/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

598.6'

5/28/19

Stantec

580.8'

N/A

Johnson Co. Section 202 Study

N: 3833661.94135 E: 5774783.0285

3 1/4" ID HSA

S
A

M
P

LE
 T

Y
P

E

D
E

P
T

H
 S

C
A

LE

M
O

IS
T

U
R

E
 %

REMARKS

S
A

M
P

LE
 #CLASSIFICATION

OF MATERIALS

R
Q

D
 %

ELEVATION

B
LO

W
S

 / 
6-

IN
C

H

U
S

C
S

 C
LA

S
S

LE
G

E
N

D

R
E

C
O

V
E

R
Y

 %

P
E

N
E

T
R

O
M

E
T

E
R

(T
S

F
)

304-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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ST-03: 26.0'-28.0'
Down Pressure = 100 psi
Time Pushed = 11:36
Time Pulled = 13:21
No Recovery

ST-04: 28.0'-30.0'
Down Pressure = 50 psi
Time Pushed = 13:30
Time Pulled = 13:54
Used Piston Sampler

ST-05: 40.0'-42.0'
Down Pressure = 700 psi
Time Pushed = 14:24
Time Pulled = 14:50

Bottom of hole at 42 feet.

3

4

5

OVERBURDEN, see log for 304-ADC (continued)

SILT, little clay, gray, moist

SILTY CLAY WITH SAND, gray, moist to wet

OVERBURDEN, see log for 304-ADC

SILTY SAND, little clay nodules, coal fragments, gray, wet, fine-grained

End of boring at 556.6 feet.

572.6

570.6

568.6

558.6

556.6

ML

CL-
ML

SM

0

100

55

BORING LOG (cont sheet) Hole No. 304-A
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2

ELEVATION TOP OF HOLE 598.6
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304-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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29.1

31.5

27.1

27.7

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
11:01
PID: 0.0/0.0

11:02
PID: 0.0/0.0

11:09
PID: 0.0/0.0

11:10
PID: 0.0/0.0
Two bulk samples taken from 5.0' to
9.0'

5a: 11:17
PID: 0.0/0.0
5b: 11:18
PID: 0.0/0.0

11:23
PID: 0.0/0.0

11:28
PID: 0.0/0.0

11:34
PID: 0.0/0.0

11:47
PID: 0.0/0.0

11:50
PID: 0.0/0.0

11:51
PID: 0.0/0.0

12a: 12:13
PID: 0.0/0.0
12b: 12:14
PID: 0.0/0.0

13a: 12:15
PID: 0.0/0.0
13b: 12:15
PID: 0.0/0.0

14a: 13:36
PID: 0.0/0.0
14b: 13:37
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

TOPSOIL

FILL: LEAN CLAY WITH GRAVEL, little brick and wood fragments, brown
to gray, moist, medium

SILTY CLAY, little organics, grayish brown, moist to wet, very soft to soft

LEAN CLAY, little oxides, brown and gray mottling, moist, very soft to
medium

SILTY CLAY, gray, moist, very soft to soft

POORLY GRADED SAND, reddish brown to gray, moist, very loose to
loose, fine-grained

598.0

596.9

592.2

581.6

579.7

T

F
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CL

CL-
ML

SP

80

87

87

100

100

100
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100

100

100

100

93

93

80

3.5

2

1.5

2

1.25

2

3

3

3

2.5

2

1

1.5

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

64.8'

41.0'

105.8'

SHEET 1304-ADC OF 5

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/24/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

598.4'

5/23/19

Stantec

580.1'

10

Johnson Co. Section 202 Study

N: 3833657.20383 E: 5774790.64955

3 1/4" ID HSA
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304-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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24.9

29.5

31.2

32.4

21.6

15a: 13:38
PID: 0.0/0.0
15b: 13:40
PID: 0.0/1.2

13:41
PID: 0.0/0.0

13:52
PID: 0.0/0.0
Augers charged with water prior to
advancing past 24.0'

18a: 13:53
PID: 0.0/0.0
18b: 13:54
PID: 0.0/0.0

19a: 14:15
PID: 0.0/0.0
19b: 14:16
PID: 0.0/0.0
19c: 14:16
PID: 0.0/0.0
20a: 14:18
PID: 0.0/0.0
20b: 14:19
PID: 0.0/0.0
14:20
PID: 0.0/0.0

14:30
PID: 0.0/0.0

14:33
PID: 0.0/0.0

24a: 14:39
PID: 0.0/0.0
24b: 14:40
PID: 0.0/0.0

25a: 14:42
PID: 0.0/0.0
25b: 14:43
PID: 0.0/0.0

26a: 14:56
PID: 0.0/0.0
26b: 14:57
PID: 0.0/0.0

15:04
PID: 0.0/0.0

15:35
PID: 0.0/0.0

15:55
PID: 0.0/0.0

15:56
PID: 0.0/0.0

16:07
PID: 0.0/0.0

15

16

17

18

19
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21
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23

24

25

26

27

28

29

30

31

POORLY GRADED SAND, reddish brown to gray, moist, very loose to
loose, fine-grained (continued)

SILT, little clay, gray, moist, soft

POORLY GRADED SAND, trace silt, gray, wet, very loose, fine-grained

SILTY CLAY WITH SAND, gray, moist to wet, very soft to medium

No sand from 29.4' to 31.5'

POORLY GRADED SAND WITH SILT, gray, wet, very loose, fine-grained

SILTY CLAY WITH SAND, gray, moist, very soft to medium

POORLY GRADED SAND WITH SILT, gray, wet, very loose to loose,
fine-grained

SILTY SAND, little clay nodules, trace gravel, gray, wet, very loose to
loose, fine to coarse-grained

Coal fragments from 40.0' to 47.0'

POORLY GRADED SAND WITH GRAVEL, little coal fragments, gray,
moist, loose to medium dense, fine to coarse-grained
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570.8
570.4
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563.4

561.9
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BORING LOG (cont sheet) Hole No. 304-ADC
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304-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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25.3

12.8

14.9

32a: 16:19
PID: 0.0/0.0
32b: 16:20
PID: 0.0/0.0

16:26
PID: 0.0/0.0

16:39
PID: 0.0/0.0

16:52
PID: 0.0/0.0

17:05
PID: 0.0/0.0

17:35
PID: 0.0/0.0

17:36
PID: 0.0/0.0
RC-01: 65.5'-67.0'
2 minute run

RC-02: 67.0'-70.1'
2 minute run

RC-03: 70.1'-72.1'
1.5 minute run

RC-04: 72.1'-77.2'
4 minute run

32

33

34

35

36

37

38

POORLY GRADED SAND WITH GRAVEL, little coal fragments, gray,
moist, loose to medium dense, fine to coarse-grained (continued)

SILTY CLAY WITH SAND, gray, moist, soft to medium

POORLY GRADED SAND WITH SILT AND GRAVEL, gray, moist to wet,
dense, fine to medium-grained

POORLY GRADED GRAVEL WITH CLAY AND SAND, gray to brownish
gray, moist, medium dense to very dense, fine-grained

SHALE, gray, highly weathered, highly fractured, very fine-grained, soft

SHALE, gray, slightly weathered, very slightly to slightly fractured, very
fine-grained, soft
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100
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BORING LOG (cont sheet) Hole No. 304-ADC
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PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID
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RC-05: 77.2'-82.2'
4 minute run

RC-06: 82.2'-86.6'
5 minute run

RC-07: 86.6'-91.0'
3.5 minute run
Coal stringer at 86.8'

RC-08: 91.0'-96.1'
3 minute run
Shale parting from 91.5' to 92.0'

RC-09: 96.1'-101.1'
5 minute run

Coal stringer at 98.4'

Coal parting at 99.4' to 99.8'

Wide fractures from 100.5' to 101.4'

RC-10: 101.1'-105.8'
5 minute run

SHALE, gray, slightly weathered, very slightly to slightly fractured, very
fine-grained, soft (continued)

SANDSTONE, brownish gray, highly weathered, moderately to highly
fractured, fine to medium-grained, moderately hard, with coal stringers

SANDSTONE, gray, slighly weathered, unfractured to slighty fractured,
fine to medium-grained, hard, with coal stringers

SHALE, gray, very slightly to moderately weathered, slightly fractured,
very fine-grained, soft
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BORING LOG (cont sheet) Hole No. 304-ADC
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304-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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Clay-filed seam at 104.3'

Wide fractures from 105.1' to 105.7'

DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 105.8 feet.

SHALE, gray, very slightly to moderately weathered, slightly fractured,
very fine-grained, soft (continued)

End of boring at 492.6 feet.492.6

BORING LOG (cont sheet) Hole No. 304-ADC

5 SHEETS
5

ELEVATION TOP OF HOLE 598.4
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304-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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12.9

7.5

31.6

21.3

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
1a: 8:37
PID: 0.0/0.0
1b: 8:39
PID: 0.0/0.0
8:44
PID: 0.0/0.0

8:52
PID: 0.0/0.0

8:56
PID: 0.0/0.0

9:00
PID: 0.0/0.0

9:06
PID: 0.0/0.0

9:08
PID: 0.0/0.0

9:18
PID: 0.0/0.0

9:19
PID: 0.0/0.0

9:24
PID: 0.0/0.0

9:01
PID: 0.0/0.0
Bulk sample taken from 15.0' to 18.0'

12a: 9:38
PID: 0.0/0.0
12b: 9:39
PID: 0.0/0.0

9:45
PID: 0.0/0.0

14a: 9:50
PID: 0.0/0.0
14b: 9:51
PID: 0.0/0.0

1
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4

5

6

7

8

9

10

11

12

13

14

TOPSOIL

FILL: POORLY GRADED GRAVEL WITH SILTY CLAY, little brick
fragments, brown, moist, medium dense, fine to coarse-grained

FILL: SILTY CLAY WITH GRAVEL, little brick and coal fragments, brown,
moist, medium to firm

FILL: POORLY GRADED GRAVEL WITH SILTY CLAY, little brick
fragments, light gray to brown, dry, loose to medium dense, fine to
coarse-grained

LEAN CLAY, light brown with gray to tan mottling, wet, medium to very
firm

LEAN CLAY WITH SAND, orange brown to tan, moist, medium

POORLY GRADED SAND WITH SILT, gray, moist, loose, fine-grained

LEAN CLAY WITH SAND, orange brown to tan, moist, medium to firm

POORLY GRADED SAND WITH SILT, orange brown to tan, moist, loose,
fine-grained

603.9

602.7

598.2

593.7

588.2

586.5
586.2

583.9

T
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F
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CL

SP-
SM
CL
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93

87
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67

40
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20

100

73
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100

93

100

100

1

1

1.25

2.75

1.75

1

1

1.25

0.75

0.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Greg Thompson

68.9'

11.1'

80.0'

SHEET 1305-ADC OF 4

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/15/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

604.2'

5/15/19

Stantec

578.0'

5

Johnson Co. Section 202 Study

N: 3833565.17613 E: 5774543.75241

3 1/4" ID HSA
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305-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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24.7

22.2

21.9

23.6

20.7

9:57
PID: 0.0/0.0

16a: 10:04
PID: 0.0/0.0
16b: 10:05
PID: 0.0/0.0

10:18
PID: 0.0/0.0

10:30
PID: 0.0/0.0

10:56
PID: 0.0/0.0

20a: 11:10
PID: 0.0/0.0
20b: 11:11
PID: 0.0/0.0
20c: 11:12
PID: 0.0/0.0
21a: 11:13
PID: 0.0/0.0
21b: 11:14
PID: 0.0/0.0
22a: 11:22
PID: 0.0/0.0
22b: 11:23
PID: 0.0/0.0

11:27
PID: 0.0/0.0

11:31
PID: 0.0/0.0

11:38
PID: 0.0/0.0

11:44
PID: 0.0/0.0

11:50
PID: 0.0/0.0

11:59
PID: 0.0/0.0

12:59
PID: 0.0/0.0

13:08
PID: 0.0/0.0

13:17
PID: 0.0/0.0

15

16
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24

25

26

27

28

29

30

31

POORLY GRADED SAND WITH SILT, orange brown to tan, moist, loose,
fine-grained (continued)

SILTY CLAY WITH SAND, orange brown to tan, moist, medium

SILTY SAND, little thin clay lenses, tan with orange tan mottling, moist,
loose, fine to medium-grained

SILT WITH SAND, gray to dark gray, moist, soft to medium

POORLY GRADED SAND WITH SILT, gray to dark gray, moist, loose to
medium dense, fine-grained

POORLY GRADED GRAVEL WITH SAND, gray to dark gray, wet, loose
to medium dense, fine-grained

LEAN CLAY, little silt, trace sand, gray, moist, very soft to medium

Trace gravel from 37.4' to 40.1'

SILT WITH SAND, and clay lenses, trace gravel, gray to greenish gray,
moist, medium to very firm
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0.25
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0.25

BORING LOG (cont sheet) Hole No. 305-ADC
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305-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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22.8

21.7

19.9

13:23
PID: 0.0/0.0

13:30
PID: 0.0/0.0

13:39
PID: 0.0/0.0

13:47
PID: 0.0/0.0

13:59
PID: 0.0/0.0

37a: 14:13
PID: 0.0/0.0
37b: 14:14
PID: 0.0/0.0

14:28
PID: 0.0/0.0
RC-01: 69.4'-69.7'
3 minute run
WR = 90-100%
WC = Gray
RC-02: 69.7'-70.8'
10 minute run
WR = 90-100%
WC = Gray
MF at 69.7'-69.9'
RC-03: 70.8'-71.3'
10 minute run
WR = 90-100%
WC = Gray
Broken from 70.8' to 71.3' (RC-03)
Lifter spring bent during RC-03,
resulting in significant loss and
damaged core
RC-04: 71.3'-74.1'
18 minute run
WR = 90-100%
WC = Gray
MF at 71.4', 71.5', 71.6', 72.2', 72.4',

32

33

34

35

36

37

38

SILT WITH SAND, and clay lenses, trace gravel, gray to greenish gray,
moist, medium to very firm (continued)

WELL GRADED SAND, light gray to gray, moist, medium dense, fine to
medium-grained

SHALE, gray, highly weathered, highly fractured, very fine-grained, soft,
laminated, silty, flat bedded

SHALE, dark gray, moderately weathered, slightly to modertely fractured,
very fine-grained, soft to moderately hard, silty, thinly laminated, flat
bedding, clay zones along laminations
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BORING LOG (cont sheet) Hole No. 305-ADC
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305-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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72.7', 72.3', 74.0', 74.1'
RC-05: 74.1'-80.0'
13 minute run
WR = 90-100%
WC = Gray
MF at 74.1'-75.2', highly fractured due
to over cutting run. Loss occured in this
zone

Dark gray clay seam from 79.6' to 79.7'

DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 80 feet.

SHALE, dark gray, moderately weathered, slightly to modertely fractured,
very fine-grained, soft to moderately hard, silty, thinly laminated, flat
bedding, clay zones along laminations (continued)

End of boring at 524.2 feet.

92 325.9

524.2

ROCK 5

BORING LOG (cont sheet) Hole No. 305-ADC
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4

ELEVATION TOP OF HOLE 604.2
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305-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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ST-01: 10.0'-12.0'
Down Pressure = 250 psi
Time Pushed = 9:36
Time Pulled = 9:44
9:49
PID: 0.0/0.0
Two bulk samples taken from 10.0' to
14.0'

ST-02: 20.0'-22.0'
Down Pressure = 200 psi
Time Pushed = 10:03

1

ASPHALT

DENSE GRADED AGGREGATE (DGA)

OVERBURDEN, see log for 306-ADC

SILTY CLAY WITH GRAVEL, light brown to tan, moist

OVERBURDEN, see log for 306-ADC

LEAN CLAY, light gray to gray with tan mottling, moist

604.8

604.0

595.1

593.1

585.1

A
GP

CL-
ML

CL

85

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

22.0'

SHEET 1306-A OF 2

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

7/23/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

605.1'

7/23/19

Stantec

587.1'

N/A

Johnson Co. Section 202 Study

N: 3832207.15653 E: 5774345.7364

3 1/4" ID HSA
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306-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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Time Pulled = 10:19
10:31
PID: 0.0/0.0

Bottom of hole at 22 feet.

2
LEAN CLAY, light gray to gray with tan mottling, moist (continued)

End of boring at 583.1 feet.583.1

CL 95

BORING LOG (cont sheet) Hole No. 306-A

2 SHEETS
2

ELEVATION TOP OF HOLE 605.1
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306-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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13.2

18.4

27.6

26.7

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
1a: 11:00
PID: 0.0/0.0
1b: 11:01
PID: 0.0/0.0
2a: 11:10
PID: 0.0/0.0
2b: 11:11
PID: 0.0/0.0
11:16
PID: 0.0/0.0

11:20
PID: 0.0/0.0

11:24
PID: 0.0/2.4

11:30
PID: 0.0/0.0

7a: 11:35
PID: 0.0/0.0
7b: 11:36
PID: 0.0/0.0

11:42
PID: 0.0/1.0

11:46
PID: 0.0/0.0

10a: 11:53
PID: 0.0/0.0
10b: 11:54
PID: 0.0/0.0

11:59
PID: 0.0/0.0

12a: 12:06
PID: 0.0/0.0
12b: 12:07
PID: 0.0/0.0

12:43
PID: 0.0/0.0

12:19
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

TOPSOIL

FILL: POORLY GRADED GRAVEL WITH CLAY, light brown to gray,
moist, loose

FILL: SANDY LEAN CLAY WITH GRAVEL, light to dark brown, moist,
very soft to medium

POSSIBLE FILL: SANDY LEAN CLAY WITH GRAVEL, trace brick
fragments, brown to tan, moist, soft

Color changes to light gray to gray brown at 7.5'

POSSIBLE FILL: SANDY LEAN CLAY WITH GRAVEL, light brown to tan,
moist, soft

POSSIBLE FILL: LEAN CLAY WITH SAND, little organics, dark gray to
black, moist, soft

LEAN CLAY, gray to light brown with tan mottling, moist, soft to firm

LEAN CLAY, trace sand, tan to light brown with gray mottling, moist to
wet, medium to firm

Color changes to light gray to tannish gray with orange brown mottling at
17.3'

608.7

606.9

602.8

599.8

598.6
598.3

595.1

T
F

F

F

F

F
CL

CL

67

87

53

40

73

67

93

53

80

100

93

100

100

100

2.25

2.25

1.5

0.75

0.75

0.75

1

1.25

3.25

3.75

4.25

4

3.75

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

37.5'

13.5'

51.0'

SHEET 1306-ADC OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

7/22/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

608.8'

7/22/19

Stantec

581.8'

3

Johnson Co. Section 202 Study

N: 3832314.01196 E: 5774380.66743

3 1/4" ID HSA
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306-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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31

42.5

47.3

22.2

12:28
PID: 0.0/0.0

13:40
PID: 0.0/0.0

13:47
PID: 0.0/0.0

13:53
PID: 0.0/0.0

14:03
PID: 0.0/0.0

14:09
PID: 0.0/0.0
Augers charged with water prior to
advancing past 30.0'

14:17
PID: 0.0/0.0

14:23
PID: 0.0/0.0

14:32
PID: 0.0/0.0

24a: 14:44
PID: 0.0/0.0
24b: 14:45
PID: 0.0/0.0

25a: 14:51
PID: 0.0/0.0
25b: 14:52
PID: 0.0/0.0

15:05
PID: 0.0/0.0

Drove spoon to find top of rock, driller
thought augers were soft from 37.5' to
38.4'
15:23
PID: 0.0/0.0

Shale seam from 40.0' to 40.1'
RC-01: 40.1'-41.0'
1 minute run
DP = 250 psi
WR = 90-100%
WC = light gray to black
RC-02: 41.0'-46.1'
3 minute run
DP = 250 psi
WR = 90-100%
WC = gray to light gray
MF at 42.0', 42.6', 43.5', 43.7', 44.0',
44.7', 45.4', 46.0'

Coal partings present from 45.3' to
45.7'

RC-03: 46.1'-51.0'
3 minute run
DP = 250 psi
WR = 90-100%
WC = light gray to gray
MF at 46.6', 46.9', 49.1', 49.9'

15
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LEAN CLAY, trace sand, tan to light brown with gray mottling, moist to
wet, medium to firm (continued)
Color changes to orange tan with light gray mottling at 21.0'

Color changes to light gray with orange tan mottling at 25.5'

FAT CLAY, gray to dark gray, wet, very soft to soft

LEAN CLAY, gray to dark gray, moist, soft

FAT CLAY, gray to dark gray, moist, medium to firm

SANDY LEAN CLAY WITH GRAVEL, gray to dark gray, moist, medium to
hard

POORLY GRADED GRAVEL WITH SAND, light gray to gray, moist, very
dense, fine to coarse-grained

WEATHERED SANDSTONE, light gray to gray, highly weathered,
broken, very fine to fine-grained, micaceous

COAL, black, highly weathered, highly fractured, very fine-grained, soft

SANDSTONE, light gray to gray, slightly to moderately weathered, very
slightly to slightly fractured, very fine to fine-grained, hard, very thin to
thin bedded, carbonacous shale and coal stringers throughout

100

100

0

88

0.9

5.1

581.8

574.8
574.3

573.2

572.3

571.3

569.8

568.4 ROCK

ROCK
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2

1

0.25

0.25

0.25

0.25

0.25
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1.25

BORING LOG (cont sheet) Hole No. 306-ADC

3 SHEETS
2

ELEVATION TOP OF HOLE 608.8
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306-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 51 feet.

INTERBEDDED SHALE AND SANDSTONE (55%/45%), SHALE: dark
gray to black, unweathered, very slightly fractured, very
fine-grained,moderately hard, silty, SANDSTONE: gray, unweathered,
unfractured, very fine to fine-grained, hard, flat bedded

End of boring at 557.8 feet.

100 944.9

559.6

557.8

ROCK 3

BORING LOG (cont sheet) Hole No. 306-ADC

3 SHEETS
3

ELEVATION TOP OF HOLE 608.8
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306-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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ST-01: 5.0'-7.0'
DP = 200 psi
Time Pushed = 8:31
Time Pulled = 8:34
8:40
PID: 0.0/0.0

Bulk sample taken from 7.5' to 12.5'

ST-02: 16.0'-18.0'
DP = 150 psi
Time Pushed = 8:50
Time Pulled = 8:56
9:06
PID: 0.0/0.0

Bottom of hole at 18 feet.

1

2

OVERBURDEN, see log for 307-AD

LEAN CLAY, light brown to brown, moist

OVERBURDEN, see log for 307-AD

LEAN CLAY WITH SAND, light brown to tannish brown, moist

End of boring at 585.8 feet.

598.8

596.8

587.8

585.8

CL

CL

100

65

2

1.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Greg Thompson

N/A

N/A

18.0'

SHEET 1307-A OF 1

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

7/17/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

603.8'

7/17/19

Stantec

N/A

N/A

Johnson Co. Section 202 Study

N: 3833182.14769 E: 5774814.79288

3 1/4" ID HSA
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307-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
1a: 11:04
PID: 0.0/0.0
1b: 11:05
PID: 0.0/0.0
11:11
PID: 0.0/0.0

11:16
PID: 0.0/0.0

11:22
PID: 0.0/0.0

11:26
PID: 0.0/0.0

11:31
PID: 0.0/0.0

11:35
PID: 0.0/0.0

11:40
PID: 0.0/0.0

11:45
PID: 0.0/0.0

10a: 11:51
PID: 0.0/0.0
10b: 11:54
PID: 0.0/0.0
Bulk sample taken from 13.5' to 15.0'
12:01
PID: 0.0/0.0

12:49
PID: 0.0/0.0

13a: 13:00
PID: 0.0/0.0
13b: 13:01
PID: 0.0/0.0

14a: 13:06
PID: 0.0/0.0
14b: 13:08
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

TOPSOIL

POSSIBLE FILL: LEAN CLAY, trace coal and glass fragments, brown,
moist, medium

LEAN CLAY, light brown to tan, moist, medium to firm

SILT WITH SAND, little clay lenses, light brown to tan, moist to wet, soft

LEAN CLAY, trace sand, light brown with tannish gray mottling, moist,
soft

LEAN CLAY, little silty sand lenses, gray to light gray, moist to wet, soft

POORLY GRADED SAND, trace silty clay lenses, tan to gray, wet, very
loose to loose, fine-grained

606.3

605.0

593.0

591.8

588.2

586.4

T
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ML

CL

CL

SP

100

80

80

87

93

100

100

100

100

67

100
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80

1.5

2.5

2.75

1.75

2.25

3

2.25

1.75

1.25

0.5

0.25

0.25

0.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Greg Thompson

N/A

N/A

61.5'

SHEET 1307-AD OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/16/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

606.5'

5/16/19

Stantec

592.7'

N/A

Johnson Co. Section 202 Study

N: 3833157.44236 E: 5774825.15145

3 1/4" ID HSA
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307-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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15: 13:13
PID: 0.0/0.0
Augers charged with water prior to
advancing past 21.0'

16a: 13:20
PID: 0.0/0.0
16b: 13:22
PID: 0.0/0.0

17a: 13:30
PID: 0.0/0.0
17b: 13:31
PID: 0.0/0.0

18a: 13:40
PID: 0.0/0.0
18b: 13:41
PID: 0.0/0.0

13:45
PID: 0.0/0.0

13:52
PID: 0.0/0.0

13:58
PID: 0.0/0.0

22a: 14:05
PID: 0.0/0.0
22b: 14:06
PID: 0.0/0.0

14:11
PID: 0.0/0.0

14:19
PID: 0.0/0.0

14:24
PID: 0.0/0.0

14:31
PID: 0.0/0.0

14:35
PID: 0.0/0.0

14:43
PID: 0.0/0.0

14:51
PID: 0.0/0.0

30a: 15:02
PID: 0.0/0.0
30b: 15:03
PID: 0.0/0.0

15:13
PID: 0.0/0.0

15
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31

POORLY GRADED SAND, trace silty clay lenses, tan to gray, wet, very
loose to loose, fine-grained (continued)

POORLY GRADED SAND, trace clay laminations, gray with reddish gray
mottling, wet, loose, fine-grained
Color changes to light gray to gray at 24.0'

POORLY GRADED SAND, orange to orange brown, wet, loose,
fine-grained

SILT WITH SAND, gray, wet, medium

POORLY GRADED SAND, trace silty clay lenses, tan to orangish tan to
gray, wet, loose to medium dense, fine-grained

POORLY GRADED SAND WITH GRAVEL, little coal fragments, wet,
loose, fine to coarse-grained

LEAN CLAY, trace sand, gray, moist, very soft to firm

Trace fine-grained vuggy sand pocket at 43.6'

CLAYEY SILT WITH SAND, greenish gray to gray, moist to wet, soft to
very firm
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BORING LOG (cont sheet) Hole No. 307-AD
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2

ELEVATION TOP OF HOLE 606.5
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307-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID
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15:21
PID: 0.0/0.0

33a: 16:09
PID: 0.0/0.0
33b: 16:10
PID: 0.0/0.0

Driller advanced beyond 55.0' sample
interval, resumed at 57.5'

16:17
PID: 0.0/0.0

16:30
PID: 0.0/0.0

Bottom of hole at 61.5 feet.

32

33

34

35

CLAYEY SILT WITH SAND, greenish gray to gray, moist to wet, soft to
very firm (continued)

End of boring at 545 feet.545.0
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BORING LOG (cont sheet) Hole No. 307-AD
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ELEVATION TOP OF HOLE 606.5
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307-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID
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ST-01: 5.0'-7.0'
DP = 100 psi
5 minute sit time
Bulk sample taken from 5.0' to 10.0'

ST-02: 14.5'-16.5'
DP = 500 psi
5 minute sit time

ST-03: 16.5'-18.5'
DP = 200 psi
10 minute sit time
Used Piston Sampler

Bottom of hole at 18.5 feet.

1

2

3

OVERBURDEN, see log for 309-ADC

SILTY SAND, little clay, light brown to tan, moist, fine to medium-grained

OVERBURDEN, see log for 309-ADC

LEAN CLAY WITH SAND, light brown to tan, moist

SILTY SAND, gray to light gray, moist to wet, fine-grained

End of boring at 573.7 feet.

587.2

585.2

577.7

575.7

573.7
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CL

SM

100

35

100

0.75

0.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Greg Thompson

N/A

N/A

18.5'

SHEET 1309-A OF 1

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/23/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

592.2'

5/23/19

Stantec

576.2'

N/A

Johnson Co. Section 202 Study

N: 3833386.98784 E: 5775060.13622

3 1/4" ID HSA
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309-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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23.9

11.1

24.8

26.4

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
1a: 15:23
PID: 0.0/0.0
1b: 15:23
PID: 0.0/0.0
15:45
PID: 0.0/0.0

16:02
PID: 0.0/0.0

16:11
PID: 0.0/0.0

5a: 16:17
PID: 0.0/0.0
5b: 16:19
PID: 0.0/0.0

16:25
PID: 0.0/0.0

7a: 16:31
PID: 0.0/0.0
7b: 16:33
PID: 0.0/0.0

8a: 16:44
PID: 0.0/0.0
8b: 16:47
PID: 0.0/0.0

16:55
PID: 0.0/0.0

Begin 5-22-19
8:00
PID: 0.0/0.0

8:06
PID: 0.0/0.0
Augers charged with water prior to
advancing past 16.5'

8:15
PID: 0.0/0.0

13a: 8:19
PID: 0.0/0.0
13b: 8:20
PID: 0.0/0.0

14a: 8:24
PID: 0.0/0.0
14b: 8:25
PID: 0.0/0.0

1
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13

14

TOPSOIL

LEAN CLAY WITH SAND, light brown to brown, moist, soft to medium

SANDY LEAN CLAY, light brown to brown, moist, soft to medium

POORLY GRADED SAND, light brown to tan, moist, loose, fine-grained

SANDY LEAN CLAY, brown to light brown, moist, soft to medium

POORLY GRADED SAND, trace silt, trace clay, light brown to tan, moist,
very loose to loose, fine-grained

SILTY CLAYEY SAND, brown to light brown, moist, loose, fine-grained

SANDY LEAN CLAY, light brown to tan, moist, medium

POORLY GRADED SAND, trace clay lenses, tan to light brown, moist,
very loose, fine-grained

SANDY LEAN CLAY, brown to light brown, moist, soft

POORLY GRADED SAND, trace silty clay lenses, moist, loose,
fine-grained

POORLY GRADED SAND WITH SILT, litte wood fragments, light gray,
moist, loose, fine-grained
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BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Greg Thompson

56.6'

41.0'

97.6'

SHEET 1309-ADC OF 4

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/22/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

591.1'

5/21/19

Stantec

575.0'

9

Johnson Co. Section 202 Study

N: 3833403.92875 E: 5775060.36522

3 1/4" ID HSA
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309-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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26.1

30.5

25.4

23.8

24.4

17.6

8:29
PID: 0.0/0.0

8:35
PID: 0.0/0.0

8:40
PID: 0.0/0.0

8:45
PID: 0.0/0.0

19a: 8:50
PID: 0.0/0.0
19b: 8:51
PID: 0.0/0.0

8:57
PID: 0.0/0.0

9:04
PID: 0.0/0.0

9:09
PID: 0.0/0.0

9:17
PID: 0.0/0.0

9:26
PID: 0.0/0.0

25a: 9:33
PID: 0.0/0.0
25b: 9:34
PID: 0.0/0.0

9:40
PID: 0.0/0.0

9:44
PID: 0.0/0.0

No recovery, driller advanced to 42.5'
before spoon opened

9:53
PID: 0.0/0.0

30a: 10:07
PID: 0.0/0.0
30b: 10:08
PID: 0.0/0.0

10:15
PID: 0.0/0.0
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POORLY GRADED SAND, tan to light brown, wet, loose to medium
dense, fine-grained (continued)

POORLY GRADED SAND, trace gravel, light gray to tan, moist, very
loose to loose, fine to coarse-grained

Gravel not present at 24.0'

Very thin clay lens from 26.9' to 27.0'

SILT, trace clay, gray to dark gray, moist, soft

SANDY SILT, gray to dark gray, wet, medium

SILT, little clay, trace sand lenses, gray to dark gray, moist to wet, soft to
medium

SILTY SAND WITH GRAVEL, light gray to gray, wet, medium dense, fine
to coarse-grained

POORLY GRADED SAND, trace silt, trace gravel, gray to light gray,
moist, loose, fine to coarse-grained

Gravel not present below 34.0'

POORLY GRADED SAND WITH GRAVEL, trace silt, gray to light gray,
wet, loose, fine to coarse-grained

SILTY SAND, trace gravel, gray to dark gray, wet, loose, fine to
coarse-grained

SILT, trace sand, gray to dark gray, wet, soft to medium

POORLY GRADED SAND, trace silt, trace gravel, gray to light gray,
moist, loose to medium dense, fine to coarse-grained

SANDY SILT, trace gravel, trace coal fragments, gray to light gray, wet,
firm

POORLY GRADED SAND WITH GRAVEL, trace silt lenses, gray to dark
gray, moist, medium dense to dense, fine to coarse-grained
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BORING LOG (cont sheet) Hole No. 309-ADC
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ELEVATION TOP OF HOLE 591.1
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309-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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14

17.3

1.5' of blowback removed prior to
driving SPT-32
10:37
PID: 0.0/0.0

10:49
PID: 0.0/0.0

11:00
PID: 0.0/0.0

11:09
PID: 0.0/0.0
RC-01: 57.0'-60.6'
11 minute run
DP = 300 psi
WR = 90-100%
WC = gray to dark gray
Moderately to highly fractured
57.0'-62.3'

RC-02: 60.6'-65.6'
9 minute run
DP = 300 psi
MF at 60.6' to 62.3', 63.2', 63.9', 65.2',
Assumed loss from 60.7' to 60.8'

RC-03: 65.6'-70.6'
15 minute run
DP = 300 psi
WR = 90-100%
WC = Gray to dark gray
MF at 65.9' to 66.0', 67.9', 68.6', 70.2'

RC-04: 70.6'-75.5'
10 minute run
DP = 300 psi
WR= 90-100%
WC=Gray to Dark Gray
MF at 70.8' to 71.0', 75.4', 72.2'

RC-05: 75.5'-79.5'
11 minute run

32

33

34

35

POORLY GRADED SAND WITH GRAVEL, trace silt lenses, gray to dark
gray, moist, medium dense to dense, fine to coarse-grained (continued)

Trace silt

WELL GRADED GRAVEL WITH SILT AND SAND, gray to light gray,
moist, dense to very dense, fine to coarse-grained

SHALE, gray to dark gray, moderately to highly weathered, highly
fractured, silty, laminated

SHALE, gray to dark gray, slightly to moderately weathered, very slightly
fractured, very fine-grained, soft to moderately hard, silty, thinly laminated
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BORING LOG (cont sheet) Hole No. 309-ADC
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309-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

17

12
15
22

12
15
27

12
15

50/5"

50/5"

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

114|Page Volume 2 Tab 2 Geotechnical



DP = 300 psi

Siltstone nodule from 78.7' to 78.8' with
a vertical MF

RC-06: 80.5'-85.5'
11 minute run
DP = 300 psi
WR = 90-100%
WC = Gray

Clay lens from 85.5' to 85.6'
RC-07: 85.5'-90.5'
12 minute run
DP = 300 psi
WR = 90-100%
WC = Gray to dark gray
HAF (45 deg) from 86.2' to 86.3' and
89.1' to 89.3'

RC-08: 90.5'-95.5'
14 minute run
DP = 300 psi
WR = 90-100%
WC = Dark gray to gray
MF at 90.5'-92.8' and all throughout
RC-09, all along bedding plane

Assumed loss from 92.8' to 93.4', clay
on both sides of core ends with ground
rock

RC-09: 95.5'-97.6'
9 minute run
DP = 300 psi
WR = 90-100%
WC = Dark gray to black

DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 97.6 feet.

SHALE, gray to dark gray, slightly to moderately weathered, very slightly
fractured, very fine-grained, soft to moderately hard, silty, thinly laminated
(continued)

SHALE, dark gray to black, moderately weathered, slightly to moderately
fractured, very fine-grained, moderately hard, silty, smooth laminations

SHALE, gray to light gray, slightly to moderately weathered, unfractured
to slightly fractured, very fine-grained, moderately hard, flat to low angled
bedding, silty with sandy irregular laminations

COAL, black, highly weathered, highly fractured, very fine-grained, soft

SHALE, gray to light gray, slightly to moderately weathered, unfractured
to slightly fractured, very fine-grained, moderately hard, flat to low angled
bedding, silty with sandy irregular laminations

SHALE, light gray to gray, moderately weathered, unfractured to slightly
fractured, very fine-grained, soft, argillaceous, flat to low angle bedding
with clay laminations

SHALE, dark gray, moderately to highly weathered, slightly to moderately
fractured, very fine-grained, soft, argillaceous, low angled bedding,
laminated

SHALE, dark gray to black, moderately weathered, slightly to moderately
fractured, very fine-grained, soft to moderately hard, with very thin coal
laminations, silty

End of boring at 493.5 feet.
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309-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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Boring offset 190 deg South of 310-D,
10-foot offset

ST-01: 16.0'-18.0'
DP = 200 psi
Time pushed = 11:04
Time pulled = 11:20
Used Piston Sampler
11:32
PID: 0.0/0.0

No cuttings return from auger, unable
to collect bulk samples

1

ASPHALT

DENSE GRADED AGGREGATE (DGA)

OVERBURDEN, see log for 310-AD

LEAN CLAY, and silt, trace sand, light brown, moist

OVERBURDEN, see log for 310-AD

606.4
606.2

591.0

589.0

A

GP

CL

850.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Greg Thompson

N/A

N/A

28.0'

SHEET 1310-A OF 2

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/28/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

607.0'

5/28/19

Stantec

589.0'

N/A

Johnson Co. Section 202 Study

N: 3833108.20493 E: 5775125.15446

3 1/4" ID HSA
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310-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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ST-02: 26.0'-28.0'
DP = 400 psi
Time pushed = 11:51
Time pulled = 12:10
Used Piston Sampler
No recovery
12:10
PID: 0.0/0.0

M. Jones of USACE was concerned of
low recovery in ST-02, boring was
abandoned due to sand material
encountered in boring 310-AD

Bottom of hole at 28 feet.

2

OVERBURDEN, see log for 310-AD (continued)

End of boring at 579 feet.579.0

0

BORING LOG (cont sheet) Hole No. 310-A

2 SHEETS
2

ELEVATION TOP OF HOLE 607
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310-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

14:20
PID: 0.0/0.0

14:26
PID: 0.0/0.0

Bottom of hole at 4.5 feet.

1

2

ASPHALT

DENSE GRADED AGGREGATE (DGA)

FILL: LEAN CLAY WITH GRAVEL, little brick fragments, light brown to
grayish brown, moist, medium

LEAN CLAY, light brown to tan, moist, medium

BORING ABANDONED, utility strike-hit waterline at 13:30 on 5-21-19.
Boring re-located to 310b-AD
End of boring at 602.2 feet.

606.2
606.0

602.7
602.2

A

GP
F

CL

100

87

1

1.5

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Greg Thompson

N/A

N/A

4.5'

SHEET 1310-AD (Abandoned) OF 1

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/21/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

606.7'

5/21/19

Stantec

N/A

N/A

Johnson Co. Section 202 Study

N: 3833124.9211 E: 5775127.48582

3 1/4" ID HSA
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310-AD (Abandoned)
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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26.5

26.5

30.3

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

14:18
PID: 0.0/0.0

14:25
PID: 0.0/0.0

14:27
PID: 0.0/0.0

14:27
PID: 0.0/0.0

14:32
PID: 0.0/0.0

14:38
PID: 0.0/0.0

14:42
PID: 0.0/0.0
Bulk sample taken from 10.0' to 15.0'

14:46
PID: 0.0/0.0

14:51
PID: 0.0/0.0

14:54
PID: 0.0/0.0

14:59
PID: 0.0/0.0

11a: 15:04
PID: 0.0/0.0
11b: 15:05
PID: 0.0/0.0

15:13
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

ASPHALT

GRAVEL (backfill from waterline repair of boring 310-AD utility strike)

LEAN CLAY, trace sand, brown to light brown, moist to wet, soft to firm

Gray mottling from 7.3' to 18.4'

SANDY LEAN CLAY, tan to light gray, wet, soft

POORLY GRADED SAND, trace silt, trace clay, moist, very loose,
fine-grained

606.1

604.0

588.3

587.2

A

GP

CL

CL

SP

87

100

80

67

100

100

100

100

100

93

100

100

2

2.75

3

2.5

1.75

1.25

0.75

1

1

0.5

0.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Greg Thompson

N/A

N/A

51.5'

SHEET 1310b-AD OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/24/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

606.7'

5/23/19

Stantec

588.3'

N/A

Johnson Co. Section 202 Study

N: 3833120.8345 E: 5775122.67809

3 1/4" ID HSA
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310b-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

2
3
3

2
4
5

4
6
6

3
3
5

2
3
4

3
3
3

4
4
4

1
1
3

1
1
2

2
3
3

0
1
1

0
1
1

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

119|Page Volume 2 Tab 2 Geotechnical



25.6

29.6

24.7

28.5

33.8

26.2

13a: 15:55
PID: 0.0/0.0
13b: 15:56
PID: 0.0/0.0

16:05
PID: 0.0/0.0

15a: 16:15
PID: 0.0/0.0
15b: 16:16
PID: 0.0/0.0

16:22
PID: 0.0/0.0

16:30
PID: 0.0/0.0

Begin 5-24-19
18a: 7:39
PID: 0.0/0.0
18b: 7:41
PID: 0.0/0.0
7:53
PID: 0.0/0.0

7:58
PID: 0.0/0.0

8:04
PID: 0.0/0.0

8:10
PID: 0.0/0.0

8:20
PID: 0.0/0.0

8:23
PID: 0.0/0.0

8:30
PID: 0.0/0.0

26a: 8:40
PID: 0.0/0.0
26b: 8:41
PID: 0.0/0.0
26c: 8:42
PID: 0.0/0.0

27a: 8:47
PID: 0.0/0.0
27b: 8:48
PID: 0.0/0.0

8:55
PID: 0.0/0.0

9:01
PID: 0.0/0.0

13

14

15

16

17
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20
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22

23

24

25

26

27

28

29

POORLY GRADED SAND, trace silt, trace clay, moist, very loose,
fine-grained (continued)

POORLY GRADED SAND WITH SILT, tan to light brown, moist, very
loose, fine-grained

SANDY SILT, gray to light gray, wet, soft

SILTY SAND, little very thin clay lenses, gray to light gray, wet, loose,
fine-grained

SANDY SILT, little wood fragments, gray to dark brown, wet, medium

SILTY SAND , little clay lenses, light gray to gray, moist, loose to medium
dense, fine-grained

POORLY GRADED SAND, trace gravel, trace coal fragments, light gray,
moist, loose to medium dense, fine to coarse-grained

SILTY CLAY WITH SAND, gray to light gray, moist, soft to medium

SILTY CLAY WITH SAND, gray to light gray, moist to wet, soft to medium

LEAN CLAY WITH SAND, light gray to gray, wet, medium

SILTY CLAY WITH SAND, gray to light gray, wet, medium to firm

POORLY GRADED SAND, trace silty clay lenses, light gray to gray,
moist, medium dense, fine to coarse-grained

584.6
584.2

582.7

581.5
581.2

577.3

572.2

568.8

565.9

565.1

563.1

SP

SP-
SM
ML

SM

ML
SM

SP

CL-
ML

CL-
ML

CL

CL-
ML

SP

80

67

93

73

93

87

60

80

40

53

67

93

100

93

87

47

87

0

0.25

0.25

0.25

0.25

0.25

BORING LOG (cont sheet) Hole No. 310b-AD
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2

ELEVATION TOP OF HOLE 606.7
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310b-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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21.3

9:11
PID: 0.0/0.0

Bottom of hole at 51.5 feet.

30

POORLY GRADED SAND, trace silty clay lenses, light gray to gray,
moist, medium dense, fine to coarse-grained (continued)
Trace gravel at 49.1'

SILTY CLAY WITH SAND, some gravel, gray to light gray, moist, firm

End of boring at 555.2 feet.

556.7

555.2

SP

CL-
ML

731

BORING LOG (cont sheet) Hole No. 310b-AD

3 SHEETS
3

ELEVATION TOP OF HOLE 606.7
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310b-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

7

6
7
5

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

121|Page Volume 2 Tab 2 Geotechnical



23.9

27.8

30.8

35.2

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

16:26
PID: 0.0/0.0

16:29
PID: 0.0/0.0

3a: 16:37
PID: 0.0/0.0
3b: 16:38
PID: 0.0/0.0

16:42
PID: 0.0/0.0

16:48
PID: 0.0/0.0

16:54
PID: 0.0/0.0

Bulk sample taken from 10.0' to 13.0'

17:00
PID: 0.0/0.0

17:09
PID: 0.0/0.0

17:13
PID: 0.0/0.0

Begin 5-29-19
8:24
PID: 0.0/0.0

8:26
PID: 0.0/0.0

8:34
PID: 0.0/0.0

8:36
PID: 0.0/0.0

1
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8
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10

11

12

13

ASPHALT

GRAVEL

SILTY CLAY, little oxides, gray with brown mottling, moist to wet, very
soft to medium

SILTY CLAY WITH SAND, brown with gray mottling, wet, very soft to soft

606.2

605.4

591.7

A

GP

CL-
ML

CL-
ML

93

93

100

93

100

100

100

100

100

67

100

80

100

3.5

2.5

0.25

0.25

1

0.75

1

0.5

0.5

0.5

0.5

0.5

0

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

72.3'

10.7'

83.0'

SHEET 1311-ADC OF 4

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/29/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

606.7'

5/28/19

Stantec

593.6'

4

Johnson Co. Section 202 Study

N: 3832552.80381 E: 5775171.35844

3 1/4" ID HSA
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311-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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33.5

32.8

32.9

26.9

28

26.5

8:49
PID: 0.0/0.0

15a: 8:51
PID: 0.0/0.0
15b: 8:52
PID: 0.0/0.0

9:04
PID: 0.0/0.0

17a: 9:06
PID: 0.0/0.0
17b: 9:07
PID: 0.0/0.0

9:21
PID: 0.0/0.0

9:22
PID: 0.0/0.0

9:38
PID: 0.0/0.0

9:39
PID: 0.0/0.0

9:40
PID: 0.0/0.0

10:40
PID: 0.0/0.0

24a: 10:42
PID: 0.0/0.0
24b: 10:43
PID: 0.0/0.0

11:02
PID: 0.0/0.0

11:03
PID: 0.0/0.0

11:03
PID: 0.0/0.0

11:28
PID: 0.0/0.0

11:19
PID: 0.0/0.0

11:28
PID: 0.0/0.0
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30

SILTY CLAY WITH SAND, brown with gray mottling, wet, very soft to soft
(continued)

POORLY GRADED SAND WITH SILTY CLAY, brown, wet, very loose,
fine-grained

SANDY SILT, little clay, gray, moist to wet, very soft

POORLY GRADED SAND WITH SILTY CLAY, gray, wet, very loose,
fine-grained

SANDY SILT, little clay, gray, moist to wet, very soft to soft

WELL GRADED SAND WITH SILTY CLAY, gray, wet, very loose to
loose, fine to medium-grained

SILTY CLAY, gray, moist, very soft to soft

SILTY CLAY WITH SAND, gray, moist, very soft to medium

583.2

580.9

579.7

578.2

572.2

570.3

569.2

CL-
ML

SP-
SC

ML

SP-
SC

ML

SW-
SC

CL-
ML

CL-
ML

87
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80
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100

73

60

87
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100

93

100

100

0.5

0

0

0.75

1

0.5

0

1.25

2

2

1.5

1.5

1.5

BORING LOG (cont sheet) Hole No. 311-ADC

4 SHEETS
2

ELEVATION TOP OF HOLE 606.7
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311-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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23.4

23.2

24.5

11:35
PID: 0.0/0.0

11:35
PID: 0.0/0.0

12:00
PID: 0.0/0.0

12:16
PID: 0.0/0.0

12:27
PID: 0.0/0.0

12:38
PID: 0.0/0.0

12:47
PID: 0.0/0.0

RC-01: 72.3'-75.4'
3 minute run
Hole measured 74.1' after run, 1.3'
slipped core returned

RC-02: 75.4'-77.5'
1 minute run

31

32

33

34

35

36

37

SILTY CLAY WITH SAND, gray, moist, very soft to medium (continued)

Soft to medium at 54.5'

WELL GRADED SAND WITH SILTY CLAY AND GRAVEL, gray, wet,
loose to medium dense, fine to coarse-grained

SHALE, gray, slightly to moderately weathered, very slightly to slightly
fractured, very fine-grained, soft

90 903.1

543.7

534.4

ROCK 1

CL-
ML

SW-
SC

100

80

100

100

27

100

100

1

1

0.5

0.5

BORING LOG (cont sheet) Hole No. 311-ADC

4 SHEETS
3

ELEVATION TOP OF HOLE 606.7
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311-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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RC-03: 77.5'-82.5'
5 minute run

RC-04: 82.5'-83.0'
1 minute run
DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 83 feet.

SHALE, gray, slightly to moderately weathered, very slightly to slightly
fractured, very fine-grained, soft (continued)

End of boring at 523.7 feet.

100

100

100

100

84

100

2.1

5

0.5

523.7

ROCK

ROCK

ROCK

2

3

4

BORING LOG (cont sheet) Hole No. 311-ADC

4 SHEETS
4

ELEVATION TOP OF HOLE 606.7

1. PROJECT Johnson Co. Section 202 Study
SHEET
OF

S
A

M
P

LE
 T

Y
P

E

D
E

P
T

H
 S

C
A

LE

M
O

IS
T

U
R

E
 %

REMARKS

S
A

M
P

LE
 #CLASSIFICATION

OF MATERIALS

R
Q

D
 %

ELEVATION

B
LO

W
S

 / 
6-

IN
C

H

U
S

C
S

 C
LA

S
S

LE
G

E
N

D

R
E

C
O

V
E

R
Y

 %

P
E

N
E

T
R

O
M

E
T

E
R

(T
S

F
)

311-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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13.7

18.3

29.2

22.1

27

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
Boring moved 112 degrees SE, 14.0'
away from original location to avoid
underground utilities
10:38
PID: 0.0/0.0

10:47
PID: 0.0/0.0

10:55
PID: 0.0/0.0

10:58
PID: 0.0/0.0

11:01
PID: 0.0/0.0

11:06
PID: 0.0/0.0

11:11
PID: 0.0/0.0

11:17
PID: 0.0/0.0

11:23
PID: 0.0/0.0

11:29
PID: 0.0/0.0

11:34
PID: 0.0/0.0

11:40
PID: 0.0/0.0

11:47
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

ASPHALT

FILL: SILTY CLAY WITH GRAVEL, some coal fragments, dark to light
brown, moist, soft to medium

Brick fragments present from 4.5' to 4.7'

LEAN CLAY, trace coal fragments, dark gray, moist, soft to firm

Color grades to light brown to tan at 12.9', no coal fragments

Reddish brown mottling at 14.5'

Thin fine-grained sand lenses at 15.0' and 20.5'

604.8

594.0

A

F

CL

73

67

60

60

47

47

80

87

87

87

60

93

100

2.75

1

1.5

1

0.25

0.75

0.75

0.25

0.75

1.75

1.5

1.75

0.75

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Greg Thompson

65.7'

0.5'

66.2'

SHEET 1314-AD OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/13/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

605.2'

5/23/19

Stantec

580.5'

N/A

Johnson Co. Section 202 Study

N: 3833318.40136 E: 5772396.87547

3 1/4" ID HSA
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314-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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19.6

24

25.5

26

27.1

11:52
PID: 0.0/0.0

12:00
PID: 0.0/0.0

12:09
PID: 0.0/0.0

12:15
PID: 0.0/0.0

12:28
PID: 0.0/0.0
Augers charged with water prior to
advancing past 27.0'

13:45
PID: 0.0/0.0

13:51
PID: 0.0/0.0

13:56
PID: 0.0/0.0

14:04
PID: 0.0/0.0

14:10
PID: 0.0/0.0

14:16
PID: 0.0/0.0

14:25
PID: 0.0/0.0

14:37
PID: 0.0/0.0

14:58
PID: 0.0/0.0

15:07
PID: 0.0/0.0

15:13
PID: 0.0/0.0

15:22
PID: 0.0/0.0

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

LEAN CLAY, trace coal fragments, dark gray, moist, soft to firm
(continued)

POORLY GRADED SAND WITH SILT, light brown to tan, moist to wet,
loose, fine-grained

SILTY CLAY WITH SAND, light brown to tan, moist, soft to medium

SILTY SAND, trace clay, light brown to reddish tan, moist to wet, loose,
fine to coarse-grained
Trace gravel at 24.7'

WELL GRADED SAND WITH GRAVEL, trace thin silty clay lenses, trace
coal fragments, light gray to gray, moist, medium dense, fine to
coarse-grained

LEAN CLAY, trace sand, gray to dark gray, moist, very soft to soft

SILTY CLAY, trace sand, gray to light gray, moist to wet, soft to medium

Increase in sand at 37.5'

POORLY GRADED SAND, trace silty clay lenses, gray to light gray,
moist, loose, fine-grained

POORLY GRADED SAND WITH SILT, light gray to gray, moist, loose,
fine-grained

582.3
582.0

581.2

576.7

572.2

569.2

566.2

560.2

CL

SP-
SM
CL-
ML
SM

SW

CL

CL-
ML

SP

SP-
SM

87

100

80

40

87

73

67

53

87

100

80

100

67

100

53

87

100

1.25

1

0.5

0.75

0.25

0.25

0.25

0

0

0

BORING LOG (cont sheet) Hole No. 314-AD

3 SHEETS
2

ELEVATION TOP OF HOLE 605.2
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314-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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24.8

16

15.8

15:29
PID: 0.0/0.0

3:42
PID: 0.0/0.0

16:00
PID: 0.0/0.0

16:25
PID: 0.0/0.0

16:40
PID: 0.0/0.0
1.5' of heave removed

Bottom of hole at 66.2 feet.

31

32

33

34

35

36

POORLY GRADED SAND WITH SILT, light gray to gray, moist, loose,
fine-grained (continued)

WELL GRADED SAND WITH GRAVEL, light gray to tan, moist, dense,
fine to coarse-grained

WELL GRADED GRAVEL WITH SAND, dark gray, moist, medium dense
to dense, fine to coarse-grained

SANDY SILT, trace clay, light gray, moist, medium to very firm

POORLY GRADED SAND WITH SILT, little coal fragments, light gray to
gray, moist, very dense, fine-grained

SHALE, dark gray, silty, laminated

End of boring at 539 feet.

551.9

550.2

547.1

540.2

539.5
539.0

SP-
SM

SW

GW

ML

SP-
SM

100

100

80

100

100

100

0

0

1.5

0.25

BORING LOG (cont sheet) Hole No. 314-AD

3 SHEETS
3

ELEVATION TOP OF HOLE 605.2
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314-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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50/2"
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ST-01: 13.0'-15.0'
DP = 400 psi
Time pushed = 8:06
Time pulled = 8:20
8:24
PID: 0.0/0.0

1

OVERBURDEN, see log for 310-AD

SILTY CLAYEY SAND, light brown, moist, fine-grained

OVERBURDEN, see log for 310-AD

597.1

595.1

SC-
SM

1000.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Donald Clements

N/A

N/A

36.0'

SHEET 1315-A OF 2

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/10/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

610.1'

5/10/19

Stantec

580.7'

N/A

Johnson Co. Section 202 Study

N: 3833456.53822 E: 5772656.93335

3 1/4" ID HSA
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315-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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ST-02: 32.0'-34.0'
DP = 650 psi
Time pushed = 8:47
Time pulled = 9:06
No recovery

ST-03: 34.0'-36.0'
DP = 700 psi
Time pushed = 9:20
Time pulled = 9:29
9:44
PID: 0.0/0.0
Used Piston Sampler

Bottom of hole at 36 feet.

2

3

OVERBURDEN, see log for 310-AD (continued)

SILTY SAND, trace clay, trace gravel, light brown, wet, fine to
coarse-grained

End of boring at 574.1 feet.

576.1

574.1

SM

0

85

BORING LOG (cont sheet) Hole No. 315-A

2 SHEETS
2

ELEVATION TOP OF HOLE 610.1
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315-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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23.1

24.8

24.7

23.2

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
14:20
PID: 0.0/0.0

14:28
PID: 0.0/0.3

14:35
PID: 0.0/0.0

14:45
PID: 0.0/0.0

15:01
PID: 0.0/0.0

15:20
PID: 0.0/0.0

15:31
PID: 0.0/0.0

15:47
PID: 0.0/0.0

15:53
PID: 0.0/0.0

15:59
PID: 0.0/0.0

16:11
PID: 0.0/0.0

16:25
PID: 0.0/0.0

16:35
PID: 0.0/0.0

16:54
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

TOPSOIL

FILL: LEAN CLAY, trace organics, light brown to brown, moist, soft to firm

WOOD, solid piece, vertical fibering

FILL: LEAN CLAY, some wood debris, trace organics, light brown to
grayish brown, moist, medium to firm

FILL:  LEAN CLAY, trace organics, light brown to grayish brown, moist,
medium to firm

Trace coal fragments at 6.5'

SILTY CLAY WITH SAND, light brown, moist to wet, medium

LEAN CLAY, light brown to tannish brown, moist, soft to medium

SILTY CLAY WITH SAND, light brown, moist, soft to medium

LEAN CLAY, trace sand, light brown, moist, soft to medium

SILTY CLAY WITH SAND, light brown, moist, medium

POORLY GRADED SAND WITH SILT, tan to orange tan, moist, loose,
fine-grained

SILTY CLAY WITH SAND, light brown, moist, soft to medium

610.5

607.9

606.9

605.8

598.3

597.2

594.9
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592.3

591.6
591.2

T
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Wd
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CL-
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CL

CL-
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SM
CL-
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67

73

100

100

100

100

100

93

100

100

93

100

93

87

3.5

3.5

3

3.5

3.25

1.75

2

1.25

0.25

1.5

0.5

0.5

0.75

0.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Donald Clements

74.3'

11.8'

86.1'

SHEET 1315-ADC OF 4

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/9/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

610.7'

5/8/19

Stantec

582.4'

3

Johnson Co. Section 202 Study

N: 3833461.0661 E: 5772671.11048

3 1/4" ID HSA
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315-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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21.8

26.8

17.6

19.5

25.3

17:02
PID: 0.0/0.0

17:07
PID: 0.0/0.0

17:18
PID: 0.0/0.0

17:22
PID: 0.0/0.0

17:18
PID: 0.0/0.0

17:34
PID: 0.0/0.0

17:40
PID: 0.0/0.0

17:47
PID: 0.0/0.0

17:53
PID: 0.0/0.0
Augers charged with water prior to
advancing past 34.5'

18:33
PID: 0.0/0.0
1.3' heave in spoon

18:41
PID: 0.0/0.0

18:53
PID: 0.0/0.0

18:57
PID: 0.0/0.0

19:10
PID: 0.0/0.0

19:16
PID: 0.0/0.0

Begin 5-9-19
7:54
PID: 0.0/0.0

8:09
PID: 0.0/0.0

15

16

17
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21

22

23

24

25

26

27

28

29

30

31

SILTY CLAY WITH SAND, light brown, moist, soft to medium (continued)

POORLY GRADED SAND WITH SILT, trace very thin clay lenses, light
brown to tannish brown, wet, loose, fine-grained

SILTY CLAY, little sand lenses, dark gray to orange gray, moist, soft to
medium

POORLY GRADED SAND WITH SILT, trace very thin clay lenses, light
brown to tannish brown, wet, loose, fine-grained

WELL GRADED SAND, tan to orange tan, moist, loose to medium dense,
fine to medium-grained

WELL GRADED SAND WITH GRAVEL, little coal fragments, light gray to
gray, wet, loose to medium dense, fine to coarse-grained

SILT, little sand, trace clay, gray to dark gray, moist, soft to medium

SILTY CLAY WITH SAND, light gray to gray, moist to wet, soft to very
firm

583.7

582.2

580.7

579.2

573.2

570.9

569.3

CL-
ML

SP-
SM

CL-
ML

SP-
SM

SW

SW

ML

CL-
ML

100

100

100

87

87

73

40

67

87

60

60

67

80

53

87

100

87

0.5

0.25

0.5

0.5

0.5

1

2

2.25

1.75

BORING LOG (cont sheet) Hole No. 315-ADC

4 SHEETS
2

ELEVATION TOP OF HOLE 610.7
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315-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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32.7

35.8

33.3

28.1

26.5

8:15
PID: 0.0/0.0

8:29
PID: 0.0/0.0

8:44
PID: 0.0/0.0

3" spoon used to remove 2.0' of heave
at 57.5'

9:15
PID: 0.0/0.0

9:46
PID: 0.0/0.0

9:59
PID: 0.0/0.0

10:21
PID: 0.0/0.0

Highly fractured 75.0' to 75.5'

11:04
PID: 0.0/0.0
RC-01: 75.3'-76.1'
6 minute run

32

33

34

35

36

37

38

39

Trace gravel starting at 48.3'
SILTY CLAY WITH SAND, light gray to gray, moist to wet, soft to very
firm (continued)

POORLY GRADED SAND WITH SILT,  trace very thin clay lenses, light
gray to gray, moist, medium dense, fine-grained

SHALE, dark gray, slightly to moderately weathered, unfractured to
slightly  fractured, very fine-grained, soft to moderately hard, silty,
laminated, flat bedding, fractures along bedding

100 00.8

540.7

536.4

ROCK 1

CL-
ML

SP-
SM

100

87

100

87

93

93

100

100

1.5

0.75

1.5

1.5

1.5

0.5

0.25

BORING LOG (cont sheet) Hole No. 315-ADC

4 SHEETS
3

ELEVATION TOP OF HOLE 610.7
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315-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

5

1
2
4

3
3
4

4
5
6

4
6
7

3
4
4

4
3
3

3
2
10

50/4"

49

50

51

52

53

54

55

56

57
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60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76
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WR = 100%
RC-02: 76.1'-81.1'
13 minute run
WR = 90-100%
WC = Dark gray
MF at 76.2', 76.6', 77.3', 77.5', 78.1',
79.4', 80.2'

RC-03: 81.1'-86.1'
18 minute run
WR = 90-100%
WC = Light to dark gray
Light gray to gray siltstone nodule from
81.4' to 81.5'

Coal seam with interbedded siltstone
from 84.2' to 84.3'

DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 86.1 feet.

SHALE, dark gray, slightly to moderately weathered, unfractured to
slightly  fractured, very fine-grained, soft to moderately hard, silty,
laminated, flat bedding, fractures along bedding (continued)

SANDSTONE, light gray to gray, unweathered to slightly weathered,
slightly fractured, very fine-grained, moderately hard to hard, flat bedding,
silty, laminated

SHALE, dark gray, slightly  weathered, slightly fractured, very
fine-grained, soft to moderately hard, silty, laminated, flat bedding,
fractures along bedding

SANDSTONE, light gray, unweathered, unfractured, very fine to
fine-grained, hard, medium to thick bedded

End of boring at 524.6 feet.

100

100

80

82

5

5
527.6
527.2

526.4

524.6

ROCK

ROCK

2

3

BORING LOG (cont sheet) Hole No. 315-ADC

4 SHEETS
4

ELEVATION TOP OF HOLE 610.7
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315-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

77

78

79

80

81

82

83

84

85

86
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88

89

90

91

92

93

94

95
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97
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99

100

101

102

103
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22.8

28.8

30.6

30.6

33.7

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

13:08
PID: 0.0/0.0

13:14
PID: 0.0/0.0

13:20
PID: 0.0/0.0

13:28
PID: 0.0/0.0

13:34
PID: 0.0/0.0

13:45
PID: 0.0/0.0

14:08
PID: 0.0/0.0

14:14
PID: 0.0/0.0

14:30
PID: 0.0/0.0

14:34
PID: 0.0/0.0

14:41
PID: 0.0/0.0

14:52
PID: 0.0/0.0

14:59
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

ASPHALT

DENSE GRADED AGGREGATE (DGA)

LEAN CLAY, trace sand, gray to dark brownish gray, moist, soft

SILTY CLAY WITH SAND, grayish brown to dark gray, moist, soft

SANDY SILT, little clay, brownish gray to gray, moist, very soft

SILTY CLAY WITH SAND, brownish gray to gray, moist, very soft

SILTY SAND, gray to light gray, moist, very loose, fine-grained

SILTY CLAY WITH SAND, brownish gray to dark gray, wet, very soft to
soft

SILTY SAND, gray to light gray, wet, very loose, fine-grained

SANDY SILT, little clay, trace wood fragments, gray to dark gray, wet,
soft

SILTY SAND, light gray to tan, moist, very loose, fine-grained

SILTY CLAY, little sand lenses, gray to dark gray, wet, soft to medium

SILTY SAND, gray to light gray, wet, loose, fine-grained

SANDY SILT, little clay, gray to light brownish gray, moist, soft

SILTY SAND, little clay lenses, gray to light brownish gray, moist, very
loose, fine-grained

SANDY SILT, little clay, brownish gray to dark gray, moist, soft

SILTY SAND, brownish gray to dark gray, wet, very loose to loose,
fine-grained

POORLY GRADED SAND, light brown to tan, wet, very loose to loose,
fine-grained

591.9

591.3

589.2

586.2
585.7

584.7

583.8

581.3
580.9

578.4
578.0

576.1
575.7
575.2

574.2
573.8

572.0

A
GP

CL

CL-
ML

ML

CL-
ML

SM

CL-
ML

SM

ML

SM

CL-
ML

SM

ML

SM

ML

SM

SP

87

87

100

100

100

100

100

100

100

100

100

100

80

1.75

0.75

0.5

0.5

0.5

0.5

0.25

0.25

0.5

0.25

0.25

0.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

31.5'

SHEET 1401-AD OF 2

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

7/23/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

592.2'

7/23/19

Stantec

572.0'

N/A

Johnson Co. Section 202 Study

N: 3833557.66072 E: 5775641.05107

3 1/4" ID HSA
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401-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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30.7

43.1

15:06
PID: 0.0/0.0
Two bulk samples taken from 21.0' to
24.0'

15:39
PID: 0.0/0.0

15:48
PID: 0.0/0.0
Augers charged with water prior to
advancing past 25.5'

15:54
PID: 0.0/0.0

16:01
PID: 0.0/0.0

16:09
PID: 0.0/0.0

16:15
PID: 0.0/0.0

Bottom of hole at 31.5 feet.

14

15

16

17

18

19

20

POORLY GRADED SAND, light brown to tan, wet, very loose to loose,
fine-grained (continued)

SANDY SILT, little clay, dark gray to dark brownish gray, moist, soft

POORLY GRADED SAND, trace silty clay lenses, gray to brownish gray,
wet, very loose, fine-grained

SANDY SILT, little clay lenses, gray to brownish gray, moist to wet, soft

POORLY GRADED SAND, trace coal fragments, tan to light brown, wet,
very loose to loose, fine-grained

WOOD, black

POORLY GRADED SAND, trace wood fragments, tan to light brown and
gray, wet, loose, fine-grained

End of boring at 560.7 feet.

570.1

569.0

567.3

566.7

564.2

563.0

560.7

SP

ML

SP

ML

SP

Wd

SP

93

100

100

80

93

67

73

0.5

0.5

0.25

BORING LOG (cont sheet) Hole No. 401-AD

2 SHEETS
2

ELEVATION TOP OF HOLE 592.2
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401-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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Two bulk samples taken from 10.0' to
15.0'

ST-01: 13.0-15.0'
DP = 200 psi
Time pushed = 8:20
Time pulled = 8:33
8:37
PID: 0.0/0.0

ST-02: 17.0'-19.0'
DP = 250 psi
Time pushed = 8:50
Time pulled = 9:10
9:17
PID: 0.0/0.0

Bottom of hole at 19 feet.

1

2

TOPSOIL

OVERBURDEN, see log for 501-AD

SILTY CLAY, little sand, gray to brownish gray, moist

OVERBURDEN, see log for 501-AD

SILTY SAND, gray to olive gray, moist to wet, fine-grained

End of boring at 586.3 feet.

605.1

592.3

590.3

588.3

586.3

T

CL-
ML

SM

100

100

0.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

19.0'

SHEET 1501-A OF 1

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

7/17/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

605.3'

7/17/19

Stantec

587.3'

N/A

Johnson Co. Section 202 Study

N: 3837301.8 E: 5764766.3

3 1/4" ID HSA
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501-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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13.5

19.7

30

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

11:26
PID: 0.0/0.0
11:32
PID: 0.0/0.0

11:39
PID: 0.0/0.0

11:44
PID: 0.0/0.0

11:54
PID: 0.0/0.0

11:59
PID: 0.0/0.0

12:04
PID: 0.0/0.0

12:06
PID: 0.0/0.0

12:17
PID: 0.0/0.0

12:20
PID: 0.0/0.0

12:42
PID: 0.0/0.0

12:47
PID: 0.0/0.0

12:51
PID: 0.0/0.0

12:57
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

TOPSOIL

FILL: LEAN CLAY WITH GRAVEL. brown to light brown, moist, medium
to firm

FILL: POORLY GRADED GRAVEL, trace thin clay lenses, tan to light
brown, moist, loose, fine to coarse-grained

FILL: LEAN CLAY WITH GRAVEL. brown to light brown, moist, soft to
medium

LEAN CLAY, trace sand, trace gravel, gray to grayish brown, moist to
wet, very soft to medium

Sand lens from 19.4' to 19.5'

SILTY CLAY, trace sand lenses, gray, wet, very soft

607.8

601.9

601.0

595.5

588.4

T
F

F

F

CL

CL-
ML

60

60

73

80

87

87

67

73

93

80

87

93

100

100

2.5

2.25

2.75

1.75

1.75

1.75

1.75

1.75

1

1.25

1.5

1.25

1

0.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

59.6'

0.4'

60.0'

SHEET 1501-AD OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

7/16/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

607.9'

7/16/19

Stantec

586.2'

N/A

Johnson Co. Section 202 Study

N: 3837263 E: 5764780

3 1/4" ID HSA
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501-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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0
0
0

0
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30.3

25

24.3

23.5

21.9

20.2

26.7

22.2

13:04
PID: 0.0/0.0

13:12
PID: 0.0/0.0

13:26
PID: 0.0/0.0

13:29
PID: 0.0/0.0

13:50
PID: 0.0/0.0

13:58
PID: 0.0/0.0

14:03
PID: 0.0/0.0

14:18
PID: 0.0/0.0

14:22
PID: 0.0/0.0

14:25
PID: 0.0/0.0

14:32
PID: 0.0/0.0

1.0' of heave removed from augers
prior to driving SPT-26. AW-J rods
locked inside HSA after driving spoon
due to heave. Sample lost during
recovery of AW-J rods
15:19
PID: 0.0/0.0

15:27
PID: 0.0/0.0

15:51
PID: 0.0/0.0

15:39
PID: 0.0/0.0

16:13
PID: 0.0/0.0

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

SANDY SILT, little clay, gray to brownish gray, wet, very soft

POORLY GRADED SAND, trace silt, trace wood fragments, gray, wet,
very loose, fine-grained

POORLY GRADED SAND WITH SILT AND GRAVEL, dark brown to
grayish brown, wet, very loose, fine-grained

SILTY SAND WITH GRAVEL, light gray to gray, wet, very loose, fine to
coarse-grained

SILTY SAND, trace clay, trace gravel, trace coal fragments, gray to light
gray, moist, very loose to medium dense, fine to coarse-grained

Increase in coal fragments from 27.4' to 27.6'

Black staining from coal fragments from 41.5' to 41.6'

POORLY GRADED SAND, grayish tan to light gray, moist, medium
dense, fine-grained

SILTY SAND, little coal fragments, trace clay, trace gravel, gray to
grayish brown, moist, loose to dense, fine to coarse-grained

586.9

584.4
583.9

583.1

582.4

565.4

562.9

ML

SP

SP-
SM

SM

SM

SP

SM

100

80

100

100

87

73

80

87

60

60

47

0

67

67

60

60

53

0.25

0.25

0

BORING LOG (cont sheet) Hole No. 501-AD

3 SHEETS
2

ELEVATION TOP OF HOLE 607.9
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501-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

0
0
0

0
0
1

0
0
1

0
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2

0
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5

1
4
8

0
4
7

2
5
7

1
1
9

1
3
6

1
5
8

7
6
7

2
6
6

1
2
14

5
7
9

1
5
5

2
4

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48
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24.9

14.9

16:24
PID: 0.0/0.0

16:35
PID: 0.0/0.0

16:45
PID: 0.0/0.0

17:24
PID: 0.0/0.0

17:45
PID: 0.0/0.0

Bottom of hole at 60 feet.

32

33

34

35

36

SILTY SAND, little coal fragments, trace clay, trace gravel, gray to
grayish brown, moist, loose to dense, fine to coarse-grained (continued)

Color changes to gray to light gray at 52.5'

SHALE, gray to dark gray, silty, thinly laminated

End of boring at 547.9 feet.

548.3
547.9

SM

67

53

73

93

100

BORING LOG (cont sheet) Hole No. 501-AD

3 SHEETS
3

ELEVATION TOP OF HOLE 607.9
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501-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

9

1
2
4

3
5
8

6
6
7

13
19
25

50/5"

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76
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12.6

16

29

26.9

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
14:40
PID: 0.0/0.0

14:46
PID: 0.0/0.0

14:51
PID: 0.0/0.0

15:00
PID: 0.0/0.0

15:03
PID: 0.0/0.0

15:09
PID: 0.0/0.0

15:09
PID: 0.0/0.0

15:23
PID: 0.0/0.0

15;29
PID: 0.0/0.0

15:51
PID: 0.0/0.0
Two bulk samples taken from 13.5' to
16.5'

15:38
PID: 0.0/0.0

16:03
PID: 0.0/0.0

16:08
PID: 0.0/0.0

16:15
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

TOPSOIL

FILL: LEAN CLAY WITH GRAVEL, brown to light brown, moist, medium
to firm

Trace coal fragments from 2.2' to 2.4'

FILL: SANDY SILT, little clay, brown to light brown, moist, medium to firm

LEAN CLAY, light brown to tan, moist, soft to firm

Color changed to light tan and light gray mottling from 18.0' to 19.5'

SANDY LEAN CLAY, tan to orangish brown, with light gray mottling,
moist, soft to medium

608.1

599.2

597.2

588.7

T
F

F

CL

CL

73

67

100

93

87

100

93

100

80

100

100

100

100

100

2.25

2

2.75

1.75

2.75

1.5

1

1

1.25

1

1.25

1.75

1.75

1.5

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

61.5'

SHEET 1502-AD OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

7/16/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

608.2'

7/15/19

Stantec

586.6'

N/A

Johnson Co. Section 202 Study

N: 3837188.9 E: 5764834

3 1/4" ID HSA
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502-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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22.3

22.5

23.1

27.7

24.6

21.6

21.8

16:29
PID: 0.0/0.0

16:38
PID: 0.0/0.0

16:49
PID: 0.0/0.0
Augers chargd with water at 24.0'

16:59
PID: 0.0/0.0

17:06
PID: 0.0/0.0

17:10
PID: 0.0/0.0

17:19
PID: 0.0/0.0

17:29
PID: 0.0/0.0

17:43
PID: 0.0/0.0

Begin 7-16-19
7:30
PID: 0.0/0.0

7:40
PID: 0.0/0.0

7:55
PID: 0.0/0.0

8:08
PID: 0.0/0.0

8:14
PID: 0.0/0.0

8:30
PID: 0.0/0.0

8:39
PID: 0.0/0.0

8:44
PID: 0.0/0.0

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

SILTY SAND, little clay lenses, light gray with tan mottling, moist, very
loose, fine-grained

SANDY SILT, little clay, gray to tan, moist, soft

POORLY GRADED SAND WITH GRAVEL, trace silty clay lenses, light
gray to tannish gray, moist, very loose to medium dense, fine to
coarse-grained

POORLY GRADED SAND, trace gravel, trace coal fragments, gray to
light gray, wet, loose to medium dense, fine to coarse-grained

POORLY GRADED SAND WITH GRAVEL, trace coal fragments, gray to
dark gray, moist, very loose to loose, fine to coarse-grained

Trace gravel at 30.0'

SILT, trace clay, trace sand, trace gravel, dark gray to gray, moist, soft to
firm

POORLY GRADED SAND, trace clay, trace gravel, gray to light gray,
moist, medium dense, fine to medium-grained

SILTY SAND, gray to dark gray, moist, loose, fine-grained

POORLY GRADED SAND, trace gravel, trace coal fragments, light gray
to gray, moist, loose to medium dense, fine to coarse-grained

586.6

585.0
584.6

583.6

579.7

575.2

571.5

565.7

564.7

CL

SM

ML

SP

SP

SP

ML

SP

SM

SP

100

67

93

60

67

60

47

40

100

93

87

67

67

67

87

53

60

1

0

0.5

0.75

BORING LOG (cont sheet) Hole No. 502-AD

3 SHEETS
2

ELEVATION TOP OF HOLE 608.2
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502-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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22.2

18.1

8:57
PID: 0.0/0.0

9:06
PID: 0.0/0.0

9:14
PID: 0.0/0.0

9:35
PID: 0.0/0.0

9:43
PID: 0.0/0.0

Bottom of hole at 61.5 feet.

32

33

34

35

36

POORLY GRADED SAND, trace gravel, trace coal fragments, light gray
to gray, moist, loose to medium dense, fine to coarse-grained (continued)

SANDY SILT, gray to dark gray, moist, firm

SILTY SAND, light gray to gray, moist, dense, fine-grained

POORLY GRADED SAND WITH GRAVEL, light gray to gray, moist,
medium dense to dense, fine to coarse-grained

End of boring at 546.7 feet.

555.7

550.7

549.8

546.7

SP

ML

SM

SP

67

80

87

87

53

0.75

0.75

BORING LOG (cont sheet) Hole No. 502-AD

3 SHEETS
3

ELEVATION TOP OF HOLE 608.2
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502-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

4

1
2
13

2
2
7

1
5
7

5
17
24

6
9
14

49

50

51

52

53

54

55

56

57

58
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62

63

64

65

66

67

68
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13.9

15.6

19.6

19.7

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
14:35
PID: 0.0/0.0

14:40
PID: 0.0/0.0

14:45
PID: 0.0/0.0

14:50
PID: 0.0/0.0

14:59
PID: 0.0/0.0

15:02
PID: 0.0/0.0

15:12
PID: 0.0/0.0

15:15
PID: 0.0/0.0

15:38
PID: 0.0/0.0
Two bulk sampels taken from 12.0' to
16.5'

15:42
PID: 0.0/0.0

15:52
PID: 0.0/0.0

16:05
PID: 0.0/0.0

16:07
PID: 0.0/0.0

16:16
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

TOPSOIL

FILL: SANDY LEAN CLAY WITH GRAVEL, trace coal and brick
fragments, brown to light brown, moist, medium to very firm

POORLY GRADED SAND WITH SILT, brown to light orangish brown,
moist, medium dense, fine-grained

SANDY SILT, little clay, trace gravel, light brown to orangish brown,
moist, soft to medium

SILTY SAND, light brown to brown, moist, very loose, fine-grained

SANDY SILT, brown to light brown, moist, soft

SILTY SAND, light brown to tan, moist, very loose, fine-grained

608.1

598.7

597.9

592.9

591.5

590.0

T
F

SP-
SM

ML

SM

ML

SM

80

73

80

100

100

100

100

80

100

100

100

100

100

100

2.25

1.75

0.75

2.25

2.25

2.25

2.25

1.25

0.5

0.5

0.5

1.25

0.5

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

60.9'

0.5'

61.4'

SHEET 1503-AD OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

7/11/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

608.4'

7/10/19

Stantec

588.6'

N/A

Johnson Co. Section 202 Study

N: 3837118.6 E: 5764966.6

3 1/4" ID HSA
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503-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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28

27.5

26.1

24.1

25.1

22.2

22.1

16:21
PID: 0.0/0.0

16:27
PID: 0.0/0.0
Augers charged with water prior to
advancing pas 22.5'

16:36
PID: 0.0/0.0

16:41
PID: 0.0/0.0

17:06
PID: 0.0/0.0

17:17
PID: 0.0/0.0

17:23
PID: 0.0/0.0

17:30
PID: 0.0/0.0

17:36
PID: 0.0/0.0

17:43
PID: 0.0/0.0

Begin 7-11-19
7:44
PID: 0.0/0.0

7:56
PID: 0.0/0.0

8:07
PID: 0.0/0.0

8:20
PID: 0.0/0.0

8:27
PID: 0.0/0.0

11:07
PID: 0.0/0.0

11:14
PID: 0.0/0.0

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

SILTY SAND, light brown to tan, moist, very loose, fine-grained
(continued)

SANDY SILT, orangish tan to gray, moist, very soft

POORLY GRADED SAND WITH SILT, orange tan to gray, wet, very
loose, fine-grained

POORLY GRADED SAND, trace silt, tan to orange tan, moist, very loose,
fine-grained

POORLY GRADED SAND, trace silt, trace gravel, light gray to dark gray,
moist, very loose to loose, fine to coarse-grained

LEAN CLAY, trace sand, gray to light gray with tan mottling, moist, very
soft to medium

SANDY SILT, little clay, gray, moist to wet, soft to medium

SILTY CLAY, trace sand, gray to light tannish gray, moist, medium

SANDY SILT, trace clay, gray to tannish gray, moist to wet, loose

585.3

584.4

581.4

579.0

575.4

564.9

563.4

560.9

SM

ML

SP-
SM

SP

SP

CL

ML

CL-
ML

ML

100

100

100

53

73

67

67

33

87

93

93

93

100

100

100

100

87

0

1.25

0.75

0.75

0.75

1.25

0.75

0.5

0.25

0.5

BORING LOG (cont sheet) Hole No. 503-AD

3 SHEETS
2

ELEVATION TOP OF HOLE 608.4
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503-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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29.4

25.2

11:23
PID: 0.0/0.0

11:40
PID: 0.0/0.0

11:53
PID: 0.0/0.0

11:57
PID: 0.0/0.0

12:16
PID: 0.0/0.0

Bottom of hole at 61.4 feet.

32

33

34

35

36

SANDY SILT, trace clay, gray to tannish gray, moist to wet, loose
(continued)

Color changes to gray to dark gray at 55.0'

SILTY SAND, trace gravel, trace coal fragments, light gray to dark gray,
moist, medium dense to very dense, fine to coarse-grained

INTERBEDDED SANDSTONE AND SHALE, light gray to gray, very
fine-grained, thin bedded

End of boring at 547 feet.

550.1

547.5
547.0

ML

SM
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93
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86

1.25

0.25
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1

BORING LOG (cont sheet) Hole No. 503-AD

3 SHEETS
3

ELEVATION TOP OF HOLE 608.4
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503-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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50/5"
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16.1

12.4

20.6

20.9

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM
17:30
PID: 0.0/0.0

17:34
PID: 0.0/0.0

17:39
PID: 0.0/0.0
Two bulk samples taken from 3.0' to
7.5'

17:51
PID: 0.0/0.0

18:00
PID: 0.0/0.0

18:04
PID: 0.0/0.0

Begin 7-10-19
7:21
PID: 0.0/0.0

7:39
PID: 0.0/0.0

7:46
PID: 0.0/0.0

7:51
PID: 0.0/0.0

8:00
PID: 0.0/0.0

8:06
PID: 0.0/0.0

8:15
PID: 0.0/0.0

8:22
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

TOPSOIL

FILL: LEAN CLAY WITH GRAVEL, trace sand, trace brick fragments,
light brown to brown, moist, soft to very firm

FILL: WELL GRADED GRAVEL WITH SAND, light gray to dark gray,
moist, medium dense, fine to coarse-grained

FILL: GRAVELLY SILT WITH SAND, dark gray, moist, medium to very
firm

FILL: SANDY LEAN CLAY WITH GRAVEL, tan to light brown, moist,
medium to very firm

FILL: POORLY GRADED GRAVEL, little asphalt fragments, light gray to
black, moist, medium dense, fine-grained

FILL: LEAN CLAY, little wood fragments, moist, soft to medium

POSSIBLE FILL: SANDY SILT, little clay, gray to dark gray, moist, soft to
medium

SANDY SILT, little clay lenses, dark brown to olive brown, moist, soft to
medium

SILTY SAND, light and dark brown to tan, moist, very loose, fine-grained

608.1

603.6

602.8

601.6

598.7

597.9

597.2

595.5

591.3

T
F

F

F

F

F

F

F

ML

SM

80

80

80

100

73

87

100

80

80

53

87

80

100

87

1

1.5

1.25

2

1.5

1.5

0.25

0.25

0.25

0.25

0.25

0.75

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

61.5'

SHEET 1504-AD OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

7/10/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

608.4'

7/9/19

Stantec

588.2'

N/A

Johnson Co. Section 202 Study

N: 3837199.9 E: 5765136.1

3 1/4" ID HSA
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504-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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26.9

26.5

21.5

24

22.9

24.5

8:28
PID: 0.0/0.0

8:34
PID: 0.0/0.0
Augers charged with water prior to
advancing past 22.5'

8:41
PID: 0.0/0.0

8:50
PID: 0.0/0.0

8:56
PID: 0.0/0.0

9:02
PID: 0.0/0.0

9:09
PID: 0.0/0.0

9:17
PID: 0.0/0.0

9:25
PID: 0.0/0.0

No recovery from possible gravel zone

9:38
PID: 0.0/0.0

9:50
PID: 0.0/0.0

9:58
PID: 0.0/0.0

10:18
PID: 0.0/0.0

10:20
PID: 0.0/0.0

10:26
PID: 0.0/0.0

10:35
PID: 0.0/0.0

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

SILTY SAND, light and dark brown to tan, moist, very loose, fine-grained
(continued)

POORLY GRADED SAND, trace silt, tan to light brown with orange
mottling, moist, very loose to loose, fine-grained

Color grades to gray to light gray at 29.3'

LEAN CLAY, trace sand, light gray to gray, moist, very soft to medium

Tan mottling from 36.0' to 37.5'

SANDY SILT, little clay, light gray to dark gray, moist to wet, very soft to
medium

582.9

575.4

570.1

SM

SP

CL

ML
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53
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0
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1

0.25

0.5

0.25

1

BORING LOG (cont sheet) Hole No. 504-AD

3 SHEETS
2

ELEVATION TOP OF HOLE 608.4
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504-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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21.6

24

26.4

10:59
PID: 0.0/0.0

11:07
PID: 0.0/0.0

11:14
PID: 0.0/0.0

11:27
PID: 0.0/0.0

11:43
PID: 0.0/0.0

Bottom of hole at 61.5 feet.

32

33

34

35

36

SANDY SILT, little clay, light gray to dark gray, moist to wet, very soft to
medium (continued)

SANDY SILT, gray, moist, very soft

POORLY GRADED SAND, trace silt, gray to dark gray, moist, medium
dense to very dense, fine-grained

POORLY GRADED GRAVEL WITH SAND, light gray, moist, very dense,
fine to coarse-grained

End of boring at 546.9 feet.

555.9

550.9

547.4
546.9

ML

ML

SP

GP

100

87

100

93

100

0.25
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0.25

BORING LOG (cont sheet) Hole No. 504-AD

3 SHEETS
3

ELEVATION TOP OF HOLE 608.4
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504-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

3

0
0
0

0
0
0

0
0
0

1
6
13

1
1
50

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

149|Page Volume 2 Tab 2 Geotechnical



ST-01: 9.0'-11.0'
DP = 100 psi
Time pushed = 10:10
Time pulled = 10:20
10:25
PID: 0.0/0.0
Two bulk samples taken from 9.0' to
14.5'

1

TOPSOIL

OVEBURDEN, see log 505-AD

POORLY GRADED SAND, trace silt, light brown to tan, moist,
fine-grained

OVEBURDEN, see log 505-AD

604.0

595.3

593.3

T

SP

60

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

52.0'

SHEET 1505-A OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

7/15/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

604.3'

7/15/19

Stantec

584.3'

N/A

Johnson Co. Section 202 Study

N: 3837074.8 E: 5764876.1

3 1/4" ID HSA
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505-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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ST-02: 33.0'-35.0'
DP = 400 psi
Time pushed = 11:00
Time pulled = 11:20
11:20
PID: 0.0/0.0

2

OVEBURDEN, see log 505-AD (continued)

SANDY SILT, trace clay, gray, wet

OVEBURDEN, see log 505-AD

571.3

569.3

ML

1000.25

BORING LOG (cont sheet) Hole No. 505-A

3 SHEETS
2

ELEVATION TOP OF HOLE 604.3

1. PROJECT Johnson Co. Section 202 Study
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505-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

151|Page Volume 2 Tab 2 Geotechnical



ST-03: 48.0'-50.0'
DP = 400 psi
Time pushed = 11:40
Time pulled = 11:50
No recovery
ST-04: 50.0'-52.0'
DP = 600 psi
Time pushed = 12:10
Time pulled = 12:30
12:35
PID: 0.0/0.0
Used Piston Sampler

Bottom of hole at 52 feet.

3

4

OVEBURDEN, see log 505-AD (continued)

SILTY SAND, gray to light gray, wet, fine-grained

End of boring at 552.3 feet.

554.3

552.3

SM

0

95

BORING LOG (cont sheet) Hole No. 505-A

3 SHEETS
3

ELEVATION TOP OF HOLE 604.3

1. PROJECT Johnson Co. Section 202 Study
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505-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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16.1

20.3

20.8

31.1

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

15:07
PID: 0.0/0.0

15:14
PID: 0.0/0.0

15:18
PID: 0.0/0.0

15:24
PID: 0.0/0.0

15:33
PID: 0.0/0.0

15:37
PID: 0.0/0.0

15:47
PID: 0.0/0.0

15:50
PID: 0.0/0.0

15:57
PID: 0.0/0.0

16:04
PID: 0.0/0.0

16:10
PID: 0.0/0.0

16:18
PID: 0.0/0.0

16:23
PID: 0.0/0.0

16:29
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

TOPSOIL

FILL: SANDY LEAN CLAY WITH GRAVEL, brown, moist, soft to firm

FILL: LEAN CLAY, little coal fragments, gray with black streaks, moist,
medium

FILL: LEAN CLAY WITH GRAVEL, brown with gray mottling, moist,
medium

POORLY GRADED SAND WITH SILT, trace clay lenses, greenish tan to
brown, moist, very loose to loose, fine-grained

SILTY SAND, greenish tan to brown, moist, very loose, fine-grained

SANDY SILT, brown to tanish brown, moist, very soft

SILTY CLAY, trace sand, brown to dark brown, wet, very soft

608.0

601.2
600.7

599.2

594.7

593.2

591.7

T
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SP-
SM
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100
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100

1.75

2
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1.25

0.25

0.5

0.25

0.25

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

61.0'

0.4'

61.4'

SHEET 1505-AD OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

7/12/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

608.2'

7/11/19

Stantec

585.2'

N/A

Johnson Co. Section 202 Study

N: 3837095.3 E: 5764914.4

3 1/4" ID HSA

S
A

M
P

LE
 T

Y
P

E

D
E

P
T

H
 S

C
A

LE

M
O

IS
T

U
R

E
 %

REMARKS

S
A

M
P

LE
 #CLASSIFICATION

OF MATERIALS

R
Q

D
 %

ELEVATION

B
LO

W
S

 / 
6-

IN
C

H

U
S

C
S

 C
LA

S
S

LE
G

E
N

D

R
E

C
O

V
E

R
Y

 %

P
E

N
E

T
R

O
M

E
T

E
R

(T
S

F
)

505-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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36.7

32.4

23.2

22

21.6

23.3

7:42
PID: 0.0/0.0

7:50
PID: 0.0/0.0

8:03
PID: 0.0/0.0

8:10
PID: 0.0/0.0

8:19
PID: 0.0/0.0

Augers charged with water at 27.0'

8:28
PID: 0.0/0.0

8:35
PID: 0.0/0.0

8:44
PID: 0.0/0.0

8:51
PID: 0.0/0.0

8:57
PID: 0.0/0.0

9:07
PID: 0.0/0.0

9:15
PID: 0.0/0.0

9:25
PID: 0.0/0.0

9:36
PID: 0.0/0.0

9:46
PID: 0.0/0.0

9:53
PID: 0.0/0.0

10:01
PID: 0.0/0.0

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

LEAN CLAY, brown to light brown, wet, very soft

1/4" lens of black organics at 23.4'

Light gray mottling present at 24.2'

SILTY CLAY, trace sand, light brown to orangish brown with gray
mottling, moist to wet, very soft

SANDY SILT, little clayey lenses, gray to light gray, wet, very soft to soft

SILTY SAND, trace gravel, gray to light gray, wet, very loose, fine to
coarse-grained

SILTY CLAY, trace sand, light brown, moist to wet, soft to medium

LEAN CLAY, and silt, trace sand, gray to light gray, moist, very soft to
medium

Sand lens, little gravel at 34.3'-34.5'

SILTY CLAY, trace sand, gray to light gray, moist, soft

SANDY SILT, gray to light gray, moist, very soft to medium

Gravel at 43.7'-44.0'
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0.25
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0.5

1
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0.75

0.75

0.5

0.75

0.5

0.25

0.25

BORING LOG (cont sheet) Hole No. 505-AD

3 SHEETS
2

ELEVATION TOP OF HOLE 608.2
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505-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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25

23.2

17.7

10:10
PID: 0.0/0.0

10:21
PID: 0.0/0.0

10:34
PID: 0.0/0.0

10:50
PID: 0.0/0.0

11:08
PID: 0.0/0.0

Bottom of hole at 61.4 feet.

32

33

34

35

36

POORLY GRADED SAND WITH SILT, light gray to gray, wet, loose,
fine-grained (continued)

SANDY SILT, gray to light gray, moist, very soft

SILT, trace sand, gray to dark gray, moist, very soft to soft

POORLY GRADED SAND, light gray to gray, moist, medium dense,
fine-grained

SANDY SILT WITH GRAVEL, dark gray to gray, wet, very firm

SANDY SILT, little clay lenses, dark gray, moist, very firm to hard

SANDSTONE, with shale fragments, tanish gray to dark gray, slightly
weathered, slightly fractured, moderately hard to hard, fine to coarse
grained

End of boring at 546.8 feet.

559.9

558.2

555.7

552.6

550.7

549.6

547.2
546.8

SP-
SM

ML

ML

SP
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ML

100

73
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93
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0.25
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0.25

BORING LOG (cont sheet) Hole No. 505-AD

3 SHEETS
3

ELEVATION TOP OF HOLE 608.2
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505-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

3
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1
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50/5"
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16.4

20.5

22.7

23.5

22.7

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

9:01
PID: 0.0/0.0

No recovery due to cobbles plugging
SPT.

9:05
PID: 0.0/0.0

9:15
PID: 0.0/0.0

9:20
PID: 0.0/0.0

9:40
PID: 0.0/0.0

Bulk sample taken from 7.5' to 12.0'

9:57
PID: 0.0/0.0

10:30
PID: 0.0/0.0

10:34
PID: 0.0/0.0

10:39
PID: 0.0/0.0

10:45
PID: 0.0/0.0

10:51
PID: 0.0/0.0

10:56
PID: 0.0/0.0

11:03
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Topsoil

FILL: LEAN CLAY, little sand, little gravel, light brown, moist, medium to
firm

Sandstone cobbles from 1.5' - 3.0'

FILL: LEAN CLAY WITH GRAVEL, light brown to brown, moist, soft to
medium

FILL: LEAN CLAY WITH SAND, grayish tan, moist, medium

LEAN CLAY, brownish gray to gray, moist, soft to medium

SILTY CLAY, dark gray to black, moist, soft to medium

SILTY SAND, trace gravel, gray to brownish gray, moist, very loose to
loose, fine to medium-grained

SILTY CLAYEY SAND, tan to light brown, moist, very loose, fine-grained

SILTY SAND, little clay, tan to light brown, moist, very loose, fine-grained

607.6

604.8

599.9

599.2

598.0

597.1

594.3

592.4

T
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CL-
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100

67

100

67

87

100

80

100

100

0.75

1.75

0.75

2.25

0.75

1

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

61.5'

SHEET 1506-AD OF 3

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

7/9/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

607.8'

7/9/19

Stantec

588.3'

N/A

Johnson Co. Section 202 Study

N: 3837302.7 E: 5765236.2

3 1/4" ID HSA
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506-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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28.2

29.5

26.1

19.8

23.7

23.3

11:08
PID: 0.0/0.0

11:12
PID: 0.0/0.0

11:20
PID: 0.0/0.0

11:30
PID: 0.0/0.0

12:47
PID: 0.0/0.0

Augers charged with water

12:58
PID: 0.0/0.0

No recovery, likely due to wood
fragments at the end of the shoe.

13:16
PID: 0.0/0.0

13:20
PID: 0.0/0.0

13:30
PID: 0.0/0.0

13:37
PID: 0.0/0.0

13:47
PID: 0.0/0.0

14:00
PID: 0.0/0.0

14:05
PID: 0.0/0.0

14:13
PID: 0.0/0.0

14:23
PID: 0.0/0.0

14:46
PID: 0.0/0.0

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

SILTY SAND, little clay, tan to light brown, moist, very loose, fine-grained
(continued)

SANDY SILT, light brown to tan, wet, very soft

POORLY GRADED SAND WITH SILT, tan to light brown, wet, very loose,
fine-grained

Orangish brown in color form 26.2' - 26.3'

POORLY GRADED SAND, trace silt lenses, tan to light brown, moist,
very loose to loose, fine-grained

POORLY GRADED SAND, little wood fragments, gray to dark gray,
moist, very loose to loose, fine-grained
Wood debris from 29.4' to 29.9'

LEAN CLAY, trace silt, gray to dark gray, moist, soft to medium

SANDY SILT, light gray, moist, medium

SILTY CLAY, gray to dark gray, moist, medium to firm

LEAN CLAY, gray to dark gray, moist, medium to firm

SILTY CLAY, trace sand, light gray to gray, moist, very soft

SANDY SILT, gray to tanish gray, moist, very soft

SILTY CLAY, trace sand, gray to light gray, moist, very soft to medium

SANDY SILT, light gray to gray, moist, medium

585.3

584.6

580.8

578.7

575.3

572.2

570.3

569.4

567.3

564.4

562.8

559.7

SM

ML

SP-
SM

SP

SP
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0.75
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1

1.25

1.25

0.5

0.25

0.75

0.5

BORING LOG (cont sheet) Hole No. 506-AD

3 SHEETS
2

ELEVATION TOP OF HOLE 607.8
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506-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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22

22.6

23.3

14:53
PID: 0.0/0.0

15:00
PID: 0.0/0.0

15:15
PID: 0.0/0.0

15:27
PID: 0.0/0.0

15:39
PID: 0.0/0.0

Bottom of hole at 61.5 feet.

32

33

34

35

36

SANDY SILT, light gray to gray, moist, medium (continued)

SILTY SAND, light gray to gray, moist, loose, fine-grained

SANDY SILT, light gray to gray, moist, soft to medium

SILTY SAND, trace gravel, gray to light gray, moist, loose to medium
dense, fine to coarse-grained

POORLY GRADED SAND, trace silt, gray to dark gray, moist, medium
dense, fine-grained

End of boring at 546.3 feet.

557.8

555.3

550.3

546.8
546.3

ML
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SM

SP
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BORING LOG (cont sheet) Hole No. 506-AD

3 SHEETS
3

ELEVATION TOP OF HOLE 607.8
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506-AD
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

TOPSOIL

OVERBURDEN, see log for 508-ADC
609.1

T

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

N/A

N/A

36.0'

SHEET 1507-A OF 2

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

7/19/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

609.3'

7/19/19

Stantec

583.3'

N/A

Johnson Co. Section 202 Study

N: 3832350.6 E: 5771907.5

3 1/4" ID HSA
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507-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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ST-01: 26.0'-28.0'
DP = 100 psi
Time pushed =  9:29
Time pulled = 9:50
10:02
PID 0.0/0.0

ST-02: 34.0'-36.0'
DP = 150 psi
Time pushed = 10:08
Time pulled = 10:29
10:47
PID 0.0/0.0

Bottom of hole at 36 feet.

1

2

OVERBURDEN, see log for 508-ADC (continued)

LEAN CLAY WITH SAND, and silt, gray to gray brown, wet

OVERBURDEN, see log for 508-ADC

LEAN CLAY, and silt, little sand, trace gravel, gray to light gray, moist

End of boring at 573.3 feet.

583.3

581.3

575.3

573.3

CL

CL

100

1000.25

BORING LOG (cont sheet) Hole No. 507-A

2 SHEETS
2

ELEVATION TOP OF HOLE 609.3
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507-A
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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9.5

14.5

15.7

16.9

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

8:55
PID: 0.0/0.0

9:01
PID: 0.0/0.0

9:12
PID: 0.0/0.0

9:20
PID: 0.0/0.0

9:24
PID: 0.0/0.0

9:29
PID: 0.0/0.0

9:34
PID: 0.0/0.0

9:45
PID: 0.0/0.0

9:49
PID: 0.0/0.0

9:54
PID: 0.0/0.0

10:01
PID: 0.0/0.0

10:05
PID: 0.0/0.0

10:09
PID: 0.0/0.0

10:13
PID: 0.0/0.0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Topsoil

FILL: SANDY SILT WITH GRAVEL, light brown to tan, dry, firm

FILL: POORLY GRADED GRAVEL WITH SAND, gray to light gray, moist,
medium dense, fine to coarse-grained

FILL: SILTY SAND WITH GRAVEL, tan to light brown, moist, medium
dense, fine to coarse-grained

FILL: POORLY GRADED GRAVEL WITH SAND, light gray to gray, moist,
loose to medium dense, fine to coarse-grained

FILL: SANDY LEAN CLAY, little gravel, trace coal fragments, brown to
light brown, moist, soft to medium

FILL: SANDY LEAN CLAY, little gravel, gray to dark gray, moist, medium

FILL: LEAN CLAY, little sand, little gravel, trace brick fragments, gray,
moist, medium to firm

FILL: POORLY GRADED GRAVEL WITH SAND, light brown to tan,
moist, loose, fine to coarse-grained

FILL: SANDY LEAN CLAY, little gravel, gray to dark gray, moist, medium
to firm

Wood fragments at 19.0' to 19.3'

608.9

606.6

606.0

605.3

604.0

597.9

597.0

594.3
594.0

T
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F
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F

F
F

87

93

100

93

53

100

87

87

73

67

100

87

100

100

1.5

2

1.5

1.25

2

1.25

1

1.75

1.75

2.25

2.25

2.25

1.75

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

66.9'

11.4'

78.3'

SHEET 1508-ADC OF 4

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

7/18/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

609.0'

7/18/19

Stantec

566.5'

3

Johnson Co. Section 202 Study

N: 3832344.5 E: 5771915.1

3 1/4" ID HSA
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508-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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17.2

31.2

34.1

27.2

21.3

23.9

10:22
PID: 0.0/0.0

10:28
PID: 0.0/0.0

10:35
PID: 0.0/0.0

10:40
PID: 0.0/0.0

10:58
PID: 0.0/0.0

Bulk sample from 27.0' to 30.5'

11:07
PID: 0.0/0.0

11:13
PID: 0.0/0.0

11:17
PID: 0.0/0.0

11:27
PID: 0.0/0.0

11:31
PID: 0.0/0.0

11:42
PID: 0.0/0.0

11:48
PID: 0.0/0.0

11:53
PID: 0.0/0.0

12:00
PID: 0.0/0.0

13:09
PID: 0.0/0.0

Augers charged with water

13:19
PID: 0.0/0.0

13:31
PID: 0.0/0.0

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

FILL: LEAN CLAY, little gravel, light brown to tan, moist, soft to medium

LEAN CLAY, trace coal fragments, gray to dark gray, wet, soft to medium

Lens of sandy silt from 27.3' to 27.4'

Lens of sandy silt from 28.1' to 28.2'

LEAN CLAY, gray to dark gray, moist, very soft

LEAN CLAY, gray to light gray with tan mottling, wet, soft to medium

Sand lens at 33.7' to 33.9', fine-grained

LEAN CLAY, gray to light gray with tan mottling, moist, very soft to
medium

Coal fragments at 37.8' to 37.9'

Gravel at 38.5'

1/2" sand lens at 39.2', fine-grained

SILT WITH GRAVEL, gray to brownish gray, moist, soft to medium

SANDY SILT, gray to light gray, moist, very soft

587.5

586.0

580.5

578.9

574.5

566.5

561.5

F
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ML

93
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100
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0.75

0.5
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BORING LOG (cont sheet) Hole No. 508-ADC
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508-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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26.5

26.2

14

13:35
PID: 0.0/0.0

13:46
PID: 0.0/0.0

13:55
PID: 0.0/0.0

14:05
PID: 0.0/0.0

14:11
PID: 0.0/0.0

14:42
PID: 0.0/0.0

14:57
PID: 0.0/0.0
RC-01: 67.7' to 71.4'
5 minute run
DP = 259 psi
WR = 90-100%
WC = Dark Gray
MF at 71.1', 71.3'

RC-02: 71.4' to 74.3'
8 minute run
DP = 250 psi
WR = 90-100%
WC = Dark Gray
MF at 73.9' and 74.1'

RC-03: 74.3' to 78.3'
9 minute run
DP = 250 psi
WR = 90-100%
WC = Dark Gray
MF at 74.6', 75.4' 76.0', 76.6' and 78.0'

32

33

34

35

36

37

38

SANDY SILT, gray to light gray, moist, very soft (continued)

SILTY SAND, gray to light gray, moist, very loose, fine-grained

SANDY SILT, gray to light gray, moist, soft

SILTY SAND, gray to light gray, moist, very loose to loose, fine-grained

POORLY GRADED GRAVEL WITH SAND, gray to light gray, moist, very
dense, fine to coarse-grained

SHALE, gray to dark gray, slightly weathered, slightly fractured,
fine-grained, very soft to soft

100

100

51

86

3.7

2.9

559.0

551.5
551.0

544.0

542.1

ROCK

ROCK

1

2

ML

SM
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SM
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93
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100

BORING LOG (cont sheet) Hole No. 508-ADC
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3

ELEVATION TOP OF HOLE 609
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508-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 78.3 feet.

SHALE, gray to dark gray, slightly weathered, slightly fractured,
fine-grained, very soft to soft (continued)

End of boring at 530.7 feet.

100 884

530.7

ROCK 3

BORING LOG (cont sheet) Hole No. 508-ADC

4 SHEETS
4

ELEVATION TOP OF HOLE 609
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508-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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9.6

25.1

23.6

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

9:04
PID: 0.0/0.0

9:07
PID: 0.0/0.0

9:12
PID: 0.0/0.0

9:18
PID: 0.0/0.0

9:21
PID: 0.0/0.0

9:26
PID: 0.0/0.0

9:35
PID: 0.0/0.0

9:38
PID: 0.0/0.0

9:43
PID: 0.0/0.0
Bulk sample taken from 10.0' to 15.0'

9:51
PID: 0.0/0.0

9:57
PID: 0.0/0.0

10:19
PID: 0.0/0.0

Bottom of hole at 18.2 feet.

1

2

3

4

5

6

7

8

9

10

11

12

13

FILL: WELL GRADED GRAVEL WITH CLAY, brown to light brown, dry,
very loose to loose, fine to coarse-grained

FILL: LEAN CLAY WITH GRAVEL, tan to organish brown, moist, soft

FILL: WELL GRADED GRAVEL WITH CLAY, tan to gray, moist, very
loose, fine-grained

LEAN CLAY, orangish brown to light brown, moist, soft to firm

SANDY LEAN CLAY, tan to light brown with gray mottling, moist, very
soft to medium

SANDY SILT, tan to light gray, moist to wet, very soft

Boring was terminated at a depth of 18.2' as the hammer appeared to be
bouncing on a utility line. Boring was offset approximately 9.0'.
End of boring at 591.3 feet.

606.5

605.3

603.5

595.6

592.0

591.3
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40

53

47
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100
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100

1.75

1.75

2.75

2

2.25

2.25

1.25

1.75

0.75

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Greg Thompson

N/A

N/A

18.2'

SHEET 1509-ADC (Abandoned) OF 1

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

6/4/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

609.5'

6/4/19

Stantec

N/A

N/A

Johnson Co. Section 202 Study

N: 3834820.8 E: 5778355.3

3 1/4" ID HSA

S
A

M
P

LE
 T

Y
P

E

D
E

P
T

H
 S

C
A

LE

M
O

IS
T

U
R

E
 %

REMARKS

S
A

M
P

LE
 #CLASSIFICATION

OF MATERIALS

R
Q

D
 %

ELEVATION

B
LO

W
S

 / 
6-

IN
C

H

U
S

C
S

 C
LA

S
S

LE
G

E
N

D

R
E

C
O

V
E

R
Y

 %

P
E

N
E

T
R

O
M

E
T

E
R

(T
S

F
)

509-ADC (Abandoned)
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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17.4

PID: A/R = Ambient Reading/Soil
Sample Reading in PPM

12:07
PID: 0.0/0.0

12:17
PID: 0.0/0.0

1

2

Instructed by M. Jones (USACE) to resume sampling at 18.0' from
509-ADC, as 509-ADC was abandoned die to possible utility strike (utility
was not broken).

SANDY SILT, trace clay, light gray to tan, moist, firm592.0 ML

33

270.75

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Greg Thompson

76.9'

10.8'

87.7'

SHEET 1509b-ADC OF 4

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

6/5/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

610.0'

6/4/19

Stantec

590.5'

3

Johnson Co. Section 202 Study

N: 3834825.1 E: 5778350.2

3 1/4" ID HSA
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509b-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

3
4
5

3
5
7

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

166|Page Volume 2 Tab 2 Geotechnical



19.2

20.4

26.2

27.8

27.3

27.6

12:22
PID: 0.0/0.0

13:32
PID: 0.0/0.0

13:39
PID: 0.0/0.0

13:44
PID: 0.0/0.0

13:50
PID: 0.0/0.0

14:00
PID: 0.0/0.0

14:12
PID: 0.0/0.0

14:45
PID: 0.0/0.0

14:52
PID: 0.0/0.0

14:58
PID: 0.0/0.0

15:06
PID: 0.0/0.0

15:14
PID: 0.0/0.0

15:21
PID: 0.0/0.0

15:29
PID: 0.0/0.0

15:40
PID: 0.0/0.0

16:06
PID: 0.0/0.0

16:16
PID: 0.0/0.0
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4
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13

14

15

16

17

18

19

SANDY SILT, trace clay, light gray to tan, moist, firm (continued)

SILTY SAND, light gray to orangish brown, wet, medium dense,
fine-grained

POORLY GRADED SAND WITH SILT, light gray to organish tan, moist,
loose to medium dense, fine-grained

LEAN CLAY, little sand, gray to light gray, moist, medium to firm

SILTY SAND, light gray to orangish tan, wet, medium dense, fine-grained

POORLY GRADED SAND, tan to light brown, moist, medium dense,
fine-grained

SANDY SILT, light gray to tanish gray, moist, medium to very firm

POORLY GRADED SAND, trace silt, tan to light brown, wet, loose,
fine-grained

SANDY SILT, light gray to orangish gray, moist, soft to firm

SILT WITH SAND, gray, moist, very soft

SILTY SAND, trace coal fragments, gray to light gray, wet, very loose,
fine-grained

SANDY SILT, little clay, dark gray to gray, moist, soft to medium

POORLY GRADED SAND, gray to light gray, moist, loose, fine-grained

SILT WITH SAND, gray to light gray, moist, medium

SILTY SAND, gray to light gray, wet, very loose, fine-grained

SILT, trace sand, gray, moist, firm

SILTY SAND, gray to light gray, moist, loose, fine-grained
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584.5
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574.5
574.0

572.1
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0.25

BORING LOG (cont sheet) Hole No. 509b-ADC
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ELEVATION TOP OF HOLE 610
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509b-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.
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28.6

25

13.9

15

16:23
PID: 0.0/0.0

16:33
PID: 0.0/0.0

16:40
PID: 0.0/0.0

16:49
PID: 0.0/0.0

16:56
PID: 0.0/0.0

8:10
PID: 0.0/0.0

8:33
PID: 0.0/0.0

8:50
PID: 0.0/0.0

20

21

22

23

24

25

26

27

SILTY SAND, gray to light gray, moist, loose, fine-grained (continued)

POORLY GRADED SAND WITH SILT, gray to light gray, wet, loose,
fine-grained

POORLY GRADED SAND, trace silt, trace gravel, light gray to gray,
moist, medium dense, fine to coarse-grained

No silt at 65.0'

WELL GRADED GRAVEL WITH SAND, dark gray to gray wet, medium
dense, fine to coarse-grained

SILTY SAND WITH GRAVEL, dark gray to gray, moist, very dense, fine
to coarse-grained

555.0
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SM

SP-
SM

SP

GW
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BORING LOG (cont sheet) Hole No. 509b-ADC
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ELEVATION TOP OF HOLE 610
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09:03
PID: 0.0/0.0
RC-01: 77.3' to 80.5'
8 minute run
DP = 300 psi
WR = 90-100%
WC = Gray to Dark Gray
MF at 77.4'-78.8', 79.3'-80.3'
Moderately fractured 77.0'-78.6' and
80.5'-82.0'

RC-02: 80.5' to 85.4'
12 minute run
DP = 300 psi
WR = 90-100%
WC = Gray to Dark Gray
MF at 80.6'-81.4', 82.4', 83.0', 83.9',
84.4'-84.5', 85.1'
1/4" coal seam washed away at 81.6'
Fracture with fissle laminations at 81.9'

RC-03: 85.4' to 87.7'
10 minute run
DP = 300 psi
WR = 90-100%
WC = Gray to Dark Gray
MF at 86.5', 87.3'

DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 87.7 feet.

28

POORLY GRADED SAND WITH GRAVEL, tan to light gray, moist, very
dense, fine to coarse-grained (continued)

SHALE, gray to dark gray, slightly weathered, slightly fractured,
fine-grained, soft to moderately hard

End of boring at 522.3 feet.
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Test Pit was 10.6' Long, 3.0'  Wide and
5.1' Deep

Backfilled with soil cuttings tamped
with backhoe bucket

Bottom of hole at 5.1 feet.

LEAN CLAY, trace sand, trace gravel, brown to light brown, moist

LEAN CLAY, dark brown to brownish gray, moist

End of boring at 591.4 feet.

595.1

591.4

CL

CL

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

John Deere Backhoe

Gordon Goble

N/A

N/A

5.1'

SHEET 1TP-207 OF 1

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

6/17/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

596.5'

6/17/19

Stantec

N/A

N/A

Johnson Co. Section 202 Study

N: 3833465.9 E: 5775508.7
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Test Pit was 11.0' long, 2.5' wide and
4.3' deep

PID: 6.2ppm

Backfilled with soil cuttings tamped
with backhoe bucket

Bottom of hole at 4.3 feet.

TOPSOIL

CLAYEY SAND, little silt, little gravel, very dark grayish brown, moist to
wet

CLAYEY SAND, brown, moist

SANDY LEAN CLAY, dark brown, moist

End of boring at 601.4 feet.
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BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

John Deere Backhoe

Gordon Goble

N/A

N/A

4.3'

SHEET 1TP-208 OF 1

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

6/18/19

STARTED

15. DATE HOLE

16. INSPECTOR
Evan Holcombe

605.7'

6/18/19

Stantec

N/A

N/A
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N: 3833161.5 E: 5775574.3
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Test Pit was 8.0' long, 2.5' wide, and
4.4' deep

Drain Tile at 0.9'-1.4'

Two old telephone lines contacted at
3.0' and 3.2'

Backfilled with soil cuttings tamped
with backhoe bucket

Bottom of hole at 4.4 feet.

TOPSOIL

FILL: LEAN CLAY WITH SAND, little gravel, trace brick and coal
fragments, light brown to brown, moist

POSSIBLE FILL: SANDY LEAN CLAY, trace plastic debris, brown to light
brown, moist

LEAN CLAY, trace sand, gray to light gray, moist

End of boring at 595.7 feet.

599.7

598.7
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595.7
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BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

John Deere Backhoe

Gordon Goble

N/A

N/A

4.4'

SHEET 1TP-209 OF 1

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

6/17/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

600.1'

6/17/19

Stantec

N/A

N/A

Johnson Co. Section 202 Study

N: 3833361.6 E: 5775531.5
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Test Pit was 14.5' long, 2.5' wide, and
4.5' deep

Backfilled with soil cuttings tamped
with backhoe bucket
Additional pit dug at 15.0' feet due
north from original pit, 3.4' deep. 8-10"
PVC line contacted but not broken.
Hole is all fill, glass, gravel, ceramics,
wire.

Bottom of hole at 4.5 feet.

TOPSOIL

FILL: SANDY LEAN CLAY, trace gravel, trace brick fragments, tan to
gray, moist to wet

FILL: LEAN CLAY WITH SAND, gray to brownish with iron staining, moist

SILT WITH SAND, trace clay lense, tan to light brown, moist

End of boring at 594.7 feet.
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VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

John Deere Backhoe

Gordon Goble

N/A

N/A

4.5'

SHEET 1TP-210 OF 1

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

6/17/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

599.2'

6/17/19

Stantec

N/A

N/A

Johnson Co. Section 202 Study

N: 3833251.7 E: 5775694.4

Backhoe

S
A

M
P

LE
 T

Y
P

E

D
E

P
T

H
 S

C
A

LE

M
O

IS
T

U
R

E
 %

REMARKS

S
A

M
P

LE
 #CLASSIFICATION

OF MATERIALS

R
Q

D
 %

ELEVATION

B
LO

W
S

 / 
6-

IN
C

H

U
S

C
S

 C
LA

S
S

LE
G

E
N

D

R
E

C
O

V
E

R
Y

 %

P
E

N
E

T
R

O
M

E
T

E
R

(T
S

F
)

TP-210
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.
SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID

HOLE NO.

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

173|Page Volume 2 Tab 2 Geotechnical



Test Pit was 10.5' long, 2.5' wide, and
4.0' deep
PID: 5.2ppm

Backfilled with soil cuttings tamped
with backhoe bucket

Bottom of hole at 4 feet.

1

2

FILL: CLAYEY GRAVEL, little silt, brown and gray with little black, moist

GRAVELLY LEAN CLAY, light brown with orange mottling, moist

End of boring at 746.8 feet.
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746.8
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BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

John Deere Backhoe

Gordon Goble

N/A

N/A

4.0'

SHEET 1TP-314A OF 1

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

6/18/19

STARTED

15. DATE HOLE

16. INSPECTOR
Evan Holcombe

750.8'

6/18/19

Stantec

N/A

N/A
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Test Pit was 10.0' long, 2.5' wide, and
3.0' deep
PID: 5.2ppm

Backfilled with soil cuttings tamped
with backhoe bucket

Bottom of hole at 3 feet.

1

2

FILL: CLAYEY GRAVEL, light brown to gray with little black, moist

WEATHERED SHALE, light gray, moist to wet, friable

End of boring at 749.1 feet.

751.4

749.1

F

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

John Deere Backhoe

Gordon Goble

N/A

N/A

3.0'

SHEET 1TP-314B OF 1

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

6/18/19

STARTED

15. DATE HOLE

16. INSPECTOR
Evan Holcombe

752.1'

6/18/19

Stantec

750.1'

N/A

Johnson Co. Section 202 Study

N: 3838989.1 E: 5764360.1
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Test Pit was 13.0' long, 2.5' wide, and
4.0' deep
PID: 3.2ppm

Backfilled with soil cuttings tamped
with backhoe bucket

Bottom of hole at 4 feet.

1

LEAN CLAY WITH SAND, and silt, light brown with little orange, moist

Darker brown at 2.5'

End of boring at 741.6 feet.741.6

CL

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

John Deere Backhoe

Gordon Goble

N/A

N/A

4.0'

SHEET 1TP-314C OF 1

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

6/19/19

STARTED

15. DATE HOLE

16. INSPECTOR
Evan Holcombe

745.6'

6/19/19

Stantec

N/A

N/A

Johnson Co. Section 202 Study

N: 3838938.5 E: 5764453.2
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Backfilled with soil cuttings tamped
with hand auger bucket

Bottom of hole at 5 feet.

1

WEATHERED SHALE, light gray, moist to wet, friable

End of boring at 760 feet.760.0

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

Hand Auger

Jason Koenig

N/A

N/A

5.0'

SHEET 1TP-314D OF 1

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

7/19/19

STARTED

15. DATE HOLE

16. INSPECTOR
Samantha Schardein

765.0'

7/19/19

USACE-LRL

N/A

N/A

Johnson Co. Section 202 Study

N: 3839089.641 E: 5764368.882
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PRESENTATION OF SITE INVESTIGATION RESULTS 

USACE Paintsville Levee Evaluation – Paintsville, Ky 
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USACE Paintsville Levee Evaluation 
 

 

Introduction 
 
The enclosed report presents the results of the site investigation program conducted by ConeTec Inc. for 
Stantec, Inc at USACE Paintsville Levee Evaluation in Paintsville, Ky.  The program consisted of 12 cone 
penetration tests (CPTu) and 10 seismic cone penetration tests (SCPTu) at locations selected and 
numbered under the direction of Stantec personnel.  The purpose of the program was to evaluate 
existing site conditions. 
 
Project Information 
 

Project  

Client  Stantec, Inc 

Project USACE Paintsville Levee Evaluation 

ConeTec project number 19-54038 

 
A map from Cesium including the CPTu and SCPTu test locations is presented below.  
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USACE Paintsville Levee Evaluation 
 

 

Rig Description Deployment System Test Type 

25 Ton Truck Rig Integrated CPT Ramset CPTu and SCPTu 

 
 

Coordinates   

Test Type Collection Method EPSG Number 

CPTu and SCPTu USB Serial GPS 4326 

 

 

Cone Penetration Test (CPT)  

Depth reference 
Depths are referenced to the existing ground surface at the time 

of each test. 

Tip and sleeve data offset  
0.1 meter 

This has been accounted for in the CPT data files. 

Additional plots Advanced, Seismic, SBT Scatter 

Additional comments SCPTu-309 was re-pushed due to power loss. 

 
 

Cone Penetrometers Used for this Project 

Cone Description 
Cone 

Number 

Cross 

Sectional 

Area (cm2) 

Sleeve 

Area 

(cm2) 

Tip 

Capacity 

(bar) 

Sleeve 

Capacity 

(bar) 

Pore Pressure 

Capacity 

(psi) 

367:T1500F15U500 AD367 15 225 1500 15 500 

461:T1500F15U1K AD461 15 225 1500 15 1000 

557:T1500F15U500 EC577 15 225 1500 15 500 

The CPT summary indicates which cone was used for each sounding. 

 
 

Interpretation Tables  

Additional information 

The Normalized Soil Behaviour Type (SBT Qtn) classification chart 
(Robertson, 2009) was used to classify the soil for this project. A detailed 
set of CPT interpretations were generated and are provided in Excel format 
files in the release folder. The CPT interpretations are based on values of 
corrected tip (qt), sleeve friction (fs) and pore pressure (u2) measured every 
2.5 cm. 

Soils were classified as either drained or undrained based on the 
Normalized Soil Behaviour Type (SBT Qtn) classification chart (Robertson, 
2009).   
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USACE Paintsville Levee Evaluation 
 

 

Limitations 

 
This report has been prepared for the exclusive use of Stantec, Inc (Client) for the project titled “USACE 
Paintsville Levee Evaluation”.  The report’s contents may not be relied upon by any other party without 
the express written permission of ConeTec Inc. (ConeTec).  ConeTec has provided site investigation 
services, prepared the factual data reporting, and provided geotechnical parameter calculations 
consistent with current best practices.  No other warranty, expressed or implied, is made.  
 
The information presented in the report document and the accompanying data set pertain to the specific 
project, site conditions and objectives described to ConeTec by the Client.  In order to properly understand 
the factual data, assumptions and calculations, reference must be made to the documents provided and 
their accompanying data sets, in their entirety. 
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CONE PENETRATION TEST 

 

    

 

Cone penetration tests (CPTu) are conducted using an integrated electronic piezocone penetrometer and 
data acquisition system manufactured by Adara Systems Ltd., a subsidiary of ConeTec.  
 
ConeTec’s piezocone penetrometers are compression type designs in which the tip and friction sleeve 
load cells are independent and have separate load capacities.  The piezocones use strain gauged load cells 
for tip and sleeve friction and a strain gauged diaphragm type transducer for recording pore pressure.  
The piezocones also have a platinum resistive temperature device (RTD) for monitoring the temperature 
of the sensors, an accelerometer type dual axis inclinometer and a geophone sensor for recording seismic 
signals.  All signals are amplified down hole within the cone body and the analog signals are sent to the 
surface through a shielded cable.   
 
ConeTec penetrometers are manufactured with various tip, friction and pore pressure capacities in both 
10 cm2 and 15 cm2 tip base area configurations in order to maximize signal resolution for various soil 
conditions.  The specific piezocone used for each test is described in the CPT summary table presented in 
the first appendix.  The 15 cm2 penetrometers do not require friction reducers as they have a diameter 
larger than the deployment rods.  The 10 cm2 piezocones use a friction reducer consisting of a rod adapter 
extension behind the main cone body with an enlarged cross sectional area (typically 44 mm diameter 
over a length of 32 mm with tapered leading and trailing edges) located at a distance of 585 mm above 
the cone tip.  
 
The penetrometers are designed with equal end area friction sleeves, a net end area ratio of 0.8 and cone 
tips with a 60 degree apex angle. 
  
All ConeTec piezocones can record pore pressure at various locations.  Unless otherwise noted, the pore 
pressure filter is located directly behind the cone tip in the “u2” position (ASTM Type 2).  The filter is 6 mm 
thick, made of porous plastic (polyethylene) having an average pore size of 125 microns (90-160 microns).  
The function of the filter is to allow rapid movements of extremely small volumes of water needed to 
activate the pressure transducer while preventing soil ingress or blockage.   
 
The piezocone penetrometers are manufactured with dimensions, tolerances and sensor characteristics 
that are in general accordance with the current ASTM D5778 standard.   ConeTec’s calibration criteria also 
meet or exceed those of the current ASTM D5778 standard.  An illustration of the piezocone penetrometer 
is presented in Figure CPTu. 

182|Page Volume 2 Tab 2 Geotechnical



CONE PENETRATION TEST 

 

    

 

 
Figure CPTu. Piezocone Penetrometer (15 cm2) 

 
The ConeTec data acquisition systems consist of a Windows based computer and a signal conditioner and 
power supply interface box with a 16 bit (or greater) analog to digital (A/D) converter.  The data is 
recorded at fixed depth increments using a depth wheel attached to the push cylinders or by using a spring 
loaded rubber depth wheel that is held against the cone rods.  
 
The typical recording interval is 2.5 cm; custom recording intervals are possible.  The system displays the 
CPTu data in real time and records the following parameters to a storage media during penetration:   
 

 Depth 

 Uncorrected tip resistance (qc)  

 Sleeve friction (fs)  

 Dynamic pore pressure (u)  

 Additional sensors such as resistivity, passive gamma, ultra violet induced fluorescence, if 
applicable 

 
All testing is performed in accordance to ConeTec’s CPT operating procedures which are in general 
accordance with the current ASTM D5778 standard. 
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CONE PENETRATION TEST 

 

    

 

Prior to the start of a CPTu sounding a suitable cone is selected, the cone and data acquisition system are 
powered on, the pore pressure system is saturated with either glycerin or silicone oil and the baseline 
readings are recorded with the cone hanging freely in a vertical position. 
 
The CPTu is conducted at a steady rate of 2 cm/s, within acceptable tolerances.  Typically one meter length 
rods with an outer diameter of 1.5 inches are added to advance the cone to the sounding termination 
depth.  After cone retraction final baselines are recorded.   
 
Additional information pertaining to ConeTec’s cone penetration testing procedures: 
 

 Each filter is saturated in silicone oil under vacuum pressure prior to use  

 Recorded baselines are checked with an independent multi-meter 

 Baseline readings are compared to previous readings 

 Soundings are terminated at the client’s target depth or at a depth where an obstruction is 
encountered, excessive rod flex occurs, excessive inclination occurs, equipment damage is likely 
to take place, or a dangerous working environment arises 

 Differences between initial and final baselines are calculated to ensure zero load offsets have not 
occurred and to ensure compliance with ASTM standards 

 
The interpretation of piezocone data for this report is based on the corrected tip resistance (qt), sleeve 
friction (fs) and pore water pressure (u).  The interpretation of soil type is based on the correlations 
developed by Robertson et al. (1986) and Robertson (1990, 2009).  It should be noted that it is not always 
possible to accurately identify a soil behavior based on these parameters.  In these situations, experience, 
judgment and an assessment of other parameters may be used to infer soil behavior type.   
 
The recorded tip resistance (qc) is the total force acting on the piezocone tip divided by its base area.  The 
tip resistance is corrected for pore pressure effects and termed corrected tip resistance (qt) according to 
the following expression presented in Robertson et al. (1986):  
 

qt = qc + (1-a) • u2 
 

where: qt is the corrected tip resistance 
qc is the recorded tip resistance 
u2 is the recorded dynamic pore pressure behind the tip (u2 position) 
a is the Net Area Ratio for the piezocone (0.8 for ConeTec probes) 

 
The sleeve friction (fs) is the frictional force on the sleeve divided by its surface area.  As all ConeTec 
piezocones have equal end area friction sleeves, pore pressure corrections to the sleeve data are not 
required.   
 
The dynamic pore pressure (u) is a measure of the pore pressures generated during cone penetration.  To 
record equilibrium pore pressure, the penetration must be stopped to allow the dynamic pore pressures 
to stabilize.  The rate at which this occurs is predominantly a function of the permeability of the soil and 
the diameter of the cone. 
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CONE PENETRATION TEST 

 

    

 

The friction ratio (Rf) is a calculated parameter. It is defined as the ratio of sleeve friction to the tip 
resistance expressed as a percentage.  Generally, saturated cohesive soils have low tip resistance, high 
friction ratios and generate large excess pore water pressures.  Cohesionless soils have higher tip 
resistances, lower friction ratios and do not generate significant excess pore water pressure.  
 
A summary of the CPTu soundings along with test details and individual plots are provided in the 
appendices.  A set of files with calculated geotechnical parameters were generated for each sounding 
based on published correlations and are provided in Excel format in the data release folder.  Information 
regarding the methods used is also included in the data release folder.   
 
For additional information on CPTu interpretations and calculated geotechnical parameters, refer to 
Robertson et al. (1986), Lunne et al. (1997), Robertson (2009), Mayne (2013, 2014) and Mayne and 
Peuchen (2012). 
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SEISMIC CONE PENETRATION TEST 

 

    

 

Shear wave velocity (Vs) testing is performed in conjunction with the piezocone penetration test (SCPTu) 
in order to collect interval velocities.  For some projects seismic compression wave velocity (Vp) testing is 
also performed.  
 
ConeTec’s piezocone penetrometers are manufactured with a horizontally active geophone (28 hertz) that 
is rigidly mounted in the body of the cone penetrometer, 0.2 meters behind the cone tip.   
  
Shear waves are typically generated by using an impact hammer horizontally striking a beam that is held 
in place by a normal load. In some instances an auger source or an imbedded impulsive source maybe 
used for both shear waves and compression waves. The hammer and beam act as a contact trigger that 
initiates the recording of the seismic wave traces.  For impulsive devices an accelerometer trigger may be 
used.  The traces are recorded using an up-hole integrated digital oscilloscope which is part of the SCPTu 
data acquisition system.  An illustration of the shear wave testing configuration is presented in Figure 
SCPTu-1. 
 

 
Figure SCPTu-1. Illustration of the SCPTu system 

 
All testing is performed in accordance to ConeTec’s SCPTu operating procedures which are in general 
accordance with the current ASTM 5778 and ASTM D7400 standards.   
 
Prior to the start of a SCPTu sounding, the procedures described in the Cone Penetration Test section are 
followed. In addition, the active axis of the geophone is aligned parallel to the beam (or source) and the 
horizontal offset between the cone and the source is measured and recorded.  
 
Prior to recording seismic waves at each test depth, cone penetration is stopped and the rods are 
decoupled from the rig to avoid transmission of rig energy down the rods.  Typically, five wave traces for 
each orientation are recorded for quality control purposes and uncertainty analysis.   After reviewing wave 
traces for consistency the cone is pushed to the next test depth (typically one meter intervals or as 
requested by the client).  Figure SCPTu-2 presents an illustration of a SCPTu test.   
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SEISMIC CONE PENETRATION TEST 

 

    

 

 
For additional information on seismic cone penetration testing refer to Robertson et. al. (1986). 
 

 
Figure SCPTu-2. Illustration of a seismic cone penetration test 

 
Calculation of the interval velocities are performed by visually picking a common feature (e.g. the first 
characteristic peak, trough, or crossover) on all of the recorded wave sets and taking the difference in ray 
path divided by the time difference between subsequent features.  Ray path is defined as the straight line 
distance from the seismic source to the geophone, accounting for beam offset, source depth and 
geophone offset from the cone tip.  
 
The average shear wave velocity to a depth of 100 feet (30 meters) (�̅�𝑠) has been calculated and provided 
for all applicable soundings using the following equation presented in ASCE (2010).   
 

�̅�𝑠 =
∑ 𝑑𝑖
𝑛
𝑖=1

∑
𝑑𝑖
𝑣𝑠𝑖

𝑛
𝑖=1

 

 
where: �̅�𝑠 = average shear wave velocity ft/s (m/s) 

𝑑𝑖   = the thickness of any layer between 0 and 100 ft (30 m) 
 𝑣𝑠𝑖   = the shear wave velocity in ft/s (m/s) 
 ∑ 𝑑𝑖

𝑛
𝑖=1  = 100 ft (30 m) 

  
Average shear wave velocity, �̅�𝑠 is also referenced to Vs100 or Vs30. 
 
The layer travel times refers to the travel times propagating in the vertical direction, not the measured 
travel times from an offset source. 
 
Tabular results and SCPTu plots are presented in the relevant appendix. 
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PORE PRESSURE DISSIPATION TEST 

 

    

 

The cone penetration test is halted at specific depths to carry out pore pressure dissipation (PPD) tests, 
shown in Figure PPD-1.  For each dissipation test the cone and rods are decoupled from the rig and the 
data acquisition system measures and records the variation of the pore pressure (u) with time (t).   
 

 
Figure PPD-1. Pore pressure dissipation test setup 

 
Pore pressure dissipation data can be interpreted to provide estimates of ground water conditions, 
permeability, consolidation characteristics and soil behavior.   
 
The typical shapes of dissipation curves shown in Figure PPD-2 are very useful in assessing soil type, 
drainage, in situ pore pressure and soil properties.  A flat curve that stabilizes quickly is typical of a freely 
draining sand.  Undrained soils such as clays will typically show positive excess pore pressure and have 
long dissipation times. Dilative soils will often exhibit dynamic pore pressures below equilibrium that then 
rise over time. Overconsolidated fine-grained soils will often exhibit an initial dilatory response where 
there is an initial rise in pore pressure before reaching a peak and dissipating.   
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PORE PRESSURE DISSIPATION TEST 

 

    

 

Figure PPD-2.  Pore pressure dissipation curve examples 

In order to interpret the equilibrium pore pressure (ueq) and the apparent phreatic surface, the pore 
pressure should be monitored until such time as there is no variation in pore pressure with time as shown 
for each curve in Figure PPD-2.   
 
In fine grained deposits the point at which 100% of the excess pore pressure has dissipated is known as 
t100.  In some cases this can take an excessive amount of time and it may be impractical to take the 
dissipation to t100.  A theoretical analysis of pore pressure dissipations by Teh and Houlsby (1991) showed 
that a single curve relating degree of dissipation versus theoretical time factor (T*) may be used to 
calculate the coefficient of consolidation (ch) at various degrees of dissipation resulting in the expression 
for ch shown below. 
 

ch=
T*∙a2∙√Ir

t
 

  
Where:  
T*   is the dimensionless time factor (Table Time Factor)   
a is the radius of the cone 
Ir  is the rigidity index 
t  is the time at the degree of consolidation 

 
Table Time Factor.  T* versus degree of dissipation (Teh and Houlsby (1991)) 

Degree of 
Dissipation (%) 

20 30 40 50 60 70 80 

T* (u2) 0.038 0.078 0.142 0.245 0.439 0.804 1.60 

 
The coefficient of consolidation is typically analyzed using the time (t50) corresponding to a degree of 
dissipation of 50% (u50).  In order to determine t50, dissipation tests must be taken to a pressure less than 
u50.  The u50 value is half way between the initial maximum pore pressure and the equilibrium pore 
pressure value, known as u100.  To estimate u50, both the initial maximum pore pressure and u100 must be 
known or estimated.  Other degrees of dissipations may be considered, particularly for extremely long 
dissipations. 
 
At any specific degree of dissipation the equilibrium pore pressure (u at t100) must be estimated at the 
depth of interest. The equilibrium value may be determined from one or more sources such as measuring 
the value directly (u100), estimating it from other dissipations in the same profile, estimating the phreatic 
surface and assuming hydrostatic conditions, from nearby soundings, from client provided information, 
from site observations and/or past experience, or from other site instrumentation.   
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PORE PRESSURE DISSIPATION TEST 

 

    

 

 
For calculations of ch (Teh and Houlsby (1991)), t50 values are estimated from the corresponding pore 
pressure dissipation curve and a rigidity index (Ir) is assumed.  For curves having an initial dilatory response 
in which an initial rise in pore pressure occurs before reaching a peak, the relative time from the peak 
value is used in determining t50.  In cases where the time to peak is excessive, t50 values are not calculated.   
 
Due to possible inherent uncertainties in estimating Ir, the equilibrium pore pressure and the effect of an 
initial dilatory response on calculating t50, other methods should be applied to confirm the results for ch.    
 
Additional published methods for estimating the coefficient of consolidation from a piezocone test are 
described in Burns and Mayne (1998, 2002), Jones and Van Zyl (1981), Robertson et al. (1992) and Sully 
et al. (1999). 
 
A summary of the pore pressure dissipation tests and dissipation plots are presented in the relevant 
appendix.   
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  APPENDICES   
 

 

The appendices listed below are included in the report: 
 

•   Cone Penetration Test Summary and Standard Cone Penetration Test Plots 

• CPT Advanced CPT Plots with N60, Su(Nkt) and Phi 
• CPT N60 Plots 
• CPT Su,N60,ID,Phi,SBT Plots 

•   SBT Scatter Plots 

•   Seismic Cone Penetration Test Plots 

•   Seismic Shear Wave Tabular Results 

•   Seismic Compression Wave Tabular Results 

•   Seismic Shear Wave Traces 

•   Seismic Compression Wave Traces 

• Pore Pressure Dissipation Summary and Pore Pressure Dissipation Plot  
• Constrained Modulus Test Plots 
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Job No: 19- 54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Start Date: 30-Apr-2019

End Date: 11-Jun-2019

CONE PENETRATION TEST SUMMARY

Sounding ID File Name Date Cone

Assumed Phreatic 

Surface
2                              

(ft)

Final 

Depth 

(ft)

Shear Wave 

Velocity Tests

Compression 

Wave Veloicty 

Tests

Latitude1

 (degrees)

Longitude1

(degrees)

Refer to 

Note

CPT-203 19-54038_CPT-203 2019-06-11 557:T1500F15U500 41 57.1 37.81603 -82.79220 5

CPT-203A 19-54038_CPT-203A 2019-06-11 557:T1500F15U500 41 43.6 37.81602 -82.79219

CPT-204 19-54038_CPT-204 2019-06-11 557:T1500F15U500 44 70.3 37.81697 -82.78201

SCPT-205 19-54038_SCPT-205 2019-05-02 367:T1500F15U500 51 66.3 21 21 37.81486 -82.79172

SCPT-206 19-54038_SCPT-206 2019-05-02 367:T1500F15U500 39 76.7 23 23 37.81451 -82.79276

SCPT-207 19-54038_SCPT-207 2019-04-30 461:T1500F15U1K 20 54.4 17 17 37.81418 -82.79164

SCPT-208 19-54038_SCPT-208 2019-04-30 461:T1500F15U1K 19 49.5 15 15 37.81410 -82.79185

CPT-210 19-54038_CPT-210 2019-04-30 461:T1500F15U1K 33 62.8 37.81330 -82.79205

CPT-212 19-54038_CPT-212 2019-05-01 367:T1500F15U500 36 64.3 37.81224 -82.79186

CPT-213 19-54038_CPT-213 2019-05-01 367:T1500F15U500 42 72.8 37.81121 -82.79171

CPT-214 19-54038_CPT-214 2019-05-06 367:T1500F15U500 39 74.4 37.81094 -82.79168

CPT-217 19-54038_CPT-217 2019-05-02 367:T1500F15U500 9.1 37.81400 -82.79870 4,5

CPT-217B 19-54038_CPT-217B 2019-05-02 367:T1500F15U500 10.2 37.81408 -82.79880 4,5

CPT-217C 19-54038_CPT-217C 2019-05-02 367:T1500F15U500 33 71.8 37.81418 -82.79867

SCPT-303 19-54038_SCPT-303 2019-05-06 367:T1500F15U500 17 68.2 21 21 37.81450 -82.79394

SCPT-304 19-54038_SCPT-304 2019-05-06 367:T1500F15U500 18 54.5 17 17 37.81461 -82.79464

SCPT-308 19-54038_SCPT-308 2019-05-07 367:T1500F15U500 26 72.8 23 23 37.81225 -82.79352

SCPT-309 19-54038_SCPT-309 2019-05-01 461:T1500F15U1K 31 35.8 10 10 37.81374 -82.79365 6

SCPT-309B 19-54038_SCPT-309B 2019-05-01 367:T1500F15U500 31 53.6 7 7 37.81381 -82.79391 3

CPT-311 19-54038_CPT-311 2019-05-07 367:T1500F15U500 27 71.0 37.81153 -82.79345

SCPT-314 19-54038_SCPT-314 2019-05-03 367:T1500F15U500 26 66.4 21 21 37.81387 -82.80308

CPT-315 19-54038_CPT-315 2019-06-11 557:T1500F15U500  11.6  37.81104 -82.79596 4

Totals 22 Soundings 1217.0 175 175

1.  WGS 84 Lat/Long.  Coordinates were taken with a handheld GPS and should be considered approximate.

3. Assumed phreatic surface is based on nearby soundings.

4. The assumed phreatic surface is assumed to be deeper than explored.

5. The sounding was offset due to inclination.

6. The sounding was offset due to power loss.

2.  The assumed phreatic surface was estimated using representative pore pressure dissipation tests.  Hydrostatically increasing pore water pressures with depth were used for interpretation tables.

Sheet 1 of 1
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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Stantec, Inc.
Job No: 19-54038

Date: 2019-06-11  09:43

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-203

Cone: 557:T1500F15U500

Max Depth: 17.400 m / 57.09 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-203.COR
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81603  Long: -82.79220  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Site: USACE Paintsville Levee Evaluation

Sounding: CPT-217

Cone: 367:T1500F15U500

Max Depth: 2.775 m / 9.10 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Job No: 19-54038

Date: 2019-05-06  10:59

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-304

Cone: 367:T1500F15U500

Max Depth: 16.600 m / 54.46 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-304.cor
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81461  Long: -82.79464  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-308

Cone: 367:T1500F15U500

Max Depth: 22.175 m / 72.75 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-308.cor
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81225  Long: -82.79352  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Date: 2019-05-01  08:06

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-309

Cone: 461:T1500F15U1K 

Max Depth: 10.925 m / 35.84 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-309.cor
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81374  Long: -82.79365  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Job No: 19-54038

Date: 2019-05-01  10:58

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-309B

Cone: 367:T1500F15U500

Max Depth: 16.350 m / 53.64 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-309B.cor
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81381  Long: -82.79391  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Job No: 19-54038

Date: 2019-05-07  08:45

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-311

Cone: 367:T1500F15U500

Max Depth: 21.650 m / 71.03 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-311.cor
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81153  Long: -82.79345  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)

0 100 200 300 400

0

10

20

30

40

50

60

70

8080

qt (tsf)

D
e

p
th

 (
fe

e
t)

0.0 2.0 4.0 6.0

fs (tsf)

0.0 2.0 4.0 6.0

Rf (%)

0 100 2000

u (ft)

0 3 6 9

SBT Qtn

Stantec, Inc.
Job No: 19-54038

Date: 2019-05-03  11:39

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-314

Cone: 367:T1500F15U500

Max Depth: 20.250 m / 66.44 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-314.cor
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81387  Long: -82.80308  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-06-11  12:12

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-315

Cone: 557:T1500F15U500

Max Depth: 3.525 m / 11.56 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-315.COR
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81104  Long: -82.79596  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-06-11  09:43

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-203

Cone: 557:T1500F15U500

Max Depth: 17.400 m / 57.09 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-203.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81603  Long: -82.79220  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-06-11  10:41

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-203A

Cone: 557:T1500F15U500

Max Depth: 13.300 m / 43.63 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-203A.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81602  Long: -82.79219  

Refusal Refusal Refusal Refusal Refusal Refusal
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Job No: 19-54038

Date: 2019-06-11  13:59

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-204

Cone: 557:T1500F15U500

Max Depth: 21.425 m / 70.29 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-204.COR
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81697  Long: -82.78201  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-05-02  12:53

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-205

Cone: 367:T1500F15U500

Max Depth: 20.200 m / 66.27 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-205.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81486  Long: -82.79172  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-05-02  08:34

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-206

Cone: 367:T1500F15U500

Max Depth: 23.375 m / 76.69 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-206.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81451  Long: -82.79276  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Job No: 19-54038

Date: 2019-04-30  10:17

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-207

Cone: 461:T1500F15U1K 

Max Depth: 16.575 m / 54.38 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-207.COR
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81418  Long: -82.79164  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Job No: 19-54038

Date: 2019-04-30  12:21

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-208

Cone: 461:T1500F15U1K 

Max Depth: 15.075 m / 49.46 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-208.COR
Unit Wt: SBTQtn (PKR2009)
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Coords: Lat: 37.81410  Long: -82.79185  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-04-30  14:58

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-210

Cone: 461:T1500F15U1K 

Max Depth: 19.150 m / 62.83 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-210.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81330  Long: -82.79205  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-05-01  14:37

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-212

Cone: 367:T1500F15U500

Max Depth: 19.600 m / 64.30 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-212.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81224  Long: -82.79186  

Refusal Refusal Refusal Refusal Refusal Refusal
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-05-01  12:39

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-213

Cone: 367:T1500F15U500

Max Depth: 22.175 m / 72.75 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-213.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81121  Long: -82.79171  

Refusal Refusal Refusal Refusal Refusal Refusal
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-05-06  15:24

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-214

Cone: 367:T1500F15U500

Max Depth: 22.675 m / 74.39 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-214.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81094  Long: -82.79168  

Refusal Refusal Refusal Refusal Refusal Refusal
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-05-02  16:26

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-217

Cone: 367:T1500F15U500

Max Depth: 2.775 m / 9.10 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-217.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81400  Long: -82.79870  

EOH: Inclination EOH: Inclination EOH: Inclination EOH: Inclination EOH: Inclination EOH: Inclination
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-05-02  16:53

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-217B

Cone: 367:T1500F15U500

Max Depth: 3.100 m / 10.17 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-217B.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81408  Long: -82.79880  

EOH: Inclination EOH: Inclination EOH: Inclination EOH: Inclination EOH: Inclination EOH: Inclination
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-05-02  17:26

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-217C

Cone: 367:T1500F15U500

Max Depth: 21.875 m / 71.77 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-217C.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81418  Long: -82.79867  

Refusal Refusal Refusal Refusal Refusal Refusal
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-05-07  12:28

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-308

Cone: 367:T1500F15U500

Max Depth: 22.175 m / 72.75 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-308.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81225  Long: -82.79352  

Refusal Refusal Refusal Refusal Refusal Refusal
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-05-01  08:06

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-309

Cone: 461:T1500F15U1K 

Max Depth: 10.925 m / 35.84 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-309.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81374  Long: -82.79365  

EOH: Power Loss EOH: Power Loss EOH: Power Loss EOH: Power Loss EOH: Power Loss EOH: Power Loss
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-05-01  10:58

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-309B

Cone: 367:T1500F15U500

Max Depth: 16.350 m / 53.64 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-309B.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81381  Long: -82.79391  

Refusal Refusal Refusal Refusal Refusal Refusal
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-05-07  08:45

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-311

Cone: 367:T1500F15U500

Max Depth: 21.650 m / 71.03 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-311.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81153  Long: -82.79345  

Refusal Refusal Refusal Refusal Refusal Refusal
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-05-03  11:39

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-314

Cone: 367:T1500F15U500

Max Depth: 20.250 m / 66.44 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-314.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81387  Long: -82.80308  

Refusal Refusal Refusal Refusal Refusal Refusal
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)

0 100 200 300 400

0

10

20

30

40

50

60

70

8080

qt (tsf)

D
e

p
th

 (
fe

e
t)

0.0 2.0 4.0 6.0

fs (tsf)

0.0 2.0 4.0 6.0

Rf (%)

0 100 2000

u (ft)

0 3 6 9

SBT Qtn

Stantec, Inc.
Job No: 19-54038

Date: 2019-06-11  12:12

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-315

Cone: 557:T1500F15U500

Max Depth: 3.525 m / 11.56 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-315.COR
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81104  Long: -82.79596  
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Cone Penetration Test Plots with N60 
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)

0 100 200 300 400

0

10

20

30

40

50

60

70

8080

qt (tsf)

D
e

p
th

 (
fe

e
t)

0.0 2.0 4.0 6.0

fs (tsf)

0 100 2000

u (ft)

0 50 100

N60 (Ic RW1998) (bpf)

0 3 6 9

SBT Qtn

Stantec, Inc.
Job No: 19-54038

Date: 2019-06-11  09:43

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-203

Cone: 557:T1500F15U500

Max Depth: 17.400 m / 57.09 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-203.COR
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81603  Long: -82.79220  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-06-11  10:41

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-203A

Cone: 557:T1500F15U500

Max Depth: 13.300 m / 43.63 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-203A.COR
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81602  Long: -82.79219  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-06-11  13:59

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-204

Cone: 557:T1500F15U500

Max Depth: 21.425 m / 70.29 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-204.COR
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81697  Long: -82.78201  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-02  12:53

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-205

Cone: 367:T1500F15U500

Max Depth: 20.200 m / 66.27 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-205.COR
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81486  Long: -82.79172  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-206

Cone: 367:T1500F15U500

Max Depth: 23.375 m / 76.69 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-206.COR
Unit Wt: SBTQtn (PKR2009)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Job No: 19-54038

Date: 2019-04-30  10:17

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-207

Cone: 461:T1500F15U1K 

Max Depth: 16.575 m / 54.38 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Sounding: CPT-210

Cone: 461:T1500F15U1K 
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Site: USACE Paintsville Levee Evaluation
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Cone: 367:T1500F15U500

Max Depth: 19.600 m / 64.30 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point
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Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Sounding: CPT-214
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Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Site: USACE Paintsville Levee Evaluation

Sounding: CPT-217

Cone: 367:T1500F15U500

Max Depth: 2.775 m / 9.10 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Max Depth: 16.600 m / 54.46 ft
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Cone: 461:T1500F15U1K 
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Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Max Depth: 20.250 m / 66.44 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-314.COR
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81387  Long: -82.80308  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-06-11  12:12

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-315

Cone: 557:T1500F15U500

Max Depth: 3.525 m / 11.56 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-315.COR
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81431  Long: -82.79323  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-06-11  09:43

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-203

Cone: 557:T1500F15U500

Max Depth: 17.400 m / 57.09 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-203.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81603  Long: -82.79220  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-06-11  10:41

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-203A

Cone: 557:T1500F15U500

Max Depth: 13.300 m / 43.63 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-203A.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81602  Long: -82.79219  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-06-11  13:59

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-204

Cone: 557:T1500F15U500

Max Depth: 21.425 m / 70.29 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-204.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81697  Long: -82.78201  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-02  12:53

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-205

Cone: 367:T1500F15U500

Max Depth: 20.200 m / 66.27 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-205.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81486  Long: -82.79172  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-02  08:34

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-206

Cone: 367:T1500F15U500

Max Depth: 23.375 m / 76.69 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-206.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81451  Long: -82.79276  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-04-30  10:17

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-207

Cone: 461:T1500F15U1K 

Max Depth: 16.575 m / 54.38 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-207.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81418  Long: -82.79164  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-04-30  12:21

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-208

Cone: 461:T1500F15U1K 

Max Depth: 15.075 m / 49.46 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-208.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81410  Long: -82.79185  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-04-30  14:58

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-210

Cone: 461:T1500F15U1K 

Max Depth: 19.150 m / 62.83 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-210.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81330  Long: -82.79205  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-01  14:37

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-212

Cone: 367:T1500F15U500

Max Depth: 19.600 m / 64.30 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-212.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81224  Long: -82.79186  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-01  12:39

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-213

Cone: 367:T1500F15U500

Max Depth: 22.175 m / 72.75 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-213.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81121  Long: -82.79171  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-06  15:24

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-214

Cone: 367:T1500F15U500

Max Depth: 22.675 m / 74.39 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-214.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81094  Long: -82.79168  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-02  16:26

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-217

Cone: 367:T1500F15U500

Max Depth: 2.775 m / 9.10 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-217.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81400  Long: -82.79870  

Sands
Sands
Sands
Silt Mixtures
Silt Mixtures
Undefined
Sand Mixtures
Clays
Gravelly Sand to Sand

EOH: Inclination EOH: Inclination EOH: Inclination EOH: Inclination
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-02  16:53

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-217B

Cone: 367:T1500F15U500

Max Depth: 3.100 m / 10.17 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-217B.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81408  Long: -82.79880  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Job No: 19-54038

Date: 2019-05-02  17:26

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-217C

Cone: 367:T1500F15U500

Max Depth: 21.875 m / 71.77 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-217C.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81418  Long: -82.79867  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Job No: 19-54038

Date: 2019-05-06  12:50

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-303

Cone: 367:T1500F15U500

Max Depth: 20.775 m / 68.16 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-303.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81450  Long: -82.79394  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)

0.0 1.0 2.0 3.0

0

10

20

30

40

50

60

70

8080

Su (Nkt) (tsf)

D
e

p
th

 (
fe

e
t)

0 50 100

N60 (Ic RW1998) (bpf)

0 50 100

Dr (%)

0 20 40 60

Phi (deg)

0 3 6 9

SBT Qtn

Stantec, Inc.
Job No: 19-54038

Date: 2019-05-06  10:59

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-304

Cone: 367:T1500F15U500

Max Depth: 16.600 m / 54.46 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-304.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81461  Long: -82.79464  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Job No: 19-54038

Date: 2019-05-07  12:28

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-308

Cone: 367:T1500F15U500

Max Depth: 22.175 m / 72.75 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-308.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81225  Long: -82.79352  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Job No: 19-54038

Date: 2019-05-01  08:06

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-309

Cone: 461:T1500F15U1K 

Max Depth: 10.925 m / 35.84 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-309.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81374  Long: -82.79365  

Clays

Clays

Silt Mixtures

Silt Mixtures
Sand Mixtures
Silt Mixtures
Sand Mixtures
Silt Mixtures
Silt Mixtures

Clays
Clays

Silt Mixtures
Silt Mixtures

Sands
Sand Mixtures

Sand Mixtures

Silt Mixtures
Clays
Undefined
Sand Mixtures

Silt Mixtures
Silt Mixtures

Sand Mixtures
Sands

Sand Mixtures

Undefined

EOH: Power Loss EOH: Power Loss EOH: Power Loss EOH: Power Loss
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Job No: 19-54038

Date: 2019-05-01  10:58

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-309B

Cone: 367:T1500F15U500

Max Depth: 16.350 m / 53.64 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-309B.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81381  Long: -82.79391  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Job No: 19-54038

Date: 2019-05-07  08:45

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-311

Cone: 367:T1500F15U500

Max Depth: 21.650 m / 71.03 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-311.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81153  Long: -82.79345  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-03  11:39

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-314

Cone: 367:T1500F15U500

Max Depth: 20.250 m / 66.44 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-314.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81387  Long: -82.80308  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-06-11  12:12

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-315

Cone: 557:T1500F15U500

Max Depth: 3.525 m / 11.56 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_CPT-315.COR
Unit Wt: SBTQtn (PKR2009)
Su Nkt/Ndu:  15.0 /   8.0

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81104  Long: -82.79596  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)

0 100 200 300 400

0

10

20

30

40

50

60

70

80

qt (tsf)

D
e

p
th

 (
fe

e
t)

0.0 2.0 4.0 6.0

fs (tsf)

0 100 2000

u (ft)

0 2000 4000 6000

Vs & Vp (ft/s)

Stantec, Inc
Job No: 19-54038

Date: 2019-05-02  12:53

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-205

Cone: 367:T1500F15U500

Max Depth: 20.200 m / 66.27 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-205.COR
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81486  Long: -82.79172  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Job No: 19-54038

Date: 2019-05-02  08:34

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-206

Cone: 367:T1500F15U500

Max Depth: 23.375 m / 76.69 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-206.COR
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81451  Long: -82.79276  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-04-30  10:17

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-207

Cone: 461:T1500F15U1K 

Max Depth: 16.575 m / 54.38 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-207.COR
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81418  Long: -82.79164  

7.4

16.1

Ueq(ft)

Refusal Refusal Refusal Refusal

288|Page Volume 2 Tab 2 Geotechnical



The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Stantec, Inc
Job No: 19-54038

Date: 2019-04-30  12:21

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-208

Cone: 461:T1500F15U1K 

Max Depth: 15.075 m / 49.46 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point

File: 19-54038_SCPT-208.COR
Unit Wt: SBTQtn (PKR2009)

SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81410  Long: -82.79185  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)

0 100 200 300 400

0

10

20

30

40

50

60

70

80

qt (tsf)

D
e

p
th

 (
fe

e
t)

0.0 2.0 4.0 6.0

fs (tsf)

0 100 2000

u (ft)

0 2000 4000 6000

Vs & Vp (ft/s)

Stantec, Inc
Job No: 19-54038

Date: 2019-05-06  12:50

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-303

Cone: 367:T1500F15U500

Max Depth: 20.775 m / 68.16 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point
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SBT: Robertson, 2009 and 2010
Coords: Lat: 37.81450  Long: -82.79394  
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Date: 2019-05-06  10:59

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-304

Cone: 367:T1500F15U500

Max Depth: 16.600 m / 54.46 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-308

Cone: 367:T1500F15U500

Max Depth: 22.175 m / 72.75 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.

Dissipation, equilibrium not achievedDissipation with estimated Ueq value Equilibrium Pore Pressure (Ueq)
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Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-309

Cone: 461:T1500F15U1K 

Max Depth: 10.925 m / 35.84 ft
Depth Inc: 0.025 m / 0.082 ft
Avg Int: Every Point
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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The reported coordinates were acquired from hand-held GPS equipment and are only approximate locations. The coordinates should not be used for design purposes.
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SBT Scatter Plots
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Stantec, Inc.
Job No: 19-54038

Date: 2019-06-11  09:43

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-203

Cone: 557:T1500F15U500
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Stantec, Inc.
Job No: 19-54038

Date: 2019-06-11  10:41

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-203A

Cone: 557:T1500F15U500
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Stantec, Inc.
Job No: 19-54038

Date: 2019-06-11  13:59

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-204

Cone: 557:T1500F15U500
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-02  12:53

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-205

Cone: 367:T1500F15U500
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-02  08:34

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-206

Cone: 367:T1500F15U500
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Stantec, Inc.
Job No: 19-54038

Date: 2019-04-30  10:17

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-207

Cone: 461:T1500F15U1K 
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Legend

CCS (Cont. sensitive clay like)

CC (Cont. clay like)

TC (Cont. transitional)

SC (Cont. sand like)
CD (Dil. clay like)

TD (Dil. transitional)

SD (Dil. sand like)

CCS CC

TC

SC

CD

TD

SD

0.10 1.0 10.0
1.0

10.0

100

1000

Fr (%)

Q
tn

Modified SBTn (PKR 2016)

302|Page Volume 2 Tab 2 Geotechnical



Stantec, Inc.
Job No: 19-54038

Date: 2019-04-30  12:21

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-208

Cone: 461:T1500F15U1K 
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Stantec, Inc.
Job No: 19-54038

Date: 2019-04-30  14:58

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-210

Cone: 461:T1500F15U1K 
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-01  14:37

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-212

Cone: 367:T1500F15U500
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Standard SBT Chart (UBC 1986)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-01  12:39

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-213

Cone: 367:T1500F15U500
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-06  15:24

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-214

Cone: 367:T1500F15U500
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-02  16:26

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-217

Cone: 367:T1500F15U500
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-02  16:53

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-217B

Cone: 367:T1500F15U500
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-02  17:26

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-217C

Cone: 367:T1500F15U500
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-06  12:50

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-303

Cone: 367:T1500F15U500
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-06  10:59

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-304

Cone: 367:T1500F15U500
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-07  12:28

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-308

Cone: 367:T1500F15U500

Legend

Sensitive, Fine Grained

Organic Soils

Clays

Silt Mixtures
Sand Mixtures

Sands

Gravelly Sand to Sand

Stiff Sand to Clayey Sand
Very Stiff Fine Grained

Depth Ranges
 >0.0 to 5.0 ft

 >5.0 to 10.0 ft

 >10.0 to 15.0 ft

 >15.0 to 20.0 ft
 >20.0 to 25.0 ft

 >25.0 to 30.0 ft

 >30.0 to 35.0 ft

 >35.0 to 40.0 ft
 >40.0 to 45.0 ft

 >45.0 to 50.0 ft

 >50.0 ft

1

2

3

4

5

6

7 8

9

Qtn,cs = 70

Ic = 2.6

0.10 1.0 10.0
1.0

10.0

100

1000

Fr (%)

Q
tn

Qtn Chart (PKR 2009)

Legend

Sensitive Fines

Organic Soil

Clay

Silty Clay
Clayey Silt

Silt

Sandy Silt

Silty Sand/Sand
Sand

Gravelly Sand

Stiff Fine Grained

Cemented Sand

1

2

3

4
5

6
7

8

9

10

11

12

0.0 2.0 4.0 6.0 8.0
1.0

10.0

100

1000

Rf(%)

q
t 

(b
ar

)

Standard SBT Chart (UBC 1986)

Legend

CCS (Cont. sensitive clay like)

CC (Cont. clay like)

TC (Cont. transitional)

SC (Cont. sand like)
CD (Dil. clay like)

TD (Dil. transitional)

SD (Dil. sand like)

CCS CC

TC

SC

CD

TD

SD

0.10 1.0 10.0
1.0

10.0

100

1000

Fr (%)

Q
tn

Modified SBTn (PKR 2016)

313|Page Volume 2 Tab 2 Geotechnical



Stantec, Inc.
Job No: 19-54038

Date: 2019-05-01  08:06

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-309

Cone: 461:T1500F15U1K 
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-01  10:58

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-309B

Cone: 367:T1500F15U500
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-07  08:45

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-311

Cone: 367:T1500F15U500
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Standard SBT Chart (UBC 1986)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-05-03  11:39

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-314

Cone: 367:T1500F15U500
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Standard SBT Chart (UBC 1986)
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Stantec, Inc.
Job No: 19-54038

Date: 2019-06-11  12:12

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-315

Cone: 557:T1500F15U500
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Standard SBT Chart (UBC 1986)
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-205

Date: 2-May-2019

Seismic Source: Beam

Source Offset (ft): 4.75

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

3.28 2.62 5.43

6.56 5.91 7.58 2.15 6.95 310

9.84 9.19 10.34 2.76 4.65 594

13.12 12.47 13.34 3.00 5.05 594

16.40 15.75 16.45 3.11 4.95 628

19.69 19.03 19.61 3.16 4.10 772

22.97 22.31 22.81 3.20 3.50 913

26.25 25.59 26.03 3.22 4.00 804

29.53 28.87 29.26 3.23 4.85 666

32.81 32.15 32.50 3.24 6.65 487

36.09 35.43 35.75 3.25 3.65 890

39.27 38.62 38.91 3.16 4.80 658

42.65 41.99 42.26 3.36 4.75 707

45.83 45.18 45.43 3.16 5.9 536

49.11 48.46 48.69 3.26 5.5 593

52.40 51.74 51.96 3.27 4.6 710

55.77 55.12 55.32 3.37 4.25 792

59.06 58.40 58.59 3.27 4.6 711

62.34 61.68 61.86 3.27 4.80 681

65.62 64.96 65.13 3.27 4.60 711

66.27 65.62 65.79 0.65 0.55 1190

Sheet 1 of 1

320|Page Volume 2 Tab 2 Geotechnical



Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-206

Date: 2-May-2019

Seismic Source: Beam

Source Offset (ft): 4.75

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip 

Depth 
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Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

3.28 2.62 5.43

6.56 5.91 7.58 2.15 1.70 1266

9.84 9.19 10.34 2.76 3.95 699

13.12 12.47 13.34 3.00 4.95 606

16.40 15.75 16.45 3.11 4.75 654

19.69 19.03 19.61 3.16 4.45 711

22.97 22.31 22.81 3.20 5.05 633

26.25 25.59 26.03 3.22 4.40 731

29.20 28.54 28.94 2.91 3.70 786

32.81 32.15 32.50 3.57 4.40 810

36.09 35.43 35.75 3.25 4.40 738

39.37 38.71 39.00 3.25 4.60 707

42.65 41.99 42.26 3.26 5.4 603

45.93 45.28 45.52 3.26 5.4 604

49.21 48.56 48.79 3.26 5.05 646

52.49 51.84 52.05 3.27 5.15 634

55.77 55.12 55.32 3.27 5. 654

59.06 58.40 58.59 3.27 4.55 719

62.34 61.68 61.86 3.27 4.65 703

65.62 64.96 65.13 3.27 4.45 735

68.90 68.24 68.41 3.27 4.45 735

72.18 71.52 71.68 3.27 4.15 789

75.46 74.80 74.95 3.27 3.95 829
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-207

Date: 30-Apr-2019

Seismic Source: Beam

Source Offset (ft): 4.75

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

3.28 2.62 5.43

6.56 5.91 7.58 2.15 3.35 642

9.84 9.19 10.34 2.76 5.70 485

13.12 12.47 13.34 3.00 6.65 451

16.40 15.75 16.45 3.11 6.40 486

19.69 19.03 19.61 3.16 6.20 510

22.97 22.31 22.81 3.20 6.25 512

26.25 25.59 26.03 3.22 6.35 507

29.43 28.77 29.16 3.13 6.20 506

32.81 32.15 32.50 3.34 6.65 502

36.09 35.43 35.75 3.25 6.75 481

39.37 38.71 39.00 3.25 6.75 482

42.65 41.99 42.26 3.26 5.35 609

45.93 45.28 45.52 3.26 3.4 959

49.21 48.56 48.79 3.26 3.5 933

52.49 51.84 52.05 3.27 2.9 1126

54.36 53.71 53.92 1.86 1.4 1330
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-208

Date: 30-Apr-2019

Seismic Source: Beam

Source Offset (ft): 4.75

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

3.28 2.62 5.43

6.56 5.91 7.58 2.15 6.60 326

9.84 9.19 10.34 2.76 7.10 389

13.12 12.47 13.34 3.00 6.70 448

16.40 15.75 16.45 3.11 6.35 489

19.69 19.03 19.61 3.16 6.10 519

22.97 22.31 22.81 3.20 6.12 523

26.25 25.59 26.03 3.22 5.65 570

29.53 28.87 29.26 3.23 6.25 517

32.81 32.15 32.50 3.24 6.40 507

36.09 35.43 35.75 3.25 5.75 565

39.37 38.71 39.00 3.25 5.00 651

42.65 41.99 42.26 3.26 5.15 633

46.03 45.37 45.62 3.36 5. 672

49.21 48.56 48.79 3.17 3.15 1005
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-303

Date: 6-May-2019

Seismic Source: Beam

Source Offset (ft): 4.75

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

3.18 2.53 5.38

6.50 5.84 7.53 2.15 5.40 398

9.84 9.19 10.34 2.81 5.10 552

13.12 12.47 13.34 3.00 5.35 561

16.40 15.75 16.45 3.11 5.35 581

19.69 19.03 19.61 3.16 5.85 541

22.97 22.31 22.81 3.20 6.05 528

26.25 25.59 26.03 3.22 6.20 519

29.43 28.77 29.16 3.13 5.00 627

32.71 32.05 32.40 3.24 5.50 589

36.09 35.43 35.75 3.35 4.15 806

39.37 38.71 39.00 3.25 4.65 700

42.65 41.99 42.26 3.26 4.6 708

45.93 45.28 45.52 3.26 4.4 741

49.21 48.56 48.79 3.26 4.2 777

52.49 51.84 52.05 3.27 4.05 806

55.71 55.05 55.26 3.2 3.5 915

59.06 58.40 58.59 3.34 3.45 967

62.34 61.68 61.86 3.27 3.85 849

65.55 64.89 65.07 3.21 3.20 1002

68.18 67.52 67.69 2.62 1.40 1870
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-304

Date: 6-May-2019

Seismic Source: Beam

Source Offset (ft): 4.75

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

3.28 2.62 5.43

6.50 5.84 7.53 2.10 4.00 525

9.78 9.12 10.28 2.76 5.00 551

13.12 12.47 13.34 3.06 4.20 728

16.31 15.65 16.35 3.01 4.70 641

19.69 19.03 19.61 3.26 4.90 665

22.97 22.31 22.81 3.20 5.05 633

26.25 25.59 26.03 3.22 4.05 795

29.53 28.87 29.26 3.23 4.80 673

32.81 32.15 32.50 3.24 4.80 675

36.09 35.43 35.75 3.25 4.80 677

39.37 38.71 39.00 3.25 5.25 620

42.65 41.99 42.26 3.26 4.75 686

45.93 45.28 45.52 3.26 4.5 725

49.21 48.56 48.79 3.26 5. 653

52.40 51.74 51.96 3.17 4.6 689

54.46 53.81 54.02 2.06 3.45 597
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-308

Date: 7-May-2019

Seismic Source: Beam

Source Offset (ft): 4.75

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

3.28 2.62 5.43

6.56 5.91 7.58 2.15 6.00 359

9.84 9.19 10.34 2.76 4.81 575

13.12 12.47 13.34 3.00 4.64 647

16.40 15.75 16.45 3.11 5.24 593

19.69 19.03 19.61 3.16 5.77 549

22.87 22.21 22.71 3.10 5.88 527

26.25 25.59 26.03 3.31 5.75 576

29.53 28.87 29.26 3.23 5.63 574

32.81 32.15 32.50 3.24 5.69 570

36.09 35.43 35.75 3.25 4.41 737

39.37 38.71 39.00 3.25 3.69 882

42.65 41.99 42.26 3.26 3.9 835

45.93 45.28 45.52 3.26 3.7 881

49.21 48.56 48.79 3.26 3.85 848

52.49 51.84 52.05 3.27 3.89 840

55.77 55.12 55.32 3.27 4.15 787

59.06 58.40 58.59 3.27 4.2 778

62.34 61.68 61.86 3.27 4.00 818

65.62 64.96 65.13 3.27 4.25 770

68.83 68.18 68.34 3.21 3.90 822

72.18 71.52 71.68 3.34 2.70 1237

72.77 72.11 72.27 0.59 0.45 1309
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-309

Date: 1-May-2019

Seismic Source: Beam

Source Offset (ft): 4.75

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

3.28 2.62 5.43

6.56 5.91 7.58 2.15 6.03 357

9.84 9.19 10.34 2.76 2.75 1004

13.12 12.47 13.34 3.00 3.20 938

16.40 15.75 16.45 3.11 3.94 790

19.69 19.03 19.61 3.16 4.57 692

22.97 22.31 22.81 3.20 6.67 480

26.25 25.59 26.03 3.22 5.50 585

29.53 28.87 29.26 3.23 4.72 685

32.81 32.15 32.50 3.24 4.90 661
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-309B

Date: 1-May-2019

Seismic Source: Beam

Source Offset (ft): 4.75

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

36.09 35.43 35.75

39.37 38.71 39.00 3.25 4.49 725

42.65 41.99 42.26 3.26 4.44 733

45.93 45.28 45.52 3.26 4.60 709

49.21 48.56 48.79 3.26 3.87 844

52.33 51.67 51.89 3.10 3.73 831

53.64 52.99 53.20 1.31 0.84 1565
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-314

Date: 3-May-2019

Seismic Source: Beam

Source Offset (ft): 4.75

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu SHEAR WAVE VELOCITY TEST RESULTS - Vs

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

3.28 2.62 4.20

6.56 5.91 6.76 2.55 3.60 709

9.84 9.19 9.75 3.00 4.40 682

13.12 12.47 12.89 3.14 4.70 667

16.40 15.75 16.09 3.19 3.85 830

19.69 19.03 19.31 3.22 4.35 741

22.97 22.31 22.55 3.24 3.95 820

26.25 25.59 25.80 3.25 4.30 756

29.53 28.87 29.06 3.26 4.70 693

32.81 32.15 32.32 3.26 4.25 768

36.09 35.43 35.58 3.27 5.35 610

39.37 38.71 38.85 3.27 4.35 751

42.65 41.99 42.12 3.27 4.55 719

45.93 45.28 45.39 3.27 4.45 735

49.21 48.56 48.67 3.27 4.95 661

52.49 51.84 51.94 3.27 4.6 712

55.77 55.12 55.22 3.27 3.75 873

59.06 58.40 58.49 3.28 2.95 1110

62.34 61.68 61.77 3.28 4.15 789

65.62 64.96 65.04 3.28 3.20 1024

66.44 65.78 65.86 0.82 0.75 1092
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-205

Date: 2-May-2019

Seismic Source: Beam

Source Offset (ft): 4.99

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu COMPRESSION WAVE VELOCITY TEST RESULTS - Vp

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

13.12 12.47 13.43

16.40 15.75 16.52 3.09 2.16 1432

22.97 22.31 22.86 6.34 2.05 3093

26.25 25.59 26.07 3.21 2.30 1396

29.53 28.87 29.30 3.23 2.30 1403

32.81 32.15 32.54 3.24 2.90 1116

36.09 35.43 35.78 3.25 2.34 1386

42.65 41.99 42.29 6.51 3.40 1914

45.83 45.18 45.45 3.16 1.70 1859

49.11 48.46 48.71 3.26 1.30 2510

52.40 51.74 51.98 3.26 1.04 3129

59.06 58.40 58.61 6.63 2.16 3076

65.62 64.96 65.15 6.54 2.2 2973
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-206

Date: 2-May-2019

Seismic Source: Beam

Source Offset (ft): 4.99

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu COMPRESSION WAVE VELOCITY TEST RESULTS - Vp

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

3.28 2.62 5.64

6.56 5.91 7.73 2.09 0.88 2370

9.84 9.19 10.45 2.72 1.25 2184

13.12 12.47 13.43 2.97 1.72 1732

16.40 15.75 16.52 3.09 1.72 1798

22.97 22.31 22.86 6.34 2.57 2464

26.25 25.59 26.07 3.21 1.10 2909

32.81 32.15 32.54 6.46 3.80 1700

36.09 35.43 35.78 3.25 2.30 1411

39.37 38.71 39.03 3.25 2.54 1278

45.93 45.28 45.55 6.52 3.27 1990

52.49 51.84 52.08 6.53 1.73 3774

65.62 64.96 65.15 13.08 3.65 3582

68.90 68.24 68.42 3.27 1.21 2702

72.18 71.52 71.70 3.27 1.23 2653
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-207

Date: 30-Apr-2019

Seismic Source: Beam

Source Offset (ft): 4.99

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu COMPRESSION WAVE VELOCITY TEST RESULTS - Vp

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

6.56 5.91 7.73

9.84 9.19 10.45 2.72 2.53 1077

13.12 12.47 13.43 2.97 2.22 1341

16.40 15.75 16.52 3.09 2.33 1329

19.69 19.03 19.67 3.15 2.68 1175

22.97 22.31 22.86 3.19 2.80 1139

26.25 25.59 26.07 3.21 2.25 1427

29.43 28.77 29.20 3.13 2.80 1118

32.81 32.15 32.54 3.33 1.25 2668

39.37 38.71 39.03 6.50 2.65 2452

42.65 41.99 42.29 3.26 1.10 2960

45.93 45.28 45.55

49.21 48.56 48.81 3.26 1.55 2105
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-208

Date: 30-Apr-2019

Seismic Source: Beam

Source Offset (ft): 4.99

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu COMPRESSION WAVE VELOCITY TEST RESULTS - Vp

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

3.28 2.62 5.64

6.56 5.91 7.73 2.09 3.15 664

9.84 9.19 10.45 2.72 1.90 1433

13.12 12.47 13.43 2.97 2.81 1057

16.40 15.75 16.52 3.09 2.45 1262

19.69 19.03 19.67 3.15 2.45 1289

22.97 22.31 22.86 3.19 2.66 1199

39.37 38.71 39.03

46.03 45.37 45.65 6.61 1.35 4892

49.21 48.56 48.81 3.16 0.65 4869
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-303

Date: 6-May-2019

Seismic Source: Beam

Source Offset (ft): 4.99

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu COMPRESSION WAVE VELOCITY TEST RESULTS - Vp

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

3.18 2.53 5.59

6.50 5.84 7.68 2.09 1.65 1266

9.84 9.19 10.45 2.77 1.40 1980

13.12 12.47 13.43 2.97 2.25 1322

16.40 15.75 16.52 3.09 1.43 2164

19.69 19.03 19.67

22.97 22.31 22.86 3.19 0.60 5314

26.25 25.59 26.07 3.21 1.15 2793

29.43 28.77 29.20 3.13 0.65 4815

32.71 32.05 32.44

36.09 35.43 35.78 3.34 0.68 4914

39.37 38.71 39.03 3.25 0.79 4097

42.65 41.99 42.29 3.26 0.86 3766

49.21 48.56 48.81 6.52 1.22 5351

52.49 51.84 52.08 3.26 1.18 2768

55.71 55.05 55.28 3.20 1.07 2979

62.34 61.68 61.88 6.60 1.42 4643
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-304

Date: 6-May-2019

Seismic Source: Beam

Source Offset (ft): 4.99

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu COMPRESSION WAVE VELOCITY TEST RESULTS - Vp

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

3.28 2.62 5.64

6.50 5.84 7.68 2.04 1.45 1409

9.78 9.12 10.40 2.72 1.45 1872

13.12 12.47 13.43 3.03 1.45 2091

16.31 15.65 16.43 3.00 1.35 2220

19.69 19.03 19.67 3.25 1.20 2706

22.97 22.31 22.86 3.19 2.45 1302

26.25 25.59 26.07 3.21 0.98 3278

29.53 28.87 29.30

36.09 35.43 35.78 6.48 1.10 5894

39.37 38.71 39.03 3.25 0.85 3825

42.65 41.99 42.29 3.26 1.00 3256

49.21 48.56 48.81 6.52 1.15 5671

54.46 53.81 54.04 5.22 1.15 4543
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-308

Date: 7-May-2019

Seismic Source: Beam

Source Offset (ft): 4.99

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu COMPRESSION WAVE VELOCITY TEST RESULTS - Vp

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

3.28 2.62 5.64

6.56 5.91 7.73 2.09 0.88 2392

9.84 9.19 10.45 2.72 1.00 2714

13.12 12.47 13.43 2.97 1.22 2445

16.40 15.75 16.52 3.09 0.85 3620

19.69 19.03 19.67 3.15 0.89 3551

22.87 22.21 22.76 3.09 0.65 4757

32.81 32.15 32.54 9.77 2.53 3858

36.09 35.43 35.78 3.25 0.65 4993

39.37 38.71 39.03 3.25 0.70 4645

45.93 45.28 45.55 6.52 1.75 3723

49.21 48.56 48.81 3.26 1.55 2105

59.06 58.40 58.61 9.80 2.78 3521

72.18 71.52 71.70 13.08 5.00 2617
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-309

Date: 1-May-2019

Seismic Source: Beam

Source Offset (ft): 4.99

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu COMPRESSION WAVE VELOCITY TEST RESULTS - Vp

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

13.12 12.47 13.43

16.40 15.75 16.52 3.09 2.47 1253

19.69 19.03 19.67 3.15 2.98 1059

22.97 22.31 22.86 3.19 1.75 1822

29.53 28.87 29.30 6.44 1.70 3787

32.81 32.15 32.54 3.24 1.05 3084

Sheet 1 of 1

338|Page Volume 2 Tab 2 Geotechnical



Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-309B

Date: 1-May-2019

Seismic Source: Beam

Source Offset (ft): 4.99

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu COMPRESSION WAVE VELOCITY TEST RESULTS - Vp

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

36.09 35.43 35.78

39.37 38.71 39.03 3.25 1.09 2983

52.33 51.67 51.91 12.88 2.60 4954
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Job No: 19-54038

Client: Stantec, Inc

Project: USACE Paintsville Levee Evaluation

Sounding ID: SCPT-314

Date: 3-May-2019

Seismic Source: Beam

Source Offset (ft): 4.99

Source Depth (ft): 0.00

Geophone Offset (ft): 0.66

SCPTu COMPRESSION WAVE VELOCITY TEST RESULTS - Vp

Tip 

Depth 

(ft)

Geophone 

Depth 

(ft)

Ray 

Path

(ft)

Ray Path  

Difference

(ft)

Travel Time 

Interval

(ms)

Interval

Velocity

(ft/s)

3.28 2.62 5.64

6.56 5.91 7.73 2.09 1.15 1820

9.84 9.19 10.45 2.72 2.05 1328

13.12 12.47 13.43 2.97 1.80 1653

16.40 15.75 16.52 3.09 2.15 1438

19.69 19.03 19.67 3.15 0.95 3318

26.25 25.59 26.07 6.40 2.60 2462

29.53 28.87 29.30 3.23 1.20 2689

32.81 32.15 32.54 3.24 1.00 3238

39.37 38.71 39.03 6.50 1.35 4813

45.93 45.28 45.55 6.52 1.39 4685

52.49 51.84 52.08 6.53 1.33 4907

59.06 58.40 58.61 6.53 1.31 4985
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Seismic Cone Penetration Test Wave Traces 
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Job No: 19-54039 Client: Stantec, Inc. Project Title: USACE Louisville Levee Evaluation Operator:  RG-DW        Hole: SCPT-205

Site: Paintsvilie, Ky Date: 05:01:19  08:06 Cone: 367:T1500F15U500
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Job No: 19-54038 Client: Stantec, Inc. Project Title: USACE Louisville Levee Evaluation Operator:   RG-DW        Hole: SCPT-206        

Site: Paintsville, Ky Date: 05:02:19  08:34 Cone: 367:T1500F15U500
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Job No: 19-54038 Client: Stantec, Inc Project Title: USACE Paintsville Levee Evaluation Operator:   RG-DW        Hole: SCPT-207      

Site: Paintsville, Ky Date: 04:30:19  10:17 Cone: 461:T1500F15U1K 
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Job No: 19-54039 Client: Stantec, Inc. Project Title: USACE Louisville Levee Evaluation Operator:   RG-DW        Hole: SCPT-208        

Site: Paintsville, Ky Date: 04:30:19  12:21 Cone: 461:T1500F15U1K 
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Job No: 19-54038 Client: Stantec, Inc Project Title: USACE Paintsville Levee Evaluation Operator:   RG-DW        Hole: SCPT-303        

Site: Paintsville, Ky Date: 05:06:19  12:50 Cone: 367:T1500F15U500
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Job No: 19-54038 Client: Stantec, Inc Project Title: USACE Paintsville Levee Evaluation Operator:   RG-DW        Hole: SCPT-304        

Site: Paintsville, Ky Date: 05:06:19  10:59 Cone: 367:T1500F15U500
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Job No: 19-54038 Client: Stantec, Inc Project Title: USACE Paintsville Levee Evaluation Operator:   RG-DW        Hole: SCPT-308        

Site: Paintsville, Ky Date: 05:07:19  12:28 Cone: 367:T1500F15U500
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Job No: 19-54039 Client: Stantec, Inc. Project Title: USACE Louisville Levee Evaluation Operator:   RG-DW        Hole: SCPT-309        

Site: Paintsville, Ky Date: 05:01:19  08:06 Cone: 461:T1500F15U1K 
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Job No: 19-54039 Client: Stantec, Inc. Project Title: USACE Louisville Levee Evaluation Operator:   RG-DW        Hole: SCPT-309B       

Site: Paintsville, Ky Date: 05:01:19  10:58 Cone: 367:T1500F15U500
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Job No: 19-54038 Client: Stantec, Inc Project Title: USACE Paintsville Levee Evaluation Operator:   RG-DW        Hole: SCPT-314        

Site: Paintsville, Ky Date: 05:03:19  11:39 Cone: 367:T1500F15U500
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Seismic Compression Wave Traces 
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Job No: 19-54038 Client: Stantec, Inc Project Title: USACE Paintsville Levee Evaluation Operator:   RG-DW        Hole: SCPT-205        

Site: Paintsville, Ky Date: 05:02:19  12:53 Cone: 367:T1500F15U500
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Job No: 19-54038 Client: Stantec, Inc Project Title: USACE Paintsville Levee Evaluation Operator:   RG-DW        Hole: SCPT-206        

Site: Paintsville, Ky Date: 05:02:19  08:34 Cone: 367:T1500F15U500
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Job No: 19-54038 Client: Stantec, Inc Project Title: USACE Paintsville Levee Evaluation Operator:   RG-DW        Hole: SCPT-207      

Site: Paintsville, Ky Date: 04:30:19  10:17 Cone: 461:T1500F15U1K 
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Job No: 19-54038 Client: Stantec, Inc Project Title: USACE Paintsville Levee Evaluation Operator:   RG-DW        Hole: SCPT-208        

Site: Paintsville, Ky Date: 04:30:19  12:21 Cone: 461:T1500F15U1K 
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Job No: 19-54038 Client: Stantec, Inc Project Title: USACE Paintsville Levee Evaluation Operator:   RG-DW        Hole: SCPT-303        

Site: Paintsville, Ky Date: 05:06:19  12:50 Cone: 367:T1500F15U500
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Job No: 19-54038 Client: Stantec, Inc Project Title: USACE Paintsville Levee Evaluation Operator:   RG-DW        Hole: SCPT-304        

Site: Paintsville, Ky Date: 05:06:19  10:59 Cone: 367:T1500F15U500
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Job No: 19-54038 Client: Stantec, Inc Project Title: USACE Paintsville Levee Evaluation Operator:   RG-DW        Hole: SCPT-308        

Site: Paintsville, Ky Date: 05:07:19  12:28 Cone: 367:T1500F15U500
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Job No: 19-54038 Client: Stantec, Inc Project Title: USACE Paintsville Levee Evaluation Operator:   RG-DW        Hole: SCPT-309        

Site: Paintsville, Ky Date: 05:01:19  08:06 Cone: 461:T1500F15U1K 
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Job No: 19-54038 Client: Stantec, Inc Project Title: USACE Paintsville Levee Evaluation Operator:   RG-DW        Hole: SCPT-309B       

Site: Paintsville, Ky Date: 05:01:19  10:58 Cone: 367:T1500F15U500
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Job No: 19-54038 Client: Stantec, Inc Project Title: USACE Paintsville Levee Evaluation Operator:   RG-DW        Hole: SCPT-314        

Site: Paintsville, Ky Date: 05:03:19  11:39 Cone: 367:T1500F15U500
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Pore Pressure Dissipation Summary and  

Pore Pressure Dissipation Plots 
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Job No: 19-54038

Client: Stantec, Inc.

Project: USACE Paintsville Levee Evaluation

Start Date: 30-Apr-2019

End Date: 11-Jun-2019

CPTu PORE PRESSURE DISSIPATION SUMMARY

Sounding ID File Name Cone Area (cm2) Duration (s)
Test Depth 

(ft)

Estimated 

Equilibrium Pore 

Pressure Ueq 

(ft)

Calculated 

Phreatic Surface 

(ft)

CPT-203 19-54038_CP203.PPD 15 680 57.1 15.5 41.5

CPT-203A 19-54038_CP203A.PPD 15 240 43.6 2.3 41.4

CPT-204 19-54038_CP204.PPD 15 435 70.3 26.4 43.9

SCPT-205 19-54038_SCPT-205.PPD1 15 790 32.8

SCPT-205 19-54038_SCPT-205.PPD1 15 345 47.3

SCPT-205 19-54038_SCPT-205.PPD1 15 185 63.6 12.1 51.5

SCPT-206 19-54038_SCPT-206.PPD 15 315 16.4 0.9 15.5

SCPT-206 19-54038_SCPT-206.PPD 15 435 37.7 2.1 35.6

SCPT-206 19-54038_SCPT-206.PPD 15 285 47.9 9.1 38.8

SCPT-207 19-54038_SCPT-207.PPD 15 650 18.9 7.4 11.5

SCPT-207 19-54038_SCPT-207.PPD 15 205 36.1 16.1 20.0

SCPT-208 19-54038_SCPT-208.PPD 15 270 25.3 6.3 18.9

SCPT-208 19-54038_SCPT-208.PPD 15 255 35.4 16.2 19.3

CPT-210 19-54038_CPT-210.PPD 15 900 23.0

CPT-210 19-54038_CPT-210.PPD 15 345 36.1 4.6 31.5

CPT-210 19-54038_CPT-210.PPD 15 210 47.1 14.0 33.1

CPT-210 19-54038_CPT-210.PPD 15 200 60.5 27.8 32.7

CPT-212 19-54038_CPT-212.PPD 15 400 20.7

CPT-212 19-54038_CPT-212.PPD 15 300 42.7 6.8 35.9

CPT-212 19-54038_CPT-212.PPD 15 220 50.1 14.2 35.9

CPT-213 19-54038_CPT-213.PPD 15 500 24.4 10.4 14.0

CPT-213 19-54038_CPT-213.PPD 15 340 49.2 7.5 41.7

CPT-213 19-54038_CPT-213.PPD 15 210 55.0 12.9 42.1

CPT-213 19-54038_CPT-213.PPD 15 235 66.5 25.1 41.4

CPT-214 19-54038_CPT-214.PPD 15 440 27.6

CPT-214 19-54038_CPT-214.PPD 15 315 50.6 11.0 39.6

CPT-214 19-54038_CPT-214.PPD 15 300 62.4 23.1 39.3

CPT-214 19-54038_CPT-214.PPD 15 280 74.4 34.9 39.5

CPT-217C 19-54038_CPT-217C.PPD 15 345 18.9

CPT-217C 19-54038_CPT-217C.PPD 15 520 43.6

CPT-217C 19-54038_CPT-217C.PPD 15 200 68.8 35.5 33.3

SCPT-303 19-54038_SCPT-303.PPD 15 345 19.7

SCPT-303 19-54038_SCPT-303.PPD 15 465 29.4

SCPT-303 19-54038_SCPT-303.PPD 15 690 36.1 19.2 16.9

SCPT-303 19-54038_SCPT-303.PPD 15 475 44.7

Sheet 1 of 2
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Job No: 19-54038

Client: Stantec, Inc.

Project: USACE Paintsville Levee Evaluation

Start Date: 30-Apr-2019

End Date: 11-Jun-2019

CPTu PORE PRESSURE DISSIPATION SUMMARY

Sounding ID File Name Cone Area (cm2) Duration (s)
Test Depth 

(ft)

Estimated 

Equilibrium Pore 

Pressure Ueq 

(ft)

Calculated 

Phreatic Surface 

(ft)

SCPT-303 19-54038_SCPT-303.PPD 15 260 52.5 34.2 18.3

SCPT-304 19-54038_SCPT-304.PPD 15 680

SCPT-304 19-54038_SCPT-304.PPD 15 285 36.1 18.3 17.8

SCPT-304 19-54038_SCPT-304.PPD 15 435 52.4 34.2 18.2

SCPT-308 19-54038_SCPT-308.PPD 15 415 21.7 13.3 8.5

SCPT-308 19-54038_SCPT-308.PPD 15 565 38.1

SCPT-308 19-54038_SCPT-308.PPD 15 615 52.5

SCPT-308 19-54038_SCPT-308.PPD 15 470 62.3 36.4 25.9

SCPT-309 19-54038_SCPT-309.PPD 15 465 21.0 4.4 16.6

SCPT-309 19-54038_SCPT-309.PPD 15 285 32.8 2.0 30.8

CPT-311 19-54038_CPT-311.PPD 15 715 17.7 11.5 6.3

CPT-311 19-54038_CPT-311.PPD 15 435 30.8

CPT-311 19-54038_CPT-311.PPD 15 665 61.5 34.6 26.9

CPT-311 19-54038_CPT-311.PPD 15 240 67.9 40.7 27.2

SCPT-314 19-54038_SCPT-314.PPD 15 365 18.0

SCPT-314 19-54038_SCPT-314.PPD 15 365 31.7 10.7 20.9

SCPT-314 19-54038_SCPT-314.PPD 15 1355 44.2 17.9 26.3

SCPT-314 19-54038_SCPT-314.PPD 15 240 55.7 29.8 25.9

CPT-315 19-54038_CP315.PPD 15.0 1140.0 11.565

Totals 6.1 hrs
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Stantec, Inc
Job No: 19-54038

Date: 11-Jun-2019  09:43:35

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-203

Cone: EC557    Area=15 cm²

Trace Summary:  
Filename: 19-54038_CP203.PPD

Depth: 17.400 m / 57.086 ft

Duration: 680.0 s

U Min: -10.1 ft

U Max: 15.6 ft

WT:  12.662 m / 41.541 ft

Ueq: 15.5 ft
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Stantec, Inc
Job No: 19-54038

Date: 11-Jun-2019  10:41:14

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-203A

Cone: EC557    Area=15 cm²

Trace Summary:  
Filename: 19-54038_CP203A.PPD

Depth: 13.300 m / 43.635 ft

Duration: 240.0 s

U Min: 2.1 ft

U Max: 4.3 ft

WT:  12.608 m / 41.364 ft

Ueq: 2.3 ft
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Stantec, Inc
Job No: 19-54038

Date: 11-Jun-2019  13:59:42

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-204

Cone: EC557    Area=15 cm²

Trace Summary:  
Filename: 19-54038_CP204.PPD

Depth: 21.425 m / 70.291 ft

Duration: 435.0 s

U Min: -17.3 ft

U Max: 26.6 ft

WT:  13.389 m / 43.927 ft

Ueq: 26.4 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/02/2019  14:39

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-205

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-205.PPD1

Depth: 10.000 m / 32.808 ft

Duration: 790.0 s

U Min: 4.3 ft

U Max: 29.1 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/02/2019  14:39

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-205

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-205.PPD1

Depth: 14.425 m / 47.326 ft

Duration: 345.0 s

U Min: -0.2 ft

U Max: 50.2 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/02/2019  14:39

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-205

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-205.PPD1

Depth: 19.375 m / 63.566 ft

Duration: 185.0 s

U Min: 5.5 ft

U Max: 12.4 ft

WT:  15.686 m / 51.463 ft

Ueq: 12.1 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/02/2019  08:34

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-206

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-206.PPD

Depth: 5.000 m / 16.404 ft

Duration: 315.0 s

U Min: -5.4 ft

U Max: 1.1 ft

WT:  4.721 m / 15.489 ft

Ueq: 0.9 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/02/2019  08:34

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-206

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-206.PPD

Depth: 11.500 m / 37.729 ft

Duration: 435.0 s

U Min: 2.1 ft

U Max: 5.4 ft

WT:  10.856 m / 35.616 ft

Ueq: 2.1 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/02/2019  08:34

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-206

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-206.PPD

Depth: 14.600 m / 47.900 ft

Duration: 285.0 s

U Min: 9.0 ft

U Max: 10.9 ft

WT:  11.831 m / 38.815 ft

Ueq: 9.1 ft
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Stantec, Inc.
Job No: 19-54038

Date: 04/30/2019  10:17

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-207

Cone: 461:T1500F15U1K    Area=15 cm²

Trace Summary:  
Filename: 19-54038_SCPT-207.PPD

Depth: 5.775 m / 18.947 ft

Duration: 650.0 s

u Min: 7.3 ft

u Max: 81.2 ft

u Final: 7.5 ft

WT:  3.529 m / 11.578 ft

Ueq: 7.4 ft
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Stantec, Inc.
Job No: 19-54038

Date: 04/30/2019  10:17

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-207

Cone: 461:T1500F15U1K    Area=15 cm²

Trace Summary:  
Filename: 19-54038_SCPT-207.PPD

Depth: 11.000 m / 36.089 ft

Duration: 205.0 s

u Min: 15.3 ft

u Max: 17.1 ft

u Final: 16.4 ft

WT:  6.082 m / 19.954 ft

Ueq: 16.1 ft
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Stantec, Inc.
Job No: 19-54038

Date: 04/30/2019  12:21

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-208

Cone: 461:T1500F15U1K    Area=15 cm²

Trace Summary:  
Filename: 19-54038_SCPT-208.PPD

Depth: 7.700 m / 25.262 ft

Duration: 270.0 s

u Min: 5.9 ft

u Max: 7.1 ft

u Final: 6.2 ft

WT:  5.765 m / 18.914 ft

Ueq: 6.3 ft
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Stantec, Inc.
Job No: 19-54038

Date: 04/30/2019  12:21

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-208

Cone: 461:T1500F15U1K    Area=15 cm²

Trace Summary:  
Filename: 19-54038_SCPT-208.PPD

Depth: 10.800 m / 35.433 ft

Duration: 255.0 s

u Min: 16.1 ft

u Max: 17.5 ft

u Final: 16.3 ft

WT:  5.870 m / 19.258 ft

Ueq: 16.2 ft
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Stantec, Inc
Job No: 19-54038

Date: 04/30/2019  14:58

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-210

Cone: 461:T1500F15U1K

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-210.PPD

Depth: 7.025 m / 23.048 ft

Duration: 900.0 s

U Min: 0.8 ft

U Max: 7.8 ft
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Stantec, Inc
Job No: 19-54038

Date: 04/30/2019  14:58

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-210

Cone: 461:T1500F15U1K

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-210.PPD

Depth: 11.000 m / 36.089 ft

Duration: 345.0 s

U Min: 4.1 ft

U Max: 10.7 ft

WT:  9.602 m / 31.502 ft

Ueq: 4.6 ft
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Stantec, Inc
Job No: 19-54038

Date: 04/30/2019  14:58

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-210

Cone: 461:T1500F15U1K

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-210.PPD

Depth: 14.350 m / 47.079 ft

Duration: 210.0 s

U Min: 13.6 ft

U Max: 14.9 ft

WT:  10.079 m / 33.067 ft

Ueq: 14.0 ft
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Stantec, Inc
Job No: 19-54038

Date: 04/30/2019  14:58

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-210

Cone: 461:T1500F15U1K

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-210.PPD

Depth: 18.450 m / 60.531 ft

Duration: 200.0 s

U Min: 15.4 ft

U Max: 28.0 ft

WT:  9.966 m / 32.696 ft

Ueq: 27.8 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/01/2019  14:37

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-212

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-212.PPD

Depth: 6.300 m / 20.669 ft

Duration: 400.0 s

U Min: 41.1 ft

U Max: 107.7 ft

383|Page Volume 2 Tab 2 Geotechnical
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Stantec, Inc
Job No: 19-54038

Date: 05/01/2019  14:37

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-212

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-212.PPD

Depth: 13.000 m / 42.650 ft

Duration: 300.0 s

U Min: -17.7 ft

U Max: 7.0 ft

WT:  10.942 m / 35.899 ft

Ueq: 6.8 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/01/2019  14:37

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-212

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-212.PPD

Depth: 15.275 m / 50.114 ft

Duration: 220.0 s

U Min: 14.0 ft

U Max: 16.3 ft

WT:  10.952 m / 35.931 ft

Ueq: 14.2 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/01/2019  12:39

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-213

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-213.PPD

Depth: 7.425 m / 24.360 ft

Duration: 500.0 s

U Min: 10.4 ft

U Max: 60.1 ft

WT:  4.267 m / 13.999 ft

Ueq: 10.4 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/01/2019  12:39

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-213

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-213.PPD

Depth: 15.000 m / 49.212 ft

Duration: 340.0 s

U Min: 6.3 ft

U Max: 7.5 ft

WT:  12.722 m / 41.738 ft

Ueq: 7.5 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/01/2019  12:39

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-213

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-213.PPD

Depth: 16.775 m / 55.035 ft

Duration: 210.0 s

U Min: 12.6 ft

U Max: 13.6 ft

WT:  12.840 m / 42.125 ft

Ueq: 12.9 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/01/2019  12:39

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-213

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-213.PPD

Depth: 20.275 m / 66.518 ft

Duration: 235.0 s

U Min: 24.7 ft

U Max: 25.0 ft

WT:  12.613 m / 41.381 ft

Ueq: 25.1 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/06/2019  15:24

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-214

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-214.PPD

Depth: 8.425 m / 27.641 ft

Duration: 440.0 s

U Min: 25.0 ft

U Max: 78.1 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/06/2019  15:24

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-214

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-214.PPD

Depth: 15.425 m / 50.606 ft

Duration: 315.0 s

U Min: 10.1 ft

U Max: 11.3 ft

WT:  12.073 m / 39.609 ft

Ueq: 11.0 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/06/2019  15:24

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-214

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-214.PPD

Depth: 19.025 m / 62.417 ft

Duration: 300.0 s

U Min: 20.6 ft

U Max: 24.4 ft

WT:  11.974 m / 39.284 ft

Ueq: 23.1 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/06/2019  15:24

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-214

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-214.PPD

Depth: 22.675 m / 74.392 ft

Duration: 280.0 s

U Min: -8.0 ft

U Max: 35.1 ft

WT:  12.027 m / 39.458 ft

Ueq: 34.9 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/02/2019  17:26

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-217C

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-217C.PPD

Depth: 5.750 m / 18.865 ft

Duration: 345.0 s

U Min: 7.7 ft

U Max: 92.7 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/02/2019  17:26

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-217C

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-217C.PPD

Depth: 13.300 m / 43.635 ft

Duration: 520.0 s

U Min: 83.2 ft

U Max: 171.5 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/02/2019  17:26

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-217C

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-217C.PPD

Depth: 20.975 m / 68.815 ft

Duration: 200.0 s

U Min: -11.0 ft

U Max: 36.3 ft

WT:  10.142 m / 33.274 ft

Ueq: 35.5 ft

396|Page Volume 2 Tab 2 Geotechnical
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Stantec, Inc
Job No: 19-54038

Date: 05/06/2019  12:50

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-303

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-303.PPD

Depth: 6.000 m / 19.685 ft

Duration: 345.0 s

U Min: 15.3 ft

U Max: 41.1 ft

397|Page Volume 2 Tab 2 Geotechnical
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Stantec, Inc
Job No: 19-54038

Date: 05/06/2019  12:50

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-303

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-303.PPD

Depth: 8.975 m / 29.445 ft

Duration: 465.0 s

U Min: 57.7 ft

U Max: 148.6 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/06/2019  12:50

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-303

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-303.PPD

Depth: 11.000 m / 36.089 ft

Duration: 690.0 s

U Min: 19.1 ft

U Max: 34.0 ft

WT:  5.146 m / 16.883 ft

Ueq: 19.2 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/06/2019  12:50

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-303

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-303.PPD

Depth: 13.625 m / 44.701 ft

Duration: 475.0 s

U Min: 38.4 ft

U Max: 189.3 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/06/2019  12:50

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-303

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-303.PPD

Depth: 16.000 m / 52.493 ft

Duration: 260.0 s

U Min: -20.4 ft

U Max: 34.4 ft

WT:  5.567 m / 18.264 ft

Ueq: 34.2 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/06/2019  10:59

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-304

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-304.PPD

Depth: 9.000 m / 29.527 ft

Duration: 680.0 s

U Min: 11.2 ft

U Max: 68.5 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/06/2019  10:59

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-304

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-304.PPD

Depth: 11.000 m / 36.089 ft

Duration: 285.0 s

U Min: 18.1 ft

U Max: 19.0 ft

WT:  5.427 m / 17.805 ft

Ueq: 18.3 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/06/2019  10:59

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-304

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-304.PPD

Depth: 15.975 m / 52.411 ft

Duration: 435.0 s

U Min: 34.3 ft

U Max: 104.9 ft

WT:  5.536 m / 18.163 ft

Ueq: 34.2 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/07/2019  12:28

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-308

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-308.PPD

Depth: 6.625 m / 21.735 ft

Duration: 415.0 s

U Min: 13.4 ft

U Max: 53.9 ft

WT:  2.580 m / 8.464 ft

Ueq: 13.3 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/07/2019  12:28

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-308

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-308.PPD

Depth: 11.625 m / 38.139 ft

Duration: 565.0 s

U Min: 25.9 ft

U Max: 162.4 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/07/2019  12:28

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-308

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-308.PPD

Depth: 16.000 m / 52.493 ft

Duration: 615.0 s

U Min: 31.4 ft

U Max: 235.7 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/07/2019  12:28

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-308

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-308.PPD

Depth: 19.000 m / 62.335 ft

Duration: 470.0 s

U Min: 36.9 ft

U Max: 77.0 ft

WT:  7.903 m / 25.928 ft

Ueq: 36.4 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/01/2019  08:06

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-309

Cone: 461:T1500F15U1K

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-309.PPD

Depth: 6.400 m / 20.997 ft

Duration: 465.0 s

U Min: 4.3 ft

U Max: 5.4 ft

WT:  5.074 m / 16.647 ft

Ueq: 4.4 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/01/2019  08:06

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-309

Cone: 461:T1500F15U1K

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-309.PPD

Depth: 10.000 m / 32.808 ft

Duration: 285.0 s

U Min: 1.9 ft

U Max: 2.5 ft

WT:  9.396 m / 30.826 ft

Ueq: 2.0 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/07/2019  08:45

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-311

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-311.PPD

Depth: 5.400 m / 17.716 ft

Duration: 715.0 s

U Min: 7.0 ft

U Max: 22.7 ft

WT:  1.908 m / 6.260 ft

Ueq: 11.5 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/07/2019  08:45

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-311

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-311.PPD

Depth: 9.400 m / 30.840 ft

Duration: 435.0 s

U Min: 25.3 ft

U Max: 96.4 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/07/2019  08:45

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-311

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-311.PPD

Depth: 18.750 m / 61.515 ft

Duration: 665.0 s

U Min: 34.9 ft

U Max: 154.5 ft

WT:  8.215 m / 26.952 ft

Ueq: 34.6 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/07/2019  08:45

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-311

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_CPT-311.PPD

Depth: 20.700 m / 67.913 ft

Duration: 240.0 s

U Min: -10.9 ft

U Max: 40.3 ft

WT:  8.301 m / 27.234 ft

Ueq: 40.7 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/03/2019  11:39

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-314

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-314.PPD

Depth: 5.475 m / 17.962 ft

Duration: 365.0 s

U Min: 32.0 ft

U Max: 81.3 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/03/2019  11:39

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-314

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-314.PPD

Depth: 9.650 m / 31.660 ft

Duration: 365.0 s

U Min: -9.4 ft

U Max: 11.2 ft

WT:  6.382 m / 20.938 ft

Ueq: 10.7 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/03/2019  11:39

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-314

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-314.PPD

Depth: 13.475 m / 44.209 ft

Duration: 1355.0 s

U Min: 18.3 ft

U Max: 127.5 ft

WT:  8.007 m / 26.269 ft

Ueq: 17.9 ft
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Stantec, Inc
Job No: 19-54038

Date: 05/03/2019  11:39

Site: USACE Paintsville Levee Evaluation

Sounding: SCPT-314

Cone: 367:T1500F15U500

Cone Area: 15 sq cm

Trace Summary:  

Filename: 19-54038_SCPT-314.PPD

Depth: 16.975 m / 55.692 ft

Duration: 240.0 s

U Min: -16.4 ft

U Max: 30.7 ft

WT:  7.883 m / 25.863 ft

Ueq: 29.8 ft
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Stantec, Inc
Job No: 19-54038

Date: 11-Jun-2019  12:12:01

Site: USACE Paintsville Levee Evaluation

Sounding: CPT-315

Cone: EC557    Area=15 cm²

Trace Summary:  
Filename: 19-54038_CP315.PPD

Depth: 3.525 m / 11.565 ft

Duration: 1140.0 s

U Min: -10.0 ft

U Max: 6.3 ft
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Project: Johnson County - Section 202 Prepared By: S. Schardein Date: 09/17/19
Subject: Summary of Laboratory Soil Test Data Checked By: M. Jones Date: 09/27/19

Status: DPR Report

Summary of Laboratory Soil Test Data1

Wet Dry c (psf)  (deg) c' (psf) ' (deg) Description Comments
201-ADC 1.5'-3.0' SPT 22.3
201-ADC 6.0'-7.5' SPT 20.9
201-ADC 7.5'-10.0' BG 25.8 33 20 13 CL 110.2 16.7 6.9 2.3 7.01 3,303 114 144 Lean clay (CL)
201-ADC 12.0'-13.5' SPT 19.7
201-ADC 16.5'-18.0' SPT 22.6
201-ADC 23.2'-23.6' SPT 7.4
201-ADC 27.6'-28.5' SPT 25.1
201-ADC 31.5'-33.0' SPT 25.2
201-ADC 36.0'-37.5' SPT 7.1
201-ADC 40.5'-42.0' SPT 16.0 SM/SC
201-ADC 45.0'-46.5' SPT 20.3
201-ADC 47.5'-49.0' SPT 33.3
201-ADC 52.5'-54.0' SPT 22.5
201-ADC 55.7'-56.5' SPT 22.9
201-ADC 60.6'-61.5' SPT 15.7
201-ADC 70.0'-71.5' SPT 20.8
201-ADC 75.0'-76.5' SPT 24.5
201-ADC 80.2'-81.4' SPT 15.5

202-A 15.0'-17.0' UD 28.4 29 20 9 80.7 CL 125.3 97.6 920 Lean clay with sand (CL)
202-A 16.7'-17.0' UD 27.1 124.0 97.6 1.38E-07 Lean clay with sand (CL)
202-A 27.0'-28.5' UD 16.0 - 20.2 117.4 - 122.4 98.3 - 102.2 3,200  0 Clayey Sand (SC) Note 3

202-AD 3.0'-4.5' SPT 18.0
202-AD 6.0'-7.5' SPT 20.0
202-AD 11.3'-12.0' SPT 16.8
202-AD 13.5'-15.0' SPT 25.9
202-AD 19.5'-21.0' SPT 26.1
202-AD 26.3'-27.0' SPT 44.6 SM/SC
202-AD 28.5'-30.0' SPT 20.1
202-AD 33.0'-34.5' SPT 18.1
202-AD 37.9'-39.0' SPT 24.2
202-AD 42.5'-43.6' SPT 23.5
202-AD 47.5'-48.3' SPT 22.3
202-AD 52.5'-53.4' SPT 29.2
202-AD 57.5'-59.0' SPT 24.2
202-AD 60.0'-61.5' SPT 24.6
202-AD 65.0'-66.5' SPT 16.9
202-AD 70.0'-71.5' SPT 22.2
202-AD 75.0'-75.9' SPT 14.3
202-AD 80.0'-81.5' SPT 12.6
203-AD 3.0'-4.5' SPT 21.7
203-AD 7.5'-9.0' SPT 25.6
203-AD 12.0'-13.5' SPT 23.2
203-AD 16.5'-18.0' SPT 25.9
203-AD 22.5'-24.0' SPT 26.4
203-AD 28.5'-30.0' SPT 22.6
203-AD 31.5'-33.0' SPT 22.1
203-AD 37.5'-39.0' SPT 21.8
203-AD 40.5'-42.0' SPT 23.6
203-AD 45.0'-46.5' SPT 12.7
203-AD 50.3'-51.0' SPT 28.8
203-AD 55.0'-56.5' SPT 25.0
203-AD 60.0'-61.5' SPT 20.8
203-AD 65.0'-66.5' SPT 19.7
203-AD 70.0'-71.5' SPT 23.6
203-AD 75.0'-76.5' SPT 21.5
203-AD 80.0'-81.5' SPT 13.4
204-AD 3.0'-3.5' SPT 18.6
204-AD 9.8'-10.5' SPT 52.6 CL/ML/CL-ML
204-AD 13.5'-15.0' SPT 13.8
204-AD 17.3'-18.0' SPT 23.7
204-AD 19.5'-21.0' SPT 17.0
204-AD 25.5'-27.0' SPT 17.4

Shear Strength Tests
USCS 

Classification

% Finer 
than No. 200 

Sieve CBR
Max. Dry 

Density (pcf)
Opt. Moisture 
Content (%)

Compaction Tests
Organic 

Content (%)
Total Stress Effective Stress

pH
Permeability 

(cm/s)
Swell 
(%)

Unconfined 
Compressive 
Strength (psf)

Specific
Gravity

Unit Weight (pcf)Resistivity 
(ohmꞏcm)

Sulfate
Content
(ppm)

Chloride
Content
(ppm)

Test
Location Depth

Moisture 
Content 

(%)

Atterberg Limits

LL PL
Sample
Type2 PI
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Project: Johnson County - Section 202 Prepared By: S. Schardein Date: 09/17/19
Subject: Summary of Laboratory Soil Test Data Checked By: M. Jones Date: 09/27/19

Status: DPR Report

Summary of Laboratory Soil Test Data1

Wet Dry c (psf)  (deg) c' (psf) ' (deg) Description Comments

Shear Strength Tests
USCS 

Classification

% Finer 
than No. 200 

Sieve CBR
Max. Dry 

Density (pcf)
Opt. Moisture 
Content (%)

Compaction Tests
Organic 

Content (%)
Total Stress Effective Stress

pH
Permeability 

(cm/s)
Swell 
(%)

Unconfined 
Compressive 
Strength (psf)

Specific
Gravity

Unit Weight (pcf)Resistivity 
(ohmꞏcm)

Sulfate
Content
(ppm)

Chloride
Content
(ppm)

Test
Location Depth

Moisture 
Content 

(%)

Atterberg Limits

LL PL
Sample
Type2 PI

204-AD 31.5'-33.0' SPT 19.3
204-AD 35.5'-36.0' SPT 20.9
204-AD 39.0'-40.5' SPT 25.2 SM/SC
204-AD 42.5'-44.0' SPT 23.2
204-AD 47.5'-49.0' SPT 20.3
204-AD 52.5'-54.0' SPT 21.0
204-AD 57.5'-59.0' SPT 21.9
204-AD 62.5'-63.5' SPT 19.4
204-AD 67.5'-69.0' SPT 22.9
204-AD 75.0'-76.5' SPT 20.3
204-AD 77.5'-78.2' SPT 14.4
205-A 12.0'-12.4' UD 29 21 8 CL
205-A 12.4'-12.7' UD 21.4 125.3 103.2 Sandy lean clay with gravel (CL) Note 6
205-A 35.0'-37.0' UD NP NP NP SP-SM -- -- 0 26.0 Poorly graded sand with silt (SP-SM)
205-A 43.0'-44.7' UD 18.3 - 32.5 NP NP NP 42.4 SM 117.9 - 128.3 89.0 - 108.5 0 36.9 200 36.4 Silty sand (SM)

205-ADC 15.0'-16.5' SPT 17.6
205-ADC 19.5'-21.0' SPT 16.8
205-ADC 24.0'-25.5' SPT 17.2
205-ADC 3.0'-4.5' SPT 19.8
205-ADC 7.5'-9.0' SPT 8.6
205-ADC 30.0'-30.8' SPT 19.5
205-ADC 37.5'-39.0' SPT 19.6
205-ADC 42.5'-43.0' SPT 22.1
205-ADC 45.9'-46.5' SPT 29.5
205-ADC 50.0'-51.5' SPT 24.5
205-ADC 52.5'-54.0' SPT 13.6 SM/SC
205-ADC 55.0'-56.5' SPT 21.4
205-ADC 60.0'-61.5' SPT 19.2
205-ADC 65.0'-66.5' SPT 21.4
205-ADC 70.0'-71.5' SPT 15.5
205-ADC 75.0'-76.5' SPT 15.6
205-ADC 80.0'-81.5' SPT 14.3

206-A 18.5'-20.0' UD 15.6 - 20.0 30 20 10 56.0 CL 2.74 132.0 - 135.4 110.0 - 118.5 560 20 200 36.5 Gravelly lean clay with sand (CL)
206-A 25.1'-26.6' UD 18.5 - 23.5 31 19 12 75.0 CL 2.70 123.0 - 129.7 99.6 - 109.4 640 16.6 200 31 Lean clay with sand (CL)
206-A 26.7-26.9' UD 21.2 127.0 104.8 Lean clay with sand (CL) Note 6
206-A 31.5'-32.3' SPT 24.1
206-A 36.5'-38.0' SPT 26.1
206-A 41.0'-42.5' SPT 24.6
206-A 46.0'-46.5' SPT 27.9
206-A 47.5'-49.2' UD 25.5 - 30.8 NP NP NP 52.5 ML 119.5 - 121.6 91.4 - 95.8 0 36.9 0 37.9 Sandy silt (ML)
206-A 50.0'-51.5' SPT 23.5
206-A 55.0'-56.5' SPT 29.3
206-A 60.0'-61.5' SPT 40.4
206-A 66.2'-66.5' SPT 13.1
206-A 70.0'-71.5' SPT 29.9
206-A 72.5'-74.0' SPT 24.7
206-A 80.0'-81.5' SPT 15.1

206-ADC 3.0'-4.5' SPT 9.5
206-ADC 9.0'-10.5' SPT 19.0
206-ADC 21.0'-22.5' SPT 25.1
206-ADC 25.5'-27.0' SPT 26.9
206-ADC 28.5'-30.0' SPT 26.8

207-A 13.0'-15.0' SPT NP NP NP ML
207-A 26.0'-28.0' UD -- -- 0 28.5 Clayey sand (SC)

207-ADC 3.0'-4.5' SPT 19.5
207-ADC 6.0'-7.1' SPT 21.0
207-ADC 11.6'-12.0' SPT 21.1
207-ADC 12.5'-15.9' SPT 39.3 4.8 4.22 2,851 88 417
207-ADC 15.9'-16.5' SPT 34.7 SM/SC
207-ADC 19.5'-21.0' SPT 34.7
207-ADC 22.5'-23.4' SPT 28.7
207-ADC 27.0'-28.5' SPT 31.4
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Project: Johnson County - Section 202 Prepared By: S. Schardein Date: 09/17/19
Subject: Summary of Laboratory Soil Test Data Checked By: M. Jones Date: 09/27/19

Status: DPR Report

Summary of Laboratory Soil Test Data1
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Compaction Tests
Organic 

Content (%)
Total Stress Effective Stress

pH
Permeability 

(cm/s)
Swell 
(%)

Unconfined 
Compressive 
Strength (psf)

Specific
Gravity

Unit Weight (pcf)Resistivity 
(ohmꞏcm)

Sulfate
Content
(ppm)

Chloride
Content
(ppm)

Test
Location Depth

Moisture 
Content 

(%)

Atterberg Limits

LL PL
Sample
Type2 PI

207-ADC 30.0'-31.5' SPT 31.9
207-ADC 34.5'-36.0' SPT 38.3
207-ADC 39.0'-39.7' SPT 33.5 SM/SC
207-ADC 39.7'-40.5' SPT 18.8
207-ADC 45.0'-46.5' SPT 19.2
207-ADC 50.0'-51.5' SPT 14.6
207-ADC 55.0'-56.5' SPT 17.6

208-A 1.2'-24.5' BG 33.3 28 21 7 CL-ML 2.9 5.86 7,080 73 41
208-A 15.0'-17.0' UD NP NP NP 58.7 ML Sandy silt (ML)
208-A 15.5'-15.8' UD 35.9 108.2 79.6 1.59E-07 Sandy silt (ML)
208-A 15.7'-15.9' UD Sandy silt (ML) Note 6
208-A 21.5'-23.5' UD NP NP NP 77.9 ML Silt with sand (ML)
208-A 22.0'-23.5' UD 35.5 - 41.6 34 19 15 CL 110.6 - 115.9 78.1 - 85.6 760 14.2 200 35.3 Clay with sand (CL)
208-A 45.0'-46.5' UD 14.5 - 23.7 120.6 - 134.7 97.5 - 117.7 0 47.7 0 38.7 Silty sand (SM)
208-A 46.0'-47.5' UD NP NP NP 12.2 SM Silty sand (SM)

208-ADC 4.5'-6.0' SPT 29.1
208-ADC 7.5'-9.0' SPT 29.6
208-ADC 12.0'-13.5' SPT 33.8
208-ADC 18.0'-18.5' SPT 31.9
208-ADC 27.0'-28.0' SPT 25.0
208-ADC 30.0'-30.8' SPT 20.0
208-ADC 36.0'-37.5' SPT 20.9
208-ADC 43.0'-44.5' SPT 23.6
208-ADC 50.0'-50.8' SPT 11.9
208-ADC 55.0'-56.5' SPT 11.8
210-AD 5.5'-7.0' SPT 19.2
210-AD 8.5'-10.0' SPT 26.2
210-AD 13.0'-14.5' SPT 34.2
210-AD 17.8'-19.0' SPT 26.3
210-AD 22.0'-23.5' SPT 23.5
210-AD 26.5'-28.0' SPT 5.9
210-AD 28.0'-29.5' SPT 11.5 SP-SM/SP-SC
210-AD 32.5'-34.0' SPT 22.4
210-AD 38.5'-40.0' SPT 20.0
210-AD 42.5'-44.0' SPT 23.8
210-AD 47.5'-49.0' SPT 21.6
210-AD 50.0'-51.5' SPT 14.0
210-AD 55.0'-56.5' SPT 17.9
210-AD 60.0'-61.5' SPT 22.3
210-AD 65.0'-66.5' SPT 13.2
210-AD 70.0'-71.5' SPT 14.4
211-AD 3.0'-4.5' SPT 16.4
211-AD 7.5'-8.5' SPT 12.4
211-AD 12.0'-13.5' SPT 24.8
211-AD 18.0'-19.5' SPT 33.2
211-AD 22.5'-24.0' SPT 34.5
211-AD 25.5'-27.0' SPT 35.2
211-AD 30.0'-31.2' SPT 78.9 CL/ML/CL-ML
211-AD 33.0'-34.0' SPT 36.9
211-AD 37.5'-39.0' SPT 27.7
211-AD 40.5'-42.0' SPT 21.3
211-AD 47.5'-49.0' SPT 23.5
211-AD 53.3'-54.0' SPT 21.6
211-AD 57.5'-59.0' SPT 22.1
211-AD 60.0'-61.5' SPT 20.6
211-AD 65.0'-66.5' SPT 15.0
211-AD 70.0'-71.5' SPT 13.7
212-AD 3.0'-4.5' SPT 17.1
212-AD 7.5'-9.0' SPT 20.8
212-AD 13.5'-15.0' SPT 31.4
212-AD 19.5'-21.0' SPT 34.6
212-AD 22.5'-24.0' SPT 25.9
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Summary of Laboratory Soil Test Data1

Wet Dry c (psf)  (deg) c' (psf) ' (deg) Description Comments

Shear Strength Tests
USCS 

Classification

% Finer 
than No. 200 

Sieve CBR
Max. Dry 

Density (pcf)
Opt. Moisture 
Content (%)

Compaction Tests
Organic 

Content (%)
Total Stress Effective Stress

pH
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(cm/s)
Swell 
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Unconfined 
Compressive 
Strength (psf)

Specific
Gravity
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Chloride
Content
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(%)

Atterberg Limits

LL PL
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Type2 PI

212-AD 25.5'-27.0' SPT 23.1
212-AD 27.9'-28.5' SPT 60.0 CL/ML/CL-ML
212-AD 31.5'-33.0' SPT 10.6
212-AD 37.5'-38.5' SPT 24.3
212-AD 39.9'-40.5' SPT 23.6 SM/SC
212-AD 42.5'-44.0' SPT 22.9
212-AD 47.5'-49.0' SPT 21.7
212-AD 52.5'-54.0' SPT 27.6
212-AD 57.5'-59.0' SPT 23.9
212-AD 60.0'-61.5' SPT 19.1
213-AD 12.0'-13.3' SPT 10.7
213-AD 3.0'-4.5' SPT 18.1
213-AD 7.5'-9.0' SPT 12.2
213-AD 18.0'-19.0' SPT 21.1
213-AD 22.5'-24.0' SPT 21.9
213-AD 27.0'-28.5' SPT 28.7
213-AD 30.8'-31.5' SPT 34.4 SM/SC
213-AD 33.0'-34.5' SPT 20.2
213-AD 37.5'-39.0' SPT 20.0
213-AD 42.5'-44.0' SPT 21.1
213-AD 47.5'-48.6' SPT 22.3
213-AD 52.5'-54.0' SPT 22.0
213-AD 57.5'-59.0' SPT 21.9
213-AD 60.0'-61.1' SPT 21.0
214-A 11.6'-12.0' UD NP NP NP 10.6 SP-SM Poorly graded sand with silt (SP-SM)
214-A 12.0'-12.3' UD 27.3 102.5 80.5 1.67E-05 Poorly graded sand with silt (SP-SM)
214-A 23.0'-25.0' UD 25.3 26 19 7 CL-ML 124.9 99.7 1,580 Sandy silty clay (CL-ML)

214-ADC 1.5'-12.0' BG 14.1 NP NP NP 29.0 SM 111.2 13.1 2.3 7.2 95 22 2.63 119.2 104.5 4.83E-05 DS DS DS DS Silty sand (SM)
214-ADC 9.0'-9.9' SPT 9.2
214-ADC 15.0'-16.5' SPT 13.4
214-ADC 19.5'-21.0' SPT 12.9
214-ADC 27.6'-28.2' SPT 31.8
214-ADC 33.0'-34.5' SPT 38.7
214-ADC 34.8'-35.2' SPT 16.5 SM/SC
214-ADC 37.5'-38.0' SPT 33.3
214-ADC 42.0'-43.6' SPT 24.1
214-ADC 47.8'-49.0' SPT 35.4
214-ADC 52.5'-54.0' SPT 20.0
214-ADC 60.0'-61.5' SPT 19.7
214-ADC 65.0'-66.5' SPT 19.3
214-ADC 70.0'-71.5' SPT 19.2
214-ADC 80.0'-81.5' SPT 11.2
215-AD 1.5'-3.0' SPT 12.7
215-AD 6.0'-7.5' SPT 23.1
215-AD 10.5'-12.0' SPT 29.4
215-AD 15.0'-16.5' SPT 25.5
215-AD 21.9'-22.5' SPT 23.1
215-AD 27.0'-28.5' SPT 20.1
215-AD 28.5'-30.0' SPT 20.0 SM/SC
215-AD 30.0'-31.5' SPT 24.8
215-AD 34.5'-36.0' SPT 27.0
215-AD 39.0'-40.5' SPT 19.2
215-AD 42.5'-44.0' SPT 16.0 SM/SC
215-AD 45.0'-46.5' SPT 24.3
215-AD 50.0'-51.5' SPT 27.9
215-AD 55.0'-56.5' SPT 21.6

216-ADC 1.5'-3.0' SPT 22.3
216-ADC 7.5'-9.0' SPT 28.0
216-ADC 12.0'-13.5' SPT 26.1
216-ADC 18.0'-18.6' SPT 30.8
216-ADC 21.0'-21.7' SPT 34.5
216-ADC 27.0'-28.5' SPT 26.8 SM/SC
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Summary of Laboratory Soil Test Data1

Wet Dry c (psf)  (deg) c' (psf) ' (deg) Description Comments

Shear Strength Tests
USCS 

Classification

% Finer 
than No. 200 

Sieve CBR
Max. Dry 

Density (pcf)
Opt. Moisture 
Content (%)

Compaction Tests
Organic 

Content (%)
Total Stress Effective Stress

pH
Permeability 

(cm/s)
Swell 
(%)

Unconfined 
Compressive 
Strength (psf)

Specific
Gravity

Unit Weight (pcf)Resistivity 
(ohmꞏcm)

Sulfate
Content
(ppm)

Chloride
Content
(ppm)

Test
Location Depth

Moisture 
Content 

(%)

Atterberg Limits

LL PL
Sample
Type2 PI

216-ADC 30.6'-31.5' SPT 31.6
216-ADC 37.5'-39.0' SPT 22.1
216-ADC 42.5'-44.0' SPT 21.0
216-ADC 47.5'-49.0' SPT 22.4
216-ADC 52.5'-54.0' SPT 22.9
216-ADC 57.5'-59.0' SPT 15.7
217-AD 1.5'-3.0' SPT 10.2
217-AD 7.5'-8.6' SPT 19.4
217-AD 12.0'-13.5' SPT 22.1
217-AD 15.0'-22.5' BG 24.8 2.4 6.44 2,646 87 376
217-AD 21.0'-22.5' SPT 30.6
217-AD 27.0'-28.5' SPT 25.0
217-AD 30.0'-30.9' SPT 20.2 SM/SC
217-AD 36.0'-37.5' SPT 22.1
217-AD 42.5'-44.0' SPT 26.7
217-AD 47.5'-49.0' SPT 22.7
217-AD 52.5'-54.0' SPT 24.2
217-AD 57.5'-59.0' SPT 23.9
217-AD 62.5'-64.0' SPT 15.4
217-AD 68.1'-69.1' SPT 13.2
302-AD 13.0'-15.0' UD 14.3-22.8 25 18 7 CL-ML 105.2 - 118.1 92.0 - 99.1 2,200  0 Silty clay with sand (CL-ML) Note 3
302-AD 18.0'-19.5' SPT 32.5
302-AD 21.6'-22.5' SPT 28.0
302-AD 27.0'-27.7' SPT 19.1
302-AD 3.0'-4.5' SPT 15.7
302-AD 30.0'-31.5' SPT 24 22 2 ML
302-AD 35.0'-36.0' SPT 24.8
302-AD 40.5'-41.5' SPT 22.7
302-AD 45.0'-46.5' SPT 24.1
302-AD 50.0'-51.5' SPT 22.0
302-AD 55.0'-56.5' SPT 24.3
302-AD 60.0'-61.5' SPT 24.7
302-AD 65.0'-66.5' SPT 22.4
302-AD 7.5'-9.0' SPT 24.8
303-A 8.0'-10.0' UD 30.0-30.9 42 25 17 CL 2.6 4.84 91 74 117.5 - 121.4 90.2 - 93.4 320 19.3 200 31.8 Lean clay (CL)
303-A 35.0'-37.0' UD 36.5 12,138

303-ADC 1.5'-3.0' SPT 17.2
303-ADC 10.5'-12.0' SPT 28.1
303-ADC 15.0'-16.5' SPT 22.5
303-ADC 18.0'-19.5' SPT 28.6 SM/SC
303-ADC 21.6'-22.5' SPT 42.3
303-ADC 25.5'-27.0' SPT 21.5
303-ADC 30.0'-31.5' SPT 19.6
303-ADC 34.5'-36.0' SPT 25.4
303-ADC 40.5'-42.0' SPT 26.6
303-ADC 45.0'-46.5' SPT 25.0
303-ADC 50.0'-50.8' SPT 25.9
303-ADC 55.0'-56.5' SPT 16.0
303-ADC 6.0'-7.5' SPT 29.0
303-ADC 60.0'-60.6' SPT 20.1

304-A 14.0 - 16.0 UD 31.7 34 22 12 CL 3.5 5.01 7,735 173 ND 3.31E-07 Lean clay (CL) Note 6
304-ADC 1.5'-3.0' SPT 29.1
304-ADC 4.5'-6.0' SPT 31.5
304-ADC 10.5'-12.0' SPT 27.1
304-ADC 19.5'-20.4' SPT 27.7
304-ADC 22.5'-24.0' SPT 24.9
304-ADC 29.4'-30.0' SPT 29.5
304-ADC 33.0'-34.5' SPT 31.2
304-ADC 39.0'-40.5' SPT 40.6 SM/SC
304-ADC 42.5'-44.0' SPT 32.4
304-ADC 47.5'-49.0' SPT 21.6
304-ADC 52.5'-54.0' SPT 25.3
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Summary of Laboratory Soil Test Data1

Wet Dry c (psf)  (deg) c' (psf) ' (deg) Description Comments

Shear Strength Tests
USCS 

Classification

% Finer 
than No. 200 

Sieve CBR
Max. Dry 

Density (pcf)
Opt. Moisture 
Content (%)

Compaction Tests
Organic 

Content (%)
Total Stress Effective Stress

pH
Permeability 

(cm/s)
Swell 
(%)

Unconfined 
Compressive 
Strength (psf)

Specific
Gravity

Unit Weight (pcf)Resistivity 
(ohmꞏcm)

Sulfate
Content
(ppm)

Chloride
Content
(ppm)
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Moisture 
Content 

(%)

Atterberg Limits

LL PL
Sample
Type2 PI

304-ADC 57.5'-59.0' SPT 12.8
304-ADC 62.5'-64.0' SPT 14.9
305-ADC 1.5'-3.0' SPT 12.9
305-ADC 7.5'-9.0' SPT 7.5
305-ADC 12.0'-13.5' SPT 31.6
305-ADC 18.0'-19.5' SPT 21.3
305-ADC 24.0'-25.5' SPT 35.0 SM/SC
305-ADC 29.6'-30.0' SPT 24.7
305-ADC 33.0'-34.5' SPT 22.2
305-ADC 39.0'-40.5' SPT 21.9
305-ADC 42.5'-44.0' SPT 23.6
305-ADC 47.5'-49.0' SPT 20.7
305-ADC 52.5'-54.0' SPT 22.8
305-ADC 57.5'-59.0' SPT 21.7
305-ADC 66.0'-66.5' SPT 19.9

306-A 10.0 - 12.0 UD 16.9 23 17 6 CL-ML 132.1 113.0 2.45E-07 Silty lean clay (CL-ML) Note 6
306-ADC 1.5'-3.0' SPT 13.2
306-ADC 7.5'-9.0' SPT 18.4
306-ADC 13.5'-15.0' SPT 27.6
306-ADC 18.0'-19.5' SPT 26.7
306-ADC 22.5'-24.0' SPT 31.0
306-ADC 28.5'-30.0' SPT 42.5
306-ADC 31.5'-33.0' SPT 47.3
306-ADC 36.0'-36.5' SPT 22.2

309-A 5.0'-7.0' UD 13.7-24.9 101.5 - 119.9 89.3 - 96.0 860 13.9 0 36.9 Silty sand (SM)
309-ADC 1.5'-3.0' SPT 23.9
309-ADC 7.2'-7.5' SPT 11.1
309-ADC 12.0'-13.5' SPT 24.8
309-ADC 18.0'-18.5' SPT 26.4
309-ADC 22.5'-24.0' SPT 26.1
309-ADC 28.5'-30.0' SPT 30.5
309-ADC 33.0'-34.5' SPT 25.4
309-ADC 37.5'-39.0' SPT 23.8
309-ADC 42.5'-44.0' SPT 24.4
309-ADC 47.5'-49.0' SPT 17.6
309-ADC 52.5'-54.0' SPT 14.0
309-ADC 55.0'-56.5' SPT 17.3

310-A 16.0'-18.0' UD 32.6 37 24 13 CL 145.5 89.8 9.69E-07 Lean clay (CL) Note 6
310b-AD 4.5'-6.0' SPT 26.5
310b-AD 13.5'-15.0' SPT 30.3
310b-AD 21.0'-22.1' SPT 25.6
310b-AD 27.0'-28.5' SPT 29.6
310b-AD 31.5'-33.0' SPT 24.7
310b-AD 37.9'-39.0' SPT 28.5
310b-AD 40.8'-41.6' SPT 33.8
310b-AD 45.0'-46.5' SPT 26.2
310b-AD 50.0'-51.5' SPT 21.3
310b-AD 9.0'-10.5' SPT 26.5
311-ADC 3.0'-4.5' SPT 23.9
311-ADC 7.5'-9.0' SPT 27.8
311-ADC 10.0'-13.1' BG 29.9 4.2 6.50 3,743 128 41
311-ADC 13.5'-15.0' SPT 30.8
311-ADC 18.0'-19.5' SPT 35.2
311-ADC 21.0'-22.5' SPT 33.5
311-ADC 27.0'-28.5' SPT 32.8
311-ADC 31.5'-33.0' SPT 32.9
311-ADC 37.5'-39.0' SPT 26.9
311-ADC 42.5'-44.0' SPT 28.0
311-ADC 47.5'-49.0' SPT 26.5
311-ADC 52.5'-54.0' SPT 23.4
311-ADC 55.0'-56.5' SPT 23.2
311-ADC 60.0'-61.5' SPT 24.5
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Wet Dry c (psf)  (deg) c' (psf) ' (deg) Description Comments
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than No. 200 

Sieve CBR
Max. Dry 

Density (pcf)
Opt. Moisture 
Content (%)
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LL PL
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Type2 PI

314-AD 3.0'-4.5' SPT 13.7
314-AD 7.5'-9.0' SPT 18.3
314-AD 11.2'-12.0' SPT 29.2
314-AD 16.5'-18.0' SPT 22.1
314-AD 19.5'-21.0' SPT 27.0
314-AD 28.5'-30.0' SPT 19.6
314-AD 24.0'-25.5' SPT 28.3 SM/SC
314-AD 33.0'-34.5' SPT 24.0
314-AD 39.0'-40.5' SPT 25.5
314-AD 42.5'-44.0' SPT 26.0
314-AD 47.5'-49.0' SPT 27.1
314-AD 52.5'-53.3' SPT 24.8
314-AD 57.5'-58.1' SPT 16.0
314-AD 65.0'-66.2' SPT 15.8
314A-TP 2.0'-4.0' SPT 20.7
314B-TP 0.7'-3.0' SPT 22.0
314C-TP 0.0'-2.0' BG 18.0 - 24.7 36 23 13 78.5 CL 108.6 18.4 4.7 2.7 4.64 11,826 2.77 119.1 - 123.2 99.5 - 103.0 1.65 6.19E-07 2,120 20 19.3 200 29.2 Lean clay with sand (CL)

314D 0.5'-5.0' BG 7.0-14.7 36 24 12 79.9 CL 116.4 14.7 5.3 2.1 4.27 180,100 2.78 124.5 - 128.4 109.8 - 112.4 1.66 3.37E-07 360 20.7 0 32.5 Lean clay with sand (CL) Note 4
315-A 13.0 - 15.0 UD 29 22 7 CL-ML 1,080 Silty lean clay (CL-ML) Note 6
315-A 34.0'-36.0' UD 12.9 SM/SC -- -- 0 34.2 Silty sand (SM)

315-ADC 1.5'-2.8' SPT 23.1
315-ADC 7.5'-9.0' SPT 24.8
315-ADC 10.5'-12.0' SPT 24.7
315-ADC 18.4'-19.1' SPT 23.2
315-ADC 22.5'-24.0' SPT 21.8
315-ADC 28.5'-30.0' SPT 26.8
315-ADC 36.0'-37.5' SPT 17.6
315-ADC 40.5'-41.4' SPT 19.5
315-ADC 45.0'-46.5' SPT 25.3
315-ADC 50.0'-51.5' SPT 32.7
315-ADC 55.0'-56.5' SPT 35.8
315-ADC 60.0'-61.5' SPT 33.3
315-ADC 65.0'-66.5' SPT 28.1
315-ADC 70.0'-71.5' SPT 26.5
401-AD 3.0'-4.5' SPT 22.8
401-AD 6.0'-7.5' SPT 28.8
401-AD 10.5'-12.0' SPT 30.6
401-AD 15.0'-16.5' SPT 30.6
401-AD 19.5'-21.0' SPT 33.7
401-AD 21.0'-24.0' BG NP NP NP 35.0 SM DS DS DS DS Silty sand (SM)
401-AD 27.0'-28.0' SPT 30.7
401-AD 30.0'-31.5' SPT 43.1
501-A 10.0'-15.0' BG 23.5 101.0 22.1 117.6 95.2 2.63E-07 Lean clay (CL) Note 6
501-A 13.1'-14.8' UD 27.5-32.0 29 22 7 CL-ML 2.70 116.3 - 123.6 88.1 - 97.0 420 16.8 0 33.4 Silty clay (CL-ML)

501-AD 1.5'-3.0' SPT 13.5
501-AD 9.0'-10.5' SPT 19.7
501-AD 16.5'-18.0' SPT 30.0
501-AD 21.0'-22.5' SPT 30.3
501-AD 25.5'-27.0' SPT 25.0
501-AD 28.5'-30.0' SPT 20.5 SM/SC
501-AD 30.0'-31.5' SPT 24.3
501-AD 33.0'-34.5' SPT 23.5
501-AD 36.0'-37.5' SPT 21.9
501-AD 39.0'-40.5' SPT 20.2
501-AD 42.5'-44.0' SPT 26.7
501-AD 45.0'-46.5' SPT 17.7 SM/SC
501-AD 47.5'-49.0' SPT 22.2
501-AD 52.5'-54.0' SPT 24.9
501-AD 57.5'-59.0' SPT 14.9
502-AD 1.5'-3.0' SPT 12.6
502-AD 7.5'-9.0' SPT 16.0
502-AD 12.0'-13.5' SPT 29.0

Page 7 of 9
450|Page Volume 2 Tab 2 Geotechnical



Project: Johnson County - Section 202 Prepared By: S. Schardein Date: 09/17/19
Subject: Summary of Laboratory Soil Test Data Checked By: M. Jones Date: 09/27/19

Status: DPR Report

Summary of Laboratory Soil Test Data1

Wet Dry c (psf)  (deg) c' (psf) ' (deg) Description Comments

Shear Strength Tests
USCS 

Classification

% Finer 
than No. 200 

Sieve CBR
Max. Dry 

Density (pcf)
Opt. Moisture 
Content (%)

Compaction Tests
Organic 

Content (%)
Total Stress Effective Stress

pH
Permeability 

(cm/s)
Swell 
(%)

Unconfined 
Compressive 
Strength (psf)

Specific
Gravity

Unit Weight (pcf)Resistivity 
(ohmꞏcm)

Sulfate
Content
(ppm)

Chloride
Content
(ppm)

Test
Location Depth

Moisture 
Content 

(%)

Atterberg Limits

LL PL
Sample
Type2 PI

502-AD 18.0'-19.5' SPT 26.9
502-AD 22.5'-24.0' SPT 22.3
502-AD 28.5'-30.0' SPT 22.5
502-AD 30.0'-31.5' SPT 23.1
502-AD 34.5'-36.0' SPT 27.7
502-AD 36.0'-37.5' SPT 30.3 SM/SC
502-AD 39.0'-40.5' SPT 24.6
502-AD 42.5'-44.0' SPT 21.6
502-AD 47.5'-49.0' SPT 21.8
502-AD 52.5'-54.0' SPT 22.2
502-AD 57.5'-59.0' SPT 18.1
503-AD 3.0'-4.5' SPT 13.9
503-AD 7.5'-9.0' SPT 15.6
503-AD 10.5'-12.0' SPT 19.6
503-AD 13.5'-15.0' SPT 55.1 CL/ML/CL-ML
503-AD 18.0'-19.5' SPT 19.7
503-AD 22.5'-24.0' SPT 28.0
503-AD 28.5'-30.0' SPT 27.5
503-AD 31.5'-33.0' SPT 26.1
503-AD 36.0'-37.5' SPT 24.1
503-AD 40.5'-42.0' SPT 25.1
503-AD 45.0'-46.5' SPT 22.2
503-AD 47.5'-49.0' SPT 22.1
503-AD 52.5'-54.0' SPT 29.4
503-AD 57.5'-59.0' SPT 25.2
504-AD 0.3'-1.5' SPT 16.1
504-AD 3.0'-7.5' BG 15.1-19.7 114.8 14.7 3.7 5.82 4,030 73 74 123.8 - 126.0 107.5 - 109.2 2.12E-07 100 16.3 0 32.7 Lean clay with sand (CL) Note 6
504-AD 7.5'-9.0' SPT 12.4
504-AD 12.0'-13.5' SPT 20.6
504-AD 16.5'-18.0' SPT 20.9
504-AD 21.0'-22.5' SPT 26.9
504-AD 27.0'-28.5' SPT 26.5
504-AD 31.5'-33.0' SPT 21.5
504-AD 37.5'-39.0' SPT 24.0
504-AD 40.5'-42.0' SPT 22.9
504-AD 45.0'-46.5' SPT 24.5
504-AD 50.0'-51.5' SPT 21.6
504-AD 55.0'-56.5' SPT 24.0
504-AD 60.0'-61.0' SPT 26.4
505-A 9.0'-11.0' UD 9.5 92.9 84.9 40 Silty sand (SM) Note 5
505-A 9.0'-14.5' BG NP NP NP 41.6 SM DS DS DS DS Silty sand (SM)

505-AD 1.5'-3.0' SPT 16.1
505-AD 6.0'-7.5' SPT 20.3
505-AD 13.5'-15.0' SPT 20.8
505-AD 18.0'-19.5' SPT 31.1
505-AD 22.5'-24.0' SPT 36.7
505-AD 28.5'-30.0' SPT 32.4
505-AD 31.5'-33.0' SPT 23.2
505-AD 33.0'-34.5' SPT 31 19 12 76.6 CL Lean clay with sand (CL)
505-AD 37.5'-39.0' SPT 22.0
505-AD 40.5'-42.0' SPT 21.6
505-AD 45.0'-46.5' SPT 23.3
505-AD 50.0'-51.5' SPT 25.0
505-AD 55.0'-56.5' SPT 23.2
505-AD 59.0'-61.4' SPT 17.7
506-AD 3.0'-4.5' SPT 16.4
506-AD 7.5'-9.0' SPT 20.5
506-AD 10.5'-12.0' SPT 22.7 NP NP NP 49.3 SM Silty sand (SM)
506-AD 15.0'-16.5' SPT 23.5
506-AD 18.0'-19.5' SPT 22.7 NP NP NP 46.2 SM Silty sand (SM)
506-AD 21.0'-22.5' SPT 28.2
506-AD 28.5'-30.0' SPT 29.5

Page 8 of 9
451|Page Volume 2 Tab 2 Geotechnical



Project: Johnson County - Section 202 Prepared By: S. Schardein Date: 09/17/19
Subject: Summary of Laboratory Soil Test Data Checked By: M. Jones Date: 09/27/19

Status: DPR Report

Summary of Laboratory Soil Test Data1

Wet Dry c (psf)  (deg) c' (psf) ' (deg) Description Comments

Shear Strength Tests
USCS 

Classification

% Finer 
than No. 200 

Sieve CBR
Max. Dry 

Density (pcf)
Opt. Moisture 
Content (%)

Compaction Tests
Organic 

Content (%)
Total Stress Effective Stress

pH
Permeability 

(cm/s)
Swell 
(%)

Unconfined 
Compressive 
Strength (psf)

Specific
Gravity

Unit Weight (pcf)Resistivity 
(ohmꞏcm)

Sulfate
Content
(ppm)

Chloride
Content
(ppm)

Test
Location Depth

Moisture 
Content 

(%)

Atterberg Limits

LL PL
Sample
Type2 PI

506-AD 31.5'-33.0' SPT 26.1
506-AD 37.5'-39.0' SPT 19.8
506-AD 40.5'-42.0' SPT 23.7
506-AD 45.0'-46.5' SPT 23.3
506-AD 50.0'-51.5' SPT 22.0
506-AD 55.0'-56.5' SPT 22.6
506-AD 60.0'-61.5' SPT 23.3
507-A 26.0'-28.0' UD 32.4 35 24 11 CL 119.3 90.1 1.92E-07 Lean clay with sand (CL) See Note 6.
507-A 34.0'-36.0' UD 28.5-29.9 33 23 10 CL 121.8 - 124.1 93.8 - 96.6 880 16.1 200 28.2 Lean clay (CL)

508-ADC 0.1'-1.5' SPT 9.5
508-ADC 6.0'-7.5' SPT 14.5
508-ADC 10.5'-12.0' SPT 15.7
508-ADC 16.5'-18.0' SPT 16.9
508-ADC 21.0'-22.5' SPT 17.2
508-ADC 27.0'-28.5' SPT 31.2
508-ADC 31.5'-33.0' SPT 34.1
508-ADC 37.5'-39.0' SPT 27.2
508-ADC 42.5'-44.0' SPT 21.3
508-ADC 47.5'-49.0' SPT 23.9
508-ADC 52.5'-54.0' SPT 26.5
508-ADC 57.5'-59.0' SPT 26.2
508-ADC 65.0'-65.9' SPT 14.0
509-ADC 1.5'-3.0' SPT 9.6
509-ADC 7.5'-9.0' SPT 25.1
509-ADC 12.0'-13.5' SPT 23.6
509b-ADC 18.0'-19.5' SPT 17.4
509b-ADC 22.5'-24.0' SPT 19.2
509b-ADC 28.5'-29.4' SPT 20.4
509b-ADC 31.5'-32.7' SPT 26.2
509b-ADC 37.9'-39.0' SPT 27.8
509b-ADC 42.5'-43.2' SPT 27.3
509b-ADC 47.5'-48.0' SPT 27.6
509b-ADC 52.5'-54.0' SPT 28.6
509b-ADC 57.5'-59.0' SPT 25.0
509b-ADC 65.0'-66.5' SPT 13.9
509b-ADC 75.0'-75.9' SPT 15.0

Notes:
1. Test results follow laboratory summaries.
2. Sample types: SPT = Split-Spoon Sample (ASTM D1586); UD = Undisturbed Sample (ASTM D1587); BG = Bulk/Bag Sample
3. Shear strength test results are unconfined undrained test results.
4. Sampled as highly weathered shale (material readily degrades to clay in the presence of water and mechanical manipulation and compactive effort).
5. Unconfined compressive strength test result is not considered representative of the in-place strength, since the sample was a silty sand with negligible unconfined strength. 
6. Test results provided on One Dimensional Consolidation of Soils curves.

Page 9 of 9
452|Page Volume 2 Tab 2 Geotechnical



Page 1 of 1

CBR of Laboratory Compacted Soils
ASTM D 1883

Project Name Johnson County Section 202 Study Project No. 175529001
Source 201-ADC, 7.5'-10.0' Sample ID 49

Sample Decription Lean Clay (CL), brown, moist Maximum Particle Size 3/8 in.
Compaction ASTM D698 modified to achieve the required density. Plus 3/4" % (replaced) 0

Penetration Corrected Standard
Before Compaction 16.7 (in) Stress (psi) Stress (psi) Stress (psi) CBR %

After Compaction 15.7 0.010 7.1
Average Compaction 16.2 0.025 16.1
Top 1" After Soaking 21.4 0.050 31.5

Average After Soaking 18.2 0.075 45.7
0.100 59.8 1000 6.0
0.125 71.3

Before Soaking 108.6 0.150 82.9
After Soaking 107.6 0.175 93.2

Maximum 110.2 0.200 102.8 1500 6.9
Percent of Maximum 98.5 0.300 139.3

0.400 170.0
Surcharge mass (g) 11349 0.500 196.2

Soak Start Date 8-9-19 Percent Swell 0.8 CBR % @ 0.1 inch 6.0
Punch Date 8-13-19 Penetration Correction (in.) CBR % @ 0.2 inch 6.9

Comments

Reviewed By

Moisture Contents (%)

Dry Unit Weights (pcf)
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Template: tmp_cbr_input.xlsm
Version: 20170216
Approved By: RJ

Stantec Consulting Services Inc.
Louisville, Kentucky
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CBR of Laboratory Compacted Soils
ASTM D 1883

Project Name Johnson County Section 202 Study Project No. 175529001
Source 314C-TP, 0.0'-2.0' Sample ID 1816_A

Sample Decription Lean Clay with Sand (CL), light brown Maximum Particle Size No. 4
Compaction ASTM D698 modified to achieve the required density. Plus 3/4" % (replaced) 0

Penetration Corrected Standard
Before Compaction 18.5 (in) Stress (psi) Stress (psi) Stress (psi) CBR %

After Compaction 19.0 0.010 6.2
Average Compaction 18.8 0.025 11.5
Top 1" After Soaking 24.6 0.050 20.6

Average After Soaking 20.1 0.075 29.9
0.100 38.6 1000 3.9
0.125 47.3

Before Soaking 108.5 0.150 55.2
After Soaking 106.7 0.175 63.3

Maximum 108.6 0.200 70.5 1500 4.7
Percent of Maximum 99.9 0.300 96.7

0.400 120.2
Surcharge mass (g) 5760 0.500 141.7

Soak Start Date 9-19-19 Percent Swell 1.7 CBR % @ 0.1 inch 3.9
Punch Date 9-23-19 Penetration Correction (in.) CBR % @ 0.2 inch 4.7

Comments

Reviewed By

Moisture Contents (%)

Dry Unit Weights (pcf)
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Template: tmp_cbr_input.xlsm
Version: 20170216
Approved By: RJ

Stantec Consulting Services Inc.
Lexington, Kentucky
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CBR of Laboratory Compacted Soils
ASTM D 1883

Project Name Johnson County Section 202 Study Project No. 175529001
Source 314D, 0.5'-5.0' Sample ID 1716

Sample Decription Lean Clay with Sand (CL), brown Maximum Particle Size 3/8 in.
Compaction ASTM D698 modified to achieve the required density. Plus 3/4" % (replaced) 0

Penetration Corrected Standard
Before Compaction 14.6 (in) Stress (psi) Stress (psi) Stress (psi) CBR %

After Compaction 14.5 0.010 4.9
Average Compaction 14.5 0.025 10.8
Top 1" After Soaking 21.2 0.050 25.4

Average After Soaking 17.6 0.075 39.1
0.100 50.1 52.2 1000 5.2
0.125 59.0

Before Soaking 112.9 0.150 66.9
After Soaking 112.0 0.175 73.0

Maximum 116.4 0.200 78.0 79.0 1500 5.3
Percent of Maximum 97.0 0.300 94.2 95.0

0.400 107.3 108.1
Surcharge mass (g) 5767.7 0.500 121.0 121.8

Soak Start Date 9-6-19 Percent Swell 0.8 CBR % @ 0.1 inch 5.2
Punch Date 9-10-19 Penetration Correction (in.) 0.006 CBR % @ 0.2 inch 5.3

Comments

Reviewed By

Moisture Contents (%)

Dry Unit Weights (pcf)
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Template: tmp_cbr_input.xlsm
Version: 20170216
Approved By: RJ

Stantec Consulting Services Inc.
Lexington, Kentucky
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Consolidated Undrained Triaxial Compression
ASTM D 4767

Project Name Johnson County Section 202 Study Project
Set ID

Test Lab ID Gs LL PL PI
A 298A 2.74 30 20 10
B 298B 2.74 30 20 10
C 298C 2.74 30 20 10

Specimen A B C

Average Height (in) 5.729 5.768 5.773
Average Diameter (in) 2.821 2.854 2.825

Moist Unit Weight (pcf) 135.4 136.9 132.0
Moisture Content (%) 15.8 15.6 20.0
Dry Unit Weight (pcf) 117.0 118.5 110.0

Void Ratio 0.460 0.441 0.552
Degree of Saturation (%) 93.9 96.7 99.0

Moist Unit Weight (pcf) 138.9 140.2 135.7
Moisture Content (%) 15.2 14.3 17.4
Dry Unit Weight (pcf) 120.6 122.7 115.5

Void Ratio 0.416 0.392 0.478
Degree of Saturation (%) 100.0 100.0 100.0
Eff. Con. Stress, σ3' (tsf) 0.265 1.252 2.289

Failure Criterion
Axial Strain (%) 2.166 4.929 4.738

Deviator Stress (tsf) 0.463 1.879 2.309
Induced Pore Press. (tsf) 0.159 0.848 1.517
Minor Eff. Stress, σ3' (tsf) 0.103 0.403 0.767
Major Eff. Stress, σ1' (tsf) 0.566 2.282 3.076

Eff. Stress Ratio, σ1'/σ3' 5.482 5.663 4.009
p' (tsf) 0.335 1.342 1.922
q (tsf) 0.231 0.939 1.154

Comments
Reviewed By

175529001
Set 1

Description
Gravelly Lean Clay with Sand (CL), brown, moist, firm

At Drained Failure

Initial Specimen Conditions

Consolidated Specimen Conditions

Max. Eff. Prin. Stress Ratio

Source
206-A, 18.0'-20.0' (18.5'-19.0')
206-A, 18.0'-20.0' (19.0'-19.5')
206-A, 18.0'-20.0' (19.5'-20.0')

Gravelly Lean Clay with Sand (CL), brown, moist, firm
Gravelly Lean Clay with Sand (CL), brown, moist, firm
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sin(ϕ') = tan(α')
c' = d'/cos(ϕ')

Template: tmp_cu_input.xlsm
Version: 20170216
Approved By: RJ

Stantec Consulting Services Inc.
Louisville, Kentucky

Reported By: RHB
Report Date: 08/23/2019
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Consolidated Undrained Triaxial Compression
ASTM D 4767

Project Name Johnson County Section 202 Study Project
Set ID

Test Lab ID Gs LL PL PI
A 298A 2.74 30 20 10
B 298B 2.74 30 20 10
C 298C 2.74 30 20 10

175529001
Set 1

Description
Gravelly Lean Clay with Sand (CL), brown, moist, firm

Source
206-A, 18.0'-20.0' (18.5'-19.0')
206-A, 18.0'-20.0' (19.0'-19.5')
206-A, 18.0'-20.0' (19.5'-20.0')

Gravelly Lean Clay with Sand (CL), brown, moist, firm
Gravelly Lean Clay with Sand (CL), brown, moist, firm

Specimen A B C

Average Height (in) 5.729 5.768 5.773
Average Diameter (in) 2.821 2.854 2.825

Moist Unit Weight (pcf) 135.4 136.9 132.0
Moisture Content (%) 15.8 15.6 20.0
Dry Unit Weight (pcf) 117.0 118.5 110.0

Void Ratio 0.460 0.441 0.552
Degree of Saturation (%) 93.9 96.7 99.0

Moist Unit Weight (pcf) 138.9 140.2 135.7
Moisture Content (%) 15.2 14.3 17.4
Dry Unit Weight (pcf) 120.6 122.7 115.5

Void Ratio 0.416 0.392 0.478
Degree of Saturation (%) 100.0 100.0 100.0
Eff. Con. Stress, σ3' (tsf) 0.265 1.252 2.289

Failure Criterion
Axial Strain (%) 15.151 15.100 15.105

Deviator Stress (tsf) 0.836 2.718 2.741
Min. Prin. Stress, σ3 (tsf) 0.258 1.247 2.279
Maj. Prin. Stress, σ1 (tsf) 1.094 3.965 5.019

p (tsf) 0.676 2.606 3.649
q (tsf) 0.418 1.359 1.370

Comments

At Consolidated Undrained Failure

Initial Specimen Conditions

Consolidated Specimen Conditions

Max. σD or 15% Strain
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sin(ϕ) = tan(α)
c = d/cos(ϕ)
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Stantec Consulting Services Inc.
Louisville, Kentucky

Reported By: RHB
Report Date: 08/23/2019
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Consolidated Undrained Triaxial Compression
ASTM D 4767

Project Name Johnson County Section 202 Study Project No.
Source 206-A, 18.0'-20.0' (18.5'-19.0') Lab ID

Description Gravelly Lean Clay with Sand (CL), brown, moist, firm Test ID
Specimen Type

Preparation Date Received
Date Tested

Specific Gravity 2.74
ASTM D 854, Dry

Liquid Limit 30
Plastic Limit 20

Plasticity Index 10
ASTM D 4318

Target Test Parameters
Nominal Chamber Pressure (psi) 90

Nominal Back Pressure (psi) 83.1
Nominal Consolidation Pressure (psi) 6.9

Saturation / Consolidation Results
Pore Pressure Parameter B .99

Measured Effective Consol. Stress (tsf) 0.261
Time to 50% Consolidation (min) 5.70

Actual Axial Strain Rate of Test (%/min) 0.052

Consolidated Specimen Conditions
Moist Unit Weight (pcf) 138.9

Moisture Content (%) 15.2
Dry Unit Weight (pcf) 120.6

Void Ratio 0.416
Degree of Saturation (%) 100.0

At Drained Failure
Failure Criterion:  Max. Eff. Prin. Stress Ratio

Axial Strain (%) 2.166
Deviator Stress (tsf) 0.463

Induced Pore Pressure (tsf) 0.159
Minor Effective Stress, σ3' (tsf) 0.103
Major Effective Stress, σ1' (tsf) 0.566

Eff. Principal Stress Ratio, σ1'/σ3' 5.482
p' (tsf) 0.335
q (tsf) 0.231

At Consolidated Undrained Failure
Failure Criterion:  15% Axial Strain

Axial Strain (%) 15.151
Deviator Stress (tsf) 0.836

Minor Principal Stress, σ3 (tsf) 0.258
Major Principal Stress, σ1 (tsf) 1.094

p (tsf) 0.676
Failure Sketch q (tsf) 0.418

Comments
Reviewed

08/05/2019

175529001
298A

Intact
Wet Mounting 07/29/2019
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Consolidated Undrained Triaxial Compression
ASTM D 4767

Project Name Johnson County Section 202 Study Project No.
Source 206-A, 18.0'-20.0' (18.5'-19.0') Lab ID

Description Gravelly Lean Clay with Sand (CL), brown, moist, firm Test ID

Initial Specimen Conditions Consolidated Specimen Conditions Specific Gravity 2.74
Average Height (in) 5.729 Calculated Height (in) 5.677 ASTM D 854, Dry

Average Diameter (in) 2.821 Calculated Diameter (in) 2.791
Calculated Area (in2) 6.252 Calculated Area (in2) 6.117 Liquid Limit 30

Moist Weight (lb) 2.806 Moist Weight (lb) 2.792 Plastic Limit 20
Moist Unit Weight (pcf) 135.4 Moist Unit Weight (pcf) 138.9 Plasticity Index 10

Moisture Content (%) 15.8 Moisture Content (%) 15.2
Dry Weight (lb) 2.424 Dry Weight (lb) 2.424

Dry Unit Weight (pcf) 117.0 Dry Unit Weight (pcf) 120.6 Confining Stress
Void Ratio 0.460 Void Ratio 0.416 σ3 (tsf) 0.265

Degree of Saturation (%) 93.9 Degree of Saturation (%) 100.0
Effective Consolidation Stress

Moisture contents obtained using whole specimen. σ3' (tsf) 0.265
Specimen consolidated cross-sectional area determined using method B.
Membrane corrections have been applied,where  Em = 200 lbf/in and t = 0.012 in.
All other tests performed in association with this specimen are reported separately.

Project: Source: 206-A, 18.0'-20.0' (18.5'-19.0') Lab ID: 298A Test ID
Corr. Corr. Induced Eff. Princ.

Test Axial Axial Axial Corr. Deviator Deviator Pore Pore Stress
Time Load Deform. Strain Area Stress Stress Pressure Pressure σ1 σ1' σ3' p p' q Ratio
(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) σ1'/σ3'

0.0 0.0 0.000 0.00 6.264 0.000 0.000 6.196 0.000 0.265 0.265 0.265 0.265 0.265 0.000 1.000
0.5 5.0 0.002 0.03 6.266 0.058 0.058 6.215 0.018 0.322 0.304 0.246 0.294 0.275 0.029 1.235
1.0 9.2 0.003 0.06 6.268 0.106 0.105 6.230 0.033 0.370 0.336 0.231 0.317 0.284 0.053 1.457
1.5 11.9 0.005 0.08 6.269 0.137 0.136 6.240 0.044 0.401 0.357 0.221 0.332 0.289 0.068 1.618
1.9 13.7 0.006 0.11 6.271 0.157 0.157 6.249 0.053 0.421 0.368 0.211 0.343 0.290 0.079 1.743
2.4 15.5 0.007 0.13 6.272 0.178 0.178 6.258 0.062 0.442 0.381 0.202 0.353 0.291 0.089 1.880
2.9 16.7 0.009 0.15 6.274 0.192 0.191 6.266 0.069 0.455 0.386 0.195 0.360 0.290 0.096 1.981
3.4 17.6 0.010 0.18 6.275 0.202 0.201 6.272 0.076 0.466 0.389 0.188 0.365 0.289 0.101 2.072
3.8 18.4 0.011 0.20 6.277 0.212 0.211 6.279 0.083 0.475 0.392 0.181 0.369 0.287 0.106 2.166
4.3 19.3 0.013 0.23 6.279 0.221 0.221 6.285 0.089 0.484 0.395 0.175 0.374 0.285 0.110 2.264
4.8 20.3 0.015 0.26 6.280 0.233 0.233 6.291 0.095 0.497 0.402 0.170 0.381 0.286 0.116 2.370
5.3 21.0 0.016 0.28 6.282 0.240 0.240 6.296 0.099 0.504 0.404 0.165 0.384 0.285 0.120 2.455
5.8 21.5 0.017 0.30 6.283 0.246 0.245 6.300 0.104 0.510 0.406 0.160 0.387 0.283 0.123 2.531
6.2 22.3 0.018 0.32 6.284 0.255 0.254 6.304 0.108 0.518 0.411 0.156 0.391 0.283 0.127 2.630
6.7 22.8 0.021 0.36 6.287 0.261 0.260 6.308 0.112 0.525 0.412 0.152 0.394 0.282 0.130 2.708
7.2 23.3 0.022 0.38 6.288 0.266 0.265 6.312 0.116 0.529 0.413 0.148 0.397 0.280 0.133 2.797
7.7 23.7 0.023 0.41 6.290 0.271 0.270 6.315 0.119 0.534 0.415 0.145 0.399 0.280 0.135 2.861
8.1 24.2 0.024 0.43 6.291 0.277 0.276 6.319 0.122 0.540 0.418 0.142 0.402 0.280 0.138 2.946
8.6 25.1 0.025 0.45 6.292 0.287 0.286 6.322 0.125 0.550 0.424 0.139 0.407 0.282 0.143 3.057
9.1 25.4 0.027 0.47 6.294 0.290 0.289 6.325 0.128 0.553 0.425 0.136 0.409 0.281 0.144 3.122
9.6 25.7 0.028 0.50 6.295 0.294 0.293 6.327 0.130 0.557 0.427 0.134 0.411 0.280 0.146 3.188

10.1 26.2 0.030 0.54 6.298 0.300 0.298 6.329 0.133 0.562 0.429 0.131 0.413 0.280 0.149 3.275
10.6 26.8 0.032 0.56 6.299 0.306 0.305 6.332 0.135 0.569 0.434 0.129 0.417 0.281 0.153 3.370
11.0 27.2 0.033 0.58 6.300 0.311 0.310 6.334 0.138 0.574 0.436 0.126 0.419 0.281 0.155 3.455
11.5 28.0 0.034 0.60 6.302 0.319 0.318 6.337 0.140 0.582 0.442 0.124 0.423 0.283 0.159 3.567
12.0 28.0 0.035 0.62 6.303 0.319 0.318 6.338 0.141 0.582 0.441 0.123 0.423 0.282 0.159 3.592
12.5 28.6 0.037 0.66 6.306 0.327 0.325 6.340 0.143 0.589 0.446 0.121 0.427 0.283 0.163 3.698
12.9 28.7 0.039 0.68 6.307 0.328 0.326 6.342 0.145 0.591 0.445 0.119 0.427 0.282 0.163 3.742
13.4 29.0 0.040 0.71 6.309 0.331 0.329 6.343 0.147 0.593 0.446 0.117 0.428 0.281 0.165 3.820
13.9 29.4 0.041 0.73 6.310 0.335 0.333 6.344 0.148 0.598 0.450 0.116 0.431 0.283 0.167 3.873
14.4 29.7 0.042 0.74 6.311 0.339 0.337 6.346 0.149 0.601 0.452 0.115 0.433 0.283 0.169 3.939
14.9 30.0 0.044 0.78 6.313 0.342 0.340 6.347 0.150 0.604 0.454 0.114 0.434 0.284 0.170 3.991
15.3 30.4 0.046 0.81 6.315 0.347 0.345 6.348 0.151 0.609 0.457 0.113 0.436 0.285 0.172 4.063
15.8 30.5 0.047 0.83 6.317 0.347 0.345 6.349 0.152 0.610 0.457 0.112 0.437 0.284 0.173 4.088
16.3 30.7 0.049 0.85 6.318 0.350 0.348 6.350 0.154 0.612 0.458 0.110 0.438 0.284 0.174 4.155
16.8 30.9 0.050 0.87 6.319 0.352 0.350 6.351 0.154 0.614 0.460 0.110 0.439 0.285 0.175 4.187
17.2 31.5 0.051 0.90 6.321 0.359 0.356 6.351 0.155 0.620 0.465 0.109 0.442 0.287 0.178 4.274
17.7 31.9 0.053 0.93 6.323 0.363 0.361 6.352 0.156 0.625 0.469 0.108 0.445 0.289 0.181 4.339
18.2 32.4 0.054 0.95 6.324 0.369 0.366 6.353 0.157 0.630 0.473 0.107 0.447 0.290 0.183 4.426

175529001

175529001
298A
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Project: Source: 206-A, 18.0'-20.0' (18.5'-19.0') Lab ID: 298A Test ID
Corr. Corr. Induced Eff. Princ.

Test Axial Axial Axial Corr. Deviator Deviator Pore Pore Stress
Time Load Deform. Strain Area Stress Stress Pressure Pressure σ1 σ1' σ3' p p' q Ratio
(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) σ1'/σ3'

175529001

18.7 32.5 0.056 0.98 6.326 0.370 0.368 6.354 0.158 0.632 0.475 0.107 0.448 0.291 0.184 4.444
20.6 33.7 0.061 1.07 6.332 0.383 0.380 6.356 0.160 0.644 0.485 0.104 0.454 0.295 0.190 4.639
22.5 34.4 0.067 1.18 6.339 0.390 0.387 6.356 0.160 0.650 0.490 0.103 0.456 0.296 0.194 4.777
24.4 35.5 0.073 1.28 6.345 0.402 0.399 6.358 0.162 0.662 0.500 0.101 0.462 0.300 0.200 4.967
26.3 36.1 0.078 1.38 6.352 0.409 0.406 6.359 0.162 0.669 0.507 0.101 0.466 0.304 0.203 5.034
28.2 37.1 0.083 1.47 6.358 0.420 0.417 6.359 0.163 0.680 0.517 0.100 0.471 0.309 0.208 5.162
30.1 37.7 0.089 1.57 6.364 0.426 0.422 6.359 0.163 0.685 0.522 0.100 0.474 0.311 0.211 5.225
32.0 38.6 0.095 1.67 6.370 0.436 0.432 6.359 0.163 0.694 0.532 0.100 0.479 0.316 0.216 5.323
33.9 39.2 0.101 1.77 6.377 0.443 0.439 6.359 0.163 0.701 0.539 0.100 0.482 0.319 0.219 5.388
35.8 40.1 0.107 1.88 6.384 0.452 0.447 6.358 0.161 0.710 0.549 0.101 0.487 0.325 0.224 5.405
37.7 40.5 0.112 1.96 6.390 0.456 0.451 6.357 0.161 0.714 0.553 0.102 0.488 0.327 0.226 5.438
39.6 41.0 0.117 2.07 6.397 0.462 0.457 6.356 0.160 0.719 0.559 0.103 0.491 0.331 0.228 5.441
41.5 41.6 0.123 2.17 6.403 0.468 0.463 6.356 0.159 0.725 0.566 0.103 0.494 0.335 0.231 5.482
43.4 42.1 0.128 2.26 6.409 0.473 0.468 6.354 0.158 0.730 0.573 0.105 0.496 0.339 0.234 5.456
45.3 42.8 0.135 2.37 6.416 0.481 0.475 6.353 0.156 0.738 0.582 0.107 0.500 0.344 0.237 5.449
47.2 43.0 0.140 2.47 6.423 0.482 0.476 6.351 0.155 0.739 0.584 0.108 0.501 0.346 0.238 5.401
49.1 43.8 0.146 2.56 6.429 0.491 0.485 6.350 0.154 0.747 0.593 0.109 0.505 0.351 0.242 5.461
51.0 44.3 0.151 2.66 6.435 0.496 0.489 6.349 0.153 0.752 0.599 0.110 0.507 0.355 0.245 5.451
53.0 44.9 0.157 2.77 6.443 0.502 0.495 6.348 0.151 0.758 0.607 0.112 0.511 0.359 0.248 5.436
54.8 45.2 0.162 2.86 6.448 0.505 0.498 6.346 0.150 0.761 0.611 0.113 0.512 0.362 0.249 5.415
56.8 46.0 0.168 2.96 6.455 0.513 0.506 6.345 0.149 0.769 0.620 0.114 0.516 0.367 0.253 5.446
58.6 46.5 0.174 3.06 6.462 0.518 0.511 6.343 0.147 0.774 0.627 0.116 0.518 0.372 0.255 5.396
60.5 47.2 0.179 3.15 6.468 0.526 0.518 6.342 0.146 0.780 0.635 0.117 0.522 0.376 0.259 5.428
62.5 47.3 0.185 3.26 6.475 0.526 0.518 6.341 0.145 0.781 0.636 0.118 0.522 0.377 0.259 5.405
64.4 48.1 0.191 3.37 6.482 0.534 0.526 6.340 0.144 0.788 0.644 0.119 0.525 0.381 0.263 5.432
66.3 48.3 0.196 3.46 6.488 0.536 0.528 6.338 0.142 0.790 0.648 0.120 0.526 0.384 0.264 5.404
68.2 48.7 0.202 3.56 6.495 0.540 0.532 6.336 0.140 0.794 0.654 0.122 0.528 0.388 0.266 5.350
70.1 49.3 0.208 3.66 6.502 0.546 0.537 6.336 0.139 0.799 0.660 0.123 0.530 0.391 0.269 5.375
72.0 49.9 0.213 3.75 6.508 0.553 0.543 6.334 0.137 0.806 0.668 0.125 0.534 0.397 0.272 5.350
73.9 50.5 0.219 3.86 6.516 0.558 0.548 6.333 0.136 0.810 0.674 0.126 0.536 0.400 0.274 5.355
75.8 51.1 0.225 3.97 6.523 0.564 0.554 6.331 0.134 0.817 0.682 0.128 0.539 0.405 0.277 5.337
77.7 51.4 0.231 4.07 6.530 0.567 0.557 6.329 0.132 0.819 0.687 0.130 0.541 0.408 0.279 5.290
79.6 52.0 0.236 4.16 6.536 0.573 0.563 6.327 0.131 0.825 0.694 0.131 0.544 0.413 0.281 5.292
81.5 52.6 0.241 4.25 6.542 0.579 0.569 6.326 0.130 0.831 0.701 0.132 0.546 0.417 0.284 5.301
83.4 52.6 0.247 4.35 6.549 0.579 0.568 6.324 0.128 0.830 0.702 0.134 0.546 0.418 0.284 5.232
85.3 53.4 0.253 4.46 6.556 0.587 0.576 6.323 0.127 0.837 0.711 0.135 0.550 0.423 0.288 5.265
87.2 53.9 0.259 4.56 6.564 0.592 0.580 6.322 0.125 0.842 0.717 0.137 0.552 0.427 0.290 5.248
89.1 54.0 0.264 4.65 6.570 0.592 0.581 6.320 0.124 0.843 0.719 0.138 0.553 0.429 0.290 5.208
91.0 54.7 0.270 4.75 6.577 0.599 0.588 6.320 0.123 0.849 0.726 0.138 0.556 0.432 0.294 5.246
92.9 55.0 0.276 4.86 6.584 0.601 0.590 6.316 0.120 0.850 0.730 0.140 0.555 0.435 0.295 5.198
94.8 55.5 0.281 4.95 6.590 0.607 0.595 6.314 0.118 0.855 0.736 0.142 0.557 0.439 0.297 5.193
99.6 56.3 0.295 5.20 6.608 0.614 0.601 6.311 0.115 0.861 0.746 0.145 0.561 0.446 0.301 5.145

104.3 57.4 0.309 5.45 6.625 0.623 0.610 6.308 0.112 0.870 0.758 0.148 0.565 0.453 0.305 5.113
109.1 58.8 0.323 5.69 6.642 0.637 0.623 6.305 0.108 0.883 0.775 0.152 0.571 0.463 0.311 5.105
113.8 59.4 0.338 5.95 6.660 0.642 0.627 6.302 0.106 0.887 0.781 0.154 0.574 0.468 0.314 5.065
118.6 60.4 0.352 6.20 6.678 0.652 0.636 6.298 0.102 0.897 0.795 0.159 0.578 0.477 0.318 5.012
123.3 61.2 0.366 6.44 6.696 0.658 0.643 6.295 0.099 0.903 0.804 0.161 0.581 0.483 0.321 4.985
128.1 61.9 0.380 6.70 6.714 0.664 0.647 6.291 0.095 0.908 0.813 0.166 0.584 0.489 0.324 4.910
132.8 63.0 0.394 6.94 6.731 0.674 0.657 6.288 0.092 0.917 0.825 0.168 0.589 0.497 0.328 4.903
137.6 64.1 0.408 7.19 6.749 0.684 0.667 6.286 0.090 0.927 0.837 0.171 0.593 0.504 0.333 4.909
142.3 64.7 0.422 7.43 6.767 0.689 0.671 6.283 0.087 0.931 0.844 0.174 0.596 0.509 0.335 4.864
147.1 66.0 0.436 7.68 6.786 0.700 0.681 6.280 0.084 0.941 0.857 0.176 0.600 0.517 0.341 4.869
151.8 66.8 0.450 7.92 6.803 0.706 0.687 6.277 0.081 0.947 0.866 0.179 0.603 0.523 0.344 4.833
156.6 67.5 0.464 8.18 6.822 0.713 0.693 6.274 0.078 0.953 0.875 0.182 0.606 0.528 0.346 4.812
161.3 68.5 0.478 8.43 6.841 0.721 0.700 6.272 0.076 0.959 0.884 0.184 0.609 0.534 0.350 4.810
166.1 69.3 0.492 8.67 6.859 0.728 0.707 6.267 0.071 0.965 0.894 0.187 0.611 0.541 0.353 4.771
170.8 70.0 0.507 8.93 6.878 0.733 0.711 6.265 0.068 0.969 0.901 0.190 0.614 0.545 0.356 4.749
175.6 71.4 0.521 9.18 6.897 0.745 0.723 6.263 0.066 0.981 0.915 0.192 0.620 0.554 0.361 4.759
180.3 72.2 0.535 9.42 6.916 0.752 0.729 6.260 0.064 0.987 0.924 0.195 0.623 0.560 0.364 4.731
185.1 72.6 0.549 9.67 6.935 0.754 0.730 6.258 0.061 0.989 0.928 0.197 0.624 0.562 0.365 4.699
189.8 73.5 0.563 9.92 6.954 0.761 0.737 6.256 0.059 0.995 0.936 0.199 0.627 0.568 0.368 4.695
194.6 74.2 0.577 10.17 6.973 0.766 0.741 6.254 0.058 0.999 0.941 0.200 0.629 0.571 0.370 4.698
199.3 74.9 0.591 10.42 6.993 0.771 0.746 6.251 0.055 1.004 0.949 0.203 0.631 0.576 0.373 4.666
204.1 75.8 0.605 10.66 7.012 0.779 0.753 6.249 0.053 1.011 0.958 0.205 0.635 0.582 0.376 4.662
208.8 76.5 0.620 10.92 7.032 0.784 0.757 6.247 0.051 1.015 0.964 0.207 0.637 0.586 0.378 4.648
213.6 77.2 0.634 11.17 7.052 0.789 0.761 6.245 0.049 1.020 0.971 0.210 0.639 0.591 0.381 4.627
218.3 77.8 0.648 11.41 7.071 0.793 0.765 6.243 0.047 1.024 0.977 0.212 0.641 0.595 0.382 4.603
223.1 78.8 0.662 11.67 7.091 0.800 0.771 6.242 0.046 1.030 0.984 0.212 0.644 0.598 0.386 4.634
227.8 79.6 0.676 11.91 7.111 0.806 0.777 6.239 0.043 1.035 0.992 0.216 0.647 0.604 0.388 4.600
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Project: Source: 206-A, 18.0'-20.0' (18.5'-19.0') Lab ID: 298A Test ID
Corr. Corr. Induced Eff. Princ.

Test Axial Axial Axial Corr. Deviator Deviator Pore Pore Stress
Time Load Deform. Strain Area Stress Stress Pressure Pressure σ1 σ1' σ3' p p' q Ratio
(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) σ1'/σ3'

175529001

232.6 80.5 0.690 12.16 7.131 0.813 0.783 6.238 0.041 1.042 1.001 0.218 0.650 0.609 0.392 4.599
237.3 81.0 0.704 12.40 7.151 0.816 0.786 6.234 0.038 1.043 1.005 0.220 0.650 0.612 0.393 4.577
242.1 81.6 0.718 12.64 7.171 0.819 0.788 6.233 0.036 1.046 1.010 0.221 0.651 0.615 0.394 4.566
246.8 82.7 0.732 12.90 7.192 0.827 0.796 6.231 0.035 1.053 1.019 0.223 0.655 0.621 0.398 4.572
251.6 83.2 0.746 13.14 7.212 0.830 0.798 6.230 0.033 1.056 1.022 0.224 0.656 0.623 0.399 4.565
256.4 84.1 0.761 13.40 7.233 0.837 0.804 6.228 0.032 1.062 1.030 0.226 0.660 0.628 0.402 4.565
261.1 85.0 0.775 13.65 7.255 0.844 0.810 6.227 0.030 1.068 1.038 0.228 0.663 0.633 0.405 4.560
265.9 85.8 0.789 13.90 7.275 0.849 0.815 6.225 0.028 1.072 1.044 0.229 0.665 0.637 0.407 4.554
270.6 86.7 0.804 14.16 7.297 0.856 0.821 6.224 0.028 1.079 1.051 0.230 0.668 0.641 0.411 4.564
275.4 87.1 0.817 14.39 7.317 0.857 0.822 6.222 0.025 1.080 1.055 0.233 0.669 0.644 0.411 4.533
280.1 87.9 0.832 14.65 7.339 0.862 0.826 6.220 0.024 1.084 1.061 0.234 0.671 0.648 0.413 4.525
284.9 88.6 0.846 14.89 7.360 0.866 0.830 6.219 0.023 1.088 1.065 0.235 0.673 0.650 0.415 4.531
289.6 89.5 0.860 15.15 7.383 0.873 0.836 6.218 0.021 1.094 1.072 0.237 0.676 0.655 0.418 4.530
294.4 90.1 0.874 15.40 7.404 0.876 0.838 6.216 0.020 1.096 1.076 0.238 0.677 0.657 0.419 4.524
299.1 90.8 0.888 15.65 7.426 0.880 0.842 6.215 0.019 1.099 1.081 0.239 0.679 0.660 0.421 4.523
303.9 91.5 0.902 15.89 7.448 0.884 0.845 6.213 0.017 1.103 1.086 0.241 0.681 0.664 0.423 4.509
308.6 92.0 0.916 16.13 7.469 0.887 0.847 6.211 0.015 1.103 1.089 0.242 0.680 0.665 0.424 4.504
313.4 92.9 0.931 16.39 7.492 0.893 0.853 6.209 0.013 1.110 1.096 0.244 0.683 0.670 0.426 4.499
318.1 93.7 0.944 16.63 7.514 0.898 0.857 6.209 0.013 1.114 1.101 0.244 0.685 0.672 0.428 4.513
322.9 94.5 0.959 16.89 7.537 0.903 0.862 6.207 0.011 1.119 1.108 0.246 0.688 0.677 0.431 4.504
327.6 95.1 0.973 17.14 7.560 0.905 0.864 6.206 0.010 1.120 1.111 0.247 0.689 0.679 0.432 4.495
332.4 96.1 0.987 17.39 7.583 0.913 0.870 6.204 0.008 1.127 1.119 0.249 0.692 0.684 0.435 4.489
337.1 96.9 1.001 17.63 7.605 0.917 0.874 6.204 0.007 1.130 1.123 0.249 0.693 0.686 0.437 4.510
341.6 97.5 1.015 17.88 7.628 0.921 0.877 6.201 0.005 1.134 1.129 0.252 0.695 0.691 0.438 4.476
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Consolidated Undrained Triaxial Compression
ASTM D 4767

Project Name Johnson County Section 202 Study Project No.
Source 206-A, 18.0'-20.0' (19.0'-19.5') Lab ID

Description Gravelly Lean Clay with Sand (CL), brown, moist, firm Test ID
Specimen Type

Preparation Date Received
Date Tested

Specific Gravity 2.74
ASTM D 854, Dry

Liquid Limit 30
Plastic Limit 20

Plasticity Index 10
ASTM D 4318

Target Test Parameters
Nominal Chamber Pressure (psi) 90

Nominal Back Pressure (psi) 69.2
Nominal Consolidation Pressure (psi) 20.8

Saturation / Consolidation Results
Pore Pressure Parameter B 1.00

Measured Effective Consol. Stress (tsf) 1.251
Time to 50% Consolidation (min)

Actual Axial Strain Rate of Test (%/min) 0.033

Consolidated Specimen Conditions
Moist Unit Weight (pcf) 140.2

Moisture Content (%) 14.3
Dry Unit Weight (pcf) 122.7

Void Ratio 0.392
Degree of Saturation (%) 100.0

At Drained Failure
Failure Criteria:  Max. Eff. Prin. Stress Ratio

Axial Strain (%) 4.929
Deviator Stress (tsf) 1.879

Induced Pore Pressure (tsf) 0.848
Minor Effective Stress, σ3' (tsf) 0.403
Major Effective Stress, σ1' (tsf) 2.282

Eff. Principal Stress Ratio, σ1'/σ3' 5.663
p' (tsf) 1.342
q (tsf) 0.939

At Consolidated Undrained Failure
Failure Criterion:  15% Axial Strain

Axial Strain (%) 15.100
Deviator Stress (tsf) 2.718

Minor Principal Stress, σ3 (tsf) 1.247
Major Principal Stress, σ1 (tsf) 3.965

p (tsf) 2.606
Failure Sketch q (tsf) 1.359

Comments
Reviewed

Intact
Wet Mounting

175529001
298B

07/29/2019

Set 1-B

08/04/2019
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Consolidated Undrained Triaxial Compression
ASTM D 4767

Project Name Johnson County Section 202 Study Project No.
Source 206-A, 18.0'-20.0' (19.0'-19.5') Lab ID

Description Gravelly Lean Clay with Sand (CL), brown, moist, firm Test ID

Initial Specimen Conditions Consolidated Specimen Conditions Specific Gravity 2.74
Height (in) 5.768 Height (in) 5.709 ASTM D 854, Dry

Diameter (in) 2.854 Calculated Diameter (in) 2.819
Area (in2) 6.397 Calculated Area (in2) 6.240 Liquid Limit 30

Moist Weight (lb) 2.923 Moist Weight (lb) 2.891 Plastic Limit 20
Moist Unit Weight (pcf) 136.9 Moist Unit Weight (pcf) 140.2 Plasticity Index 10

Moisture Content (%) 15.6 Moisture Content (%) 14.3
Dry Weight (lb) 2.529 Dry Weight (lb) 2.529

Dry Unit Weight (pcf) 118.5 Dry Unit Weight (pcf) 122.7 Confining Stress
Void Ratio 0.441 Void Ratio 0.392 σ3 (tsf) 1.252

Degree of Saturation (%) 96.7 Degree of Saturation (%) 100.0
Effective Consolidation Stress

Moisture contents obtained using whole specimen. σ3' (tsf) 1.252
Specimen consolidated cross-sectional area determined using method B.
Membrane corrections have been applied,where  Em = 200 lbf/in and t = 0.012 in.
All other tests performed in association with this specimen are reported separately.

Project: Source: 206-A, 18.0'-20.0' (19.0'-19.5') Lab ID: 298B Test ID
Corr. Corr. Induced Eff. Princ.

Test Axial Axial Axial Corr. Deviator Deviator Pore Pore Stress
Time Load Deform. Strain Area Stress Stress Pressure Pressure σ1 σ1' σ3' p p' q Ratio
(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) σ1'/σ3'

0.0 2.0 0.000 0.00 6.393 0.023 0.023 5.195 0.000 1.275 1.275 1.252 1.263 1.263 0.011 1.018
0.8 2.6 0.002 0.03 6.395 0.029 0.029 5.210 0.015 1.281 1.266 1.237 1.266 1.251 0.014 1.023
1.5 2.6 0.003 0.05 6.396 0.030 0.030 5.221 0.026 1.282 1.257 1.227 1.267 1.242 0.015 1.024
2.3 2.8 0.004 0.07 6.397 0.031 0.031 5.231 0.036 1.287 1.251 1.220 1.272 1.236 0.015 1.025
3.0 3.0 0.005 0.10 6.399 0.033 0.033 5.243 0.047 1.286 1.239 1.206 1.270 1.222 0.017 1.028
3.8 8.1 0.007 0.12 6.400 0.091 0.091 5.272 0.077 1.345 1.267 1.176 1.299 1.222 0.046 1.077
4.5 15.2 0.009 0.15 6.402 0.171 0.170 5.309 0.114 1.424 1.310 1.140 1.339 1.225 0.085 1.149
5.3 22.7 0.010 0.17 6.404 0.255 0.254 5.348 0.153 1.508 1.355 1.100 1.380 1.227 0.127 1.231
6.0 28.7 0.011 0.20 6.405 0.323 0.322 5.389 0.194 1.576 1.382 1.059 1.415 1.221 0.161 1.304
6.8 34.3 0.012 0.21 6.406 0.386 0.385 5.431 0.236 1.639 1.403 1.018 1.446 1.210 0.193 1.378
7.6 38.9 0.013 0.24 6.408 0.437 0.436 5.473 0.278 1.690 1.412 0.976 1.472 1.194 0.218 1.447
8.3 43.1 0.015 0.27 6.410 0.484 0.484 5.513 0.318 1.737 1.419 0.935 1.495 1.177 0.242 1.517
9.1 47.4 0.017 0.29 6.411 0.532 0.531 5.553 0.358 1.784 1.426 0.895 1.519 1.161 0.266 1.593
9.8 51.2 0.018 0.32 6.413 0.575 0.574 5.592 0.397 1.827 1.430 0.856 1.540 1.143 0.287 1.670

10.6 54.9 0.019 0.34 6.414 0.616 0.615 5.629 0.434 1.868 1.434 0.820 1.561 1.127 0.307 1.750
11.3 58.3 0.020 0.35 6.415 0.654 0.653 5.661 0.465 1.906 1.440 0.787 1.579 1.114 0.327 1.830
12.1 61.4 0.022 0.38 6.417 0.688 0.687 5.692 0.497 1.941 1.444 0.757 1.597 1.100 0.344 1.909
12.8 64.3 0.024 0.41 6.419 0.721 0.720 5.720 0.525 1.973 1.448 0.728 1.613 1.088 0.360 1.989
13.6 66.9 0.025 0.44 6.421 0.750 0.749 5.746 0.551 2.002 1.452 0.703 1.628 1.077 0.374 2.066
14.3 69.1 0.026 0.46 6.422 0.775 0.774 5.771 0.575 2.027 1.452 0.678 1.640 1.065 0.387 2.141
15.1 71.1 0.027 0.48 6.424 0.797 0.796 5.792 0.597 2.049 1.452 0.656 1.651 1.054 0.398 2.213
15.9 72.8 0.029 0.51 6.426 0.815 0.814 5.814 0.619 2.067 1.449 0.635 1.660 1.042 0.407 2.283
16.6 74.7 0.030 0.53 6.427 0.837 0.835 5.830 0.635 2.088 1.453 0.618 1.671 1.036 0.418 2.352
17.4 76.3 0.032 0.56 6.429 0.855 0.853 5.848 0.653 2.107 1.453 0.600 1.680 1.027 0.427 2.422
18.1 77.8 0.033 0.59 6.430 0.872 0.870 5.863 0.668 2.123 1.455 0.585 1.688 1.020 0.435 2.488
18.9 79.8 0.035 0.61 6.432 0.893 0.892 5.878 0.683 2.145 1.462 0.570 1.699 1.016 0.446 2.563
19.6 80.8 0.036 0.63 6.434 0.904 0.903 5.892 0.697 2.156 1.459 0.557 1.705 1.008 0.451 2.621
20.4 82.2 0.037 0.65 6.435 0.920 0.918 5.905 0.710 2.171 1.461 0.543 1.712 1.002 0.459 2.690
21.1 83.6 0.039 0.68 6.437 0.935 0.934 5.917 0.722 2.187 1.465 0.532 1.720 0.998 0.467 2.756
21.9 84.7 0.041 0.71 6.438 0.947 0.945 5.927 0.732 2.199 1.466 0.521 1.726 0.994 0.473 2.813
22.6 85.6 0.042 0.73 6.440 0.958 0.956 5.937 0.742 2.209 1.467 0.511 1.731 0.989 0.478 2.869
23.4 86.7 0.044 0.76 6.442 0.969 0.967 5.947 0.752 2.220 1.468 0.501 1.737 0.985 0.484 2.931
24.1 87.9 0.045 0.78 6.443 0.982 0.981 5.955 0.760 2.234 1.474 0.493 1.744 0.983 0.490 2.989
24.9 88.7 0.046 0.80 6.444 0.991 0.989 5.964 0.769 2.242 1.473 0.484 1.748 0.978 0.495 3.044
25.6 89.7 0.047 0.82 6.446 1.002 1.000 5.972 0.776 2.253 1.477 0.477 1.753 0.977 0.500 3.098
26.4 90.8 0.049 0.85 6.448 1.014 1.012 5.980 0.784 2.265 1.481 0.469 1.759 0.975 0.506 3.161
27.1 92.2 0.050 0.88 6.449 1.029 1.027 5.986 0.791 2.280 1.489 0.462 1.767 0.975 0.513 3.223
27.9 93.4 0.051 0.90 6.451 1.042 1.040 5.993 0.798 2.294 1.496 0.456 1.774 0.976 0.520 3.282
28.7 94.2 0.053 0.92 6.452 1.051 1.049 5.999 0.804 2.302 1.498 0.449 1.778 0.974 0.525 3.336

175529001

ASTM D 4318

175529001
298B

Set 1-B
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Project: Source: 206-A, 18.0'-20.0' (19.0'-19.5') Lab ID: 298B Test ID
Corr. Corr. Induced Eff. Princ.

Test Axial Axial Axial Corr. Deviator Deviator Pore Pore Stress
Time Load Deform. Strain Area Stress Stress Pressure Pressure σ1 σ1' σ3' p p' q Ratio
(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) σ1'/σ3'

175529001

29.4 95.2 0.055 0.96 6.454 1.062 1.060 6.005 0.810 2.313 1.503 0.444 1.783 0.973 0.530 3.389
30.2 96.0 0.056 0.98 6.456 1.071 1.069 6.011 0.816 2.322 1.506 0.437 1.787 0.972 0.534 3.443
33.2 99.0 0.061 1.07 6.462 1.103 1.100 6.029 0.834 2.353 1.519 0.419 1.803 0.969 0.550 3.626
36.2 102.3 0.067 1.18 6.469 1.139 1.136 6.046 0.851 2.389 1.539 0.402 1.821 0.970 0.568 3.824
39.2 104.6 0.072 1.27 6.475 1.163 1.160 6.059 0.864 2.413 1.549 0.389 1.833 0.969 0.580 3.986
42.2 108.0 0.078 1.37 6.482 1.200 1.197 6.068 0.873 2.450 1.577 0.380 1.851 0.979 0.598 4.149
45.2 110.6 0.084 1.48 6.489 1.228 1.224 6.078 0.883 2.477 1.595 0.370 1.865 0.982 0.612 4.304
48.2 113.2 0.089 1.57 6.494 1.255 1.251 6.083 0.888 2.504 1.616 0.365 1.878 0.990 0.625 4.429
51.2 115.0 0.095 1.67 6.501 1.274 1.270 6.089 0.894 2.523 1.629 0.359 1.888 0.994 0.635 4.537
54.2 117.9 0.101 1.77 6.508 1.304 1.300 6.093 0.898 2.553 1.655 0.355 1.903 1.005 0.650 4.663
57.2 120.2 0.106 1.86 6.514 1.328 1.324 6.097 0.901 2.577 1.675 0.352 1.915 1.013 0.662 4.764
60.2 122.4 0.112 1.97 6.521 1.352 1.347 6.099 0.904 2.598 1.695 0.347 1.925 1.021 0.674 4.879
63.2 124.3 0.118 2.07 6.528 1.371 1.366 6.101 0.906 2.618 1.711 0.345 1.935 1.028 0.683 4.959
66.2 126.8 0.124 2.17 6.534 1.397 1.392 6.102 0.907 2.644 1.736 0.344 1.948 1.040 0.696 5.041
69.2 128.5 0.129 2.26 6.540 1.415 1.409 6.103 0.908 2.662 1.754 0.345 1.957 1.049 0.705 5.091
72.2 130.6 0.135 2.37 6.548 1.436 1.430 6.103 0.908 2.682 1.774 0.344 1.967 1.059 0.715 5.155
75.2 132.1 0.140 2.46 6.554 1.452 1.446 6.103 0.907 2.697 1.790 0.344 1.975 1.067 0.723 5.199
78.2 134.7 0.146 2.56 6.561 1.478 1.472 6.103 0.907 2.724 1.817 0.344 1.988 1.081 0.736 5.275
81.2 136.2 0.152 2.66 6.567 1.493 1.487 6.101 0.905 2.739 1.833 0.346 1.995 1.090 0.744 5.292
84.2 138.6 0.157 2.75 6.573 1.518 1.511 6.101 0.906 2.763 1.857 0.346 2.007 1.102 0.756 5.370
87.3 140.5 0.163 2.86 6.581 1.537 1.530 6.100 0.905 2.782 1.877 0.347 2.017 1.112 0.765 5.406
90.3 142.2 0.169 2.96 6.588 1.554 1.547 6.098 0.903 2.799 1.896 0.349 2.025 1.123 0.773 5.425
93.3 144.1 0.174 3.05 6.594 1.573 1.566 6.096 0.900 2.818 1.917 0.351 2.035 1.134 0.783 5.457
96.3 146.0 0.180 3.15 6.601 1.592 1.584 6.094 0.899 2.836 1.937 0.353 2.044 1.145 0.792 5.490
99.3 147.7 0.186 3.25 6.608 1.610 1.602 6.092 0.897 2.853 1.957 0.355 2.052 1.156 0.801 5.514

102.3 149.7 0.191 3.35 6.614 1.629 1.621 6.089 0.893 2.873 1.980 0.359 2.063 1.169 0.811 5.520
105.3 151.1 0.197 3.45 6.621 1.643 1.635 6.087 0.892 2.887 1.995 0.360 2.069 1.178 0.817 5.539
108.3 152.7 0.203 3.56 6.629 1.659 1.650 6.085 0.890 2.902 2.012 0.361 2.077 1.186 0.825 5.567
111.3 155.2 0.209 3.66 6.635 1.684 1.675 6.082 0.887 2.927 2.040 0.365 2.089 1.203 0.837 5.587
114.3 157.2 0.214 3.75 6.642 1.704 1.695 6.079 0.884 2.947 2.063 0.368 2.099 1.216 0.848 5.605
117.3 158.2 0.219 3.84 6.648 1.713 1.704 6.075 0.880 2.956 2.076 0.372 2.104 1.224 0.852 5.579
120.3 160.0 0.225 3.94 6.655 1.731 1.721 6.073 0.878 2.973 2.095 0.374 2.112 1.234 0.861 5.604
123.3 161.4 0.231 4.04 6.662 1.744 1.735 6.070 0.874 2.987 2.112 0.378 2.119 1.245 0.867 5.594
126.3 163.3 0.237 4.15 6.670 1.763 1.753 6.068 0.872 3.004 2.132 0.379 2.128 1.256 0.876 5.623
129.3 164.8 0.242 4.24 6.676 1.777 1.767 6.064 0.869 3.019 2.149 0.383 2.135 1.266 0.883 5.617
132.3 166.8 0.248 4.34 6.683 1.797 1.786 6.063 0.868 3.038 2.170 0.384 2.145 1.277 0.893 5.650
135.3 168.7 0.254 4.45 6.690 1.815 1.804 6.058 0.863 3.057 2.193 0.389 2.154 1.291 0.902 5.639
138.3 170.4 0.259 4.53 6.696 1.832 1.821 6.055 0.860 3.072 2.212 0.392 2.162 1.302 0.910 5.649
141.3 172.0 0.265 4.64 6.704 1.847 1.836 6.051 0.856 3.086 2.230 0.394 2.168 1.312 0.918 5.657
144.3 173.3 0.270 4.74 6.711 1.859 1.847 6.049 0.853 3.098 2.245 0.397 2.175 1.321 0.924 5.649
147.3 175.2 0.276 4.84 6.718 1.878 1.866 6.045 0.850 3.117 2.267 0.401 2.184 1.334 0.933 5.654
150.3 176.6 0.281 4.93 6.724 1.891 1.879 6.043 0.848 3.129 2.282 0.403 2.190 1.342 0.939 5.663
157.8 180.3 0.296 5.18 6.742 1.925 1.913 6.035 0.840 3.163 2.323 0.411 2.207 1.367 0.956 5.659
165.3 183.6 0.310 5.43 6.760 1.955 1.942 6.027 0.832 3.193 2.361 0.419 2.222 1.390 0.971 5.634
172.8 186.6 0.324 5.68 6.778 1.982 1.969 6.021 0.826 3.220 2.394 0.425 2.235 1.409 0.984 5.631
180.3 189.7 0.338 5.93 6.795 2.010 1.995 6.013 0.818 3.247 2.429 0.433 2.249 1.431 0.998 5.606
187.9 192.6 0.352 6.17 6.813 2.035 2.020 6.006 0.811 3.271 2.461 0.440 2.261 1.450 1.010 5.591
195.4 194.8 0.367 6.43 6.832 2.052 2.037 5.998 0.803 3.288 2.485 0.448 2.269 1.466 1.018 5.548
202.9 197.6 0.380 6.66 6.849 2.078 2.061 5.991 0.796 3.312 2.516 0.455 2.282 1.486 1.031 5.532
210.4 201.6 0.395 6.92 6.868 2.113 2.096 5.985 0.790 3.347 2.557 0.461 2.299 1.509 1.048 5.546
217.9 203.8 0.409 7.17 6.886 2.131 2.114 5.977 0.782 3.364 2.582 0.468 2.307 1.525 1.057 5.514
225.4 207.2 0.423 7.42 6.905 2.161 2.143 5.969 0.774 3.393 2.619 0.476 2.321 1.547 1.071 5.503
232.9 209.9 0.438 7.67 6.923 2.183 2.164 5.963 0.768 3.414 2.646 0.482 2.332 1.564 1.082 5.493
240.4 213.4 0.452 7.91 6.942 2.213 2.194 5.958 0.762 3.444 2.681 0.488 2.347 1.584 1.097 5.499
247.9 216.1 0.465 8.15 6.960 2.235 2.216 5.951 0.756 3.466 2.710 0.494 2.358 1.602 1.108 5.483
255.4 219.3 0.480 8.41 6.979 2.262 2.241 5.946 0.751 3.491 2.740 0.499 2.370 1.620 1.121 5.493
262.9 221.6 0.494 8.65 6.998 2.280 2.259 5.940 0.745 3.509 2.765 0.506 2.380 1.635 1.129 5.466
270.4 225.6 0.508 8.90 7.017 2.315 2.294 5.933 0.738 3.543 2.805 0.512 2.397 1.658 1.147 5.482
277.9 228.0 0.522 9.15 7.036 2.333 2.311 5.929 0.734 3.560 2.826 0.516 2.405 1.671 1.155 5.480
285.4 230.2 0.537 9.40 7.056 2.349 2.326 5.922 0.727 3.576 2.849 0.523 2.413 1.686 1.163 5.443
292.9 233.5 0.551 9.65 7.075 2.376 2.352 5.917 0.721 3.603 2.881 0.529 2.426 1.705 1.176 5.450
300.4 235.4 0.565 9.90 7.095 2.389 2.365 5.910 0.715 3.614 2.898 0.534 2.431 1.716 1.182 5.431
307.9 238.3 0.579 10.14 7.114 2.412 2.387 5.905 0.710 3.637 2.927 0.540 2.443 1.734 1.194 5.420
315.4 240.6 0.594 10.40 7.134 2.428 2.403 5.901 0.706 3.652 2.946 0.544 2.451 1.745 1.201 5.420
322.9 243.0 0.607 10.63 7.153 2.446 2.420 5.897 0.702 3.670 2.968 0.548 2.460 1.758 1.210 5.416
330.4 245.7 0.622 10.89 7.174 2.465 2.439 5.890 0.695 3.689 2.993 0.554 2.469 1.774 1.220 5.400
337.9 247.6 0.636 11.14 7.194 2.478 2.451 5.887 0.692 3.700 3.008 0.557 2.474 1.783 1.225 5.398
345.4 249.8 0.650 11.38 7.214 2.493 2.465 5.883 0.688 3.715 3.027 0.562 2.482 1.795 1.233 5.387
352.9 252.8 0.664 11.62 7.234 2.516 2.488 5.878 0.682 3.738 3.055 0.567 2.494 1.811 1.244 5.388
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Project: Source: 206-A, 18.0'-20.0' (19.0'-19.5') Lab ID: 298B Test ID
Corr. Corr. Induced Eff. Princ.

Test Axial Axial Axial Corr. Deviator Deviator Pore Pore Stress
Time Load Deform. Strain Area Stress Stress Pressure Pressure σ1 σ1' σ3' p p' q Ratio
(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) σ1'/σ3'

175529001

360.4 255.4 0.678 11.87 7.254 2.535 2.506 5.874 0.679 3.756 3.077 0.571 2.503 1.824 1.253 5.389
367.9 257.8 0.692 12.12 7.274 2.551 2.522 5.870 0.675 3.772 3.097 0.575 2.511 1.836 1.261 5.387
375.4 260.7 0.706 12.37 7.295 2.573 2.543 5.864 0.669 3.793 3.124 0.581 2.521 1.852 1.271 5.378
382.9 262.9 0.720 12.62 7.316 2.587 2.557 5.860 0.665 3.806 3.141 0.584 2.527 1.862 1.278 5.381
390.4 265.6 0.735 12.87 7.337 2.606 2.575 5.856 0.661 3.824 3.163 0.588 2.536 1.875 1.287 5.380
397.9 268.5 0.749 13.12 7.358 2.627 2.596 5.854 0.659 3.844 3.186 0.590 2.546 1.888 1.298 5.398
405.4 271.7 0.763 13.36 7.379 2.651 2.618 5.850 0.655 3.867 3.212 0.593 2.558 1.903 1.309 5.414
412.9 274.3 0.777 13.62 7.400 2.669 2.636 5.847 0.652 3.884 3.232 0.597 2.567 1.914 1.318 5.419
420.4 277.1 0.791 13.86 7.421 2.689 2.655 5.843 0.648 3.904 3.257 0.601 2.577 1.929 1.328 5.415
427.9 279.1 0.806 14.11 7.443 2.700 2.666 5.840 0.645 3.915 3.270 0.604 2.582 1.937 1.333 5.411
435.4 281.5 0.820 14.36 7.465 2.715 2.680 5.837 0.642 3.929 3.286 0.606 2.589 1.946 1.340 5.421
442.9 283.4 0.834 14.61 7.487 2.726 2.690 5.835 0.640 3.939 3.298 0.608 2.593 1.953 1.345 5.426
450.5 286.0 0.848 14.86 7.509 2.743 2.707 5.832 0.637 3.955 3.318 0.611 2.602 1.964 1.353 5.432
458.0 288.0 0.862 15.10 7.530 2.754 2.718 5.827 0.632 3.965 3.333 0.615 2.606 1.974 1.359 5.419
465.5 289.3 0.877 15.36 7.553 2.758 2.721 5.823 0.627 3.968 3.341 0.620 2.608 1.980 1.360 5.389
473.0 291.0 0.891 15.61 7.575 2.766 2.729 5.820 0.625 3.976 3.352 0.623 2.612 1.987 1.364 5.378
480.5 292.9 0.905 15.85 7.597 2.776 2.738 5.816 0.620 3.986 3.365 0.628 2.617 1.997 1.369 5.361
488.0 296.6 0.919 16.10 7.620 2.803 2.764 5.814 0.619 4.011 3.392 0.629 2.629 2.011 1.382 5.396
495.5 298.9 0.933 16.35 7.642 2.816 2.776 5.810 0.615 4.024 3.409 0.633 2.636 2.021 1.388 5.388
503.0 302.1 0.947 16.59 7.664 2.838 2.798 5.808 0.613 4.045 3.433 0.635 2.646 2.034 1.399 5.405
510.5 305.4 0.962 16.85 7.688 2.860 2.820 5.805 0.610 4.067 3.457 0.638 2.657 2.048 1.410 5.420
518.0 307.2 0.976 17.09 7.711 2.869 2.827 5.801 0.606 4.075 3.469 0.642 2.661 2.055 1.414 5.405
525.5 310.1 0.990 17.34 7.734 2.887 2.845 5.797 0.602 4.093 3.491 0.646 2.670 2.068 1.423 5.406
533.0 312.5 1.004 17.59 7.757 2.900 2.858 5.794 0.599 4.105 3.506 0.649 2.676 2.077 1.429 5.407
540.0 315.7 1.017 17.82 7.779 2.922 2.879 5.789 0.594 4.125 3.531 0.652 2.686 2.092 1.439 5.412
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Consolidated Undrained Triaxial Compression
ASTM D 4767

Project Name Johnson County Section 202 Study Project No.
Source 206-A, 18.0'-20.0' (19.5'-20.0') Lab ID

Description Gravelly Lean Clay with Sand (CL), brown, moist, firm Test ID
Specimen Type

Preparation Date Received
Date Tested

Specific Gravity 2.74
ASTM D 854, Dry

Liquid Limit 30
Plastic Limit 20

Plasticity Index 10
ASTM D 4318

Target Test Parameters
Nominal Chamber Pressure (psi) 90

Nominal Back Pressure (psi) 55.3
Nominal Consolidation Pressure (psi) 34.7

Saturation / Consolidation Results
Pore Pressure Parameter B 1.00

Measured Effective Consol. Stress (tsf) 2.284
Time to 50% Consolidation (min) 14.50

Actual Axial Strain Rate of Test (%/min) 0.020

Consolidated Specimen Conditions
Moist Unit Weight (pcf) 135.7

Moisture Content (%) 17.4
Dry Unit Weight (pcf) 115.5

Void Ratio 0.478
Degree of Saturation (%) 100.0

At Drained Failure
Failure Criteria:  Max. Eff. Prin. Stress Ratio

Axial Strain (%) 4.738
Deviator Stress (tsf) 2.309

Induced Pore Pressure (tsf) 1.517
Minor Effective Stress, σ3' (tsf) 0.767
Major Effective Stress, σ1' (tsf) 3.076

Eff. Principal Stress Ratio, σ1'/σ3' 4.009
p' (tsf) 1.922
q (tsf) 1.154

At Consolidated Undrained Failure
Failure Criterion:  15% Axial Strain

Axial Strain (%) 15.105
Deviator Stress (tsf) 2.741

Minor Principal Stress, σ3 (tsf) 2.279
Major Principal Stress, σ1 (tsf) 5.019

p (tsf) 3.649
Failure Sketch q (tsf) 1.370

Comments
Reviewed

08/03/2019

175529001
298C

Intact
Wet Mounting 07/29/2019

Set 1-C
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Consolidated Undrained Triaxial Compression
ASTM D 4767

Project Name Johnson County Section 202 Study Project No.
Source 206-A, 18.0'-20.0' (19.5'-20.0') Lab ID

Description Gravelly Lean Clay with Sand (CL), brown, moist, firm Test ID

Initial Specimen Conditions Consolidated Specimen Conditions Specific Gravity 2.74
Height (in) 5.773 Height (in) 5.683 ASTM D 854, Dry

Diameter (in) 2.825 Calculated Diameter (in) 2.778
Area (in2) 6.266 Calculated Area (in2) 6.060 Liquid Limit 30

Moist Weight (lb) 2.762 Moist Weight (lb) 2.704 Plastic Limit 20
Moist Unit Weight (pcf) 132.0 Moist Unit Weight (pcf) 135.7 Plasticity Index 10

Moisture Content (%) 20.0 Moisture Content (%) 17.4
Dry Weight (lb) 2.303 Dry Weight (lb) 2.303

Dry Unit Weight (pcf) 110.0 Dry Unit Weight (pcf) 115.5 Confining Stress
Void Ratio 0.552 Void Ratio 0.478 σ3 (tsf) 2.289

Degree of Saturation (%) 99.0 Degree of Saturation (%) 100.0
Effective Consolidation Stress

Moisture contents obtained using whole specimen. σ3' (tsf) 2.289
Specimen consolidated cross-sectional area determined using method B.
Membrane corrections have been applied,where  Em = 200 lbf/in and t = 0.012 in.
All other tests performed in association with this specimen are reported separately.

Project: Source: 206-A, 18.0'-20.0' (19.5'-20.0') Lab ID: 298C Test ID
Corr. Corr. Induced Eff. Princ.

Test Axial Axial Axial Corr. Deviator Deviator Pore Pore Stress
Time Load Deform. Strain Area Stress Stress Pressure Pressure σ1 σ1' σ3' p p' q Ratio
(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) σ1'/σ3'

0.0 2.9 0.000 0.00 6.199 0.033 0.033 4.173 0.000 2.322 2.322 2.289 2.306 2.306 0.017 1.014
1.2 14.5 0.001 0.02 6.201 0.168 0.168 4.247 0.074 2.457 2.383 2.215 2.373 2.299 0.084 1.076
2.4 28.5 0.002 0.04 6.202 0.331 0.330 4.335 0.162 2.619 2.457 2.126 2.454 2.291 0.165 1.155
3.7 40.0 0.003 0.06 6.203 0.464 0.464 4.429 0.256 2.753 2.497 2.033 2.521 2.265 0.232 1.228
4.9 49.1 0.005 0.08 6.204 0.570 0.570 4.520 0.347 2.858 2.511 1.941 2.573 2.226 0.285 1.294
6.1 57.1 0.006 0.11 6.206 0.663 0.663 4.605 0.432 2.951 2.520 1.857 2.620 2.188 0.331 1.357
7.3 64.4 0.008 0.14 6.208 0.747 0.746 4.684 0.510 3.035 2.525 1.779 2.662 2.152 0.373 1.420
8.5 70.2 0.009 0.16 6.209 0.814 0.814 4.756 0.582 3.102 2.520 1.706 2.695 2.113 0.407 1.477
9.7 75.9 0.011 0.19 6.211 0.879 0.879 4.821 0.648 3.168 2.520 1.641 2.728 2.080 0.439 1.536

11.0 80.5 0.012 0.20 6.212 0.933 0.933 4.881 0.708 3.221 2.513 1.581 2.755 2.047 0.466 1.590
12.2 84.7 0.013 0.23 6.214 0.981 0.980 4.935 0.762 3.269 2.507 1.526 2.779 2.017 0.490 1.642
13.4 88.5 0.015 0.26 6.215 1.025 1.024 4.985 0.811 3.313 2.501 1.477 2.801 1.989 0.512 1.693
14.6 91.7 0.016 0.28 6.217 1.062 1.061 5.028 0.855 3.349 2.494 1.433 2.819 1.964 0.530 1.740
15.8 95.2 0.018 0.31 6.219 1.102 1.101 5.070 0.897 3.389 2.493 1.391 2.839 1.942 0.551 1.792
17.0 97.6 0.019 0.33 6.220 1.129 1.129 5.109 0.935 3.417 2.481 1.353 2.853 1.917 0.564 1.834
18.3 100.5 0.020 0.36 6.222 1.163 1.162 5.143 0.970 3.451 2.481 1.318 2.869 1.899 0.581 1.882
19.5 103.0 0.021 0.38 6.223 1.192 1.191 5.176 1.003 3.480 2.477 1.285 2.884 1.881 0.596 1.927
20.7 105.5 0.023 0.41 6.224 1.220 1.219 5.208 1.034 3.508 2.473 1.254 2.898 1.864 0.610 1.972
21.9 107.8 0.025 0.43 6.226 1.247 1.246 5.237 1.064 3.534 2.470 1.224 2.911 1.847 0.623 2.017
23.1 109.6 0.026 0.46 6.228 1.267 1.266 5.264 1.091 3.553 2.462 1.196 2.920 1.829 0.633 2.058
24.3 111.7 0.028 0.48 6.229 1.291 1.290 5.288 1.115 3.577 2.462 1.172 2.932 1.817 0.645 2.101
25.6 113.4 0.029 0.50 6.231 1.311 1.309 5.312 1.138 3.597 2.458 1.149 2.942 1.804 0.655 2.140
26.8 115.2 0.030 0.52 6.232 1.331 1.329 5.334 1.161 3.617 2.456 1.127 2.952 1.791 0.665 2.180
28.0 117.2 0.032 0.56 6.234 1.353 1.352 5.355 1.182 3.639 2.457 1.105 2.963 1.781 0.676 2.223
29.2 118.4 0.033 0.58 6.236 1.367 1.365 5.375 1.201 3.652 2.451 1.086 2.970 1.768 0.683 2.258
30.4 120.0 0.035 0.61 6.237 1.385 1.383 5.393 1.220 3.670 2.451 1.067 2.979 1.759 0.692 2.296
31.7 121.5 0.036 0.63 6.238 1.402 1.401 5.410 1.236 3.688 2.451 1.051 2.987 1.751 0.700 2.333
32.9 122.8 0.037 0.65 6.240 1.417 1.415 5.426 1.253 3.703 2.449 1.034 2.995 1.742 0.708 2.369
34.1 124.1 0.038 0.68 6.241 1.432 1.430 5.442 1.269 3.717 2.448 1.018 3.002 1.733 0.715 2.405
35.3 125.2 0.040 0.70 6.243 1.444 1.442 5.457 1.284 3.729 2.445 1.003 3.008 1.724 0.721 2.438
36.5 126.6 0.041 0.73 6.245 1.460 1.458 5.472 1.298 3.745 2.447 0.988 3.016 1.718 0.729 2.475
37.7 127.9 0.043 0.75 6.246 1.475 1.473 5.484 1.311 3.760 2.449 0.976 3.024 1.712 0.736 2.510
39.0 128.8 0.044 0.77 6.247 1.484 1.482 5.497 1.324 3.769 2.445 0.963 3.028 1.704 0.741 2.539
40.2 130.1 0.045 0.80 6.249 1.499 1.497 5.509 1.336 3.784 2.448 0.951 3.036 1.700 0.748 2.573
41.4 130.9 0.047 0.82 6.250 1.507 1.505 5.520 1.347 3.792 2.445 0.940 3.039 1.693 0.753 2.601
42.6 132.0 0.048 0.85 6.252 1.520 1.518 5.532 1.359 3.804 2.446 0.928 3.046 1.687 0.759 2.635
43.8 133.1 0.050 0.87 6.254 1.533 1.531 5.542 1.368 3.818 2.449 0.919 3.052 1.684 0.765 2.666
45.0 134.0 0.051 0.90 6.255 1.543 1.541 5.551 1.378 3.828 2.450 0.909 3.058 1.680 0.770 2.694
46.2 135.1 0.053 0.93 6.257 1.555 1.552 5.560 1.387 3.840 2.453 0.900 3.064 1.677 0.776 2.724

175529001

175529001
298C

Set 1-C

ASTM D 4318
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Project: Source: 206-A, 18.0'-20.0' (19.5'-20.0') Lab ID: 298C Test ID
Corr. Corr. Induced Eff. Princ.

Test Axial Axial Axial Corr. Deviator Deviator Pore Pore Stress
Time Load Deform. Strain Area Stress Stress Pressure Pressure σ1 σ1' σ3' p p' q Ratio
(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) σ1'/σ3'

175529001

47.5 136.0 0.054 0.95 6.258 1.564 1.562 5.570 1.396 3.849 2.453 0.891 3.068 1.672 0.781 2.754
48.7 136.8 0.055 0.97 6.260 1.574 1.571 5.579 1.406 3.858 2.453 0.881 3.072 1.667 0.786 2.783
53.5 140.2 0.060 1.06 6.266 1.612 1.609 5.607 1.434 3.896 2.462 0.853 3.092 1.658 0.804 2.886
58.4 143.1 0.066 1.17 6.272 1.643 1.640 5.633 1.460 3.927 2.467 0.827 3.107 1.647 0.820 2.983
63.2 146.3 0.072 1.26 6.279 1.677 1.674 5.654 1.481 3.962 2.481 0.807 3.125 1.644 0.837 3.075
68.0 149.0 0.077 1.36 6.285 1.707 1.703 5.673 1.499 3.991 2.491 0.788 3.139 1.640 0.852 3.162
72.9 151.9 0.083 1.46 6.291 1.739 1.735 5.687 1.514 4.022 2.509 0.773 3.155 1.641 0.868 3.244
77.7 154.6 0.089 1.56 6.298 1.768 1.764 5.699 1.526 4.051 2.525 0.761 3.169 1.643 0.882 3.316
82.6 156.8 0.095 1.66 6.304 1.791 1.787 5.710 1.537 4.074 2.537 0.750 3.180 1.643 0.894 3.384
87.4 159.3 0.100 1.76 6.310 1.818 1.814 5.718 1.545 4.101 2.556 0.742 3.194 1.649 0.907 3.443
92.3 161.9 0.106 1.86 6.317 1.845 1.840 5.726 1.553 4.127 2.574 0.733 3.207 1.654 0.920 3.509
97.1 163.8 0.111 1.96 6.323 1.865 1.860 5.731 1.557 4.147 2.590 0.730 3.217 1.660 0.930 3.550

101.9 165.9 0.117 2.06 6.329 1.887 1.882 5.734 1.561 4.168 2.607 0.725 3.227 1.666 0.941 3.597
106.8 168.3 0.123 2.16 6.336 1.913 1.908 5.738 1.565 4.194 2.629 0.721 3.240 1.675 0.954 3.644
111.7 170.1 0.128 2.26 6.343 1.931 1.925 5.741 1.568 4.211 2.643 0.718 3.249 1.681 0.962 3.680
116.5 172.7 0.134 2.36 6.349 1.958 1.953 5.743 1.570 4.239 2.669 0.716 3.262 1.692 0.976 3.727
121.3 174.7 0.139 2.45 6.355 1.979 1.973 5.745 1.571 4.259 2.688 0.714 3.272 1.701 0.987 3.763
126.2 176.2 0.145 2.56 6.362 1.994 1.988 5.745 1.572 4.274 2.702 0.714 3.280 1.708 0.994 3.783
131.0 178.0 0.151 2.65 6.368 2.013 2.006 5.746 1.573 4.292 2.719 0.713 3.289 1.716 1.003 3.814
135.9 179.6 0.157 2.75 6.375 2.029 2.022 5.745 1.572 4.308 2.736 0.714 3.297 1.725 1.011 3.834
140.7 181.8 0.162 2.85 6.381 2.051 2.044 5.745 1.572 4.330 2.758 0.714 3.308 1.736 1.022 3.865
145.5 183.7 0.167 2.94 6.387 2.071 2.063 5.744 1.571 4.350 2.779 0.716 3.318 1.747 1.032 3.883
150.4 185.4 0.173 3.04 6.394 2.087 2.080 5.742 1.568 4.366 2.798 0.718 3.326 1.758 1.040 3.897
155.2 187.1 0.179 3.15 6.401 2.105 2.097 5.739 1.566 4.383 2.817 0.720 3.335 1.769 1.048 3.912
160.1 188.3 0.185 3.25 6.407 2.116 2.108 5.737 1.564 4.395 2.831 0.722 3.341 1.777 1.054 3.919
164.9 190.3 0.190 3.34 6.413 2.136 2.128 5.737 1.563 4.414 2.851 0.723 3.350 1.787 1.064 3.944
169.8 191.7 0.196 3.44 6.420 2.150 2.141 5.733 1.560 4.427 2.867 0.726 3.357 1.796 1.071 3.949
174.6 193.5 0.201 3.54 6.427 2.168 2.159 5.731 1.558 4.444 2.887 0.728 3.365 1.807 1.079 3.966
179.4 195.1 0.207 3.64 6.433 2.183 2.174 5.726 1.553 4.459 2.906 0.731 3.372 1.819 1.087 3.973
184.3 196.1 0.213 3.74 6.440 2.192 2.183 5.724 1.551 4.468 2.917 0.734 3.376 1.826 1.092 3.974
189.2 197.6 0.218 3.84 6.447 2.207 2.198 5.720 1.547 4.483 2.935 0.738 3.384 1.836 1.099 3.979
194.0 198.8 0.223 3.93 6.453 2.218 2.209 5.718 1.545 4.494 2.949 0.740 3.389 1.844 1.104 3.985
198.8 200.5 0.229 4.03 6.460 2.235 2.225 5.714 1.541 4.511 2.970 0.744 3.398 1.857 1.113 3.989
203.7 202.0 0.235 4.13 6.466 2.249 2.239 5.711 1.538 4.524 2.986 0.747 3.404 1.866 1.119 3.996
208.5 203.2 0.241 4.24 6.473 2.260 2.249 5.707 1.534 4.535 3.000 0.751 3.410 1.876 1.125 3.996
213.4 204.6 0.247 4.34 6.481 2.274 2.263 5.704 1.531 4.548 3.017 0.754 3.417 1.886 1.131 4.001
218.2 205.6 0.252 4.43 6.487 2.282 2.271 5.700 1.527 4.556 3.030 0.758 3.421 1.894 1.136 3.995
223.1 206.9 0.258 4.54 6.494 2.294 2.283 5.698 1.525 4.568 3.044 0.760 3.427 1.902 1.142 4.003
227.9 208.2 0.264 4.64 6.501 2.306 2.294 5.693 1.520 4.579 3.059 0.765 3.432 1.912 1.147 4.001
232.7 209.7 0.269 4.74 6.508 2.321 2.309 5.691 1.517 4.594 3.076 0.767 3.439 1.922 1.154 4.009
237.6 210.6 0.275 4.84 6.514 2.328 2.316 5.686 1.513 4.600 3.087 0.771 3.442 1.929 1.158 4.003
242.4 211.9 0.280 4.93 6.521 2.340 2.327 5.684 1.510 4.612 3.102 0.774 3.448 1.938 1.164 4.006
254.5 214.0 0.294 5.18 6.538 2.356 2.344 5.672 1.499 4.627 3.128 0.785 3.455 1.956 1.172 3.987
266.6 216.8 0.309 5.43 6.555 2.382 2.368 5.663 1.490 4.652 3.162 0.793 3.468 1.978 1.184 3.985
278.7 219.3 0.323 5.68 6.573 2.403 2.389 5.655 1.482 4.672 3.191 0.802 3.478 1.996 1.194 3.978
290.8 221.7 0.337 5.92 6.589 2.422 2.408 5.646 1.473 4.692 3.219 0.811 3.488 2.015 1.204 3.970
303.0 224.2 0.350 6.16 6.606 2.443 2.428 5.636 1.463 4.712 3.249 0.821 3.498 2.035 1.214 3.957
315.1 226.5 0.365 6.42 6.625 2.462 2.446 5.629 1.456 4.730 3.274 0.828 3.507 2.051 1.223 3.952
327.2 228.7 0.379 6.66 6.642 2.479 2.462 5.619 1.446 4.746 3.300 0.838 3.515 2.069 1.231 3.939
339.3 230.9 0.393 6.91 6.660 2.496 2.479 5.612 1.439 4.762 3.323 0.844 3.522 2.083 1.240 3.938
351.4 233.3 0.407 7.16 6.677 2.516 2.498 5.603 1.430 4.782 3.351 0.853 3.532 2.102 1.249 3.929
363.4 235.0 0.421 7.41 6.695 2.527 2.509 5.596 1.423 4.792 3.369 0.860 3.537 2.114 1.254 3.917
375.5 237.6 0.435 7.66 6.713 2.548 2.529 5.589 1.416 4.812 3.396 0.867 3.547 2.131 1.265 3.918
387.6 240.1 0.449 7.90 6.731 2.569 2.549 5.583 1.410 4.832 3.422 0.873 3.557 2.147 1.275 3.921
399.7 241.7 0.463 8.15 6.749 2.579 2.559 5.574 1.401 4.841 3.440 0.881 3.562 2.161 1.279 3.903
411.8 244.1 0.477 8.40 6.768 2.597 2.576 5.567 1.394 4.858 3.464 0.887 3.570 2.175 1.288 3.903
423.9 246.1 0.491 8.64 6.786 2.611 2.590 5.562 1.388 4.872 3.483 0.893 3.577 2.188 1.295 3.899
436.0 247.8 0.505 8.89 6.804 2.622 2.600 5.554 1.380 4.883 3.502 0.902 3.583 2.202 1.300 3.883
448.1 249.3 0.520 9.15 6.823 2.631 2.609 5.548 1.374 4.891 3.517 0.908 3.587 2.212 1.304 3.872
460.2 251.4 0.534 9.39 6.842 2.645 2.622 5.542 1.369 4.905 3.536 0.914 3.594 2.225 1.311 3.870
472.4 253.1 0.548 9.64 6.860 2.657 2.633 5.537 1.364 4.916 3.552 0.919 3.599 2.235 1.317 3.866
484.5 254.3 0.562 9.88 6.879 2.661 2.637 5.529 1.356 4.918 3.562 0.925 3.599 2.244 1.318 3.850
496.6 256.0 0.576 10.14 6.898 2.672 2.647 5.525 1.351 4.928 3.577 0.930 3.605 2.253 1.324 3.847
508.7 257.4 0.590 10.38 6.917 2.679 2.654 5.521 1.347 4.935 3.587 0.934 3.608 2.261 1.327 3.842
520.8 258.9 0.604 10.64 6.937 2.687 2.661 5.516 1.342 4.942 3.600 0.939 3.612 2.269 1.331 3.834
532.9 260.1 0.619 10.88 6.956 2.692 2.665 5.512 1.339 4.946 3.607 0.942 3.614 2.274 1.333 3.830
545.0 261.3 0.632 11.13 6.975 2.698 2.670 5.508 1.335 4.951 3.617 0.946 3.616 2.282 1.335 3.821
557.1 262.6 0.646 11.37 6.995 2.704 2.676 5.504 1.331 4.957 3.626 0.950 3.619 2.288 1.338 3.815
569.2 264.5 0.661 11.62 7.015 2.715 2.686 5.498 1.325 4.966 3.642 0.956 3.623 2.299 1.343 3.811
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Project: Source: 206-A, 18.0'-20.0' (19.5'-20.0') Lab ID: 298C Test ID
Corr. Corr. Induced Eff. Princ.

Test Axial Axial Axial Corr. Deviator Deviator Pore Pore Stress
Time Load Deform. Strain Area Stress Stress Pressure Pressure σ1 σ1' σ3' p p' q Ratio
(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) (tsf) σ1'/σ3'

175529001

581.3 265.7 0.674 11.86 7.034 2.720 2.691 5.495 1.322 4.971 3.650 0.959 3.626 2.304 1.345 3.806
593.4 267.3 0.689 12.12 7.054 2.728 2.698 5.490 1.317 4.979 3.662 0.964 3.630 2.313 1.349 3.800
605.5 268.4 0.703 12.37 7.074 2.732 2.701 5.488 1.315 4.982 3.668 0.966 3.631 2.317 1.351 3.796
617.6 270.4 0.716 12.61 7.093 2.744 2.713 5.484 1.311 4.993 3.683 0.969 3.637 2.326 1.357 3.800
629.7 270.9 0.731 12.87 7.115 2.742 2.710 5.481 1.308 4.990 3.682 0.972 3.635 2.327 1.355 3.788
641.8 273.2 0.745 13.11 7.135 2.757 2.725 5.476 1.303 5.004 3.701 0.976 3.642 2.339 1.363 3.792
653.9 273.8 0.759 13.36 7.155 2.755 2.722 5.473 1.300 5.002 3.702 0.980 3.641 2.341 1.361 3.778
666.0 275.2 0.774 13.61 7.176 2.761 2.727 5.470 1.297 5.007 3.710 0.983 3.643 2.347 1.364 3.775
678.1 275.8 0.788 13.87 7.197 2.759 2.725 5.469 1.296 5.005 3.709 0.984 3.642 2.346 1.363 3.770
690.2 277.1 0.802 14.12 7.218 2.764 2.730 5.464 1.291 5.009 3.718 0.989 3.645 2.354 1.365 3.761
702.3 278.1 0.816 14.36 7.239 2.767 2.731 5.463 1.290 5.011 3.721 0.990 3.645 2.355 1.366 3.760
714.4 278.9 0.830 14.61 7.260 2.766 2.730 5.459 1.286 5.010 3.724 0.993 3.644 2.359 1.365 3.748
726.5 280.1 0.844 14.85 7.281 2.770 2.733 5.458 1.284 5.012 3.728 0.994 3.645 2.361 1.367 3.749
738.6 281.7 0.858 15.11 7.302 2.778 2.741 5.455 1.282 5.019 3.738 0.997 3.649 2.367 1.370 3.748
750.7 282.6 0.872 15.35 7.323 2.779 2.741 5.453 1.280 5.020 3.740 0.999 3.650 2.370 1.370 3.742
762.8 283.9 0.887 15.60 7.345 2.783 2.744 5.450 1.277 5.023 3.746 1.002 3.651 2.374 1.372 3.740
774.9 285.5 0.901 15.85 7.367 2.790 2.751 5.448 1.275 5.030 3.755 1.004 3.654 2.379 1.375 3.740
787.0 286.4 0.915 16.09 7.388 2.791 2.752 5.446 1.272 5.030 3.758 1.006 3.654 2.382 1.376 3.734
799.1 287.7 0.929 16.35 7.411 2.795 2.755 5.442 1.269 5.033 3.763 1.008 3.655 2.386 1.378 3.733
811.2 289.1 0.943 16.59 7.432 2.801 2.760 5.440 1.266 5.038 3.771 1.011 3.658 2.391 1.380 3.729
823.3 290.1 0.957 16.83 7.454 2.802 2.761 5.438 1.265 5.039 3.774 1.013 3.658 2.393 1.380 3.725
835.4 291.6 0.971 17.09 7.477 2.807 2.765 5.437 1.264 5.043 3.780 1.014 3.661 2.397 1.383 3.726
847.5 293.2 0.985 17.34 7.499 2.814 2.772 5.434 1.261 5.050 3.789 1.017 3.664 2.403 1.386 3.726
859.6 293.8 0.999 17.58 7.522 2.812 2.769 5.432 1.258 5.047 3.788 1.019 3.662 2.404 1.385 3.717
871.2 295.2 1.013 17.82 7.544 2.817 2.773 5.427 1.253 5.050 3.796 1.023 3.663 2.410 1.387 3.711
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 201-ADC, 7.5'-10.0' Lab ID 49
Tested By SK Test Method ASTM D 4318 Method A % + No. 40 4
Test Date 08-07-2019 Prepared Dry Date Received 07-29-2019

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit
19.21 16.55 8.03 34 31.2
19.96 16.96 7.87 24 33.0  
18.52 15.77 7.88 15 34.9 33

  

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index
11.90 10.61 4.31 20.5 20 13
11.89 10.60 4.25 20.3
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 205-A, 12.0'-12.4' Lab ID 218
Tested By KWS Test Method ASTM D 4318 Method A % + No. 40 5
Test Date 08-27-2019 Prepared Dry Date Received 07-29-2019

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit
19.19 17.35 11.16 20 29.7
18.47 16.80 10.97 29 28.6  
19.68 17.79 11.03 34 28.0 29

  

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index
17.79 16.66 11.14 20.5 21 8
18.19 17.08 11.72 20.7
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 205-A, 35.0'-37.0' Lab ID 219
Tested By JMB Test Method ASTM D 4318 Method A % + No. 40 80
Test Date 08-07-2019 Prepared Dry Date Received 07-29-2019

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit

 

  

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index

Comments
Reviewed By
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 207-A, 13.0'-15.0' Lab ID 323
Tested By JMB Test Method ASTM D 4318 Method A % + No. 40 75
Test Date 08-06-2019 Prepared Dry Date Received 07-29-2019

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit

 

  

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index

Comments
Reviewed By
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 208-A, 1.2'-24.5' Lab ID 383
Tested By DB Test Method ASTM D 4318 Method A % + No. 40 5
Test Date 08-13-2019 Prepared Dry Date Received 07-29-2019

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit
23.01 20.32 11.05 16 29.0
20.87 18.72 11.11 22 28.3  
23.23 20.60 10.97 30 27.3 28

  

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index
19.33 17.96 11.39 20.9 21 7
18.33 17.05 10.82 20.5
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 214-A, 23.0'-25.0' Lab ID 621
Tested By CG Test Method ASTM D 4318 Method A % + No. 40 1
Test Date 08-21-2019 Prepared Dry Date Received 07-29-2019

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit
20.51 18.14 9.76 17 28.3
21.85 19.33 9.82 24 26.5  
21.41 19.00 9.34 35 24.9 26

  

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index
17.03 15.80 9.27 18.8 19 7
17.00 15.81 9.39 18.5
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 302-AD, 30.0'-31.5' Lab ID 1197
Tested By KWS Test Method ASTM D 4318 Method A % + No. 40 1
Test Date 08-27-2019 Prepared Dry Date Received 08-14-2019

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit
18.63 17.17 11.44 22 25.5
20.28 18.56 10.99 31 22.7  
19.32 17.70 11.51 18 26.2 24

  

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index
18.44 17.21 11.60 21.9 22 2
17.75 16.52 10.98 22.2

Comments
Reviewed By

10

12

14

16

18

20

22

24

26

28

30

10

M
O

IS
TU

R
E 

C
O

N
TE

N
T,

 %

NUMBER OF BLOWS

Liquid Limit

20 30 4025 50

Template: tmp_lim_input.xlsm
Version: 20170216
Approved By: RJ

Stantec Consulting Services Inc.
Lexington, Kentucky

Reported By: RJ
Report Date: 09/04/2019

810|Page Volume 2 Tab 2 Geotechnical



811|Page Volume 2 Tab 2 Geotechnical



812|Page Volume 2 Tab 2 Geotechnical



813|Page Volume 2 Tab 2 Geotechnical



Page 1 of 7

Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
201-ADC, 1.5'-3.0' 1 8/5/19 Len 3/4'' No 31.69 164.74 140.45 22.3
201-ADC, 6.0'-7.5' 4 8/5/19 Lam No. 10 Yes 30.24 173.07 148.38 20.9
201-ADC, 12.0'-13.5' 8 8/5/19 Hom No. 10 Yes 30.85 192.55 165.90 19.7
201-ADC, 16.5'-18.0' 11 8/5/19 Hom No. 10 Yes 31.79 191.99 162.44 22.6
201-ADC, 23.2'-23.6' Sand 18 8/5/19 Hom No. 10 Yes 30.16 136.07 128.74 7.4
201-ADC, 27.6'-28.5' 23 8/5/19 Hom No. 10 Yes 29.99 193.98 161.04 25.1
201-ADC, 31.5'-33.0' 27 8/5/19 Dist No. 10 Yes 30.12 223.16 184.30 25.2
201-ADC, 36.0'-37.5' Sand 30 8/5/19 Hom No. 10 Yes 31.45 167.81 158.75 7.1
201-ADC, 45.0'-46.5' 35 8/5/19 Dist 1 1/2'' No 31.73 218.03 186.65 20.3
201-ADC, 47.5'-49.0' 36 8/5/19 Dist No. 10 Yes 32.35 183.78 145.94 33.3
201-ADC, 52.5'-54.0' 38 8/5/19 Dist 3/4'' No 30.38 228.33 191.99 22.5
201-ADC, 55.7'-56.5' 40 8/5/19 Dist 3/4'' No 31.40 106.62 92.59 22.9
201-ADC, 60.6'-61.5' 43 8/5/19 Dist 3/4'' No 30.32 216.92 191.60 15.7
201-ADC, 70.0'-71.5' 45 8/5/19 Hom No. 10 Yes 30.16 208.33 177.69 20.8
201-ADC, 75.0'-76.5' 46 8/5/19 Hom No. 10 Yes 31.04 250.29 207.17 24.5
201-ADC, 80.2'-81.4' 48 8/5/19 Hom No. 10 Yes 30.58 168.59 150.10 15.5
202-AD, 3.0'-4.5' 54 8/5/19 Dist 1 1/2'' 2 1 1/2'' No 31.75 177.75 155.46 18.0
202-AD, 6.0'-7.5' 57 8/5/19 Hom No. 10 Yes 31.44 213.83 183.37 20.0
202-AD, 11.3'-12.0' 62 8/5/19 Dist No. 10 Yes 32.15 193.54 170.30 16.8
202-AD, 13.5'-15.0' 65 8/5/19 Hom No. 10 Yes 30.19 219.31 180.45 25.9
202-AD, 19.5'-21.0' 71 8/5/19 Hom No. 10 Yes 32.19 244.34 200.37 26.1
202-AD, 28.5'-30.0' 81 8/5/19 Dist No. 10 Yes 30.76 227.90 194.97 20.1
202-AD, 33.0'-34.5' 84 8/5/19 Dist No. 10 Yes 30.97 190.20 165.74 18.1
202-AD, 37.9'-39.0' 89 8/5/19 Dist No. 10 Yes 31.59 215.75 179.90 24.2
202-AD, 42.5'-43.6' 93 8/5/19 Dist 3/8'' No 30.13 213.74 178.82 23.5
202-AD, 47.5'-48.3' 97 8/5/19 Dist 3/4'' No 31.42 234.44 197.41 22.3
202-AD, 52.5'-53.4' 101 8/5/19 Dist No. 10 Yes 30.16 205.18 165.60 29.2
202-AD, 57.5'-59.0' 104 8/5/19 Hom No. 10 Yes 29.99 227.08 188.73 24.2
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Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
202-AD, 60.0'-61.5' 105 8/5/19 Dist 3/4'' No 30.61 236.28 195.72 24.6
202-AD, 65.0'-66.5' 106 8/5/19 Dist 3/4'' No 31.42 228.61 200.14 16.9
202-AD, 70.0'-71.5' 107 8/5/19 Hom 3/8'' No 30.39 227.92 192.01 22.2
202-AD, 75.0'-75.9' 108 8/5/19 Hom 3/8'' No 31.56 194.53 174.11 14.3
202-AD, 80.0'-81.5' 110 8/5/19 Dist 1 1/2'' 1 1 1/2'' No 31.38 217.20 196.44 12.6
203-AD, 3.0'-4.5' 113 8/5/19 Dist 1 1/2'' 1 1 1/2'' No 30.05 173.54 147.98 21.7
203-AD, 7.5'-9.0' 117 8/5/19 Hom No. 10 Yes 29.94 170.27 141.66 25.6
203-AD, 12.0'-13.5' 120 8/5/19 Len No. 10 Yes 29.98 192.67 162.00 23.2
203-AD, 16.5'-18.0' 123 8/5/19 Hom No. 10 Yes 30.74 242.72 199.14 25.9
203-AD, 22.5'-24.0' 128 8/5/19 Hom No. 10 Yes 30.90 231.76 189.82 26.4
203-AD, 28.5'-30.0' 132 8/5/19 Hom No. 10 Yes 30.02 218.82 184.06 22.6
203-AD, 31.5'-33.0' 134 8/6/19 Hom No. 10 Yes 29.94 249.59 209.89 22.1
203-AD, 37.5'-39.0' 138 8/6/19 Hom No. 10 Yes 30.44 251.47 211.87 21.8
203-AD, 40.5'-42.0' 141 8/6/19 Dist 3/4'' No 30.21 230.04 191.93 23.6
203-AD, 45.0'-46.5' 143 8/6/19 Dist 1 1/2'' 3 1 1/2'' No 29.97 204.09 184.50 12.7
203-AD, 50.3'-51.0' 146 8/6/19 Dist 3/4'' No 30.06 194.78 157.99 28.8
203-AD, 55.0'-56.5' 149 8/6/19 Dist 3/8'' No 29.82 231.75 191.33 25.0
203-AD, 60.0'-61.5' 151 8/6/19 Dist 3/4'' No 29.94 227.93 193.80 20.8
203-AD, 65.0'-66.5' 152 8/6/19 Dist 3/8'' No 30.44 216.47 185.85 19.7
203-AD, 70.0'-71.5' 153 8/6/19 Dist No. 10 Yes 29.85 247.49 205.98 23.6
203-AD, 75.0'-76.5' 154 8/6/19 Dist 3/4'' No 30.51 230.35 194.93 21.5
203-AD, 80.0'-81.5' 155 8/6/19 Dist 1 1/2'' 2 1 1/2'' No 29.97 217.08 194.99 13.4
204-AD, 3.0'-3.5' 160 8/6/19 Dist 1 1/2'' 1 1 1/2'' No 31.29 187.74 163.21 18.6
204-AD, 13.5'-15.0' 169 8/6/19 Hom No. 10 Yes 32.12 193.50 173.90 13.8
204-AD, 17.3'-18.0' 172 8/6/19 Hom No. 10 Yes 31.33 188.30 158.20 23.7
204-AD, 19.5'-21.0' 175 8/6/19 Hom No. 10 Yes 31.08 190.46 167.26 17.0
204-AD, 25.5'-27.0' 181 8/6/19 Hom No. 10 Yes 29.98 187.51 164.16 17.4
204-AD, 31.5'-33.0' 185 8/6/19 Dist No. 10 Yes 32.03 180.51 156.50 19.3
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Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
204-AD, 35.5'-36.0' 191 8/6/19 Dist No. 10 Yes 29.77 195.56 166.89 20.9
204-AD, 42.5'-44.0' 198 8/6/19 Hom 1 1/2'' 1 1 1/2'' No 30.06 247.16 206.30 23.2
204-AD, 47.5'-49.0' 200 8/6/19 Dist 3/8'' No 30.00 245.69 209.30 20.3
204-AD, 52.5'-54.0' 202 8/6/19 Dist 3/8'' No 30.20 229.86 195.21 21.0
204-AD, 57.5'-59.0' 204 8/6/19 Hom 3/4'' No 31.73 217.12 183.79 21.9
204-AD, 62.5'-63.5' 206 8/6/19 Dist 3/4'' No 30.61 219.77 189.07 19.4
204-AD, 67.5'-69.0' 209 8/6/19 Dist 1 1/2'' 2 1 1/2'' No 31.41 223.07 187.41 22.9
204-AD, 75.0'-76.5' 213 8/6/19 Dist 3/4'' No 30.57 232.16 198.16 20.3
204-AD, 77.5'-78.2' 214 8/6/19 Dist 1 1/2'' 1 1 1/2'' No 30.85 225.81 201.20 14.4
205-ADC, 3.0'-4.5' 222 8/6/19 Len 1 1/2'' 1 1 1/2'' No 30.38 191.01 164.46 19.8
205-ADC, 7.5'-9.0' 225 8/6/19 Len 1 1/2'' 1 1 1/2'' No 31.68 152.01 142.52 8.6
205-ADC, 15.0'-16.5' 230 8/6/19 Len 3/4'' No 30.16 186.23 162.85 17.6
205-ADC, 19.5'-21.0' 233 8/6/19 Len 1 1/2'' 2 1 1/2'' No 30.23 210.82 184.88 16.8
205-ADC, 24.0'-25.5' 237 8/6/19 Dist No. 10 Yes 30.20 177.31 155.69 17.2
205-ADC, 30.0'-30.8' 241 8/6/19 Hom No. 10 Yes 30.13 173.06 149.71 19.5
205-ADC, 37.5'-39.0' 253 8/6/19 Dist No. 10 Yes 30.34 180.49 155.87 19.6
205-ADC, 42.5'-43.0' 257 8/6/19 Dist 3/4'' No 32.15 229.34 193.69 22.1
205-ADC, 45.9'-46.5' 260 8/6/19 Dist No. 10 Yes 30.15 218.55 175.58 29.5
205-ADC, 50.0'-51.5' 262 8/6/19 Dist 3/4'' No 30.02 239.53 198.30 24.5
205-ADC, 55.0'-56.5' 264 8/6/19 Hom 1 1/2'' No 31.58 236.57 200.38 21.4
205-ADC, 60.0'-61.5' 266 8/6/19 Dist 1 1/2'' 2 1 1/2'' No 32.17 226.28 195.06 19.2
205-ADC, 65.0'-66.5' 267 8/6/19 Hom 1 1/2'' No 31.72 232.92 197.52 21.4
205-ADC, 70.0'-71.5' 268 8/6/19 Dist 1 1/2'' No 32.36 247.08 218.22 15.5
205-ADC, 75.0'-76.5' 269 8/6/19 Dist 1 1/2'' 2 1 1/2'' No 30.76 237.44 209.49 15.6
205-ADC, 80.0'-81.5' 270 8/6/19 Dist 1 1/2'' 2 1 1/2'' No 31.03 235.65 210.04 14.3
206-A, 31.5'-32.3' 272 8/6/19 Hom No. 10 Yes 29.98 207.24 172.76 24.1
206-A, 36.5'-38.0' 276 8/6/19 Dist No. 10 Yes 31.44 242.06 198.43 26.1
206-A, 41.0'-42.5' 279 8/6/19 Dist No. 10 Yes 31.43 252.81 209.11 24.6
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Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
206-A, 46.0'-46.5' 282 8/7/19 Hom No. 10 Yes 31.81 207.75 169.40 27.9
206-A, 50.0'-51.5' 283 8/7/19 Hom 3/8'' No 30.97 227.52 190.15 23.5
206-A, 55.0'-56.5' 286 8/7/19 Dist 3/4'' No 31.46 226.18 182.03 29.3
206-A, 60.0'-61.5' 288 8/7/19 Hom No. 10 Yes 30.17 196.53 148.68 40.4
206-A, 66.2'-66.5' 291 8/7/19 Dist 1 1/2'' No 31.42 196.49 177.32 13.1
206-A, 70.0'-71.5' 293 8/7/19 Dist No. 10 Yes 30.12 255.15 203.37 29.9
206-A, 72.5'-74.0' 294 8/7/19 Dist No. 10 Yes 29.98 264.72 218.22 24.7
206-A, 80.0'-81.5' 296 8/7/19 Dist 1 1/2'' 3 1 1/2'' No 32.03 224.97 199.73 15.1
206-ADC, 3.0'-4.5' 303 8/7/19 Dist 3/4'' No 30.44 198.40 183.82 9.5
206-ADC, 9.0'-10.5' 307 8/7/19 Len 1 1/2'' 1 1 1/2'' No 30.06 203.19 175.52 19.0
206-ADC, 21.0'-22.5' 315 8/7/19 Dist No. 10 Yes 30.06 196.30 162.95 25.1
206-ADC, 25.5'-27.0' 318 8/7/19 Hom No. 10 Yes 32.09 225.47 184.44 26.9
206-ADC, 28.5'-30.0' 320 8/7/19 Hom No. 10 Yes 30.49 208.90 171.24 26.8
207-ADC, 3.0'-4.5' 330 8/7/19 Len No. 10 Yes 29.94 212.92 183.10 19.5
207-ADC, 6.0'-7.1' 332 8/7/19 Len No. 10 Yes 30.02 203.05 173.06 21.0
207-ADC, 11.6'-12.0' 340 8/7/19 Dist 3/8'' No 31.33 140.76 121.67 21.1
207-ADC, 19.5'-21.0' 350 8/7/19 Dist No. 10 Yes 29.77 202.91 158.26 34.7
207-ADC, 22.5'-23.4' 353 8/7/19 Dist No. 10 Yes 30.89 169.64 138.69 28.7
207-ADC, 27.0'-28.5' 356 8/7/19 Dist No. 10 Yes 29.94 216.16 171.65 31.4
207-ADC, 30.0'-31.5' 358 8/7/19 Dist No. 10 Yes 30.43 243.66 192.04 31.9
207-ADC, 34.5'-36.0' 362 8/7/19 Dist No. 10 Yes 31.09 210.78 161.02 38.3
207-ADC, 39.7'-40.5' 367 8/7/19 Dist 1 1/2'' No 29.99 245.09 211.11 18.8
207-ADC, 45.0'-46.5' 369 8/7/19 Dist 1 1/2'' 2 1 1/2'' No 29.84 244.44 209.90 19.2
207-ADC, 50.0'-51.5' 371 8/7/19 Dist 1 1/2'' 1 1 1/2'' No 30.73 210.49 187.60 14.6
207-ADC, 55.0'-56.5' 373 8/7/19 Dist 1 1/2'' 1 1 1/2'' No 29.82 252.55 219.29 17.6
208-ADC, 4.5'-6.0' 386 8/7/19 Dist No. 10 Yes 30.21 204.86 165.46 29.1
208-ADC, 7.5'-9.0' 390 8/7/19 Dist No. 10 Yes 30.38 225.11 180.58 29.6
208-ADC, 12.0'-13.5' 394 8/7/19 Hom No. 10 Yes 30.01 207.68 162.76 33.8
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Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
208-ADC, 18.0'-18.5' 399 8/5/19 Hom No. 4 No 21.40 71.88 59.66 31.9
208-ADC, 27.0'-28.0' 412 8/5/19 Hom No. 4 No 21.88 93.44 79.12 25.0
208-ADC, 30.0'-30.8' 415 8/5/19 Dist 3/4'' No 21.18 94.39 82.21 20.0
208-ADC, 36.0'-37.5' 420 8/5/19 Dist 3/4'' No 21.80 97.04 84.03 20.9
208-ADC, 43.0'-44.5' 423 8/5/19 Dist 3/4'' No 21.37 102.02 86.63 23.6
208-ADC, 50.0'-50.8' 426 8/6/19 Dist 1 1/2'' No 21.09 86.54 79.57 11.9
208-ADC, 55.0'-56.5' 428 8/6/19 Dist 1 1/2'' 3 1 1/2'' No 19.74 94.23 86.36 11.8
210-AD, 5.5'-7.0' 443 8/6/19 Dist 3/8'' No 21.01 85.36 75.00 19.2
210-AD, 8.5'-10.0' 445 8/6/19 Hom No. 4 No 21.01 91.11 76.56 26.2
210-AD, 13.0'-14.5' 448 8/6/19 Dist No. 4 No 21.20 116.05 91.87 34.2
210-AD, 17.8'-19.0' 453 8/6/19 Dist No. 4 No 21.09 107.04 89.15 26.3
210-AD, 22.0'-23.5' 457 8/6/19 Dist No. 4 No 21.49 90.24 77.14 23.5
210-AD, 26.5'-28.0' Sand 461 8/6/19 Dist No. 4 No 20.54 87.22 83.53 5.9
210-AD, 32.5'-34.0' 465 8/6/19 Dist No. 4 No 20.59 114.10 97.00 22.4
210-AD, 38.5'-40.0' 469 8/6/19 Dist 3/4'' No 21.43 113.02 97.77 20.0
210-AD, 42.5'-44.0' 471 8/6/19 Dist No. 4 No 20.90 116.39 98.06 23.8
210-AD, 47.5'-49.0' 473 8/6/19 Dist 3/4'' No 20.65 103.14 88.51 21.6
210-AD, 50.0'-51.5' 474 8/6/19 Dist 1 1/2'' 1 1 1/2'' No 21.47 94.25 85.30 14.0
210-AD, 55.0'-56.5' 476 8/6/19 Dist 3/4'' No 21.91 101.74 89.63 17.9
210-AD, 60.0'-61.5' 478 8/6/19 Dist No. 4 No 21.47 107.12 91.48 22.3
210-AD, 65.0'-66.5' 479 8/6/19 Dist 1 1/2'' 2 1 1/2'' No 21.14 87.82 80.04 13.2
210-AD, 70.0'-71.5' 480 8/6/19 Dist 1 1/2'' 4 1 1/2'' No 20.93 102.52 92.26 14.4
211-AD, 3.0'-4.5' 484 8/6/19 Dist No. 4 No 20.61 84.15 75.22 16.4
211-AD, 7.5'-8.5' 489 8/6/19 Dist No. 4 No 21.92 80.39 73.95 12.4
211-AD, 12.0'-13.5' 494 8/6/19 Hom No. 4 No 21.37 109.19 91.74 24.8
211-AD, 18.0'-19.5' 498 8/6/19 Hom No. 4 No 21.83 97.72 78.80 33.2
211-AD, 22.5'-24.0' 501 8/6/19 Dist No. 4 No 21.37 115.05 91.02 34.5
211-AD, 25.5'-27.0' 503 8/6/19 Dist No. 4 No 21.01 97.22 77.39 35.2
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Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
211-AD, 33.0'-34.0' 509 8/8/19 Dist No. 10 Yes 31.28 199.38 154.05 36.9
211-AD, 37.5'-39.0' 513 8/8/19 Dist 1 1/2'' No 30.19 243.99 197.59 27.7
211-AD, 40.5'-42.0' 515 8/8/19 Dist 1 1/2'' No 29.96 261.35 220.70 21.3
211-AD, 47.5'-49.0' 519 8/8/19 Dist No. 10 Yes 31.54 258.90 215.70 23.5
211-AD, 53.3'-54.0' 522 8/8/19 Dist 1 1/2'' 1 1 1/2'' No 29.97 231.38 195.64 21.6
211-AD, 57.5'-59.0' 524 8/8/19 Dist 3/8'' No 31.37 281.56 236.20 22.1
211-AD, 60.0'-61.5' 525 8/8/19 Dist 1 1/2'' 2 1 1/2'' No 30.05 241.32 205.20 20.6
211-AD, 65.0'-66.5' 526 8/8/19 Dist 1 1/2'' 6 1 1/2'' No 29.93 226.89 201.23 15.0
211-AD, 70.0'-71.5' 527 8/8/19 Dist 1 1/2'' 2 1 1/2'' No 31.39 224.87 201.55 13.7
212-AD, 3.0'-4.5' 531 8/8/19 Hom No. 10 Yes 30.18 218.69 191.10 17.1
212-AD, 7.5'-9.0' 534 8/8/19 Hom No. 10 Yes 31.92 198.02 169.41 20.8
212-AD, 13.5'-15.0' 538 8/8/19 Hom No. 10 Yes 31.60 229.60 182.29 31.4
212-AD, 19.5'-21.0' 541 8/8/19 Hom No. 10 Yes 30.77 223.53 174.00 34.6
212-AD, 22.5'-24.0' 544 8/8/19 Hom No. 10 Yes 31.09 229.07 188.32 25.9
212-AD, 25.5'-27.0' 546 8/8/19 Hom No. 10 Yes 31.02 227.88 190.88 23.1
212-AD, 31.5'-33.0' 551 8/8/19 Dist No. 10 Yes 31.67 189.42 174.27 10.6
212-AD, 37.5'-38.5' 557 8/8/19 Dist 1 1/2'' 4 1 1/2'' No 30.97 247.77 205.38 24.3
212-AD, 42.5'-44.0' 562 8/8/19 Hom 1 1/2'' 1 1 1/2'' No 32.07 223.29 187.72 22.9
212-AD, 47.5'-49.0' 564 8/8/19 Hom 3/4'' No 31.53 253.47 213.90 21.7
212-AD, 52.5'-54.0' 566 8/8/19 Hom No. 10 Yes 31.75 264.04 213.82 27.6
212-AD, 57.5'-59.0' 569 8/8/19 Dist No. 4 Yes 29.97 221.12 184.25 23.9
212-AD, 60.0'-61.5' 570 8/8/19 Dist 1 1/2'' 1 1 1/2'' No 31.55 234.12 201.70 19.1
213-AD, 3.0'-4.5' 573 8/8/19 Dist 1 1/2'' 1 1 1/2'' No 29.83 198.84 172.90 18.1
213-AD, 7.5'-9.0' 577 8/8/19 Hom No. 10 Yes 31.86 204.74 185.91 12.2
213-AD, 12.0'-13.3' 580 8/8/19 Hom No. 10 Yes 29.99 191.10 175.52 10.7
213-AD, 18.0'-19.0' 586 8/8/19 Dist No. 10 Yes 30.49 216.94 184.48 21.1
213-AD, 22.5'-24.0' 592 8/8/19 Dist No. 10 Yes 30.06 219.62 185.51 21.9
213-AD, 27.0'-28.5' 595 8/8/19 Dist No. 10 Yes 30.04 231.34 186.43 28.7
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Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
213-AD, 33.0'-34.5' 601 8/8/19 Dist No. 10 Yes 30.47 211.30 180.93 20.2
213-AD, 37.5'-39.0' 604 8/8/19 Dist No. 10 Yes 30.67 224.40 192.06 20.0
213-AD, 42.5'-44.0' 608 8/8/19 Dist No. 10 Yes 31.36 278.04 235.11 21.1
213-AD, 47.5'-48.6' 611 8/8/19 Dist No. 10 Yes 30.12 260.89 218.76 22.3
213-AD, 52.5'-54.0' 614 8/8/19 Dist No. 10 Yes 31.30 109.15 95.10 22.0
213-AD, 57.5'-59.0' 616 8/8/19 Dist 3/4'' No 31.46 239.24 201.90 21.9
213-AD, 60.0'-61.1' 617 8/8/19 Hom 3/8'' No 30.26 228.37 193.93 21.0
214-ADC, 9.0'-9.9' 628 8/8/19 Hom No. 10 Yes 30.12 179.54 166.97 9.2
214-ADC, 15.0'-16.5' 633 8/8/19 Hom No. 10 Yes 29.66 193.29 174.01 13.4
214-ADC, 19.5'-21.0' 636 8/8/19 Hom No. 10 Yes 31.62 206.35 186.44 12.9
214-ADC, 27.6'-28.2' 645 8/8/19 Dist No. 10 Yes 30.36 244.52 192.79 31.8
214-ADC, 33.0'-34.5' 651 8/8/19 Dist No. 10 Yes 31.72 218.95 166.71 38.7
214-ADC, 37.5'-38.0' 657 8/8/19 Hom No. 10 Yes 31.50 263.67 205.72 33.3
214-ADC, 42.0'-43.6' 662 8/8/19 Dist 3/4'' No 31.10 204.54 170.82 24.1
214-ADC, 47.8'-49.0' 667 8/8/19 Dist 3/4'' No 30.03 203.52 158.16 35.4
214-ADC, 52.5'-54.0' 670 8/8/19 Hom No. 10 Yes 31.46 243.07 207.79 20.0
214-ADC, 60.0'-61.5' 673 8/8/19 Hom No. 10 Yes 30.67 249.74 213.68 19.7
214-ADC, 65.0'-66.5' 674 8/8/19 Hom No. 10 Yes 30.32 215.10 185.17 19.3
214-ADC, 70.0'-71.5' 675 8/8/19 Dist 3/4'' No 29.97 220.65 189.93 19.2
214-ADC, 80.0'-81.5' 677 8/8/19 Dist 1 1/2'' 3 1 1/2'' No 31.54 234.17 213.78 11.2
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Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
216-ADC, 1.5'-3.0' 1050 8/16/19 Dist 3/4'' No 31.73 190.06 161.20 22.3
216-ADC, 7.5'-9.0' 1055 8/16/19 Hom No. 10 Yes 31.60 197.59 161.32 28.0
216-ADC, 12.0'-13.5' 1058 8/16/19 Dist No. 10 Yes 30.31 228.14 187.25 26.1
216-ADC, 18.0'-18.6' 1063 8/16/19 Dist No. 10 Yes 32.14 242.63 193.10 30.8
216-ADC, 21.0'-21.7' 1067 8/16/19 Dist No. 10 Yes 31.47 201.16 157.59 34.5
216-ADC, 30.6'-31.5' 1075 8/16/19 Dist 1 1/2'' 1 1 1/2'' No 30.16 228.84 181.17 31.6
216-ADC, 37.5'-39.0' 1080 8/16/19 Dist No. 10 Yes 31.76 273.96 230.20 22.1
216-ADC, 42.5'-44.0' 1083 8/16/19 Dist No. 10 Yes 31.41 231.32 196.61 21.0
216-ADC, 47.5'-49.0' 1085 8/16/19 Dist No. 10 Yes 29.99 237.86 199.76 22.4
216-ADC, 52.5'-54.0' 1087 8/16/19 Dist No. 10 Yes 30.15 269.17 224.57 22.9
216-ADC, 57.5'-59.0' 1090 8/16/19 Dist 1 1/2'' 2 1 1/2'' No 31.44 236.42 208.57 15.7
217-AD, 1.5'-3.0' 1094 8/16/19 Dist 1 1/2'' 1 1 1/2'' No 30.12 213.30 196.33 10.2
217-AD, 7.5'-8.6' 1098 8/16/19 Dist 3/4'' No 30.66 221.94 190.81 19.4
217-AD, 12.0'-13.5' 1102 8/16/19 Hom No. 10 Yes 32.35 224.18 189.46 22.1
217-AD, 21.0'-22.5' 1110 8/16/19 Hom No. 10 Yes 31.82 258.60 205.51 30.6
217-AD, 27.0'-28.5' 1115 8/16/19 Dist No. 10 Yes 30.92 249.19 205.56 25.0
217-AD, 36.0'-37.5' 1124 8/16/19 Dist 1 1/2'' 1 1 1/2'' No 31.39 240.86 203.00 22.1
217-AD, 42.5'-44.0' 1129 8/16/19 Hom No. 10 Yes 30.58 276.23 224.50 26.7
217-AD, 47.5'-49.0' 1131 8/16/19 Dist 3/4'' No 30.87 263.38 220.40 22.7
217-AD, 52.5'-54.0' 1133 8/16/19 Dist No. 10 Yes 30.74 288.00 237.93 24.2
217-AD, 57.5'-59.0' 1135 8/16/19 Dist No. 10 Yes 30.97 239.70 199.40 23.9
217-AD, 62.5'-64.0' 1137 8/16/19 Dist 1 1/2'' 3 1 1/2'' No 31.42 249.66 220.46 15.4
217-AD, 68.1'-69.1' 1139 8/16/19 Dist 1 1/2'' 1 1 1/2'' No 31.68 205.56 185.26 13.2
302-A, 13.0'-15.0' 1168 8/16/19 Hom No. 4 No 17.34 76.41 66.66 19.8
302-AD, 3.0'-4.5' 1172 8/16/19 Dist 1 1/2'' 2 1 1/2'' No 30.76 206.90 182.96 15.7
302-AD, 7.5'-9.0' 1175 8/16/19 Hom No. 10 Yes 31.08 198.63 165.30 24.8
302-AD, 18.0'-19.5' 1182 8/16/19 Dist No. 10 Yes 32.16 266.16 208.78 32.5
302-AD, 21.6'-22.5' 1185 8/16/19 Dist No. 10 Yes 30.38 252.81 204.09 28.0
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Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
302-AD, 27.0'-27.7' 1193 8/16/19 Dist No. 10 Yes 30.62 285.33 244.43 19.1
302-AD, 35.0'-36.0' 1202 8/16/19 Dist 3/4'' No 30.11 235.09 194.34 24.8
302-AD, 40.5'-41.5' 1206 8/16/19 Dist No. 10 Yes 32.02 265.84 222.65 22.7
302-AD, 45.0'-46.5' 1210 8/17/19 Dist No. 10 Yes 31.75 245.77 204.20 24.1
302-AD, 50.0'-51.5' 1212 8/17/19 Dist No. 10 Yes 30.02 283.80 238.00 22.0
302-AD, 55.0'-56.5' 1214 8/17/19 Dist No. 10 Yes 31.59 281.87 232.88 24.3
302-AD, 60.0'-61.5' 1216 8/17/19 Dist No. 10 Yes 31.42 256.67 212.11 24.7
302-AD, 65.0'-66.5' 1219 8/17/19 Hom 3/4'' No 30.08 250.97 210.61 22.4
303-ADC, 1.5'-3.0' 1225 8/17/19 Dist 1 1/2'' 1 1 1/2'' No 31.43 209.20 183.17 17.2
303-ADC, 6.0'-7.5' 1228 8/17/19 Hom No. 10 Yes 30.64 197.70 160.10 29.0
303-ADC, 10.5'-12.0' 1231 8/17/19 Hom No. 10 Yes 29.76 194.79 158.62 28.1
303-ADC, 15.0'-16.5' 1234 8/17/19 Len No. 10 Yes 30.19 230.79 194.00 22.5
303-ADC, 21.6'-22.5' 1241 8/17/19 Len No. 10 Yes 29.96 208.97 155.78 42.3
303-ADC, 25.5'-27.0' 1245 8/17/19 Dist 3/4'' No 30.23 246.76 208.45 21.5
303-ADC, 30.0'-31.5' 1249 8/17/19 Dist 1 1/2'' 4 1 1/2'' No 31.36 261.50 223.86 19.6
303-ADC, 34.5'-36.0' 1253 8/17/19 Dist No. 10 Yes 29.92 255.86 210.04 25.4
303-ADC, 40.5'-42.0' 1257 8/17/19 Dist No. 10 Yes 31.57 272.81 222.06 26.6
303-ADC, 45.0'-46.5' 1259 8/17/19 Hom No. 10 Yes 30.24 261.03 214.84 25.0
303-ADC, 50.0'-50.8' 1261 8/17/19 Hom No. 10 Yes 30.30 206.01 169.90 25.9
303-ADC, 55.0'-56.5' 1264 8/17/19 Dist 1 1/2'' 2 1 1/2'' No 30.71 247.14 217.34 16.0
303-ADC, 60.0'-60.6' 1266 8/17/19 Len No. 10 Yes 30.00 241.78 206.40 20.1
303-ADC, 65.0'-66.5' No Sample 1270 8/17/19
304-ADC, 1.5'-3.0' 1280 8/17/19 Dist No. 10 Yes 30.95 202.57 163.89 29.1
304-ADC, 4.5'-6.0' 1282 8/17/19 Hom No. 10 Yes 30.48 185.72 148.51 31.5
304-ADC, 10.5'-12.0' 1287 8/17/19 Len No. 10 Yes 29.98 190.02 155.93 27.1
304-ADC, 19.5'-20.4' 1295 8/17/19 Hom No. 10 Yes 30.34 247.16 200.14 27.7
304-ADC, 22.5'-24.0' 1299 8/17/19 Hom No. 10 Yes 31.20 242.56 200.46 24.9
304-ADC, 29.4'-30.0' 1307 8/17/19 Dist 3/4'' No 30.38 199.56 161.02 29.5
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Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
304-ADC, 33.0'-34.5' 1310 8/17/19 Len No. 10 Yes 30.25 230.32 182.73 31.2
304-ADC, 42.5'-44.0' 1318 8/17/19 Dist No. 10 Yes 29.91 255.88 200.60 32.4
304-ADC, 47.5'-49.0' 1320 8/17/19 Dist 1 1/2'' 1 1 1/2'' No 31.91 199.62 169.86 21.6
304-ADC, 52.5'-54.0' 1323 8/17/19 Dist No. 10 Yes 29.95 237.66 195.74 25.3
304-ADC, 57.5'-59.0' 1325 8/17/19 Dist 1 1/2'' No 29.60 253.30 227.97 12.8
304-ADC, 62.5'-64.0' 1327 8/17/19 Dist 3/4'' No 30.24 204.87 182.16 14.9
305-ADC, 1.5'-3.0' 1332 8/17/19 Len 3/4'' No 30.23 200.36 180.95 12.9
305-ADC, 7.5'-9.0' 1336 8/17/19 Dist 1 1/2'' 7 1 1/2'' No 30.49 184.53 173.84 7.5
305-ADC, 12.0'-13.5' 1339 8/17/19 Len No. 10 Yes 29.94 190.54 152.00 31.6
305-ADC, 18.0'-19.5' 1345 8/17/19 Dist No. 10 Yes 30.01 224.73 190.48 21.3
305-ADC, 29.6'-30.0' 1356 8/17/19 Dist No. 10 Yes 30.96 238.16 197.06 24.7
305-ADC, 33.0'-34.5' 1361 8/17/19 Dist No. 10 Yes 31.41 238.04 200.49 22.2
305-ADC, 39.0'-40.5' 1365 8/17/19 Hom No. 10 Yes 31.38 279.39 234.89 21.9
305-ADC, 42.5'-44.0' 1367 8/17/19 Hom No. 10 Yes 30.09 295.76 245.06 23.6
305-ADC, 47.5'-49.0' 1369 8/17/19 Dist No. 10 Yes 29.83 254.49 215.91 20.7
305-ADC, 52.5'-54.0' 1371 8/17/19 Dist No. 10 Yes 30.19 236.71 198.33 22.8
305-ADC, 57.5'-59.0' 1373 8/17/19 Dist No. 10 Yes 31.38 243.95 206.10 21.7
305-ADC, 66.0'-66.5' 1376 8/17/19 Dist 3/8'' No 29.76 233.96 200.10 19.9
306-ADC, 1.5'-3.0' 1383 8/17/19 Len 3/4'' No 29.97 223.59 200.97 13.2
306-ADC, 7.5'-9.0' 1387 8/17/19 Dist 3/4'' No 30.17 234.96 203.09 18.4
306-ADC, 13.5'-15.0' 1391 8/17/19 Len No. 10 Yes 31.01 208.80 170.37 27.6
306-ADC, 18.0'-19.5' 1394 8/17/19 Len No. 10 Yes 32.04 214.14 175.71 26.7
306-ADC, 22.5'-24.0' 1400 8/17/19 Len No. 10 Yes 30.06 196.79 157.32 31.0
306-ADC, 28.5'-30.0' 1404 8/17/19 Dist No. 10 Yes 30.64 237.00 175.48 42.5
306-ADC, 31.5'-33.0' 1406 8/17/19 Hom No. 10 Yes 30.03 235.17 169.29 47.3
306-ADC, 36.0'-36.5' 1411 8/17/19 Len 3/4'' No 30.19 202.13 170.94 22.2
309-ADC, 1.5'-3.0' 1470 8/17/19 Hom No. 10 Yes 31.35 220.75 184.20 23.9
309-ADC, 7.2'-7.5' 1474 8/17/19 Hom No. 10 Yes 31.54 73.15 69.00 11.1
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Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
309-ADC, 12.0'-13.5' 1480 8/17/19 Hom No. 10 Yes 31.84 217.34 180.53 24.8
309-ADC, 18.0'-18.5' 1485 8/17/19 Dist No. 10 Yes 30.89 245.11 200.33 26.4
309-ADC, 22.5'-24.0' 1490 8/17/19 Hom No. 10 Yes 30.42 243.75 199.60 26.1
309-ADC, 28.5'-30.0' 1495 8/17/19 Dist No. 10 Yes 30.04 271.39 214.98 30.5
309-ADC, 33.0'-34.5' 1498 8/17/19 Dist 1 1/2'' 1 1 1/2'' No 31.53 242.64 199.87 25.4
309-ADC, 37.5'-39.0' 1502 8/17/19 Dist 3/4'' No 31.12 284.47 235.79 23.8
309-ADC, 42.5'-44.0' 1505 8/17/19 Dist 1 1/2'' 1 1 1/2'' No 31.29 247.14 204.86 24.4
309-ADC, 47.5'-49.0' 1508 8/17/19 Dist 1 1/2'' 1 1 1/2'' No 30.11 240.92 209.43 17.6
309-ADC, 52.5'-54.0' 1510 8/17/19 Dist 1 1/2'' 2 1 1/2'' No 30.74 241.88 216.00 14.0
309-ADC, 55.0'-56.5' 1511 8/17/19 Dist 1 1/2'' 3 1 1/2'' No 31.46 248.71 216.63 17.3
310b-AD, 4.5'-6.0' 1518 8/17/19 Len No. 10 Yes 30.60 215.96 177.17 26.5
310b-AD, 9.0'-10.5' 1521 8/17/19 Len No. 10 Yes 31.31 222.34 182.34 26.5
310b-AD, 13.5'-15.0' 1524 8/17/19 Len No. 10 Yes 31.52 252.22 200.90 30.3
310b-AD, 21.0'-22.1' 1530 8/17/19 Dist No. 10 Yes 30.13 246.92 202.78 25.6
310b-AD, 27.0'-28.5' 1536 8/17/19 Dist No. 10 Yes 30.71 229.45 184.10 29.6
310b-AD, 31.5'-33.0' 1540 8/17/19 Dist No. 10 Yes 30.19 231.11 191.37 24.7
310b-AD, 37.9'-39.0' 1545 8/17/19 Dist No. 10 Yes 31.44 274.25 220.37 28.5
310b-AD, 40.8'-41.6' 1548 8/17/19 Dist No. 10 Yes 29.86 224.80 175.52 33.8
310b-AD, 45.0'-46.5' 1552 8/17/19 Dist No. 10 Yes 30.21 235.14 192.65 26.2
310b-AD, 50.0'-51.5' 1554 8/17/19 Dist 3/4'' No 31.95 252.30 213.65 21.3
311-ADC, 3.0'-4.5' 1557 8/17/19 Len No. 10 Yes 30.46 222.72 185.59 23.9
311-ADC, 7.5'-9.0' 1561 8/17/19 Len No. 10 Yes 30.05 226.84 184.05 27.8
311-ADC, 13.5'-15.0' 1565 8/17/19 Len No. 10 Yes 31.50 230.98 183.98 30.8
311-ADC, 18.0'-19.5' 1568 8/17/19 Dist No. 10 Yes 29.99 227.82 176.30 35.2
311-ADC, 21.0'-22.5' 1570 8/17/19 Dist No. 10 Yes 29.98 257.07 200.13 33.5
311-ADC, 27.0'-28.5' 1576 8/17/19 Dist No. 10 Yes 30.43 247.59 194.01 32.8
311-ADC, 31.5'-33.0' 1579 8/17/19 Dist No. 10 Yes 31.65 267.89 209.44 32.9
311-ADC, 37.5'-39.0' 1584 8/17/19 Hom No. 10 Yes 31.60 225.91 184.68 26.9
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Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
311-ADC, 42.5'-44.0' 1587 8/18/19 Hom No. 10 Yes 31.19 254.81 205.94 28.0
311-ADC, 47.5'-49.0' 1589 8/18/19 Hom No. 10 Yes 30.50 249.00 203.22 26.5
311-ADC, 52.5'-54.0' 1591 8/18/19 Dist No. 10 Yes 29.95 275.94 229.22 23.4
311-ADC, 55.0'-56.5' 1592 8/18/19 Dist No. 10 Yes 30.61 271.82 226.47 23.2
311-ADC, 60.0'-61.5' 1594 8/18/19 Dist No. 10 Yes 32.02 236.83 196.47 24.5
314-AD, 3.0'-4.5' 1599 8/18/19 Dist 3/4'' No 30.00 208.44 186.90 13.7
314-AD, 7.5'-9.0' 1602 8/18/19 Dist No. 10 Yes 29.80 215.74 186.95 18.3
314-AD, 11.2'-12.0' 1605 8/18/19 Dist 3/8'' No 30.75 205.75 166.15 29.2
314-AD, 16.5'-18.0' 1609 8/18/19 Len No. 10 Yes 30.51 202.44 171.31 22.1
314-AD, 19.5'-21.0' 1611 8/18/19 Hom No. 10 Yes 29.95 254.70 206.85 27.0
314-AD, 28.5'-30.0' 1619 8/18/19 Dist 1 1/2'' 2 1 1/2'' No 30.09 238.40 204.31 19.6
314-AD, 33.0'-34.5' 1622 8/18/19 Dist No. 10 Yes 31.54 263.95 219.01 24.0
314-AD, 39.0'-40.5' 1626 8/18/19 Dist No. 10 Yes 31.59 286.65 234.89 25.5
314-AD, 42.5'-44.0' 1628 8/18/19 Dist No. 10 Yes 31.54 281.17 229.66 26.0
314-AD, 47.5'-49.0' 1630 8/18/19 Dist No. 10 Yes 31.79 268.22 217.84 27.1
314-AD, 52.5'-53.3' 1632 8/18/19 Dist 3/4'' No 30.26 264.22 217.77 24.8
314-AD, 57.5'-58.1' 1635 8/18/19 Dist 1 1/2'' 2 1 1/2'' No 30.99 243.33 214.04 16.0
314-AD, 65.0'-66.2' 1638 8/18/19 Dist 3/4'' No 30.07 254.57 223.89 15.8
315-ADC, 1.5'-2.8' 1645 8/18/19 Len No. 10 Yes 30.85 211.75 177.81 23.1
315-ADC, 7.5'-9.0' 1652 8/18/19 Hom No. 10 Yes 31.37 224.27 185.95 24.8
315-ADC, 10.5'-12.0' 1654 8/18/19 Hom No. 10 Yes 30.21 226.88 187.95 24.7
315-ADC, 18.4'-19.1' 1663 8/18/19 Dist No. 10 Yes 30.26 218.72 183.23 23.2
315-ADC, 22.5'-24.0' 1667 8/18/19 Dist No. 10 Yes 31.61 230.70 195.07 21.8
315-ADC, 28.5'-30.0' 1671 8/18/19 Dist No. 10 Yes 30.09 235.07 191.80 26.8
315-ADC, 36.0'-37.5' 1676 8/18/19 Dist 3/4'' No 30.36 266.86 231.50 17.6
315-ADC, 40.5'-41.4' 1680 8/18/19 Dist No. 10 Yes 30.12 177.26 153.30 19.5
315-ADC, 45.0'-46.5' 1683 8/18/19 Dist No. 10 Yes 31.01 223.18 184.43 25.3
315-ADC, 50.0'-51.5' 1686 8/18/19 Dist No. 10 Yes 30.20 247.14 193.63 32.7
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Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
315-ADC, 55.0'-56.5' 1688 8/18/19 Dist No. 10 Yes 30.28 261.01 200.15 35.8
315-ADC, 60.0'-61.5' 1690 8/18/19 Hom No. 10 Yes 30.36 242.93 189.86 33.3
315-ADC, 65.0'-66.5' 1691 8/18/19 Hom No. 10 Yes 31.51 284.72 229.23 28.1
315-ADC, 70.0'-71.5' 1692 8/18/19 Hom No. 10 Yes 31.54 263.81 215.09 26.5
401-AD, 3.0'-4.5' 1696 8/18/19 Hom No. 10 Yes 31.76 225.71 189.68 22.8
401-AD, 6.0'-7.5' 1698 8/18/19 Hom No. 10 Yes 30.15 241.24 194.09 28.8
401-AD, 10.5'-12.0' 1701 8/18/19 Dist No. 10 Yes 30.22 224.81 179.20 30.6
401-AD, 15.0'-16.5' 1704 8/18/19 Dist No. 10 Yes 30.24 241.54 192.07 30.6
401-AD, 19.5'-21.0' 1707 8/18/19 Dist No. 10 Yes 31.46 221.37 173.53 33.7
401-AD, 27.0'-28.0' 1712 8/18/19 Hom No. 10 Yes 31.54 227.49 181.47 30.7
401-AD, 30.0'-31.5' 1714 8/18/19 Dist 3/4'' No 30.01 248.14 182.47 43.1
314-D, 0.5'-5.0' 1716 8/27/19 Dist 3/4'' No 45.05 313.15 295.56 7.0
508-ADC, 0.1'-1.5' 1719 8/18/19 Dist 1 1/2'' 2 1 1/2'' No 31.82 221.26 204.88 9.5
508-ADC, 6.0'-7.5' 1723 8/18/19 Dist 1 1/2'' 1 1 1/2'' No 29.94 211.42 188.44 14.5
508-ADC, 10.5'-12.0' 1726 8/18/19 Len 3/4'' No 29.87 242.37 213.55 15.7
508-ADC, 16.5'-18.0' 1730 8/18/19 Dist 1 1/2'' 3 1 1/2'' No 30.69 217.12 190.14 16.9
508-ADC, 21.0'-22.5' 1733 8/18/19 Len 1 1/2'' No 31.34 271.45 236.24 17.2
508-ADC, 27.0'-28.5' 1737 8/18/19 Hom No. 10 Yes 31.67 258.01 204.16 31.2
508-ADC, 31.5'-33.0' 1740 8/18/19 Len No. 10 Yes 29.84 220.34 171.92 34.1
508-ADC, 37.5'-39.0' 1744 8/18/19 Len No. 10 Yes 29.97 282.74 228.69 27.2
508-ADC (limited sample), 42.5'-44.0' 1747 8/18/19 Dist 1 1/2'' No 31.60 266.10 224.88 21.3
508-ADC, 47.5'-49.0' 1749 8/18/19 Hom 3/4'' No 31.44 272.73 226.14 23.9
508-ADC, 52.5'-54.0' 1751 8/18/19 Hom No. 10 Yes 31.44 287.76 234.11 26.5
508-ADC, 57.5'-59.0' 1753 8/18/19 Hom No. 10 Yes 30.56 290.18 236.28 26.2
508-ADC, 65.0'-65.9' 1755 8/18/19 Dist 3/4'' No 29.99 246.19 219.64 14.0
509-ADC, 1.5'-3.0' 1758 8/18/19 Dist 1 1/2'' 2 1 1/2'' No 30.11 232.23 214.58 9.6
509-ADC, 7.5'-9.0' 1763 8/18/19 Hom No. 10 Yes 31.60 208.02 172.59 25.1
509-ADC, 12.0'-13.5' 1766 8/18/19 Dist No. 10 Yes 30.09 267.46 222.20 23.6
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Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
509b-ADC, 18.0'-19.5' 1774 8/18/19 Dist No. 10 Yes 30.16 240.18 209.08 17.4
509b-ADC, 22.5'-24.0' 1777 8/18/19 Dist No. 10 Yes 30.89 287.54 246.28 19.2
509b-ADC, 28.5'-29.4' 1781 8/18/19 Dist No. 10 Yes 31.16 216.40 184.95 20.4
509b-ADC, 31.5'-32.7' 1784 8/18/19 Hom No. 10 Yes 31.67 234.32 192.20 26.2
509b-ADC, 37.9'-39.0' 1791 8/18/19 Hom No. 10 Yes 31.74 284.55 229.49 27.8
509b-ADC, 42.5'-43.2' 1796 8/18/19 Hom No. 10 Yes 30.77 274.71 222.44 27.3
509b-ADC, 47.5'-48.0' 1800 8/18/19 Hom No. 10 Yes 30.31 256.76 207.84 27.6
509b-ADC, 52.5'-54.0' 1803 8/18/19 Hom No. 10 Yes 30.54 278.14 223.08 28.6
509b-ADC, 57.5'-59.0' 1805 8/18/19 Hom No. 10 Yes 31.57 246.24 203.28 25.0
509b-ADC, 65.0'-66.5' 1807 8/18/19 Dist 3/4'' No 30.09 227.08 203.10 13.9
509b-ADC, 75.0'-75.9' 1809 8/18/19 Dist 1 1/2'' 1 1 1/2'' No 30.96 245.36 217.44 15.0
314A-TP, 2.0'-4.0' 1813 8/18/19 Dist 3'' No 30.24 213.15 181.83 20.7
314B-TP, 0.7'-3.0' 1815 8/18/19 Dist 3'' No 30.03 223.06 188.20 22.0
314C-TP, 0.0'-2.0' 1816 8/18/19 Dist 3'' No 46.56 402.52 336.01 23.0

Comments
Reviewed By
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Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
215-AD, 1.5'-3.0' 680 8/11/19 Len 1 1/2'' 2 1 1/2'' No 30.38 207.33 187.38 12.7
215-AD, 6.0'-7.5' 683 8/11/19 Lam 3/4'' No 30.23 174.13 147.10 23.1
215-AD, 10.5'-12.0' 686 8/11/19 Len No. 10 Yes 30.60 206.43 166.49 29.4
215-AD, 15.0'-16.5' 689 8/11/19 Len No. 10 Yes 32.36 228.27 188.47 25.5
215-AD, 21.9'-22.5' 694 8/11/19 Dist 3/4'' No 31.44 269.51 224.82 23.1
215-AD, 27.0'-28.5' 698 8/11/19 Dist 3/4'' No 31.59 263.52 224.75 20.1
215-AD, 30.0'-31.5' 702 8/11/19 Dist 3/4'' No 31.73 245.78 203.25 24.8
215-AD, 34.5'-36.0' 705 8/11/19 Dist 1 1/2'' 1 1 1/2'' No 30.11 245.20 199.45 27.0
215-AD, 39.0'-40.5' 708 8/11/19 Dist 1 1/2'' 1 1 1/2'' No 30.13 169.89 147.35 19.2
215-AD, 45.0'-46.5' 711 8/11/19 Dist 3/4'' No 30.32 274.51 226.77 24.3
215-AD, 50.0'-51.5' 713 8/11/19 Dist No. 10 Yes 30.35 258.39 208.71 27.9
215-AD, 55.0'-56.5' 715 8/11/19 Dist No. 10 Yes 29.99 225.84 191.11 21.6
501-AD, 1.5'-3.0' 722 8/11/19 Dist 1 1/2'' 1 1 1/2'' No 30.96 204.02 183.42 13.5
501-AD, 9.0'-10.5' 727 8/11/19 Len 1 1/2'' 1 1 1/2'' No 31.75 225.36 193.44 19.7
501-AD, 16.5'-18.0' 732 8/11/19 Dist No. 10 Yes 32.17 222.53 178.63 30.0
501-AD, 21.0'-22.5' 735 8/11/19 Dist No. 10 Yes 31.68 253.07 201.54 30.3
501-AD, 25.5'-27.0' 738 8/11/19 Dist 3/4'' No 31.82 259.62 214.00 25.0
501-AD, 30.0'-31.5' 741 8/11/19 Dist No. 4 Yes 30.76 244.86 202.94 24.3
501-AD, 33.0'-34.5' 743 8/11/19 Dist 3/8'' No 32.16 245.63 205.02 23.5
501-AD, 36.0'-37.5' 745 8/11/19 Dist 3/4'' No 31.05 254.72 214.58 21.9
501-AD, 39.0'-40.5' 747 8/11/19 Dist 3/4'' No 31.41 253.86 216.54 20.2
501-AD, 42.5'-44.0' 749 8/11/19 Dist No. 10 Yes 31.41 242.31 197.87 26.7
501-AD, 47.5'-49.0' 751 8/11/19 Dist 3/4'' No 30.58 247.77 208.37 22.2
501-AD, 52.5'-54.0' 753 8/11/19 Dist 3/4'' 1 3/4'' No 31.39 265.75 219.05 24.9
501-AD, 57.5'-59.0' 755 8/11/19 Dist 1 1/2'' 4 1 1/2'' No 31.46 279.54 247.46 14.9
502-AD, 1.5'-3.0' 757 8/11/19 Len 1 1/2'' 1 1 1/2'' No 30.66 191.79 173.80 12.6
502-AD, 7.5'-9.0' 761 8/11/19 Len 1 1/2'' 1 1 1/2'' No 30.86 224.54 197.78 16.0
502-AD, 12.0'-13.5' 764 8/11/19 Hom No. 10 Yes 30.17 215.78 174.08 29.0
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Page 2 of 4

Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
502-AD, 18.0'-19.5' 768 8/11/19 Hom No. 10 Yes 30.16 211.51 173.07 26.9
502-AD, 22.5'-24.0' 771 8/11/19 Dist 3/4'' No 30.18 298.86 249.90 22.3
502-AD, 28.5'-30.0' 775 8/11/19 Dist 1 1/2'' 1 1 1/2'' No 30.76 262.60 220.08 22.5
502-AD, 30.0'-31.5' 776 8/11/19 Dist 3/4'' No 30.50 253.03 211.26 23.1
502-AD, 34.5'-36.0' 779 8/11/19 Dist No. 10 Yes 29.95 232.66 188.70 27.7
502-AD, 39.0'-40.5' 782 8/11/19 Dist No. 10 Yes 31.95 240.10 198.99 24.6
502-AD, 42.5'-44.0' 784 8/11/19 Dist 3/4'' No 29.67 292.27 245.65 21.6
502-AD, 47.5'-49.0' 786 8/11/19 Dist 3/8'' No 30.02 223.15 188.56 21.8
502-AD, 52.5'-54.0' 788 8/11/19 Dist No. 10 Yes 29.98 270.37 226.62 22.2
502-AD, 57.5'-59.0' 790 8/11/19 Dist 1 1/2'' 4 1 1/2'' No 31.67 268.77 232.49 18.1
503-AD, 3.0'-4.5' 795 8/12/19 Dist 1 1/2'' 1 1 1/2'' No 30.42 199.42 178.81 13.9
503-AD, 7.5'-9.0' 798 8/12/19 Dist 3/4'' No 29.82 214.91 189.91 15.6
503-AD, 10.5'-12.0' 800 8/12/19 Hom No. 10 Yes 29.94 203.36 174.95 19.6
503-AD, 18.0'-19.5' 805 8/12/19 Hom No. 10 Yes 29.77 246.14 210.51 19.7
503-AD, 22.5'-24.0' 808 8/12/19 Hom No. 10 Yes 30.46 290.41 233.57 28.0
503-AD, 28.5'-30.0' 812 8/12/19 Hom No. 10 Yes 30.05 246.87 200.04 27.5
503-AD, 31.5'-33.0' 814 8/12/19 Dist 1 1/2'' 1 1 1/2'' No 30.01 219.56 180.37 26.1
503-AD, 36.0'-37.5' 817 8/12/19 Hom No. 10 Yes 30.21 257.91 213.73 24.1
503-AD, 40.5'-42.0' 820 8/12/19 Dist No. 10 Yes 31.37 277.97 228.49 25.1
503-AD, 45.0'-46.5' 822 8/12/19 Dist No. 10 Yes 32.10 304.62 255.07 22.2
503-AD, 47.5'-49.0' 823 8/12/19 Hom No. 10 Yes 29.98 262.12 220.17 22.1
503-AD, 52.5'-54.0' 825 8/12/19 Hom No. 10 Yes 29.94 254.52 203.53 29.4
503-AD, 57.5'-59.0' 827 8/12/19 Dist No. 10 Yes 30.07 233.66 192.64 25.2
504-AD, 0.3'-1.5' 830 8/12/19 Len 3/4'' No 30.91 204.47 180.35 16.1
504-AD, 7.5'-9.0' 835 8/12/19 Dist 1 1/2'' 3 1 1/2'' No 30.19 198.03 179.50 12.4
504-AD, 12.0'-13.5' 838 8/12/19 Dist 3/4'' No 29.86 267.21 226.72 20.6
504-AD, 16.5'-18.0' 841 8/12/19 Hom No. 10 Yes 29.94 228.30 193.99 20.9
504-AD, 21.0'-22.5' 844 8/12/19 Hom No. 10 Yes 30.49 265.87 215.99 26.9
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Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
504-AD, 27.0'-28.5' 848 8/12/19 Hom No. 10 Yes 29.98 260.59 212.31 26.5
504-AD, 31.5'-33.0' 851 8/12/19 Dist 3/4'' No 30.04 257.93 217.60 21.5
504-AD, 37.5'-39.0' 855 8/12/19 Dist No. 10 Yes 31.29 234.42 195.09 24.0
504-AD, 40.5'-42.0' 857 8/12/19 Dist No. 10 Yes 29.97 260.36 217.40 22.9
504-AD, 45.0'-46.5' 859 8/12/19 Hom 1 1/2'' 1 1 1/2'' No 31.34 285.47 235.50 24.5
504-AD, 50.0'-51.5' 861 8/12/19 Hom No. 10 Yes 31.10 275.19 231.84 21.6
504-AD, 55.0'-56.5' 863 8/12/19 Hom No. 10 Yes 30.40 285.54 236.08 24.0
504-AD, 60.0'-61.0' 865 8/12/19 Hom 3/4'' No 31.55 268.06 218.66 26.4
505-AD, 1.5'-3.0' 873 8/12/19 Len 1 1/2'' 1 1 1/2'' No 32.02 198.58 175.53 16.1
505-AD, 6.0'-7.5' 876 8/12/19 Len 1 1/2'' 1 1 1/2'' No 30.21 198.01 169.74 20.3
505-AD, 13.5'-15.0' 881 8/12/19 Hom No. 10 Yes 30.73 220.36 187.65 20.8
505-AD, 18.0'-19.5' 884 8/12/19 Hom No. 10 Yes 30.01 263.37 207.98 31.1
505-AD, 22.5'-24.0' 887 8/12/19 Dist No. 10 Yes 31.84 247.96 189.98 36.7
505-AD, 28.5'-30.0' 891 8/12/19 Dist 3/4'' No 31.60 248.56 195.51 32.4
505-AD, 31.5'-33.0' 893 8/12/19 Dist No. 10 Yes 30.10 253.75 211.70 23.2
505-AD, 37.5'-39.0' 897 8/12/19 Dist No. 10 Yes 30.65 299.34 250.88 22.0
505-AD, 40.5'-42.0' 899 8/12/19 Dist No. 10 Yes 30.97 280.87 236.46 21.6
505-AD, 45.0'-46.5' 901 8/12/19 Hom No. 10 Yes 30.11 289.66 240.55 23.3
505-AD, 50.0'-51.5' 903 8/12/19 Hom No. 10 Yes 30.50 268.92 221.18 25.0
505-AD, 55.0'-56.5' 905 8/12/19 Dist 3/8'' No 31.54 280.30 233.43 23.2
505-AD, 59.0'-61.4' 907 8/12/19 Dist 1 1/2'' 1 1 1/2'' No 30.18 234.71 204.01 17.7
506-AD, 3.0'-4.5' 910 8/12/19 Len 1 1/2'' No 31.29 201.54 177.57 16.4
506-AD, 7.5'-9.0' 913 8/12/19 Len 1 1/2'' 1 1 1/2'' No 32.06 212.17 181.57 20.5
506-AD, 10.5'-12.0' 915 8/12/19 Dist No. 10 Yes 31.08 205.46 173.21 22.7
506-AD, 15.0'-16.5' 918 8/12/19 Hom No. 10 Yes 30.24 208.32 174.42 23.5
506-AD, 18.0'-19.5' 920 8/12/19 Hom No. 10 Yes 31.35 212.91 179.37 22.7
506-AD, 21.0'-22.5' 922 8/12/19 Hom No. 10 Yes 29.81 264.03 212.49 28.2
506-AD, 28.5'-30.0' 927 8/12/19 Dist No. 10 Yes 31.52 223.80 179.99 29.5
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Moisture Content of Soil
ASTM D 2216 

Project Name Johnson County Section 202 Study Project Number 175529001
Tested By DB

Maximum Particle Size in Sample No. 10 No. 4 3/8'' 3/4'' 1 1/2'' 3''

Recommended Minimum Mass (g) 20 100 500 2,500 10,000 50,000 Test Method ASTM
Material Type: Stratified, Laminated, Lensed, Homogeneous, Disturbed

Maximum Material Pass Min. Wet Soil & Dry Soil &
Date Material Particle Excluded Mass? Can Weight Can Weight CanWeight Moisture

Source Lab ID Tested Type Size Amount Size (Y/N) (g) (g) (g) Content (%)
506-AD, 31.5'-33.0' 929 8/12/19 Dist 3/4'' No 30.04 241.87 198.05 26.1
506-AD, 37.5'-39.0' 933 8/12/19 Hom No. 10 Yes 31.01 251.74 215.19 19.8
506-AD, 40.5'-42.0' 935 8/12/19 Hom No. 10 Yes 31.43 250.75 208.77 23.7
506-AD, 45.0'-46.5' 937 8/12/19 Hom No. 10 Yes 31.38 270.78 225.51 23.3
506-AD, 50.0'-51.5' 939 8/12/19 Hom No. 10 Yes 31.59 256.05 215.51 22.0
506-AD, 55.0'-56.5' 941 8/12/19 Hom No. 10 Yes 30.02 240.26 201.53 22.6
506-AD, 60.0'-61.5' 943 8/12/19 Hom No. 10 Yes 29.96 277.28 230.50 23.3

Comments
Reviewed By
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Moisture, Ash and Organic Matter
of Peat and Other Organic Soils

ASTM D 2974

Project Name Johnson County Section 202 Study Project Number

Tare Wet Wt. Dry Wt. Moisture Tare Dry Wt. Ashed Wt. Ash Organic
Lab Test Weight & Tare & Tare Content Weight & Tare & Tare Content Matter
ID Source Depth Date (g) (g) (g) (%) (g) (g) (g) (%) (%)
49 201-ADC 7.5'-10.'0 08/20/2019 44.15 218.72 185.01 23.9 59.94 103.23 102.24 97.7 2.3
376 207-ADC 12.5'-15.9' 08/26/2019 31.74 247.53 186.67 39.3 95.02 209.37 203.85 95.2 4.8
383 208-A 21.5'-24.5' 08/19/2019 44.22 482.02 365.27 36.4 95.27 220.27 216.60 97.1 2.9
678 214-ADC 1.5'-12.0' 08/19/2019 44.26 333.41 305.97 10.5 93.80 226.95 223.94 97.7 2.3
866 504-AD 3.0'-7.5' 08/19/2019 46.06 292.63 241.51 26.2 86.20 215.60 210.84 96.3 3.7

1716 314-D 0.5'-5.0' 08/26/2019 45.05 313.15 295.56 7.0 102.19 298.51 294.44 97.9 2.1
1816 314C-TP 0.0'-2.0' 08/19/2019 46.56 402.52 336.01 23.0 87.55 226.61 222.79 97.3 2.7

Comments
Reviewed By

Moisture Content Organic Matter
Method A, % of Oven-Dried Mass Method C, 440 deg. C Furnace Temperature

175529001
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Moisture, Ash and Organic Matter
of Peat and Other Organic Soils

ASTM D 2974

Project Name Johnson County Section 202 Study Project Number

Tare Wet Wt. Dry Wt. Moisture Tare Dry Wt. Ashed Wt. Ash Organic
Lab Test Weight & Tare & Tare Content Weight & Tare & Tare Content Matter
ID Source Depth Date (g) (g) (g) (%) (g) (g) (g) (%) (%)
49 201-ADC 7.5'-10.'0 08/20/2019 44.15 218.72 185.01 23.9 59.94 103.23 102.24 97.7 2.3

Comments
Reviewed By

Moisture Content Organic Matter
Method A, % of Oven-Dried Mass Method C, 440 deg. C Furnace Temperature

175529001
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Determination of pH of Soils
ASTM D 4972-01

Project Name Johnson County Section 202 Study  Project No.

Instrument ID Date Technician JS

Method x  A  B

Sample ID pH in Water pH in Calcium Chloride Solution

Sample ID pH in Water pH in Calcium Chloride Solution

Sample ID pH in Water pH in Calcium Chloride Solution

Sample ID pH in Water pH in Calcium Chloride Solution

Sample ID pH in Water pH in Calcium Chloride Solution

Remarks:

Reviewed By

ID 1597: 311-ADC, 10.0'-13.1' 7.36 6.5

175529001

8/19/2019

ID 49: 201-ADC, 7.5'-10.0' 7.38 7.01

PH-1

ID 1142: 217-ADC,15.0'-22.5' 7.08 6.44

ID 1222: 303-A, 8.0'-10.0' 5.32 4.84

ID 1274: 304-A, 14.0'-16.0' 5.15 5.01

Stantec Consulting Services Inc.
Laboratory Document

Prepared By: JW
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Compaction Characteristics of Soil
Using Standard Effort

ASTM D 698 - Method A

Project Johnson County Section 202 Study Project No. 175529001
Source 201-ADC, 7.5'-10.0' Sample ID 49

Description Lean Clay (CL), brown, very moist Date Received 07/29/2019
Visual Notes Date Tested 08/05/2019

Test Fraction (%) 99.7 Oversized Fraction (%) 0.3
Gs of Test Fraction 2.7 Assumed Gs of Oversized Fraction N/A

Oversized Fraction Sieve No. 4 MC of Oversized Fraction (%) 2.1

Mold Weight (g) 2167 Preparation Method Moist Rammer Type Manual

Wet Soil Dry
& Mold Wet Soil Wet Soil Dry Soil Water Unit Weight

Weight (g) Weight (g) & Tare (g) & Tare (g) Tare (g) Content (%) (pcf)
4017 1850 624.91 557.48 43.75 13.1 108.3
4075 1908 595.24 522.83 44.45 15.1 109.7
4117 1950 591.40 509.94 43.99 17.5 109.9
4109 1942 571.28 485.44 43.87 19.4 107.6

Maximum Dry Unit Weight (pcf) 110.2
Optimum Moisture Content (%) 16.7

Corrected Maximum Dry Unit Weight (pcf) N/A
Corrected Optimum Moisture Content (%) N/A Reviewed By

Comments

Moisture Content Determination
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Zero Air Voids
Gs = 2.7
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Compaction Characteristics of Soil
Using Standard Effort

ASTM D 698 - Method A

Project Johnson County Section 202 Study Project No. 175529001
Source 214-ADC, 1.5'-12.0' Sample ID 678

Description Silty Sand (SM), red brown Date Received 07/29/2019
Visual Notes Date Tested 08/16/2019

Test Fraction (%) 98.0 Oversized Fraction (%) 2.0
Gs of Test Fraction 2.63 Assumed Gs of Oversized Fraction N/A

Oversized Fraction Sieve No. 4 MC of Oversized Fraction (%) N/A

Mold Weight (g) 4244 Preparation Method Moist Rammer Type Manual

Wet Soil Dry
& Mold Wet Soil Wet Soil Dry Soil Water Unit Weight

Weight (g) Weight (g) & Tare (g) & Tare (g) Tare (g) Content (%) (pcf)
6023 1779 513.06 475.72 72.73 9.3 108.1
6090 1846 555.71 506.14 71.95 11.4 110.0
6143 1899 544.57 488.86 75.33 13.5 111.1
6116 1872 472.59 418.72 72.38 15.6 107.6

Maximum Dry Unit Weight (pcf) 111.2
Optimum Moisture Content (%) 13.1

Corrected Maximum Dry Unit Weight (pcf) N/A
Corrected Optimum Moisture Content (%) N/A Reviewed By

Comments

Moisture Content Determination
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Compaction Characteristics of Soil
Using Standard Effort

ASTM D 698 - Method B

Project Johnson County Section 202 Study Project No. 175529001
Source 314C-TP, 0.0'-2.0' Sample ID 1816

Description Lean Clay with Sand (CL), light brown Date Received 08/14/2019
Visual Notes Date Tested 08/27/2019

Test Fraction (%) 100.0 Oversized Fraction (%) N/A
Gs of Test Fraction 2.7 Assumed Gs of Oversized Fraction N/A

Oversized Fraction Sieve 3/8" MC of Oversized Fraction (%) N/A

Mold Weight (g) 4244.3 Preparation Method Moist Rammer Type Manual

Wet Soil Dry
& Mold Wet Soil Wet Soil Dry Soil Water Unit Weight

Weight (g) Weight (g) & Tare (g) & Tare (g) Tare (g) Content (%) (pcf)
6035 1790 561.02 504.46 72.68 13.1 105.1
6115 1870 592.74 522.67 71.70 15.5 107.5
6165 1921 565.36 491.55 70.39 17.5 108.5
6195 1951 562.92 481.64 70.72 19.8 108.2
6169 1925 552.45 467.69 73.80 21.5 105.2

Maximum Dry Unit Weight (pcf) 108.6
Optimum Moisture Content (%) 18.4

Corrected Maximum Dry Unit Weight (pcf) N/A
Corrected Optimum Moisture Content (%) N/A Reviewed By

Comments

Moisture Content Determination
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Compaction Characteristics of Soil
Using Standard Effort

ASTM D 698 - Method B

Project Johnson County Section 202 Study Project No. 175529001
Source 314D, 0.5'-5.0' Sample ID 1716

Description Lean Clay with Sand (CL), light brown Date Received 08/14/2019
Visual Notes Highly weathered Shale Date Tested 08/29/2019

Test Fraction (%) 98.7 Oversized Fraction (%) 1.3
Gs of Test Fraction 2.7 Assumed Gs of Oversized Fraction N/A

Oversized Fraction Sieve 3/8" MC of Oversized Fraction (%) N/A

Mold Weight (g) 4244.1 Preparation Method Moist Rammer Type Manual

Wet Soil Dry
& Mold Wet Soil Wet Soil Dry Soil Water Unit Weight

Weight (g) Weight (g) & Tare (g) & Tare (g) Tare (g) Content (%) (pcf)
6170 1926 648.80 589.30 74.83 11.6 114.6
6227 1983 586.52 525.72 73.12 13.4 116.1
6266 2022 622.53 548.93 73.98 15.5 116.3
6249 2005 538.53 468.61 71.17 17.6 113.2

Maximum Dry Unit Weight (pcf) 116.4
Optimum Moisture Content (%) 14.7

Corrected Maximum Dry Unit Weight (pcf) N/A
Corrected Optimum Moisture Content (%) N/A Reviewed By

Comments Material broken down to -3/4" prior to testing, per clients request.
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Compaction Characteristics of Soil
Using Standard Effort

ASTM D 698 - Method A

Project Johnson County Section 202 Study Project No. 175529001
Source 501-A, 10.0'-15.0' Sample ID 718

Description Lean Clay (CL), gray brown Date Received 08/06/2019
Visual Notes Date Tested 08/20/2019

Test Fraction (%) 100.0 Oversized Fraction (%) N/A
Gs of Test Fraction 2.7 Assumed Gs of Oversized Fraction N/A

Oversized Fraction Sieve No. 4 MC of Oversized Fraction (%) N/A

Mold Weight (g) 4244 Preparation Method Moist Rammer Type Manual

Wet Soil Dry
& Mold Wet Soil Wet Soil Dry Soil Water Unit Weight

Weight (g) Weight (g) & Tare (g) & Tare (g) Tare (g) Content (%) (pcf)
6024 1780 542.52 466.45 68.50 19.1 99.2
6086 1842 609.97 514.97 68.04 21.3 100.9
6109 1865 532.66 445.11 74.22 23.6 100.2
6082 1838 461.21 379.54 67.86 26.2 96.7

Maximum Dry Unit Weight (pcf) 101.0
Optimum Moisture Content (%) 22.1

Corrected Maximum Dry Unit Weight (pcf) N/A
Corrected Optimum Moisture Content (%) N/A Reviewed By

Comments

Moisture Content Determination
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Compaction Characteristics of Soil
Using Standard Effort

ASTM D 698 - Method B

Project Johnson County Section 202 Study Project No. 175529001
Source 504-AD, 3.0'-7.5' Sample ID 866

Description Lean Clay with Sand (CL), brown and gray Date Received 08/06/2019
Visual Notes Date Tested 08/14/1911

Test Fraction (%) 95.3 Oversized Fraction (%) 4.7
Gs of Test Fraction 2.7 Assumed Gs of Oversized Fraction N/A

Oversized Fraction Sieve 3/8" MC of Oversized Fraction (%) 2.7

Mold Weight (g) 4244 Preparation Method Moist Rammer Type Manual

Wet Soil Dry
& Mold Wet Soil Wet Soil Dry Soil Water Unit Weight

Weight (g) Weight (g) & Tare (g) & Tare (g) Tare (g) Content (%) (pcf)
6129 1885 678.53 614.58 72.74 11.8 112.0
6211 1967 552.96 493.97 71.63 14.0 114.6
6234 1990 635.91 557.96 70.70 16.0 113.9
6199 1955 526.51 457.24 74.03 18.1 109.9

Maximum Dry Unit Weight (pcf) 114.8
Optimum Moisture Content (%) 14.7

Corrected Maximum Dry Unit Weight (pcf) N/A
Corrected Optimum Moisture Content (%) N/A Reviewed By

Comments

Moisture Content Determination
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Soil Resistivity Using The Wenner
Four-Electrode Method

Soil Sample Measurement
ASTM G 57

Project Johnson County Section 202 Study Project Number 175529001
Date Received 07/29/2019

Soil Box Width (cm) 4.000 Electrode Distance (cm) 12.800
Soil Box Height (cm) 3.200

Measured Temp. Temp.
Tare Wet Mass Dry Mass Moisture Soil Soil Correction Corrected Resistivity

Lab Mass Plus Tare Plus Tare Content Temp. Resistance Factor Resistance @ 15.5oC
ID Date (g) (g) (g) (%) (deg. C) (Ω) (Ω) (Ω) (Ω*cm)

201-ADC, 7.5'-10.0' 49 08-19-2019 110.18 617.9 513.7 25.8 21.06 2900 1.139 3303.1 3303.1
217-AD, 15.0'-22.5' (BULK) 1142 08-20-2019 327.87 863.7 757.23 24.8 23.6 2200 1.2025 2645.5 2645.5
303-A, 35.0'-37.0' 1222 08-27-2019 343.2 838.66 706.22 36.5 23.1 10200 1.19 12138 12138
304-A, 14.0'-16.0' 1274 08-26-2019 341.9 483.3 449.3 31.7 23.1 6500 1.19 7735 7735
311-AC, 10.0'-13.1' (BULK) 1597 08-20-2019 109.6 623.8 505.38 29.9 23.8 3100 1.2075 3743.25 3743.25

Comments
Reviewed By

Source

Moisture Content
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Soil Resistivity Using The Wenner
Four-Electrode Method

Soil Sample Measurement
ASTM G 57

Project Johnson County Section 202 Study Project Number 175529001
Date Received 07/29/2019

Soil Box Width (cm) 3.959 Electrode Distance (cm) 12.354
Soil Box Height (cm) 3.216

Measured Temp. Temp.
Tare Wet Mass Dry Mass Moisture Soil Soil Correction Corrected Resistivity

Lab Mass Plus Tare Plus Tare Content Temp. Resistance Factor Resistance @ 15.5oC
ID Date (g) (g) (g) (%) (deg. C) (Ω) (Ω) (Ω) (Ω*cm)

207-ADC, 12.5'-15.9' 376 08-26-2019 31.74 247.53 186.67 39.3 21.6 2400 1.1525 2766 2850.69
208-A, 1.2'-24.5' 383 08-26-2019 31.3 175.99 139.86 33.3 21.3 6000 1.145 6870 7080.34
504-AD, 3.0'-7.5' 866 08-26-2019 30.49 176.14 152.16 19.7 21.5 3400 1.15 3910 4029.71
314D, 0.5'-5.0' 1716 08-27-2019 45.05 313.15 295.56 7.0 22.1 150000 1.165 174750 180100.4
314C-TP, 0.0'-2.0' 1816 08-26-2019 31.7 237.02 196.32 24.7 21.4 10000 1.1475 11475 11826.33

Comments
Reviewed By

Source

Moisture Content
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project
Set ID

Test Lab ID Gs LL PL PI
A 219 2.67 NP NP NP
B 219 2.67 NP NP NP
C 219 2.67 NP NP NP

Specimen A B C

Height (in) 1.000 1.000 1.002
Diameter (in) 2.500 2.500 2.500

Moist Unit Weight (pcf) 98.5 98.2 98.1
Moisture Content (%) 16.8 14.3 16.6
Dry Unit Weight (pcf) 84.4 85.9 84.2

Void Ratio 0.976 0.941 0.980
Degree of Saturation (%) 45.9 40.6 45.2

Height (in) 0.947 0.965 0.945
Moist Unit Weight (pcf) 112.9 112.7 113.6

Moisture Content (%) 26.7 26.5 27.3
Dry Unit Weight (pcf) 89.1 89.0 89.3

Void Ratio 0.871 0.872 0.867
Degree of Saturation (%) 81.9 81.2 84.1

Normal Stress (tsf) 0.503 1.493 2.498

Failure Criterion
Shear Stress* (tsf) 0.296 0.845 1.389

Normal Stress* (tsf) 0.573 1.705 2.853
Lateral Displace. (in) 0.245 0.245 0.245
Normal Displace. (in) -0.026 -0.031 -0.036

*  An area correction has been applied to reported stress values, where the corrected area, Ac, is a function of the horizontal displacement:
    Ac = r2(2α - sin(2α)), where r = radius of specimen, α = cos-1(Δx/2r) and Δx = horizontal diplacement.  All angles are in radians.

Comments
Reviewed By

Initial Specimen Conditions

Max. Shear Stress or 10% Displace.

Preshear Specimen Conditions

At Failure Shear Stress

205-A, 35.0'-37.0' Poorly Graded Sand (SP),brown, moist soft
205-A, 35.0'-37.0' Poorly Graded Sand (SP),brown, moist soft

205-A, 35.0'-37.0' Poorly Graded Sand (SP),brown, moist soft

175529001
219
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 205-A, 35.0'-37.0' Lab ID 219

Visual Description Poorly Graded Sand (SP),brown, moist soft Test ID 219-A
Specimen Type Compacted Gs 2.67 LL NP

Prepared Directly In Shear Box ASTM D 854, A PL NP
Preparation Date PI NP

Initial Specimen Conditions Consolidated Specimen Conditions
Height (in) 1.000 Height (in) 0.947

Diameter (in) 2.500 Diameter (in) 2.500
Wet Weight (lb) 0.2799 Wet Weight (lb) 0.3037

Wet Unit Weight (pcf) 98.5 Wet Unit Weight (pcf) 112.9
Moisture Content (%) 16.8 Moisture Content (%) 26.7

Dry Weight (lb) 0.2397 Dry Weight (lb) 0.2397
Dry Unit Weight (pcf) 84.4 Dry Unit Weight (pcf) 89.1

Void Ratio 0.976 Void Ratio 0.871
Degree of Saturation (%) 45.9 Degree of Saturation (%) 81.9

Preshear Normal Stress (tsf) 0.503

Shear Test Date 09/16/2019
Shear Rate (in/min) 0.00100

Shear Stress (tsf) 0.296
Normal Stress (tsf) 0.573

Shear Displace. (in) 0.245
Normal Displace. (in) -0.026

Shear Stress (tsf) 0.296
Normal Stress (tsf) 0.573

Shear Displace. (in) 0.245
Normal Displace. (in) -0.026

Time Height
(min)  (in)

@ t0 0.0 0.9554
@ t50 0.6 0.9531
@ t90 2.4 0.9512

@ t100 4.6 0.9507
@ tmax 125.8 0.9473

*Failure Stress Criterion:  Maximum shear stress or 10% lateral displacement. Reviewed By
**Ultimate Stress Criterion:  Minimum shear stress at lateral displacement greater than or equal to failure displacement.

Failure Sketch

Preshear Consolidation
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 205-A, 35.0'-37.0' Lab ID 219

Visual Description Poorly Graded Sand (SP),brown, moist soft Test ID 219-A

Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)

0.00 0.5616 0.003 0.0 34.3 0.0000 0.000 0.000 4.909 0.000 0.503
1.17 0.5619 0.004 1.4 34.4 -0.0003 0.001 0.047 4.906 0.020 0.505
1.67 0.5621 0.004 1.8 34.2 -0.0006 0.002 0.067 4.905 0.026 0.503
2.67 0.5625 0.005 2.3 34.2 -0.0009 0.003 0.107 4.902 0.034 0.502
3.17 0.5626 0.006 2.5 34.1 -0.0010 0.003 0.127 4.901 0.037 0.502
4.17 0.5627 0.007 2.8 34.3 -0.0011 0.004 0.167 4.898 0.041 0.505
4.67 0.5627 0.008 2.9 34.4 -0.0012 0.005 0.187 4.897 0.043 0.505
5.67 0.5629 0.009 3.3 33.7 -0.0013 0.006 0.227 4.895 0.048 0.495
6.19 0.5630 0.009 3.4 34.3 -0.0014 0.006 0.248 4.893 0.050 0.505
7.19 0.5635 0.010 3.9 34.2 -0.0019 0.007 0.288 4.891 0.057 0.503
7.69 0.5637 0.011 4.0 34.2 -0.0021 0.008 0.308 4.890 0.059 0.503
8.69 0.5642 0.012 4.4 34.1 -0.0026 0.009 0.348 4.887 0.064 0.503
9.19 0.5643 0.012 4.5 34.1 -0.0027 0.009 0.368 4.886 0.066 0.503

10.19 0.5649 0.013 4.9 34.2 -0.0034 0.010 0.408 4.883 0.072 0.505
10.69 0.5651 0.014 5.0 34.3 -0.0035 0.011 0.428 4.882 0.074 0.506
11.71 0.5656 0.015 5.2 34.3 -0.0041 0.012 0.468 4.879 0.077 0.506
12.21 0.5657 0.015 5.5 34.2 -0.0042 0.012 0.488 4.878 0.081 0.505
13.21 0.5661 0.016 5.8 34.2 -0.0045 0.013 0.529 4.876 0.085 0.505
13.71 0.5661 0.017 5.9 34.2 -0.0046 0.014 0.549 4.874 0.087 0.505
14.71 0.5664 0.018 6.2 34.3 -0.0048 0.015 0.589 4.872 0.091 0.507
15.21 0.5666 0.018 6.3 34.3 -0.0050 0.015 0.609 4.871 0.093 0.507
16.22 0.5669 0.019 6.5 34.1 -0.0053 0.016 0.649 4.868 0.097 0.504
16.72 0.5670 0.020 6.7 34.2 -0.0054 0.017 0.669 4.867 0.099 0.505
17.72 0.5673 0.021 6.9 34.3 -0.0058 0.018 0.709 4.864 0.102 0.507
18.22 0.5677 0.021 7.0 34.2 -0.0061 0.018 0.729 4.863 0.104 0.506
19.22 0.5681 0.022 7.3 34.2 -0.0065 0.019 0.769 4.861 0.109 0.507
19.72 0.5684 0.023 7.4 34.3 -0.0068 0.020 0.790 4.859 0.110 0.509
20.72 0.5687 0.024 7.7 34.3 -0.0071 0.021 0.830 4.857 0.114 0.509
21.22 0.5687 0.024 7.8 33.7 -0.0072 0.021 0.850 4.856 0.116 0.500
22.22 0.5689 0.025 7.9 34.1 -0.0073 0.022 0.890 4.853 0.117 0.505
22.72 0.5689 0.026 8.1 34.2 -0.0073 0.023 0.910 4.852 0.119 0.508
25.72 0.5694 0.029 8.4 33.7 -0.0078 0.026 1.030 4.844 0.125 0.501
27.22 0.5697 0.030 8.7 34.3 -0.0081 0.027 1.090 4.841 0.129 0.511
30.22 0.5702 0.033 9.1 33.8 -0.0086 0.030 1.210 4.833 0.136 0.504
31.72 0.5705 0.035 9.4 34.1 -0.0089 0.032 1.270 4.829 0.140 0.509
34.74 0.5714 0.038 9.7 34.3 -0.0098 0.035 1.390 4.822 0.145 0.512
36.24 0.5720 0.039 10.0 34.3 -0.0104 0.036 1.450 4.818 0.150 0.512
39.24 0.5726 0.042 10.4 34.2 -0.0111 0.039 1.570 4.811 0.155 0.512
40.74 0.5729 0.044 10.6 34.3 -0.0113 0.041 1.630 4.807 0.158 0.514
43.74 0.5733 0.047 10.9 34.2 -0.0118 0.044 1.750 4.799 0.164 0.513
45.24 0.5735 0.048 11.0 34.2 -0.0120 0.045 1.810 4.796 0.165 0.514
48.24 0.5741 0.051 11.3 34.2 -0.0125 0.048 1.930 4.788 0.170 0.515
49.74 0.5743 0.053 11.5 34.4 -0.0127 0.050 1.991 4.784 0.172 0.518
52.74 0.5747 0.056 11.7 34.3 -0.0131 0.053 2.111 4.777 0.176 0.518
54.24 0.5747 0.057 11.8 34.1 -0.0132 0.054 2.171 4.773 0.178 0.514
57.24 0.5755 0.060 12.0 34.0 -0.0139 0.057 2.291 4.766 0.182 0.513
58.74 0.5758 0.062 12.2 34.1 -0.0142 0.059 2.351 4.762 0.184 0.516
61.76 0.5759 0.065 12.2 33.9 -0.0144 0.062 2.471 4.754 0.184 0.513
63.26 0.5761 0.066 12.3 34.3 -0.0146 0.063 2.531 4.751 0.187 0.519
66.26 0.5763 0.069 12.6 34.2 -0.0147 0.066 2.651 4.743 0.191 0.519
67.76 0.5763 0.071 12.7 34.4 -0.0148 0.068 2.711 4.739 0.193 0.522
70.77 0.5765 0.074 12.9 34.0 -0.0149 0.071 2.832 4.732 0.196 0.517
72.27 0.5766 0.075 13.0 34.3 -0.0150 0.072 2.892 4.728 0.198 0.522
75.27 0.5767 0.078 13.2 34.3 -0.0151 0.075 3.012 4.721 0.201 0.523
76.77 0.5767 0.080 13.2 34.0 -0.0151 0.077 3.072 4.717 0.202 0.520
79.77 0.5771 0.083 13.4 34.2 -0.0156 0.080 3.192 4.709 0.205 0.523
81.27 0.5774 0.084 13.5 34.4 -0.0158 0.081 3.252 4.706 0.206 0.526
84.29 0.5782 0.087 13.6 34.3 -0.0167 0.084 3.372 4.698 0.208 0.526
85.79 0.5784 0.089 13.7 34.1 -0.0169 0.086 3.432 4.694 0.210 0.522
88.79 0.5788 0.092 13.9 34.2 -0.0172 0.089 3.552 4.687 0.214 0.526
90.29 0.5790 0.093 14.0 34.2 -0.0174 0.090 3.613 4.683 0.215 0.526
93.29 0.5793 0.096 14.1 34.2 -0.0178 0.093 3.733 4.676 0.217 0.527
94.79 0.5795 0.098 14.1 34.3 -0.0179 0.095 3.793 4.672 0.218 0.529
97.79 0.5798 0.101 14.3 34.4 -0.0183 0.098 3.913 4.664 0.221 0.531

100.79 0.5801 0.104 14.5 33.9 -0.0185 0.101 4.033 4.657 0.224 0.524
106.81 0.5803 0.110 14.7 34.2 -0.0187 0.107 4.273 4.642 0.229 0.530
109.81 0.5806 0.113 14.9 34.6 -0.0190 0.110 4.393 4.634 0.231 0.537
115.81 0.5807 0.119 15.0 34.3 -0.0191 0.116 4.633 4.619 0.235 0.535
118.81 0.5809 0.122 15.2 34.2 -0.0193 0.119 4.753 4.612 0.237 0.534
124.81 0.5813 0.128 15.3 34.1 -0.0197 0.125 4.994 4.597 0.240 0.535
127.81 0.5814 0.131 15.5 34.1 -0.0199 0.128 5.114 4.589 0.244 0.535
133.81 0.5823 0.137 15.7 34.5 -0.0207 0.134 5.354 4.574 0.247 0.543
136.81 0.5826 0.140 15.8 34.4 -0.0210 0.137 5.474 4.567 0.249 0.542
142.81 0.5830 0.146 16.0 34.1 -0.0215 0.143 5.714 4.552 0.253 0.540
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Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)
145.81 0.5831 0.149 16.1 34.1 -0.0215 0.146 5.834 4.544 0.255 0.540
151.82 0.5834 0.155 16.3 34.5 -0.0218 0.152 6.074 4.529 0.260 0.548
154.82 0.5835 0.158 16.4 34.5 -0.0219 0.155 6.194 4.522 0.261 0.549
160.82 0.5838 0.164 16.5 34.2 -0.0222 0.161 6.435 4.507 0.264 0.547
163.82 0.5839 0.167 16.6 34.2 -0.0223 0.164 6.555 4.499 0.265 0.548
169.82 0.5842 0.173 16.7 34.4 -0.0226 0.170 6.795 4.484 0.268 0.553
172.84 0.5842 0.176 16.8 34.3 -0.0226 0.173 6.915 4.477 0.270 0.552
178.84 0.5844 0.182 17.0 34.2 -0.0228 0.179 7.155 4.462 0.274 0.552
181.84 0.5846 0.185 17.0 34.3 -0.0230 0.182 7.275 4.454 0.276 0.555
187.84 0.5848 0.191 17.1 34.3 -0.0232 0.188 7.516 4.439 0.277 0.557
190.84 0.5849 0.194 17.1 33.9 -0.0233 0.191 7.636 4.432 0.278 0.552
196.84 0.5851 0.200 17.2 34.6 -0.0236 0.197 7.876 4.417 0.280 0.564
199.84 0.5852 0.203 17.2 34.5 -0.0236 0.200 7.996 4.410 0.282 0.563
205.84 0.5853 0.209 17.3 34.3 -0.0237 0.206 8.236 4.395 0.283 0.561
208.86 0.5854 0.212 17.3 34.0 -0.0238 0.209 8.356 4.387 0.284 0.559
214.86 0.5854 0.218 17.3 34.6 -0.0239 0.215 8.596 4.372 0.284 0.569
217.86 0.5856 0.221 17.2 34.3 -0.0240 0.218 8.716 4.365 0.284 0.566
223.86 0.5858 0.227 17.4 34.5 -0.0242 0.224 8.957 4.350 0.288 0.571
226.86 0.5858 0.230 17.3 34.2 -0.0242 0.227 9.077 4.342 0.287 0.568
232.86 0.5862 0.236 17.4 34.3 -0.0246 0.233 9.317 4.327 0.290 0.571
235.86 0.5864 0.239 17.5 34.2 -0.0248 0.236 9.437 4.320 0.292 0.570
241.86 0.5869 0.245 17.6 34.5 -0.0254 0.242 9.677 4.305 0.295 0.577
244.86 0.5872 0.248 17.7 34.2 -0.0256 0.245 9.797 4.297 0.296 0.573
250.87 0.5874 0.254 17.8 34.3 -0.0258 0.251 10.037 4.282 0.299 0.577
253.87 0.5876 0.257 18.0 34.1 -0.0260 0.254 10.158 4.275 0.303 0.574
259.87 0.5879 0.263 18.0 34.4 -0.0264 0.260 10.398 4.260 0.304 0.581
262.87 0.5880 0.266 18.1 34.1 -0.0264 0.263 10.518 4.253 0.306 0.578
268.87 0.5883 0.272 18.3 34.1 -0.0267 0.269 10.758 4.238 0.311 0.580
271.87 0.5885 0.275 18.4 34.6 -0.0269 0.272 10.878 4.230 0.313 0.589
277.87 0.5886 0.281 18.5 34.2 -0.0271 0.278 11.118 4.215 0.316 0.584
280.87 0.5888 0.284 18.6 34.3 -0.0272 0.281 11.238 4.208 0.319 0.587
286.89 0.5888 0.290 18.8 34.2 -0.0273 0.287 11.479 4.193 0.322 0.587
289.89 0.5889 0.293 18.9 34.2 -0.0273 0.290 11.599 4.185 0.325 0.587
295.89 0.5891 0.299 19.0 34.5 -0.0275 0.296 11.839 4.171 0.328 0.595
298.91 0.5892 0.302 19.0 34.2 -0.0276 0.299 11.959 4.163 0.328 0.592
304.91 0.5893 0.308 19.1 34.2 -0.0277 0.305 12.199 4.148 0.331 0.594
307.91 0.5894 0.311 19.1 34.3 -0.0278 0.308 12.319 4.141 0.332 0.597
313.91 0.5895 0.317 19.2 34.5 -0.0280 0.314 12.560 4.126 0.335 0.601
316.91 0.5896 0.320 19.2 34.3 -0.0280 0.317 12.680 4.118 0.336 0.599
322.92 0.5897 0.326 19.3 34.4 -0.0281 0.323 12.920 4.103 0.339 0.603
325.92 0.5899 0.329 19.3 34.2 -0.0283 0.326 13.040 4.096 0.339 0.601
331.92 0.5902 0.335 19.3 34.6 -0.0286 0.332 13.280 4.081 0.341 0.610
334.92 0.5904 0.338 19.3 34.4 -0.0288 0.335 13.400 4.074 0.342 0.608
340.92 0.5905 0.344 19.4 34.3 -0.0289 0.341 13.641 4.059 0.345 0.609
343.92 0.5907 0.347 19.5 34.3 -0.0291 0.344 13.761 4.051 0.346 0.610
349.92 0.5908 0.353 19.3 34.3 -0.0293 0.350 14.001 4.037 0.344 0.611
352.94 0.5909 0.356 19.3 34.6 -0.0293 0.353 14.121 4.029 0.344 0.618
358.94 0.5909 0.362 19.2 34.7 -0.0294 0.359 14.361 4.014 0.344 0.622
361.94 0.5911 0.365 19.2 34.2 -0.0295 0.362 14.481 4.007 0.345 0.615
367.94 0.5911 0.371 19.0 34.4 -0.0296 0.368 14.721 3.992 0.343 0.621
370.94 0.5912 0.374 19.0 34.4 -0.0297 0.371 14.842 3.985 0.344 0.621
376.94 0.5914 0.380 19.0 34.2 -0.0298 0.377 15.082 3.970 0.345 0.620
379.96 0.5914 0.383 19.1 34.3 -0.0298 0.380 15.202 3.962 0.347 0.623
385.96 0.5914 0.389 19.0 34.3 -0.0299 0.386 15.442 3.947 0.346 0.625
388.96 0.5915 0.392 19.0 34.6 -0.0300 0.389 15.562 3.940 0.347 0.632
394.96 0.5915 0.398 18.9 34.3 -0.0299 0.395 15.803 3.925 0.347 0.630
397.96 0.5916 0.401 18.9 33.9 -0.0300 0.398 15.923 3.918 0.348 0.623
403.96 0.5916 0.407 18.9 34.4 -0.0300 0.404 16.163 3.903 0.348 0.635
406.96 0.5916 0.410 18.8 34.4 -0.0300 0.407 16.283 3.896 0.347 0.635
412.97 0.5916 0.416 18.8 34.3 -0.0300 0.413 16.523 3.881 0.349 0.636
415.97 0.5916 0.419 18.7 33.9 -0.0301 0.416 16.643 3.873 0.348 0.631
421.97 0.5918 0.425 18.8 34.3 -0.0303 0.422 16.883 3.859 0.351 0.641
424.97 0.5920 0.428 18.7 34.0 -0.0304 0.425 17.004 3.851 0.350 0.637
430.97 0.5922 0.434 18.7 34.4 -0.0306 0.431 17.244 3.836 0.352 0.646
433.97 0.5922 0.437 18.6 34.4 -0.0306 0.434 17.364 3.829 0.350 0.646
439.97 0.5923 0.443 18.7 34.4 -0.0307 0.440 17.604 3.814 0.353 0.650
442.97 0.5924 0.446 18.7 34.5 -0.0308 0.443 17.724 3.807 0.355 0.653
448.99 0.5925 0.452 18.8 34.5 -0.0310 0.449 17.964 3.792 0.357 0.656
451.99 0.5927 0.455 18.8 34.4 -0.0311 0.452 18.084 3.785 0.357 0.654
457.99 0.5929 0.461 18.7 34.4 -0.0313 0.458 18.325 3.770 0.356 0.658
460.99 0.5930 0.464 18.7 34.2 -0.0314 0.461 18.445 3.763 0.358 0.655
466.99 0.5931 0.470 18.6 34.5 -0.0315 0.467 18.685 3.748 0.358 0.663
470.01 0.5931 0.473 18.6 34.5 -0.0315 0.470 18.805 3.740 0.357 0.664
476.01 0.5934 0.479 18.6 34.2 -0.0318 0.476 19.045 3.726 0.360 0.661
479.01 0.5933 0.482 18.6 34.6 -0.0318 0.479 19.165 3.718 0.360 0.669
485.01 0.5934 0.488 18.6 34.3 -0.0319 0.485 19.405 3.704 0.362 0.667
488.01 0.5935 0.491 18.6 34.4 -0.0319 0.488 19.525 3.696 0.363 0.670
494.01 0.5938 0.497 18.6 34.5 -0.0322 0.494 19.766 3.681 0.363 0.675
497.01 0.5938 0.500 18.5 34.3 -0.0322 0.497 19.886 3.674 0.363 0.673
503.01 0.5940 0.506 18.6 34.3 -0.0325 0.503 20.126 3.659 0.366 0.675
506.01 0.5941 0.509 18.6 34.3 -0.0326 0.506 20.246 3.652 0.366 0.677
507.24 0.5941 0.510 18.6 34.3 -0.0326 0.507 20.295 3.649 0.366 0.677
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 205-A, 35.0'-37.0' Lab ID 219

Visual Description Poorly Graded Sand (SP),brown, moist soft Test ID 219-B
Specimen Type Compacted Gs 2.67 LL NP

Prepared Directly In Shear Box ASTM D 854, A PL NP
Preparation Date PI NP

Initial Specimen Conditions Consolidated Specimen Conditions
Height (in) 1.000 Height (in) 0.965

Diameter (in) 2.500 Diameter (in) 2.500
Wet Weight (lb) 0.2790 Wet Weight (lb) 0.3088

Wet Unit Weight (pcf) 98.2 Wet Unit Weight (pcf) 112.7
Moisture Content (%) 14.3 Moisture Content (%) 26.5

Dry Weight (lb) 0.2441 Dry Weight (lb) 0.2441
Dry Unit Weight (pcf) 85.9 Dry Unit Weight (pcf) 89.0

Void Ratio 0.941 Void Ratio 0.872
Degree of Saturation (%) 40.6 Degree of Saturation (%) 81.2

Preshear Normal Stress (tsf) 1.493

Shear Test Date 09/17/2019
Shear Rate (in/min) 0.00100

Shear Stress (tsf) 0.845
Normal Stress (tsf) 1.705

Shear Displace. (in) 0.245
Normal Displace. (in) -0.031

Shear Stress (tsf) 0.845
Normal Stress (tsf) 1.705

Shear Displace. (in) 0.245
Normal Displace. (in) -0.031

Time Height
(min)  (in)

@ t0 0.0 0.9685
@ t50 0.5 0.9672
@ t90 2.6 0.9663

@ t100 9.0 0.9660
@ tmax 125.9 0.9651

*Failure Stress Criterion:  Maximum shear stress or 10% lateral displacement. Reviewed By
**Ultimate Stress Criterion:  Minimum shear stress at lateral displacement greater than or equal to failure displacement.

Failure Sketch
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09/17/2019
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 205-A, 35.0'-37.0' Lab ID 219

Visual Description Poorly Graded Sand (SP),brown, moist soft Test ID 219-B

Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)

0.00 0.5461 0.003 0.0 101.8 0.0000 0.000 0.000 4.909 0.000 1.493
0.34 0.5461 0.003 1.4 101.5 -0.0001 0.000 0.014 4.908 0.020 1.489
1.35 0.5464 0.004 4.8 101.6 -0.0003 0.001 0.054 4.905 0.071 1.492
1.85 0.5467 0.005 5.9 102.3 -0.0006 0.002 0.074 4.904 0.086 1.501
2.87 0.5472 0.006 7.4 101.8 -0.0011 0.003 0.115 4.902 0.109 1.495
3.37 0.5473 0.006 7.9 101.3 -0.0012 0.003 0.135 4.900 0.116 1.489
4.39 0.5476 0.007 8.3 101.9 -0.0015 0.004 0.175 4.898 0.122 1.499
4.89 0.5479 0.008 8.6 101.6 -0.0018 0.005 0.195 4.897 0.126 1.494
5.89 0.5481 0.009 9.1 101.6 -0.0020 0.006 0.235 4.894 0.133 1.495
6.39 0.5483 0.009 9.5 101.8 -0.0022 0.006 0.255 4.893 0.139 1.498
7.39 0.5488 0.010 10.7 101.6 -0.0027 0.007 0.295 4.890 0.158 1.496
7.89 0.5490 0.011 11.3 101.8 -0.0029 0.008 0.315 4.889 0.166 1.499
8.89 0.5491 0.012 12.2 101.7 -0.0030 0.009 0.355 4.887 0.180 1.498
9.39 0.5493 0.012 12.7 101.7 -0.0032 0.009 0.375 4.885 0.186 1.499

10.39 0.5499 0.013 13.5 101.6 -0.0038 0.010 0.416 4.883 0.198 1.499
10.90 0.5500 0.014 13.9 102.0 -0.0039 0.011 0.436 4.881 0.204 1.504
11.90 0.5508 0.015 14.5 102.2 -0.0047 0.012 0.477 4.879 0.215 1.508
12.42 0.5508 0.015 14.9 101.8 -0.0047 0.012 0.497 4.878 0.220 1.503
13.42 0.5509 0.016 15.5 101.9 -0.0048 0.013 0.537 4.875 0.230 1.504
13.94 0.5511 0.017 15.9 101.5 -0.0050 0.014 0.557 4.874 0.235 1.499
14.95 0.5513 0.018 16.4 102.0 -0.0052 0.015 0.598 4.871 0.243 1.507
15.45 0.5515 0.018 16.7 101.8 -0.0054 0.015 0.618 4.870 0.247 1.506
16.45 0.5517 0.019 17.3 101.5 -0.0056 0.016 0.659 4.868 0.256 1.501
16.97 0.5520 0.020 17.6 101.7 -0.0059 0.017 0.679 4.866 0.260 1.504
17.97 0.5525 0.021 18.1 102.1 -0.0064 0.018 0.719 4.864 0.268 1.511
18.47 0.5528 0.021 18.4 101.7 -0.0067 0.018 0.739 4.863 0.272 1.506
19.49 0.5534 0.022 18.9 101.6 -0.0073 0.019 0.779 4.860 0.280 1.505
19.99 0.5535 0.023 19.1 101.6 -0.0074 0.020 0.799 4.859 0.284 1.506
20.99 0.5537 0.024 19.7 101.5 -0.0076 0.021 0.840 4.856 0.292 1.504
21.50 0.5539 0.024 19.9 101.3 -0.0078 0.022 0.860 4.855 0.295 1.502
22.50 0.5542 0.025 20.4 102.3 -0.0081 0.023 0.901 4.852 0.302 1.518
23.00 0.5543 0.026 20.5 101.8 -0.0082 0.023 0.921 4.851 0.304 1.511
26.00 0.5551 0.029 21.7 101.7 -0.0090 0.026 1.041 4.844 0.323 1.512
27.52 0.5558 0.030 22.3 101.7 -0.0097 0.028 1.101 4.840 0.332 1.512
30.52 0.5570 0.033 23.5 101.6 -0.0109 0.031 1.221 4.832 0.349 1.513
32.02 0.5574 0.035 24.1 101.3 -0.0113 0.032 1.281 4.829 0.359 1.511
35.02 0.5583 0.038 25.1 102.0 -0.0122 0.035 1.401 4.821 0.375 1.523
36.52 0.5587 0.039 25.6 101.7 -0.0126 0.037 1.461 4.817 0.382 1.520
39.52 0.5593 0.042 26.6 101.5 -0.0132 0.040 1.581 4.810 0.398 1.520
41.04 0.5595 0.044 27.1 101.6 -0.0134 0.041 1.642 4.806 0.406 1.522
44.04 0.5600 0.047 27.8 101.6 -0.0139 0.044 1.762 4.799 0.417 1.524
45.54 0.5602 0.048 28.3 101.8 -0.0141 0.046 1.822 4.795 0.425 1.528
48.54 0.5609 0.051 29.2 101.4 -0.0148 0.049 1.942 4.787 0.439 1.525
50.05 0.5615 0.053 29.6 101.7 -0.0154 0.050 2.003 4.784 0.445 1.531
53.05 0.5623 0.056 30.2 101.7 -0.0163 0.053 2.123 4.776 0.455 1.533
54.57 0.5625 0.057 30.6 101.8 -0.0164 0.055 2.183 4.772 0.462 1.535
57.57 0.5627 0.060 31.4 101.6 -0.0166 0.058 2.303 4.765 0.475 1.535
59.09 0.5629 0.062 31.8 101.5 -0.0168 0.059 2.364 4.761 0.480 1.534
62.09 0.5637 0.065 32.4 102.1 -0.0176 0.062 2.484 4.754 0.490 1.546
63.59 0.5639 0.066 32.6 101.5 -0.0178 0.064 2.544 4.750 0.495 1.539
66.60 0.5643 0.069 33.2 101.9 -0.0182 0.067 2.664 4.742 0.504 1.546
68.10 0.5649 0.071 33.5 101.4 -0.0188 0.068 2.725 4.738 0.509 1.540
71.12 0.5653 0.074 34.2 101.7 -0.0192 0.071 2.845 4.731 0.520 1.548
72.62 0.5656 0.075 34.5 101.4 -0.0196 0.073 2.905 4.727 0.525 1.544
75.62 0.5660 0.078 35.0 102.1 -0.0199 0.076 3.025 4.720 0.534 1.558
77.12 0.5662 0.080 35.2 102.2 -0.0201 0.077 3.086 4.716 0.538 1.560
80.14 0.5665 0.083 35.8 101.6 -0.0204 0.080 3.206 4.708 0.548 1.554
81.64 0.5667 0.084 36.1 101.5 -0.0206 0.082 3.266 4.705 0.553 1.553
84.65 0.5671 0.087 36.7 101.6 -0.0210 0.085 3.387 4.697 0.562 1.557
86.15 0.5673 0.089 36.9 101.8 -0.0212 0.086 3.447 4.693 0.567 1.562
89.15 0.5679 0.092 37.4 101.7 -0.0218 0.089 3.567 4.686 0.575 1.563
90.65 0.5683 0.093 37.7 101.9 -0.0223 0.091 3.627 4.682 0.579 1.568
93.67 0.5686 0.096 38.2 102.1 -0.0225 0.094 3.748 4.675 0.588 1.572
95.17 0.5687 0.098 38.3 102.0 -0.0226 0.095 3.808 4.671 0.591 1.572
98.19 0.5689 0.101 38.8 101.8 -0.0228 0.098 3.928 4.663 0.599 1.572

101.19 0.5691 0.104 39.2 101.9 -0.0230 0.101 4.048 4.656 0.607 1.576
107.19 0.5694 0.110 39.9 101.5 -0.0233 0.107 4.289 4.641 0.619 1.575
110.20 0.5697 0.113 40.4 101.5 -0.0236 0.110 4.409 4.633 0.629 1.577
116.20 0.5702 0.119 41.2 101.7 -0.0241 0.116 4.650 4.618 0.642 1.586
119.22 0.5702 0.122 41.7 102.1 -0.0242 0.119 4.770 4.611 0.651 1.594
125.22 0.5710 0.128 42.3 102.0 -0.0249 0.125 5.010 4.596 0.662 1.598
128.22 0.5713 0.131 42.7 101.9 -0.0252 0.128 5.130 4.588 0.670 1.599
134.24 0.5720 0.137 43.3 101.9 -0.0259 0.134 5.371 4.573 0.681 1.604
137.24 0.5723 0.140 43.6 101.4 -0.0262 0.137 5.491 4.566 0.688 1.600
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Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)
143.24 0.5727 0.146 44.0 102.1 -0.0266 0.143 5.731 4.551 0.697 1.615
146.25 0.5728 0.149 44.3 102.1 -0.0267 0.146 5.851 4.543 0.702 1.618
152.25 0.5732 0.155 44.8 101.8 -0.0271 0.152 6.091 4.528 0.712 1.619
155.25 0.5733 0.158 45.0 101.6 -0.0272 0.155 6.212 4.521 0.717 1.617
161.27 0.5736 0.164 45.4 101.9 -0.0275 0.161 6.453 4.506 0.725 1.629
164.27 0.5738 0.167 45.6 101.9 -0.0277 0.164 6.573 4.498 0.730 1.630
170.27 0.5741 0.173 45.9 101.9 -0.0280 0.170 6.813 4.483 0.738 1.636
173.29 0.5743 0.176 46.1 101.7 -0.0282 0.173 6.933 4.476 0.741 1.635
179.29 0.5745 0.182 46.6 101.6 -0.0284 0.179 7.173 4.461 0.751 1.640
182.29 0.5747 0.185 46.7 101.8 -0.0286 0.182 7.294 4.453 0.755 1.647
188.30 0.5749 0.191 47.0 102.1 -0.0289 0.188 7.534 4.438 0.763 1.656
191.30 0.5752 0.194 47.3 101.7 -0.0291 0.191 7.654 4.431 0.768 1.652
197.30 0.5757 0.200 47.7 101.6 -0.0296 0.197 7.894 4.416 0.777 1.656
200.32 0.5758 0.203 47.8 101.8 -0.0298 0.200 8.015 4.408 0.781 1.662
206.32 0.5761 0.209 48.2 101.8 -0.0300 0.206 8.255 4.393 0.789 1.668
209.32 0.5761 0.212 48.4 102.0 -0.0300 0.209 8.375 4.386 0.794 1.674
215.34 0.5763 0.218 48.7 101.5 -0.0302 0.215 8.616 4.371 0.802 1.672
218.34 0.5763 0.221 48.9 101.7 -0.0302 0.218 8.736 4.363 0.807 1.678
224.34 0.5764 0.227 49.3 101.6 -0.0303 0.224 8.976 4.348 0.816 1.683
227.34 0.5764 0.230 49.3 102.0 -0.0303 0.227 9.096 4.341 0.818 1.691
233.35 0.5765 0.236 49.8 101.7 -0.0304 0.233 9.336 4.326 0.829 1.693
236.35 0.5766 0.239 50.0 101.3 -0.0305 0.236 9.457 4.319 0.833 1.689
242.35 0.5767 0.245 50.3 101.7 -0.0306 0.242 9.697 4.304 0.841 1.701
245.37 0.5768 0.248 50.4 101.7 -0.0307 0.245 9.817 4.296 0.845 1.705
251.37 0.5772 0.254 50.7 101.7 -0.0311 0.251 10.057 4.281 0.853 1.711
254.37 0.5777 0.257 50.8 101.9 -0.0316 0.254 10.177 4.274 0.856 1.717
260.39 0.5782 0.263 51.3 101.9 -0.0321 0.260 10.418 4.259 0.867 1.723
264.40 0.5785 0.266 51.4 102.0 -0.0324 0.263 10.539 4.251 0.871 1.727
270.42 0.5787 0.272 51.8 101.7 -0.0326 0.269 10.779 4.236 0.880 1.728
273.42 0.5788 0.275 51.9 101.8 -0.0327 0.272 10.899 4.229 0.884 1.734
279.42 0.5793 0.281 52.3 102.1 -0.0332 0.278 11.140 4.214 0.894 1.744
282.42 0.5794 0.284 52.4 101.8 -0.0333 0.281 11.259 4.207 0.897 1.743
288.44 0.5798 0.290 52.7 101.9 -0.0337 0.288 11.500 4.192 0.906 1.750
291.44 0.5799 0.293 52.8 101.5 -0.0338 0.291 11.620 4.184 0.909 1.747
297.45 0.5801 0.299 53.2 101.7 -0.0340 0.297 11.861 4.169 0.918 1.756
300.45 0.5801 0.302 53.3 101.9 -0.0340 0.300 11.981 4.162 0.923 1.763
306.47 0.5803 0.308 53.6 101.5 -0.0342 0.306 12.222 4.147 0.931 1.763
309.47 0.5803 0.311 54.0 101.9 -0.0342 0.309 12.341 4.139 0.939 1.772
315.47 0.5805 0.317 54.2 101.8 -0.0344 0.315 12.582 4.124 0.947 1.777
318.49 0.5805 0.320 54.5 101.9 -0.0344 0.318 12.702 4.117 0.953 1.783
324.49 0.5806 0.326 54.7 101.7 -0.0345 0.324 12.943 4.102 0.959 1.786
327.50 0.5807 0.329 55.0 101.9 -0.0346 0.327 13.063 4.095 0.966 1.793
333.50 0.5809 0.335 55.0 101.9 -0.0348 0.333 13.303 4.080 0.970 1.798
336.50 0.5811 0.338 55.3 101.9 -0.0350 0.336 13.423 4.072 0.978 1.803
342.50 0.5813 0.344 55.5 101.8 -0.0353 0.342 13.664 4.057 0.985 1.806
345.50 0.5815 0.347 55.6 101.8 -0.0354 0.345 13.783 4.050 0.989 1.809
351.52 0.5820 0.353 55.8 102.0 -0.0359 0.351 14.024 4.035 0.996 1.821
354.52 0.5823 0.356 56.0 101.9 -0.0362 0.354 14.144 4.028 1.002 1.822
360.52 0.5826 0.362 56.2 101.6 -0.0365 0.360 14.384 4.013 1.008 1.824
363.54 0.5829 0.365 56.2 102.0 -0.0368 0.363 14.505 4.005 1.010 1.833
369.54 0.5831 0.371 56.2 102.0 -0.0370 0.369 14.745 3.991 1.014 1.840
372.54 0.5831 0.374 56.1 102.0 -0.0370 0.372 14.865 3.983 1.013 1.844
378.55 0.5833 0.380 56.0 101.8 -0.0372 0.378 15.106 3.968 1.015 1.846
381.55 0.5833 0.383 56.0 102.0 -0.0372 0.381 15.226 3.961 1.017 1.854
387.57 0.5834 0.389 55.8 101.9 -0.0373 0.387 15.466 3.946 1.018 1.860
390.57 0.5835 0.392 55.6 101.8 -0.0374 0.390 15.587 3.939 1.016 1.861
396.57 0.5836 0.398 55.3 102.3 -0.0375 0.396 15.827 3.924 1.015 1.876
399.57 0.5837 0.401 55.2 102.0 -0.0376 0.399 15.947 3.916 1.015 1.875
405.59 0.5839 0.407 55.1 102.1 -0.0378 0.405 16.187 3.901 1.016 1.884
408.59 0.5839 0.410 54.8 101.9 -0.0378 0.408 16.307 3.894 1.013 1.885
414.59 0.5841 0.416 54.5 102.0 -0.0380 0.414 16.548 3.879 1.012 1.894
417.60 0.5842 0.420 54.6 102.0 -0.0381 0.417 16.668 3.872 1.015 1.898
423.60 0.5843 0.426 54.3 102.0 -0.0382 0.423 16.908 3.857 1.014 1.903
426.62 0.5845 0.429 54.5 101.6 -0.0385 0.426 17.029 3.850 1.019 1.900
432.62 0.5849 0.435 54.4 101.7 -0.0388 0.432 17.269 3.835 1.022 1.910
435.62 0.5850 0.438 54.4 101.9 -0.0389 0.435 17.389 3.827 1.023 1.918
441.64 0.5852 0.444 54.4 101.3 -0.0391 0.441 17.630 3.813 1.028 1.913
444.64 0.5853 0.447 54.5 101.9 -0.0392 0.444 17.750 3.805 1.031 1.929
450.65 0.5856 0.453 54.5 102.1 -0.0395 0.450 17.991 3.790 1.036 1.939
453.65 0.5856 0.456 54.4 101.7 -0.0395 0.453 18.111 3.783 1.036 1.936
459.67 0.5858 0.462 54.5 101.9 -0.0397 0.459 18.351 3.768 1.042 1.946
462.69 0.5860 0.465 54.5 101.8 -0.0399 0.462 18.472 3.761 1.044 1.950
468.69 0.5861 0.471 54.4 101.8 -0.0400 0.468 18.712 3.746 1.046 1.957
471.69 0.5863 0.474 54.3 102.1 -0.0402 0.471 18.832 3.739 1.046 1.966
477.70 0.5867 0.480 54.4 101.9 -0.0406 0.477 19.072 3.724 1.051 1.970
480.70 0.5868 0.483 54.3 101.9 -0.0407 0.480 19.193 3.717 1.051 1.975
486.72 0.5870 0.489 54.2 101.9 -0.0409 0.486 19.434 3.702 1.055 1.983
489.72 0.5872 0.492 54.2 101.8 -0.0411 0.489 19.554 3.694 1.055 1.985
495.74 0.5874 0.498 54.2 101.6 -0.0413 0.495 19.794 3.680 1.060 1.989
498.74 0.5875 0.501 54.2 102.2 -0.0414 0.498 19.914 3.672 1.063 2.003
507.75 0.5879 0.510 54.2 101.8 -0.0418 0.507 20.275 3.650 1.069 2.009
508.15 0.5879 0.510 54.1 101.7 -0.0418 0.507 20.291 3.649 1.067 2.007
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 205-A, 35.0'-37.0' Lab ID 219

Visual Description Poorly Graded Sand (SP),brown, moist soft Test ID 219-C
Specimen Type Compacted Gs 2.67 LL NP

Prepared Directly In Shear Box ASTM D 854, A PL NP
Preparation Date PI NP

Initial Specimen Conditions Consolidated Specimen Conditions
Height (in) 1.002 Height (in) 0.945

Diameter (in) 2.500 Diameter (in) 2.500
Wet Weight (lb) 0.2794 Wet Weight (lb) 0.3051

Wet Unit Weight (pcf) 98.1 Wet Unit Weight (pcf) 113.6
Moisture Content (%) 16.6 Moisture Content (%) 27.3

Dry Weight (lb) 0.2396 Dry Weight (lb) 0.2396
Dry Unit Weight (pcf) 84.2 Dry Unit Weight (pcf) 89.3

Void Ratio 0.980 Void Ratio 0.867
Degree of Saturation (%) 45.2 Degree of Saturation (%) 84.1

Preshear Normal Stress (tsf) 2.498

Shear Test Date 09/18/2019
Shear Rate (in/min) 0.00100

Shear Stress (tsf) 1.389
Normal Stress (tsf) 2.853

Shear Displace. (in) 0.245
Normal Displace. (in) -0.036

Shear Stress (tsf) 1.389
Normal Stress (tsf) 2.853

Shear Displace. (in) 0.245
Normal Displace. (in) -0.036

Time Height
(min)  (in)

@ t0 0.0 0.9527
@ t50 0.6 0.9501
@ t90 2.8 0.9480

@ t100 4.8 0.9475
@ tmax 63.1 0.9451

*Failure Stress Criterion:  Maximum shear stress or 10% lateral displacement. Reviewed By
**Ultimate Stress Criterion:  Minimum shear stress at lateral displacement greater than or equal to failure displacement.

Preshear Consolidation

Failure Sketch

09/18/2019
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 205-A, 35.0'-37.0' Lab ID 219

Visual Description Poorly Graded Sand (SP),brown, moist soft Test ID 219-C

Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)

0.00 0.5760 0.003 0.0 170.3 0.0000 0.000 0.000 4.909 0.000 2.498
1.09 0.5761 0.004 5.2 170.0 -0.0001 0.001 0.044 4.906 0.076 2.495
1.59 0.5762 0.005 6.9 169.9 -0.0002 0.002 0.064 4.905 0.102 2.494
2.60 0.5763 0.006 9.2 170.1 -0.0003 0.003 0.105 4.902 0.135 2.498
3.10 0.5764 0.006 9.8 170.0 -0.0003 0.003 0.125 4.901 0.144 2.498
4.10 0.5765 0.007 10.8 170.5 -0.0005 0.004 0.165 4.898 0.159 2.506
4.62 0.5766 0.008 11.3 170.9 -0.0006 0.005 0.185 4.897 0.167 2.512
5.64 0.5767 0.009 12.8 170.3 -0.0006 0.006 0.226 4.895 0.188 2.505
6.14 0.5767 0.009 13.7 170.8 -0.0007 0.006 0.246 4.893 0.201 2.513
7.15 0.5773 0.010 15.5 170.2 -0.0013 0.007 0.287 4.891 0.228 2.505
7.65 0.5778 0.011 16.2 171.2 -0.0018 0.008 0.307 4.890 0.239 2.521
8.67 0.5787 0.012 17.8 170.3 -0.0027 0.009 0.347 4.887 0.262 2.510
9.17 0.5789 0.012 18.5 169.8 -0.0029 0.009 0.368 4.886 0.273 2.503

10.19 0.5795 0.013 19.8 170.6 -0.0035 0.010 0.408 4.883 0.292 2.516
10.70 0.5799 0.014 20.5 172.3 -0.0038 0.011 0.429 4.882 0.302 2.541
11.70 0.5801 0.015 21.7 170.2 -0.0041 0.012 0.469 4.879 0.320 2.512
12.22 0.5802 0.015 22.2 170.0 -0.0042 0.012 0.489 4.878 0.328 2.509
13.22 0.5805 0.016 23.4 170.3 -0.0045 0.013 0.529 4.876 0.345 2.515
13.72 0.5806 0.017 24.0 169.9 -0.0046 0.014 0.550 4.874 0.354 2.509
14.74 0.5808 0.018 24.9 170.1 -0.0047 0.015 0.590 4.872 0.369 2.514
15.24 0.5810 0.018 25.4 170.6 -0.0050 0.015 0.610 4.871 0.375 2.522
16.25 0.5814 0.019 26.5 170.5 -0.0054 0.016 0.651 4.868 0.391 2.522
16.77 0.5819 0.020 26.9 170.6 -0.0059 0.017 0.672 4.867 0.398 2.523
17.77 0.5826 0.021 27.8 169.8 -0.0065 0.018 0.712 4.864 0.412 2.514
18.27 0.5829 0.021 28.3 170.0 -0.0069 0.018 0.732 4.863 0.419 2.517
19.27 0.5833 0.022 29.2 170.1 -0.0072 0.019 0.772 4.861 0.432 2.520
19.77 0.5834 0.023 29.5 170.3 -0.0074 0.020 0.792 4.859 0.437 2.523
20.77 0.5838 0.024 30.2 170.0 -0.0078 0.021 0.832 4.857 0.448 2.521
21.27 0.5840 0.024 30.6 169.9 -0.0079 0.021 0.852 4.856 0.454 2.520
22.27 0.5842 0.025 31.2 170.5 -0.0081 0.022 0.892 4.853 0.462 2.530
22.79 0.5844 0.026 31.5 170.0 -0.0084 0.023 0.912 4.852 0.468 2.523
25.79 0.5854 0.029 33.4 170.1 -0.0094 0.026 1.033 4.844 0.497 2.528
27.30 0.5858 0.030 34.3 170.0 -0.0097 0.027 1.093 4.840 0.510 2.529
30.30 0.5872 0.033 36.2 169.8 -0.0112 0.030 1.213 4.833 0.539 2.530
31.80 0.5877 0.035 37.0 170.6 -0.0117 0.032 1.273 4.829 0.552 2.543
34.82 0.5886 0.038 38.7 170.2 -0.0125 0.035 1.394 4.822 0.577 2.541
36.32 0.5888 0.039 39.4 169.9 -0.0128 0.036 1.454 4.818 0.590 2.539
39.34 0.5894 0.042 41.1 169.9 -0.0133 0.039 1.575 4.810 0.615 2.544
40.85 0.5897 0.044 41.9 169.8 -0.0137 0.041 1.635 4.807 0.627 2.544
43.85 0.5907 0.047 43.4 170.3 -0.0147 0.044 1.755 4.799 0.650 2.555
45.35 0.5911 0.048 44.0 170.5 -0.0150 0.045 1.815 4.795 0.661 2.560
48.35 0.5915 0.051 45.5 170.3 -0.0155 0.048 1.936 4.788 0.684 2.561
49.87 0.5916 0.053 46.1 170.4 -0.0156 0.050 1.996 4.784 0.693 2.565
52.87 0.5923 0.056 47.3 169.9 -0.0163 0.053 2.116 4.776 0.713 2.561
54.37 0.5928 0.057 47.8 170.2 -0.0167 0.054 2.176 4.773 0.721 2.567
57.39 0.5937 0.060 49.0 170.4 -0.0176 0.057 2.297 4.765 0.740 2.575
58.89 0.5940 0.062 49.6 169.8 -0.0180 0.059 2.357 4.761 0.750 2.568
61.90 0.5946 0.065 50.6 169.9 -0.0186 0.062 2.477 4.754 0.766 2.574
63.40 0.5948 0.066 51.1 170.5 -0.0188 0.063 2.538 4.750 0.774 2.584
66.42 0.5955 0.069 52.2 170.3 -0.0194 0.066 2.658 4.743 0.792 2.586
67.92 0.5958 0.071 52.6 169.8 -0.0198 0.068 2.718 4.739 0.800 2.580
70.92 0.5965 0.074 53.5 170.4 -0.0205 0.071 2.838 4.731 0.814 2.593
72.42 0.5968 0.075 54.0 170.3 -0.0207 0.072 2.898 4.728 0.822 2.593
75.44 0.5970 0.078 55.0 170.1 -0.0210 0.075 3.019 4.720 0.839 2.595
76.94 0.5972 0.080 55.5 170.1 -0.0211 0.077 3.079 4.716 0.848 2.597
79.95 0.5976 0.083 56.5 170.4 -0.0216 0.080 3.200 4.709 0.863 2.605
81.45 0.5981 0.084 56.9 170.3 -0.0221 0.081 3.260 4.705 0.870 2.606
84.47 0.5986 0.087 57.8 170.4 -0.0226 0.085 3.380 4.697 0.886 2.612
85.99 0.5991 0.089 58.2 170.2 -0.0230 0.086 3.441 4.694 0.893 2.610
88.99 0.5998 0.092 59.0 170.2 -0.0238 0.089 3.561 4.686 0.906 2.616
90.49 0.6000 0.093 59.2 170.6 -0.0240 0.091 3.621 4.682 0.910 2.623
93.50 0.6003 0.096 60.2 170.4 -0.0243 0.094 3.742 4.675 0.927 2.624
95.00 0.6004 0.098 60.6 170.4 -0.0243 0.095 3.801 4.671 0.933 2.626
98.00 0.6005 0.101 61.4 170.3 -0.0245 0.098 3.922 4.664 0.948 2.630

101.02 0.6007 0.104 62.1 170.0 -0.0247 0.101 4.042 4.656 0.961 2.629
107.04 0.6013 0.110 63.6 170.4 -0.0253 0.107 4.283 4.641 0.987 2.643
110.04 0.6015 0.113 64.1 170.4 -0.0255 0.110 4.403 4.634 0.996 2.648
116.04 0.6024 0.119 65.4 170.1 -0.0263 0.116 4.644 4.619 1.020 2.651
119.04 0.6028 0.122 66.1 170.0 -0.0268 0.119 4.764 4.611 1.033 2.654
125.04 0.6036 0.128 67.3 170.3 -0.0276 0.125 5.003 4.596 1.054 2.668
128.04 0.6038 0.131 68.0 170.1 -0.0278 0.128 5.124 4.589 1.067 2.669
134.05 0.6046 0.137 69.2 170.3 -0.0285 0.134 5.364 4.574 1.089 2.681
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Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)
137.05 0.6048 0.140 69.7 169.8 -0.0288 0.137 5.484 4.566 1.100 2.678
143.07 0.6054 0.146 70.8 170.3 -0.0294 0.143 5.725 4.551 1.120 2.694
146.07 0.6058 0.149 71.3 170.1 -0.0298 0.146 5.845 4.544 1.130 2.695
152.09 0.6061 0.155 71.8 170.3 -0.0301 0.152 6.085 4.529 1.142 2.708
155.09 0.6064 0.158 72.4 170.1 -0.0304 0.155 6.206 4.521 1.153 2.709
161.10 0.6071 0.164 73.7 170.2 -0.0310 0.161 6.447 4.506 1.177 2.719
164.10 0.6073 0.167 74.0 170.3 -0.0313 0.164 6.567 4.499 1.185 2.726
170.12 0.6078 0.173 74.8 170.3 -0.0317 0.170 6.807 4.484 1.202 2.735
173.12 0.6079 0.176 75.3 170.7 -0.0319 0.173 6.927 4.476 1.211 2.745
179.12 0.6085 0.182 76.4 171.3 -0.0324 0.179 7.167 4.461 1.232 2.764
182.12 0.6087 0.185 76.6 170.4 -0.0327 0.182 7.287 4.454 1.239 2.755
188.14 0.6090 0.191 77.5 170.5 -0.0330 0.188 7.528 4.439 1.257 2.765
191.14 0.6091 0.194 77.9 170.3 -0.0331 0.191 7.648 4.431 1.265 2.767
197.14 0.6093 0.200 78.6 170.2 -0.0333 0.197 7.888 4.416 1.281 2.775
200.15 0.6094 0.203 78.9 170.6 -0.0334 0.200 8.009 4.409 1.289 2.786
206.15 0.6098 0.209 79.6 170.4 -0.0338 0.206 8.249 4.394 1.304 2.793
209.15 0.6100 0.212 79.8 170.3 -0.0340 0.209 8.369 4.386 1.310 2.795
215.17 0.6106 0.218 80.5 170.4 -0.0345 0.215 8.610 4.371 1.326 2.807
218.17 0.6107 0.221 80.8 170.2 -0.0347 0.218 8.730 4.364 1.334 2.808
224.19 0.6110 0.227 81.4 170.3 -0.0350 0.224 8.970 4.349 1.348 2.819
227.19 0.6112 0.230 81.7 170.5 -0.0351 0.227 9.090 4.341 1.355 2.828
233.19 0.6115 0.236 82.1 170.5 -0.0355 0.233 9.330 4.326 1.367 2.837
236.19 0.6117 0.239 82.4 170.5 -0.0357 0.236 9.451 4.319 1.373 2.842
242.20 0.6119 0.245 82.7 170.4 -0.0359 0.242 9.691 4.304 1.383 2.850
245.20 0.6120 0.248 82.9 170.3 -0.0360 0.245 9.812 4.297 1.389 2.853
251.22 0.6123 0.254 83.0 170.3 -0.0363 0.251 10.052 4.282 1.396 2.864
254.22 0.6124 0.257 82.7 170.6 -0.0364 0.254 10.172 4.274 1.393 2.873
260.24 0.6127 0.263 82.7 170.4 -0.0367 0.260 10.413 4.259 1.398 2.881
263.24 0.6129 0.266 82.8 170.2 -0.0369 0.263 10.533 4.252 1.403 2.883
269.24 0.6132 0.272 82.8 170.3 -0.0372 0.269 10.773 4.237 1.407 2.894
272.24 0.6134 0.275 82.8 170.5 -0.0374 0.272 10.893 4.229 1.409 2.903
278.24 0.6137 0.281 83.1 170.5 -0.0377 0.278 11.133 4.214 1.419 2.912
281.25 0.6139 0.284 83.1 170.3 -0.0379 0.281 11.253 4.207 1.422 2.915
287.25 0.6140 0.290 83.4 170.4 -0.0380 0.287 11.494 4.192 1.433 2.926
290.25 0.6142 0.293 83.5 170.1 -0.0382 0.290 11.614 4.184 1.436 2.927
296.27 0.6145 0.299 83.8 170.2 -0.0384 0.296 11.854 4.170 1.447 2.940
299.27 0.6147 0.302 84.0 170.1 -0.0387 0.299 11.975 4.162 1.453 2.943
305.29 0.6153 0.308 84.5 170.2 -0.0393 0.305 12.215 4.147 1.466 2.955
308.29 0.6154 0.311 84.5 170.3 -0.0394 0.308 12.335 4.140 1.469 2.963
314.29 0.6159 0.317 84.6 170.3 -0.0399 0.314 12.576 4.125 1.477 2.972
317.30 0.6162 0.320 84.8 170.2 -0.0402 0.317 12.696 4.117 1.482 2.977
323.30 0.6164 0.326 85.0 170.2 -0.0404 0.323 12.936 4.102 1.491 2.987
326.32 0.6166 0.329 84.8 170.3 -0.0406 0.326 13.057 4.095 1.491 2.995
332.32 0.6168 0.335 85.0 170.3 -0.0408 0.332 13.297 4.080 1.501 3.005
335.34 0.6169 0.338 85.3 170.0 -0.0409 0.335 13.417 4.073 1.508 3.006
341.34 0.6169 0.344 85.6 170.4 -0.0409 0.341 13.658 4.058 1.518 3.023
344.34 0.6170 0.347 85.6 170.4 -0.0410 0.344 13.778 4.050 1.522 3.030
350.35 0.6172 0.353 85.8 170.4 -0.0412 0.350 14.018 4.035 1.530 3.040
353.35 0.6175 0.356 85.9 170.4 -0.0414 0.353 14.138 4.028 1.536 3.046
359.35 0.6176 0.362 86.2 170.6 -0.0416 0.359 14.379 4.013 1.547 3.060
362.35 0.6179 0.365 86.2 170.3 -0.0419 0.362 14.499 4.006 1.550 3.061
368.37 0.6181 0.371 86.6 170.5 -0.0421 0.368 14.739 3.991 1.562 3.075
371.37 0.6183 0.374 86.8 170.6 -0.0423 0.371 14.860 3.983 1.569 3.083
377.39 0.6185 0.380 87.0 170.1 -0.0425 0.377 15.100 3.969 1.579 3.086
380.39 0.6187 0.383 87.0 170.8 -0.0427 0.380 15.220 3.961 1.582 3.104
386.39 0.6188 0.389 87.0 170.7 -0.0428 0.387 15.460 3.946 1.587 3.115
389.39 0.6188 0.392 87.0 170.6 -0.0428 0.390 15.580 3.939 1.590 3.118
395.40 0.6191 0.398 87.3 170.5 -0.0431 0.396 15.821 3.924 1.601 3.129
398.40 0.6192 0.401 87.4 170.6 -0.0431 0.399 15.941 3.917 1.608 3.136
404.42 0.6193 0.407 87.7 170.1 -0.0433 0.405 16.182 3.902 1.618 3.140
407.42 0.6194 0.410 87.7 170.4 -0.0433 0.408 16.302 3.894 1.622 3.151
413.42 0.6195 0.416 87.7 169.9 -0.0435 0.414 16.542 3.880 1.627 3.153
416.44 0.6196 0.419 87.9 170.1 -0.0435 0.417 16.662 3.872 1.634 3.163
422.44 0.6197 0.425 88.1 170.5 -0.0437 0.423 16.903 3.857 1.644 3.182
425.44 0.6198 0.428 88.1 170.3 -0.0438 0.426 17.023 3.850 1.648 3.185
431.45 0.6198 0.434 88.0 170.3 -0.0438 0.432 17.263 3.835 1.653 3.196
434.45 0.6199 0.437 88.2 170.3 -0.0439 0.435 17.383 3.828 1.658 3.203
440.45 0.6201 0.443 88.3 170.0 -0.0440 0.441 17.624 3.813 1.667 3.211
443.45 0.6201 0.446 88.3 170.3 -0.0441 0.444 17.744 3.806 1.671 3.221
449.45 0.6203 0.452 88.6 170.4 -0.0443 0.450 17.984 3.791 1.683 3.236
452.47 0.6204 0.456 88.8 170.5 -0.0444 0.453 18.104 3.783 1.690 3.245
458.47 0.6208 0.462 89.0 170.4 -0.0448 0.459 18.344 3.769 1.701 3.255
461.49 0.6210 0.465 89.1 170.2 -0.0450 0.462 18.465 3.761 1.705 3.257
467.50 0.6214 0.471 89.4 170.2 -0.0453 0.468 18.706 3.746 1.719 3.271
470.50 0.6215 0.474 89.3 170.5 -0.0455 0.471 18.825 3.739 1.719 3.282
476.50 0.6217 0.480 89.3 170.4 -0.0456 0.477 19.066 3.724 1.727 3.295
479.52 0.6219 0.483 89.2 169.9 -0.0459 0.480 19.186 3.717 1.728 3.290
485.52 0.6222 0.489 89.4 170.3 -0.0462 0.486 19.427 3.702 1.738 3.311
488.52 0.6223 0.492 89.3 170.1 -0.0462 0.489 19.547 3.695 1.740 3.314
494.54 0.6224 0.498 89.4 170.2 -0.0463 0.495 19.787 3.680 1.749 3.330
497.54 0.6225 0.501 89.5 170.7 -0.0465 0.498 19.908 3.673 1.754 3.346
503.55 0.6227 0.507 89.5 170.5 -0.0466 0.504 20.148 3.658 1.762 3.357
506.55 0.6227 0.510 89.5 170.3 -0.0467 0.507 20.268 3.651 1.765 3.358
506.97 0.6228 0.510 89.5 170.2 -0.0467 0.507 20.284 3.650 1.766 3.357
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project
Set ID

Test Lab ID Gs LL PL PI
A 325A 2.64
B 325A 2.64
C 325A 2.64

Specimen A B C

Height (in) 0.993 0.998 0.986
Diameter (in) 2.500 2.500 2.500

Moist Unit Weight (pcf) 121.0 119.1 114.1
Moisture Content (%) 26.7 24.6 34.0
Dry Unit Weight (pcf) 95.5 95.5 85.2

Void Ratio 0.725 0.725 0.935
Degree of Saturation (%) 97.1 89.7 96.0

Height (in) 0.963 0.935 0.892
Moist Unit Weight (pcf) 123.6 125.7 120.9

Moisture Content (%) 25.5 23.4 28.5
Dry Unit Weight (pcf) 98.5 101.9 94.1

Void Ratio 0.674 0.617 0.751
Degree of Saturation (%) *100.0 *100.0 *100.0

Normal Stress (tsf) 0.495 1.498 2.498

Failure Criterion
Shear Stress* (tsf) 0.349 0.925 1.500

Normal Stress* (tsf) 0.544 1.711 2.850
Lateral Displace. (in) 0.159 0.245 0.245
Normal Displace. (in) 0.001 -0.008 -0.027

*  An area correction has been applied to reported stress values, where the corrected area, Ac, is a function of the horizontal displacement:
    Ac = r2(2α - sin(2α)), where r = radius of specimen, α = cos-1(Δx/2r) and Δx = horizontal diplacement.  All angles are in radians.

Comments * Specimen measurements indicated saturation > 100%, so the wet weight and
other properties were computed assuming saturation = 100%. Reviewed By

Initial Specimen Conditions

Max. Shear Stress or 10% Displace.

Preshear Specimen Conditions

At Failure Shear Stress

207-A, 27.0'-27.5' Clayey Sand (SC), gray, wet, soft
207-A, 27.0'-27.5' Clayey Sand (SC), gray, wet, soft

207-A, 27.0'-27.5' Clayey Sand (SC), gray, wet, soft

175529001
325A

Source Description
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 207-A, 27.0'-27.5' Lab ID 325A

Visual Description Clayey Sand (SC), gray, wet, soft Test ID 325A-A
Specimen Type Intact Gs 2.64 LL

Prepared Using Cutting Ring ASTM D 854, A PL
Preparation Date PI

Initial Specimen Conditions Consolidated Specimen Conditions
Height (in) 0.993 Height (in) 0.963

Diameter (in) 2.500 Diameter (in) 2.500
Wet Weight (lb) 0.3412 Wet Weight (lb) 0.3381

Wet Unit Weight (pcf) 121.0 Wet Unit Weight (pcf) 123.6
Moisture Content (%) 26.7 Moisture Content (%) 25.5

Dry Weight (lb) 0.2694 Dry Weight (lb) 0.2694
Dry Unit Weight (pcf) 95.5 Dry Unit Weight (pcf) 98.5

Void Ratio 0.725 Void Ratio 0.674
Degree of Saturation (%) 97.1 Degree of Saturation (%) 100.0 (assumed)

Preshear Normal Stress (tsf) 0.495

Shear Test Date 09/11/2019
Shear Rate (in/min) 0.00100

Shear Stress (tsf) 0.349
Normal Stress (tsf) 0.544

Shear Displace. (in) 0.159
Normal Displace. (in) 0.001

Shear Stress (tsf) 0.316
Normal Stress (tsf) 0.558

Shear Displace. (in) 0.225
Normal Displace. (in) 0.002

Time Height
(min)  (in)

@ t0 0.0 0.9693
@ t50 0.4 0.9677
@ t90 1.8 0.9663

@ t100 3.1 0.9660
@ tmax 79.7 0.9631

*Failure Stress Criterion:  Maximum shear stress or 10% lateral displacement. Reviewed By
**Ultimate Stress Criterion:  Minimum shear stress at lateral displacement greater than or equal to failure displacement.

Failure Sketch

Preshear Consolidation

09/10/2019
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 207-A, 27.0'-27.5' Lab ID 325A

Visual Description Clayey Sand (SC), gray, wet, soft Test ID 325A-A

Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)

0.00 0.5568 0.002 0.0 33.7 0.0000 0.000 0.000 4.909 0.000 0.495
0.20 0.5568 0.002 0.3 33.7 0.0000 0.000 0.008 4.908 0.005 0.494
0.70 0.5570 0.003 1.2 33.7 -0.0002 0.001 0.028 4.907 0.017 0.495
1.20 0.5570 0.003 1.7 33.6 -0.0002 0.001 0.048 4.906 0.024 0.494
1.70 0.5571 0.004 2.0 33.8 -0.0003 0.002 0.068 4.904 0.029 0.496
2.20 0.5572 0.005 2.2 33.6 -0.0004 0.002 0.088 4.903 0.033 0.494
2.70 0.5573 0.005 2.5 33.4 -0.0005 0.003 0.108 4.902 0.037 0.490
3.22 0.5574 0.006 2.7 33.5 -0.0006 0.003 0.129 4.901 0.040 0.492
3.72 0.5575 0.006 2.9 33.6 -0.0007 0.004 0.149 4.899 0.042 0.494
4.22 0.5575 0.007 3.1 33.7 -0.0007 0.004 0.169 4.898 0.046 0.495
4.72 0.5576 0.007 3.3 33.7 -0.0008 0.005 0.189 4.897 0.048 0.496
5.22 0.5576 0.008 3.4 33.6 -0.0008 0.005 0.209 4.896 0.050 0.494
5.72 0.5577 0.008 3.5 33.8 -0.0010 0.006 0.229 4.894 0.052 0.498
6.22 0.5578 0.009 3.7 33.8 -0.0010 0.006 0.249 4.893 0.055 0.498
6.74 0.5580 0.009 4.0 33.6 -0.0013 0.007 0.270 4.892 0.059 0.494
7.24 0.5582 0.010 4.2 33.9 -0.0014 0.007 0.290 4.891 0.062 0.499
7.75 0.5582 0.010 4.3 33.4 -0.0014 0.008 0.310 4.889 0.064 0.492
8.25 0.5584 0.011 4.5 33.6 -0.0016 0.008 0.330 4.888 0.067 0.495
8.75 0.5585 0.011 4.7 33.5 -0.0017 0.009 0.351 4.887 0.070 0.494
9.27 0.5585 0.012 4.9 33.5 -0.0018 0.009 0.371 4.886 0.073 0.494
9.77 0.5585 0.012 5.1 33.7 -0.0018 0.010 0.391 4.884 0.076 0.496

10.27 0.5587 0.013 5.3 33.8 -0.0019 0.010 0.411 4.883 0.078 0.499
10.79 0.5588 0.013 5.4 33.5 -0.0020 0.011 0.432 4.882 0.079 0.494
11.29 0.5588 0.014 5.5 33.5 -0.0020 0.011 0.452 4.880 0.082 0.494
11.80 0.5589 0.014 5.7 33.5 -0.0021 0.012 0.472 4.879 0.084 0.495
12.30 0.5589 0.015 5.8 33.4 -0.0021 0.012 0.493 4.878 0.086 0.493
12.80 0.5590 0.015 5.9 33.3 -0.0022 0.013 0.513 4.877 0.087 0.492
13.30 0.5591 0.016 6.0 33.9 -0.0023 0.013 0.533 4.875 0.089 0.500
13.82 0.5591 0.016 6.2 33.5 -0.0023 0.014 0.553 4.874 0.092 0.495
14.32 0.5592 0.017 6.4 33.6 -0.0024 0.014 0.573 4.873 0.094 0.496
14.82 0.5592 0.017 6.5 33.7 -0.0024 0.015 0.593 4.872 0.097 0.499
15.32 0.5593 0.018 6.7 33.4 -0.0025 0.015 0.613 4.870 0.099 0.493
15.82 0.5593 0.018 6.8 33.7 -0.0026 0.016 0.633 4.869 0.100 0.498
16.32 0.5594 0.019 6.9 33.7 -0.0026 0.016 0.653 4.868 0.102 0.499
16.82 0.5595 0.019 7.0 33.8 -0.0027 0.017 0.673 4.867 0.104 0.500
17.32 0.5594 0.020 7.2 33.5 -0.0026 0.017 0.693 4.865 0.106 0.496
17.84 0.5595 0.020 7.2 33.6 -0.0027 0.018 0.714 4.864 0.107 0.497
18.34 0.5595 0.021 7.3 33.7 -0.0027 0.018 0.734 4.863 0.109 0.500
18.84 0.5595 0.021 7.5 33.4 -0.0027 0.019 0.754 4.862 0.111 0.494
19.35 0.5595 0.022 7.6 33.7 -0.0027 0.019 0.774 4.860 0.113 0.499
19.85 0.5596 0.022 7.7 33.9 -0.0028 0.020 0.794 4.859 0.114 0.503
20.35 0.5596 0.023 7.8 33.8 -0.0028 0.020 0.815 4.858 0.116 0.501
20.87 0.5596 0.023 7.9 33.4 -0.0028 0.021 0.835 4.857 0.117 0.496
21.37 0.5597 0.024 8.1 33.6 -0.0029 0.021 0.855 4.855 0.119 0.499
21.87 0.5597 0.024 8.1 33.7 -0.0029 0.022 0.875 4.854 0.120 0.500
22.39 0.5597 0.025 8.2 33.8 -0.0030 0.022 0.896 4.853 0.122 0.501
22.89 0.5598 0.025 8.3 33.7 -0.0030 0.023 0.916 4.852 0.124 0.500
23.39 0.5598 0.026 8.4 33.6 -0.0031 0.023 0.936 4.850 0.125 0.498
24.89 0.5599 0.027 8.7 33.6 -0.0031 0.025 0.996 4.846 0.130 0.500
26.39 0.5599 0.029 9.0 33.7 -0.0031 0.026 1.056 4.843 0.134 0.501
27.89 0.5600 0.030 9.3 33.7 -0.0033 0.028 1.116 4.839 0.138 0.502
29.39 0.5600 0.032 9.6 33.7 -0.0032 0.029 1.176 4.835 0.143 0.502
30.90 0.5601 0.033 9.9 33.7 -0.0033 0.031 1.237 4.831 0.147 0.502
32.40 0.5601 0.035 10.2 33.5 -0.0033 0.032 1.297 4.828 0.152 0.499
33.90 0.5602 0.036 10.4 33.6 -0.0034 0.034 1.357 4.824 0.155 0.502
35.40 0.5602 0.038 10.7 33.6 -0.0034 0.035 1.417 4.820 0.160 0.501
36.90 0.5602 0.039 11.0 33.7 -0.0034 0.037 1.477 4.816 0.165 0.504
38.40 0.5603 0.041 11.3 33.5 -0.0035 0.038 1.537 4.813 0.168 0.502
39.90 0.5603 0.042 11.5 33.7 -0.0035 0.040 1.597 4.809 0.172 0.504
41.40 0.5603 0.044 11.8 33.7 -0.0035 0.041 1.657 4.805 0.176 0.506
42.90 0.5604 0.045 12.0 33.6 -0.0036 0.043 1.717 4.801 0.180 0.504
44.42 0.5604 0.047 12.3 33.9 -0.0036 0.044 1.777 4.798 0.184 0.508
45.92 0.5604 0.048 12.6 33.8 -0.0036 0.046 1.837 4.794 0.189 0.507
47.42 0.5605 0.050 12.8 33.7 -0.0037 0.047 1.898 4.790 0.193 0.506
48.94 0.5605 0.051 13.1 33.8 -0.0037 0.049 1.958 4.786 0.197 0.509
50.44 0.5605 0.053 13.4 33.7 -0.0037 0.050 2.018 4.783 0.202 0.507
51.94 0.5605 0.054 13.6 34.0 -0.0037 0.052 2.078 4.779 0.204 0.512
53.44 0.5604 0.056 13.9 33.8 -0.0037 0.053 2.138 4.775 0.210 0.510
54.94 0.5605 0.057 14.1 33.7 -0.0037 0.055 2.198 4.771 0.213 0.508
56.45 0.5605 0.059 14.4 33.5 -0.0037 0.056 2.259 4.768 0.217 0.506
57.95 0.5604 0.060 14.6 33.9 -0.0036 0.058 2.319 4.764 0.221 0.513
59.47 0.5604 0.062 15.0 33.8 -0.0036 0.059 2.379 4.760 0.227 0.511
62.47 0.5604 0.065 15.4 33.7 -0.0037 0.062 2.500 4.753 0.233 0.511
65.49 0.5603 0.068 15.9 33.7 -0.0035 0.066 2.621 4.745 0.241 0.511

Template: tmp_sds_input.xlsm
Version: 20170216
Approved By: RJ

Stantec Consulting Services Inc.
Lexington, Kentucky

Reported By: RJ
Report Date: 09/20/2019

857|Page Volume 2 Tab 2 Geotechnical



Page 4 of 10

Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)

68.49 0.5603 0.071 16.3 33.9 -0.0035 0.069 2.740 4.737 0.247 0.516
71.50 0.5602 0.074 16.7 33.6 -0.0034 0.072 2.861 4.730 0.255 0.511
74.52 0.5601 0.077 17.1 33.8 -0.0033 0.075 2.982 4.722 0.261 0.515
77.52 0.5601 0.080 17.5 34.0 -0.0033 0.078 3.102 4.715 0.268 0.519
80.52 0.5600 0.083 17.9 33.9 -0.0032 0.081 3.222 4.707 0.273 0.519
83.54 0.5598 0.086 18.2 33.8 -0.0030 0.084 3.342 4.700 0.279 0.518
86.54 0.5598 0.089 18.6 34.4 -0.0030 0.087 3.462 4.692 0.286 0.528
89.54 0.5596 0.092 18.9 33.9 -0.0028 0.090 3.582 4.685 0.290 0.521
92.55 0.5594 0.095 19.2 34.1 -0.0027 0.093 3.703 4.677 0.295 0.525
95.55 0.5594 0.098 19.4 34.0 -0.0026 0.096 3.824 4.670 0.300 0.525
98.55 0.5592 0.101 19.7 33.8 -0.0025 0.099 3.944 4.662 0.304 0.523

104.57 0.5588 0.107 20.2 33.8 -0.0020 0.105 4.184 4.647 0.312 0.523
110.57 0.5584 0.113 20.4 34.1 -0.0017 0.111 4.424 4.632 0.317 0.530
116.57 0.5578 0.119 20.9 34.2 -0.0010 0.117 4.664 4.617 0.326 0.534
122.59 0.5574 0.125 21.1 33.8 -0.0006 0.123 4.905 4.602 0.331 0.529
128.59 0.5570 0.131 21.3 33.7 -0.0002 0.129 5.145 4.587 0.335 0.529
134.60 0.5568 0.137 21.5 33.8 0.0000 0.135 5.385 4.572 0.338 0.532
140.60 0.5565 0.143 21.6 34.0 0.0003 0.141 5.626 4.557 0.341 0.538
146.62 0.5562 0.149 21.7 33.5 0.0006 0.147 5.866 4.542 0.344 0.532
152.62 0.5558 0.155 21.8 33.7 0.0010 0.153 6.107 4.527 0.346 0.537
155.62 0.5555 0.158 21.8 33.8 0.0013 0.156 6.227 4.520 0.347 0.539
158.64 0.5554 0.161 21.9 34.1 0.0014 0.159 6.347 4.512 0.349 0.544
164.64 0.5551 0.167 21.7 33.9 0.0017 0.165 6.588 4.497 0.348 0.543
170.65 0.5550 0.173 21.6 33.8 0.0018 0.171 6.828 4.482 0.348 0.544
176.67 0.5549 0.179 21.2 33.7 0.0019 0.177 7.069 4.467 0.342 0.543
182.67 0.5548 0.185 20.9 33.8 0.0020 0.183 7.309 4.452 0.337 0.546
188.69 0.5547 0.191 20.4 33.8 0.0020 0.189 7.550 4.437 0.331 0.548
194.69 0.5547 0.197 19.9 33.7 0.0021 0.195 7.790 4.422 0.324 0.549
200.69 0.5547 0.203 19.6 34.4 0.0021 0.201 8.030 4.407 0.320 0.562
206.70 0.5547 0.209 19.6 33.5 0.0021 0.207 8.271 4.392 0.321 0.548
212.72 0.5549 0.215 19.3 33.8 0.0019 0.213 8.511 4.377 0.317 0.555
218.74 0.5550 0.221 19.3 33.8 0.0018 0.219 8.752 4.362 0.318 0.558
221.74 0.5550 0.224 19.2 33.9 0.0018 0.222 8.872 4.355 0.318 0.560
224.74 0.5550 0.227 19.1 33.7 0.0018 0.225 8.992 4.347 0.316 0.558
230.75 0.5552 0.233 19.1 33.7 0.0016 0.231 9.233 4.333 0.317 0.560
236.75 0.5554 0.239 19.2 33.6 0.0014 0.237 9.473 4.318 0.320 0.560
242.77 0.5556 0.245 19.3 33.8 0.0012 0.243 9.714 4.303 0.322 0.566
248.77 0.5562 0.251 19.5 34.0 0.0006 0.249 9.954 4.288 0.328 0.570
254.77 0.5565 0.257 19.6 33.6 0.0003 0.255 10.194 4.273 0.331 0.567
260.79 0.5567 0.263 19.7 33.5 0.0001 0.261 10.434 4.258 0.333 0.567
266.80 0.5569 0.269 19.6 33.7 -0.0001 0.267 10.675 4.243 0.332 0.572
272.80 0.5571 0.275 19.7 33.7 -0.0003 0.273 10.915 4.228 0.336 0.574
278.80 0.5572 0.281 19.8 33.6 -0.0004 0.279 11.155 4.213 0.339 0.574
284.80 0.5574 0.287 20.2 33.7 -0.0006 0.285 11.396 4.198 0.347 0.577
290.80 0.5576 0.293 20.5 33.8 -0.0008 0.291 11.636 4.183 0.353 0.582
296.80 0.5578 0.299 20.6 33.8 -0.0010 0.297 11.876 4.168 0.356 0.584
302.80 0.5581 0.305 20.6 33.5 -0.0013 0.303 12.116 4.153 0.357 0.582
308.80 0.5582 0.311 20.8 33.7 -0.0014 0.309 12.356 4.138 0.361 0.587
314.82 0.5585 0.317 20.8 33.6 -0.0017 0.315 12.596 4.124 0.363 0.587
320.82 0.5586 0.323 21.1 33.7 -0.0018 0.321 12.837 4.109 0.369 0.590
326.84 0.5588 0.329 21.1 33.6 -0.0020 0.327 13.077 4.094 0.372 0.592
332.85 0.5589 0.335 21.0 33.7 -0.0021 0.333 13.318 4.079 0.371 0.595
338.85 0.5589 0.341 21.2 33.9 -0.0021 0.339 13.558 4.064 0.375 0.600
344.87 0.5590 0.347 21.2 33.6 -0.0022 0.345 13.798 4.049 0.378 0.597
350.87 0.5592 0.353 21.3 33.8 -0.0024 0.351 14.039 4.034 0.381 0.603
356.89 0.5593 0.359 21.6 33.7 -0.0025 0.357 14.280 4.019 0.386 0.604
362.90 0.5593 0.365 21.6 33.7 -0.0026 0.363 14.520 4.004 0.389 0.607
368.90 0.5595 0.371 21.7 33.6 -0.0027 0.369 14.761 3.990 0.391 0.606
374.90 0.5597 0.377 21.8 33.5 -0.0029 0.375 15.001 3.975 0.394 0.606
380.92 0.5599 0.383 21.8 33.8 -0.0031 0.381 15.241 3.960 0.397 0.615
386.92 0.5600 0.389 21.9 33.7 -0.0032 0.387 15.481 3.945 0.400 0.616
392.92 0.5601 0.395 21.9 33.7 -0.0033 0.393 15.721 3.930 0.401 0.617
398.94 0.5601 0.401 22.2 33.8 -0.0034 0.399 15.962 3.915 0.408 0.622
404.94 0.5602 0.407 22.0 33.8 -0.0035 0.405 16.202 3.901 0.406 0.624
410.94 0.5603 0.413 22.1 33.6 -0.0035 0.411 16.442 3.886 0.410 0.623
416.95 0.5605 0.419 22.2 33.8 -0.0037 0.417 16.683 3.871 0.413 0.628
422.95 0.5607 0.425 22.1 33.8 -0.0039 0.423 16.923 3.856 0.413 0.631
428.97 0.5611 0.431 22.3 34.0 -0.0044 0.429 17.164 3.841 0.418 0.637
434.99 0.5615 0.437 22.3 33.8 -0.0047 0.435 17.404 3.826 0.420 0.637
441.00 0.5619 0.443 22.4 33.7 -0.0051 0.441 17.645 3.812 0.423 0.637
447.00 0.5623 0.449 22.4 33.7 -0.0055 0.447 17.885 3.797 0.425 0.639
453.02 0.5625 0.455 22.3 33.9 -0.0057 0.453 18.126 3.782 0.424 0.645
459.04 0.5626 0.461 22.3 33.7 -0.0058 0.459 18.366 3.767 0.426 0.645
465.04 0.5627 0.467 22.3 33.8 -0.0059 0.465 18.607 3.753 0.428 0.649
471.05 0.5627 0.473 22.2 34.0 -0.0060 0.471 18.847 3.738 0.428 0.656
477.05 0.5627 0.479 22.5 33.8 -0.0060 0.477 19.088 3.723 0.434 0.653
483.07 0.5629 0.485 22.3 33.9 -0.0061 0.483 19.328 3.708 0.433 0.657
489.07 0.5630 0.491 22.3 33.7 -0.0062 0.489 19.568 3.694 0.436 0.657
495.09 0.5631 0.498 22.3 33.8 -0.0064 0.495 19.809 3.679 0.436 0.662
501.09 0.5635 0.504 22.2 33.9 -0.0067 0.501 20.049 3.664 0.436 0.665
507.10 0.5639 0.510 22.3 33.5 -0.0071 0.507 20.290 3.649 0.440 0.661
507.75 0.5639 0.510 22.2 33.5 -0.0071 0.508 20.315 3.648 0.439 0.661
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 207-A, 27.0'-27.5' Lab ID 325A

Visual Description Clayey Sand (SC), gray, wet, soft Test ID 325A-B
Specimen Type Intact Gs 2.64 LL

Prepared Using Cutting Ring ASTM D 854, A PL
Preparation Date PI

Initial Specimen Conditions Consolidated Specimen Conditions
Height (in) 0.998 Height (in) 0.935

Diameter (in) 2.500 Diameter (in) 2.500
Wet Weight (lb) 0.3376 Wet Weight (lb) 0.3341

Wet Unit Weight (pcf) 119.1 Wet Unit Weight (pcf) 125.7
Moisture Content (%) 24.6 Moisture Content (%) 23.4

Dry Weight (lb) 0.2708 Dry Weight (lb) 0.2708
Dry Unit Weight (pcf) 95.5 Dry Unit Weight (pcf) 101.9

Void Ratio 0.725 Void Ratio 0.617
Degree of Saturation (%) 89.7 Degree of Saturation (%) 100.0 (assumed)

Preshear Normal Stress (tsf) 1.498

Shear Test Date 09/12/2019
Shear Rate (in/min) 0.00100

Shear Stress (tsf) 0.925
Normal Stress (tsf) 1.711

Shear Displace. (in) 0.245
Normal Displace. (in) -0.008

Shear Stress (tsf) 0.925
Normal Stress (tsf) 1.711

Shear Displace. (in) 0.245
Normal Displace. (in) -0.008

Time Height
(min)  (in)

@ t0 0.0 0.9417
@ t50 1.2 0.9395
@ t90 4.7 0.9378

@ t100 8.1 0.9374
@ tmax 125.9 0.9354

*Failure Stress Criterion:  Maximum shear stress or 10% lateral displacement. Reviewed By
**Ultimate Stress Criterion:  Minimum shear stress at lateral displacement greater than or equal to failure displacement.

Failure Sketch
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 207-A, 27.0'-27.5' Lab ID 325A

Visual Description Clayey Sand (SC), gray, wet, soft Test ID 325A-B

Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)

0.00 0.5651 0.003 0.0 102.1 0.0000 0.000 0.000 4.909 0.000 1.498
0.41 0.5652 0.003 1.4 102.2 -0.0001 0.000 0.017 4.908 0.020 1.500
1.41 0.5654 0.004 4.1 101.7 -0.0003 0.001 0.057 4.905 0.061 1.493
1.92 0.5655 0.004 5.0 101.7 -0.0004 0.002 0.077 4.904 0.073 1.493
2.92 0.5657 0.005 5.6 102.4 -0.0005 0.003 0.117 4.901 0.082 1.504
3.42 0.5657 0.006 5.9 102.0 -0.0006 0.003 0.137 4.900 0.087 1.499
4.42 0.5658 0.007 7.1 102.0 -0.0007 0.004 0.177 4.898 0.104 1.499
4.92 0.5658 0.007 7.7 102.0 -0.0007 0.005 0.197 4.896 0.113 1.499
5.92 0.5660 0.008 9.1 102.0 -0.0009 0.006 0.237 4.894 0.133 1.501
6.42 0.5660 0.009 9.8 101.7 -0.0009 0.006 0.257 4.893 0.144 1.496
7.42 0.5661 0.010 11.0 102.1 -0.0010 0.007 0.297 4.890 0.162 1.504
7.92 0.5662 0.011 11.6 102.2 -0.0011 0.008 0.317 4.889 0.171 1.505
8.92 0.5663 0.011 12.8 101.9 -0.0012 0.009 0.357 4.886 0.189 1.501
9.42 0.5664 0.012 13.4 101.9 -0.0013 0.009 0.378 4.885 0.198 1.502

10.44 0.5666 0.013 14.3 102.1 -0.0015 0.010 0.418 4.883 0.212 1.505
10.94 0.5666 0.014 14.9 102.2 -0.0015 0.011 0.438 4.881 0.220 1.507
11.94 0.5668 0.015 15.9 102.0 -0.0017 0.012 0.478 4.879 0.234 1.506
12.44 0.5669 0.015 16.1 101.9 -0.0018 0.012 0.498 4.878 0.238 1.504
13.44 0.5671 0.016 16.9 102.1 -0.0020 0.013 0.538 4.875 0.249 1.508
13.94 0.5672 0.017 17.2 101.9 -0.0020 0.014 0.558 4.874 0.255 1.505
14.94 0.5673 0.018 18.2 102.2 -0.0022 0.015 0.598 4.871 0.268 1.510
15.44 0.5675 0.018 18.5 102.2 -0.0023 0.015 0.618 4.870 0.274 1.511
16.44 0.5677 0.019 19.2 101.9 -0.0025 0.016 0.658 4.868 0.285 1.508
16.94 0.5679 0.020 19.7 102.2 -0.0028 0.017 0.678 4.866 0.291 1.513
17.94 0.5682 0.021 20.4 101.8 -0.0030 0.018 0.718 4.864 0.301 1.506
18.44 0.5683 0.021 20.6 102.3 -0.0032 0.018 0.738 4.863 0.304 1.514
19.44 0.5685 0.022 21.3 102.3 -0.0034 0.019 0.778 4.860 0.316 1.516
19.94 0.5686 0.023 21.7 102.1 -0.0035 0.020 0.798 4.859 0.322 1.513
20.94 0.5687 0.024 22.4 101.8 -0.0036 0.021 0.838 4.856 0.332 1.510
21.44 0.5687 0.024 22.8 102.0 -0.0036 0.021 0.858 4.855 0.338 1.513
22.44 0.5687 0.025 23.3 101.9 -0.0036 0.022 0.898 4.853 0.345 1.513
22.94 0.5688 0.026 23.6 101.9 -0.0037 0.023 0.918 4.851 0.350 1.512
25.96 0.5691 0.029 25.3 102.0 -0.0040 0.026 1.038 4.844 0.376 1.517
27.46 0.5692 0.030 26.3 102.2 -0.0041 0.027 1.098 4.840 0.392 1.520
30.46 0.5694 0.033 27.6 102.0 -0.0043 0.030 1.219 4.833 0.411 1.520
31.96 0.5695 0.035 28.2 102.2 -0.0043 0.032 1.279 4.829 0.420 1.524
34.96 0.5697 0.038 29.7 102.3 -0.0045 0.035 1.399 4.821 0.444 1.528
36.46 0.5698 0.039 30.5 101.9 -0.0047 0.036 1.459 4.818 0.455 1.523
39.46 0.5701 0.042 32.1 102.4 -0.0049 0.039 1.579 4.810 0.481 1.532
40.96 0.5701 0.044 32.9 101.9 -0.0050 0.041 1.639 4.806 0.493 1.526
43.96 0.5702 0.047 34.5 102.0 -0.0050 0.044 1.759 4.799 0.517 1.530
45.46 0.5702 0.048 35.2 102.2 -0.0051 0.045 1.819 4.795 0.528 1.534
48.46 0.5703 0.051 36.6 101.8 -0.0052 0.048 1.939 4.788 0.550 1.531
49.97 0.5705 0.053 37.2 102.3 -0.0053 0.050 1.999 4.784 0.560 1.540
52.97 0.5706 0.056 38.4 102.1 -0.0055 0.053 2.119 4.776 0.579 1.539
54.47 0.5708 0.057 39.0 101.7 -0.0056 0.054 2.179 4.773 0.588 1.534
57.47 0.5709 0.060 40.3 102.3 -0.0058 0.057 2.300 4.765 0.609 1.546
58.97 0.5709 0.062 41.0 102.1 -0.0058 0.059 2.360 4.761 0.620 1.543
61.97 0.5710 0.065 42.0 102.1 -0.0059 0.062 2.480 4.754 0.636 1.547
63.47 0.5710 0.066 42.5 102.5 -0.0059 0.063 2.540 4.750 0.644 1.554
66.49 0.5711 0.069 43.6 102.2 -0.0060 0.067 2.660 4.743 0.662 1.552
67.99 0.5711 0.071 43.9 102.5 -0.0060 0.068 2.720 4.739 0.667 1.557
70.99 0.5712 0.074 44.9 102.5 -0.0060 0.071 2.841 4.731 0.683 1.560
72.49 0.5711 0.075 45.4 102.0 -0.0060 0.073 2.901 4.727 0.691 1.554
75.49 0.5711 0.078 46.2 102.4 -0.0060 0.076 3.021 4.720 0.705 1.562
77.01 0.5711 0.080 46.7 102.2 -0.0060 0.077 3.081 4.716 0.713 1.560
80.01 0.5711 0.083 47.4 102.3 -0.0060 0.080 3.201 4.709 0.724 1.564
81.51 0.5711 0.084 47.8 102.4 -0.0060 0.082 3.261 4.705 0.731 1.567
84.51 0.5711 0.087 48.5 102.4 -0.0059 0.085 3.381 4.697 0.743 1.569
86.01 0.5711 0.089 48.9 102.4 -0.0060 0.086 3.441 4.694 0.749 1.572
89.01 0.5711 0.092 49.4 102.5 -0.0060 0.089 3.562 4.686 0.760 1.575
90.51 0.5710 0.093 49.7 102.2 -0.0059 0.091 3.622 4.682 0.765 1.572
93.51 0.5710 0.096 50.1 102.3 -0.0059 0.094 3.742 4.675 0.772 1.576
95.02 0.5710 0.098 50.5 102.3 -0.0059 0.095 3.802 4.671 0.778 1.576
98.02 0.5709 0.101 51.0 102.0 -0.0058 0.098 3.922 4.664 0.787 1.575

101.02 0.5708 0.104 51.5 102.3 -0.0056 0.101 4.042 4.656 0.796 1.581
107.02 0.5706 0.110 52.3 102.6 -0.0055 0.107 4.282 4.641 0.811 1.592
110.02 0.5706 0.113 52.6 102.3 -0.0054 0.110 4.402 4.634 0.817 1.590
116.02 0.5704 0.119 53.3 102.5 -0.0053 0.116 4.642 4.619 0.830 1.597
119.02 0.5704 0.122 53.5 102.6 -0.0052 0.119 4.762 4.611 0.836 1.601
125.02 0.5703 0.128 54.0 102.3 -0.0051 0.125 5.003 4.596 0.847 1.603
128.02 0.5702 0.131 54.2 102.3 -0.0051 0.128 5.123 4.589 0.850 1.605
134.04 0.5702 0.137 54.5 102.4 -0.0051 0.134 5.363 4.574 0.858 1.612
137.04 0.5701 0.140 54.6 102.4 -0.0050 0.137 5.483 4.566 0.860 1.615
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Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)
143.04 0.5702 0.146 54.8 102.1 -0.0050 0.143 5.723 4.551 0.867 1.615
146.04 0.5701 0.149 54.8 102.3 -0.0050 0.146 5.843 4.544 0.868 1.621
152.04 0.5701 0.155 54.8 102.1 -0.0050 0.152 6.084 4.529 0.872 1.623
155.04 0.5701 0.158 54.9 102.1 -0.0050 0.155 6.203 4.521 0.874 1.627
161.04 0.5702 0.164 54.9 102.2 -0.0051 0.161 6.444 4.506 0.878 1.633
164.04 0.5701 0.167 55.0 102.2 -0.0050 0.164 6.564 4.499 0.881 1.636
170.06 0.5702 0.173 55.2 102.2 -0.0051 0.170 6.804 4.484 0.886 1.641
173.06 0.5702 0.176 55.3 102.1 -0.0051 0.173 6.924 4.476 0.889 1.642
179.06 0.5704 0.182 55.4 102.2 -0.0053 0.179 7.164 4.461 0.893 1.649
182.06 0.5704 0.185 55.4 102.4 -0.0053 0.182 7.284 4.454 0.896 1.655
188.07 0.5707 0.191 55.6 102.2 -0.0056 0.188 7.525 4.439 0.902 1.658
191.07 0.5707 0.194 55.8 102.1 -0.0056 0.191 7.645 4.431 0.907 1.658
197.07 0.5710 0.200 56.0 102.4 -0.0059 0.197 7.885 4.416 0.912 1.670
200.07 0.5712 0.203 55.8 102.2 -0.0061 0.200 8.005 4.409 0.912 1.670
206.07 0.5714 0.209 55.7 102.1 -0.0063 0.206 8.245 4.394 0.912 1.674
209.07 0.5716 0.212 55.6 101.8 -0.0065 0.209 8.365 4.387 0.913 1.672
215.09 0.5719 0.218 55.5 102.1 -0.0068 0.215 8.606 4.372 0.914 1.682
218.09 0.5720 0.221 55.4 102.2 -0.0069 0.218 8.726 4.364 0.915 1.686
224.09 0.5724 0.227 55.3 101.9 -0.0072 0.224 8.966 4.349 0.915 1.687
227.09 0.5724 0.230 55.1 102.1 -0.0073 0.227 9.086 4.342 0.914 1.694
233.09 0.5727 0.236 55.0 102.1 -0.0076 0.233 9.327 4.327 0.916 1.699
236.11 0.5728 0.239 55.0 102.1 -0.0077 0.236 9.446 4.319 0.918 1.703
242.11 0.5730 0.245 55.1 102.1 -0.0079 0.242 9.687 4.304 0.922 1.708
245.11 0.5731 0.248 55.2 102.1 -0.0079 0.245 9.807 4.297 0.925 1.711
251.11 0.5733 0.254 55.2 101.7 -0.0082 0.251 10.047 4.282 0.928 1.710
254.12 0.5734 0.257 55.1 102.1 -0.0083 0.254 10.167 4.274 0.928 1.719
260.12 0.5736 0.263 55.2 102.0 -0.0085 0.260 10.408 4.259 0.933 1.725
263.12 0.5737 0.266 55.1 102.4 -0.0086 0.263 10.528 4.252 0.933 1.734
269.12 0.5741 0.272 55.2 102.1 -0.0090 0.269 10.768 4.237 0.938 1.735
272.12 0.5742 0.275 55.1 102.3 -0.0091 0.272 10.888 4.230 0.939 1.741
278.12 0.5744 0.281 55.3 102.5 -0.0093 0.278 11.128 4.215 0.944 1.751
281.12 0.5745 0.284 55.2 102.3 -0.0094 0.281 11.248 4.207 0.944 1.751
287.14 0.5747 0.290 55.3 102.2 -0.0096 0.287 11.489 4.192 0.950 1.755
290.14 0.5747 0.293 55.3 102.1 -0.0096 0.290 11.609 4.185 0.951 1.756
296.14 0.5750 0.299 54.9 101.9 -0.0099 0.296 11.849 4.170 0.948 1.760
299.14 0.5751 0.302 55.0 102.3 -0.0100 0.299 11.969 4.162 0.952 1.770
305.14 0.5755 0.308 54.9 101.9 -0.0104 0.305 12.209 4.148 0.953 1.769
308.14 0.5757 0.311 54.9 102.1 -0.0105 0.308 12.329 4.140 0.955 1.776
314.14 0.5758 0.317 54.6 102.2 -0.0107 0.314 12.569 4.125 0.954 1.784
317.14 0.5759 0.320 54.8 102.4 -0.0108 0.317 12.689 4.118 0.959 1.790
323.16 0.5761 0.326 54.5 101.9 -0.0110 0.323 12.930 4.103 0.957 1.789
326.16 0.5762 0.329 54.5 102.2 -0.0111 0.326 13.050 4.095 0.959 1.797
332.16 0.5763 0.335 54.5 102.3 -0.0112 0.332 13.290 4.081 0.963 1.805
335.16 0.5763 0.338 54.6 102.0 -0.0112 0.335 13.410 4.073 0.965 1.802
341.16 0.5764 0.344 54.6 102.4 -0.0112 0.341 13.650 4.058 0.968 1.816
344.16 0.5764 0.347 54.7 101.8 -0.0112 0.344 13.770 4.051 0.972 1.810
350.16 0.5765 0.353 54.8 102.3 -0.0114 0.350 14.010 4.036 0.978 1.824
353.16 0.5766 0.356 54.8 102.2 -0.0114 0.353 14.130 4.029 0.979 1.827
359.16 0.5767 0.362 54.7 101.9 -0.0115 0.359 14.370 4.014 0.981 1.827
362.17 0.5767 0.365 54.7 102.2 -0.0115 0.362 14.491 4.006 0.984 1.837
368.17 0.5767 0.371 54.8 102.1 -0.0116 0.368 14.731 3.991 0.989 1.842
371.17 0.5768 0.374 54.8 102.0 -0.0117 0.371 14.851 3.984 0.990 1.843
377.19 0.5771 0.380 54.9 102.1 -0.0120 0.377 15.091 3.969 0.996 1.853
380.19 0.5772 0.383 55.0 102.1 -0.0120 0.380 15.212 3.962 1.000 1.856
386.19 0.5777 0.389 55.0 102.1 -0.0126 0.386 15.452 3.947 1.003 1.863
389.19 0.5779 0.392 55.0 102.2 -0.0128 0.389 15.572 3.939 1.005 1.867
395.19 0.5783 0.398 54.9 101.5 -0.0132 0.395 15.812 3.925 1.008 1.861
398.19 0.5785 0.401 55.0 102.1 -0.0134 0.398 15.932 3.917 1.012 1.876
404.19 0.5789 0.407 55.0 102.5 -0.0138 0.404 16.172 3.902 1.014 1.891
407.19 0.5789 0.410 55.0 101.8 -0.0138 0.407 16.292 3.895 1.016 1.881
413.19 0.5792 0.416 54.9 102.1 -0.0141 0.413 16.532 3.880 1.019 1.894
416.19 0.5794 0.419 54.9 102.2 -0.0143 0.416 16.652 3.873 1.021 1.901
422.19 0.5795 0.425 54.8 102.3 -0.0144 0.422 16.892 3.858 1.022 1.909
425.19 0.5797 0.428 54.8 102.2 -0.0145 0.425 17.012 3.851 1.024 1.912
431.21 0.5800 0.434 54.5 102.0 -0.0149 0.431 17.253 3.836 1.023 1.915
434.21 0.5802 0.437 54.7 102.4 -0.0150 0.434 17.373 3.828 1.029 1.926
440.21 0.5801 0.443 54.9 102.0 -0.0150 0.440 17.613 3.814 1.036 1.926
443.21 0.5803 0.446 54.5 102.3 -0.0151 0.443 17.733 3.806 1.031 1.934
449.21 0.5804 0.452 54.8 102.2 -0.0152 0.449 17.973 3.791 1.041 1.941
452.21 0.5805 0.455 54.8 102.1 -0.0154 0.452 18.093 3.784 1.043 1.942
458.21 0.5806 0.461 54.8 102.2 -0.0154 0.458 18.334 3.769 1.047 1.952
461.22 0.5806 0.464 54.9 102.3 -0.0154 0.461 18.453 3.762 1.051 1.957
467.22 0.5807 0.470 54.8 102.1 -0.0156 0.467 18.694 3.747 1.054 1.961
470.22 0.5808 0.473 54.9 101.9 -0.0157 0.470 18.814 3.740 1.057 1.963
476.22 0.5811 0.479 54.7 102.2 -0.0159 0.476 19.054 3.725 1.057 1.975
479.22 0.5812 0.482 54.7 101.8 -0.0161 0.479 19.174 3.718 1.060 1.972
485.22 0.5814 0.488 54.7 102.4 -0.0163 0.485 19.414 3.703 1.063 1.991
488.22 0.5815 0.491 54.7 102.2 -0.0164 0.488 19.535 3.696 1.065 1.990
494.24 0.5821 0.497 54.6 102.6 -0.0170 0.494 19.775 3.681 1.068 2.007
497.24 0.5823 0.500 54.6 102.8 -0.0172 0.497 19.895 3.674 1.071 2.014
506.24 0.5829 0.509 54.4 102.6 -0.0178 0.506 20.255 3.652 1.073 2.022
507.49 0.5829 0.510 54.6 102.2 -0.0177 0.508 20.305 3.648 1.077 2.016
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 207-A, 27.0'-27.5' Lab ID 325A

Visual Description Clayey Sand (SC), gray, wet, soft Test ID 325A-C
Specimen Type Intact Gs 2.64 LL

Prepared Using Cutting Ring ASTM D 854, A PL
Preparation Date PI

Initial Specimen Conditions Consolidated Specimen Conditions
Height (in) 0.986 Height (in) 0.892

Diameter (in) 2.500 Diameter (in) 2.500
Wet Weight (lb) 0.3196 Wet Weight (lb) 0.3063

Wet Unit Weight (pcf) 114.1 Wet Unit Weight (pcf) 120.9
Moisture Content (%) 34.0 Moisture Content (%) 28.5

Dry Weight (lb) 0.2385 Dry Weight (lb) 0.2385
Dry Unit Weight (pcf) 85.2 Dry Unit Weight (pcf) 94.1

Void Ratio 0.935 Void Ratio 0.751
Degree of Saturation (%) 96.0 Degree of Saturation (%) 100.0 (assumed)

Preshear Normal Stress (tsf) 2.498

Shear Test Date 09/13/2019
Shear Rate (in/min) 0.00100

Shear Stress (tsf) 1.500
Normal Stress (tsf) 2.850

Shear Displace. (in) 0.245
Normal Displace. (in) -0.027

Shear Stress (tsf) 1.500
Normal Stress (tsf) 2.850

Shear Displace. (in) 0.245
Normal Displace. (in) -0.027

Time Height
(min)  (in)

@ t0 0.0 0.9078
@ t50 1.4 0.9021
@ t90 6.4 0.8976

@ t100 13.0 0.8965
@ tmax 158.5 0.8920

*Failure Stress Criterion:  Maximum shear stress or 10% lateral displacement. Reviewed By
**Ultimate Stress Criterion:  Minimum shear stress at lateral displacement greater than or equal to failure displacement.
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 207-A, 27.0'-27.5' Lab ID 325A

Visual Description Clayey Sand (SC), gray, wet, soft Test ID 325A-C

Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)

0.00 0.6170 0.003 0.0 170.3 0.0000 0.000 0.000 4.909 0.000 2.498
1.00 0.6171 0.004 3.7 170.7 -0.0001 0.001 0.040 4.906 0.055 2.506
1.50 0.6172 0.005 5.6 170.6 -0.0001 0.002 0.061 4.905 0.083 2.504
2.51 0.6174 0.006 8.4 171.4 -0.0004 0.003 0.101 4.902 0.123 2.517
3.01 0.6177 0.006 9.4 170.4 -0.0006 0.003 0.121 4.901 0.138 2.504
4.03 0.6180 0.007 11.3 170.3 -0.0009 0.004 0.162 4.899 0.165 2.503
4.53 0.6180 0.008 12.1 170.2 -0.0010 0.005 0.182 4.897 0.178 2.502
5.55 0.6184 0.009 13.5 170.3 -0.0014 0.006 0.222 4.895 0.199 2.505
6.06 0.6186 0.009 14.1 170.5 -0.0015 0.006 0.243 4.894 0.208 2.509
7.08 0.6189 0.010 15.1 170.1 -0.0018 0.007 0.283 4.891 0.222 2.503
7.58 0.6189 0.011 15.4 169.8 -0.0019 0.008 0.303 4.890 0.227 2.500
8.58 0.6191 0.012 16.3 170.4 -0.0021 0.009 0.344 4.887 0.241 2.511
9.10 0.6192 0.012 17.4 169.9 -0.0022 0.009 0.364 4.886 0.256 2.504

10.10 0.6193 0.013 18.8 169.7 -0.0023 0.010 0.405 4.883 0.277 2.502
10.60 0.6194 0.014 19.4 170.5 -0.0024 0.011 0.425 4.882 0.287 2.515
11.61 0.6196 0.015 20.7 170.8 -0.0026 0.012 0.465 4.880 0.305 2.520
12.11 0.6197 0.015 21.2 170.9 -0.0027 0.012 0.485 4.878 0.314 2.523
13.13 0.6199 0.016 22.3 170.0 -0.0029 0.013 0.526 4.876 0.330 2.510
13.63 0.6200 0.017 22.9 170.2 -0.0029 0.014 0.546 4.875 0.338 2.515
14.63 0.6201 0.018 23.9 170.2 -0.0030 0.015 0.586 4.872 0.353 2.516
15.13 0.6202 0.018 24.2 170.7 -0.0032 0.015 0.606 4.871 0.358 2.523
16.15 0.6204 0.019 25.4 170.0 -0.0034 0.016 0.646 4.868 0.376 2.514
16.65 0.6207 0.020 26.0 169.9 -0.0037 0.017 0.666 4.867 0.384 2.514
17.66 0.6212 0.021 26.7 170.2 -0.0042 0.018 0.707 4.865 0.396 2.519
18.16 0.6215 0.021 27.4 170.1 -0.0044 0.018 0.727 4.863 0.405 2.518
19.18 0.6219 0.022 28.5 170.2 -0.0049 0.019 0.768 4.861 0.422 2.521
19.68 0.6220 0.023 29.0 170.2 -0.0050 0.020 0.788 4.859 0.430 2.522
20.68 0.6224 0.024 29.8 170.2 -0.0053 0.021 0.828 4.857 0.441 2.523
21.20 0.6225 0.024 30.2 170.6 -0.0055 0.021 0.848 4.856 0.448 2.530
22.20 0.6227 0.025 31.1 170.8 -0.0056 0.022 0.889 4.853 0.462 2.534
22.71 0.6228 0.026 31.4 170.6 -0.0057 0.023 0.909 4.852 0.467 2.531
25.71 0.6236 0.029 34.1 170.2 -0.0065 0.026 1.029 4.844 0.507 2.530
27.23 0.6239 0.030 35.5 170.2 -0.0069 0.027 1.090 4.841 0.528 2.532
30.23 0.6243 0.033 37.8 169.8 -0.0073 0.030 1.210 4.833 0.563 2.530
31.73 0.6245 0.035 39.1 170.9 -0.0075 0.032 1.270 4.829 0.583 2.548
34.75 0.6254 0.038 41.1 170.3 -0.0084 0.035 1.391 4.822 0.614 2.543
36.25 0.6258 0.039 42.1 170.1 -0.0087 0.036 1.451 4.818 0.629 2.542
39.26 0.6264 0.042 43.9 170.2 -0.0093 0.039 1.571 4.811 0.658 2.547
40.76 0.6266 0.044 44.7 169.5 -0.0095 0.041 1.631 4.807 0.669 2.539
43.76 0.6269 0.047 46.3 169.9 -0.0099 0.044 1.752 4.799 0.695 2.550
45.28 0.6273 0.048 46.6 170.3 -0.0102 0.045 1.812 4.795 0.699 2.557
48.28 0.6278 0.051 49.1 170.2 -0.0108 0.048 1.932 4.788 0.738 2.559
49.78 0.6282 0.053 50.1 170.4 -0.0111 0.050 1.992 4.784 0.754 2.565
52.78 0.6284 0.056 51.6 169.9 -0.0114 0.053 2.113 4.777 0.777 2.562
54.30 0.6286 0.057 52.3 169.8 -0.0116 0.054 2.173 4.773 0.789 2.561
57.30 0.6289 0.060 54.1 170.0 -0.0119 0.057 2.293 4.765 0.817 2.569
58.81 0.6292 0.062 54.9 170.2 -0.0121 0.059 2.354 4.762 0.830 2.573
61.81 0.6294 0.065 56.3 170.0 -0.0124 0.062 2.474 4.754 0.853 2.575
63.31 0.6295 0.066 56.9 170.3 -0.0124 0.063 2.534 4.750 0.863 2.581
66.33 0.6298 0.069 58.3 170.4 -0.0128 0.066 2.654 4.743 0.885 2.587
67.83 0.6300 0.071 59.0 170.1 -0.0130 0.068 2.714 4.739 0.897 2.584
70.85 0.6306 0.074 60.4 170.8 -0.0136 0.071 2.835 4.732 0.918 2.599
72.35 0.6308 0.075 60.9 170.0 -0.0138 0.072 2.895 4.728 0.928 2.589
75.35 0.6313 0.078 62.1 169.9 -0.0143 0.075 3.015 4.720 0.948 2.591
76.85 0.6316 0.080 62.8 170.3 -0.0146 0.077 3.076 4.717 0.958 2.600
79.86 0.6326 0.083 64.0 170.4 -0.0156 0.080 3.196 4.709 0.979 2.605
81.38 0.6327 0.084 64.5 170.1 -0.0157 0.081 3.256 4.705 0.987 2.604
84.38 0.6330 0.087 65.6 169.8 -0.0160 0.084 3.377 4.698 1.006 2.603
85.90 0.6331 0.089 66.2 170.4 -0.0161 0.086 3.437 4.694 1.015 2.614
88.90 0.6334 0.092 67.4 170.2 -0.0163 0.089 3.557 4.686 1.035 2.615
90.40 0.6335 0.093 67.9 170.1 -0.0165 0.090 3.617 4.683 1.043 2.616
93.41 0.6337 0.096 68.8 170.1 -0.0167 0.093 3.738 4.675 1.059 2.619
94.91 0.6337 0.098 69.2 170.4 -0.0167 0.095 3.798 4.671 1.067 2.626
97.93 0.6338 0.101 70.1 170.4 -0.0168 0.098 3.919 4.664 1.082 2.631

100.93 0.6339 0.104 71.1 169.9 -0.0168 0.101 4.039 4.656 1.099 2.628
106.93 0.6340 0.110 72.6 170.0 -0.0169 0.107 4.279 4.641 1.126 2.638
109.95 0.6340 0.113 73.4 170.4 -0.0170 0.110 4.399 4.634 1.140 2.647
115.95 0.6345 0.119 74.7 170.1 -0.0174 0.116 4.640 4.619 1.164 2.652
118.95 0.6350 0.122 75.3 170.2 -0.0180 0.119 4.759 4.611 1.176 2.658
124.95 0.6357 0.128 76.5 170.1 -0.0187 0.125 5.000 4.596 1.199 2.665
127.96 0.6358 0.131 77.1 170.5 -0.0188 0.128 5.120 4.589 1.210 2.675
133.96 0.6364 0.137 78.2 170.4 -0.0193 0.134 5.361 4.574 1.232 2.682
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Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)
136.96 0.6365 0.140 78.7 170.4 -0.0195 0.137 5.481 4.566 1.241 2.686
142.96 0.6371 0.146 79.8 170.4 -0.0200 0.143 5.721 4.551 1.262 2.696
145.98 0.6373 0.149 80.2 170.0 -0.0203 0.146 5.841 4.544 1.271 2.694
151.98 0.6379 0.155 81.2 170.2 -0.0209 0.152 6.081 4.529 1.291 2.706
155.00 0.6381 0.158 81.6 169.9 -0.0210 0.155 6.201 4.521 1.300 2.706
161.00 0.6385 0.164 82.7 170.1 -0.0214 0.161 6.442 4.506 1.321 2.717
164.00 0.6386 0.167 83.1 170.4 -0.0215 0.164 6.562 4.499 1.331 2.727
170.01 0.6388 0.173 84.2 170.1 -0.0218 0.170 6.803 4.484 1.352 2.732
173.01 0.6390 0.176 84.6 170.4 -0.0220 0.173 6.923 4.476 1.360 2.741
179.01 0.6398 0.182 85.6 170.0 -0.0227 0.179 7.163 4.461 1.382 2.744
182.01 0.6401 0.185 86.1 170.2 -0.0231 0.182 7.283 4.454 1.391 2.752
188.03 0.6405 0.191 86.8 170.4 -0.0235 0.188 7.524 4.439 1.407 2.763
191.03 0.6407 0.194 87.1 170.7 -0.0237 0.191 7.644 4.431 1.415 2.773
197.05 0.6409 0.200 87.8 170.3 -0.0239 0.197 7.884 4.417 1.431 2.776
200.05 0.6410 0.203 87.8 170.5 -0.0240 0.200 8.004 4.409 1.435 2.784
206.05 0.6413 0.209 88.3 170.5 -0.0242 0.206 8.245 4.394 1.446 2.794
209.05 0.6414 0.212 88.3 170.2 -0.0244 0.209 8.365 4.387 1.450 2.794
215.06 0.6419 0.218 88.4 170.1 -0.0248 0.215 8.605 4.372 1.456 2.802
218.06 0.6420 0.221 88.6 170.1 -0.0250 0.218 8.726 4.364 1.462 2.806
224.08 0.6424 0.227 88.7 170.5 -0.0253 0.224 8.966 4.349 1.468 2.823
227.08 0.6426 0.230 88.9 170.4 -0.0255 0.227 9.086 4.342 1.474 2.826
233.08 0.6430 0.236 89.1 170.4 -0.0260 0.233 9.326 4.327 1.483 2.835
236.08 0.6431 0.239 89.3 170.2 -0.0261 0.236 9.446 4.319 1.488 2.837
242.08 0.6435 0.245 89.5 170.4 -0.0264 0.242 9.686 4.304 1.496 2.850
245.08 0.6436 0.248 89.5 170.1 -0.0266 0.245 9.807 4.297 1.500 2.850
251.10 0.6441 0.254 89.8 170.7 -0.0270 0.251 10.047 4.282 1.511 2.870
254.10 0.6442 0.257 89.7 170.4 -0.0272 0.254 10.167 4.274 1.511 2.871
260.10 0.6444 0.263 89.9 170.3 -0.0274 0.260 10.407 4.259 1.520 2.878
263.10 0.6445 0.266 89.7 170.5 -0.0274 0.263 10.527 4.252 1.518 2.888
269.11 0.6447 0.272 89.8 170.3 -0.0277 0.269 10.768 4.237 1.526 2.893
272.11 0.6448 0.275 89.7 169.8 -0.0278 0.272 10.888 4.230 1.527 2.891
278.13 0.6450 0.281 89.9 170.3 -0.0280 0.278 11.129 4.215 1.536 2.910
281.13 0.6452 0.284 89.9 170.7 -0.0282 0.281 11.249 4.207 1.538 2.921
287.13 0.6457 0.290 90.1 170.4 -0.0287 0.287 11.489 4.192 1.548 2.926
290.13 0.6459 0.293 90.3 170.3 -0.0288 0.290 11.609 4.185 1.554 2.931
296.15 0.6464 0.299 90.6 170.1 -0.0293 0.296 11.849 4.170 1.565 2.937
299.15 0.6466 0.302 90.8 170.6 -0.0296 0.299 11.970 4.162 1.570 2.952
305.16 0.6471 0.308 91.2 170.3 -0.0300 0.305 12.210 4.148 1.582 2.957
308.16 0.6471 0.311 91.3 170.2 -0.0301 0.308 12.331 4.140 1.588 2.960
314.18 0.6472 0.317 91.6 170.5 -0.0302 0.314 12.571 4.125 1.599 2.975
317.20 0.6473 0.320 91.7 170.4 -0.0303 0.317 12.691 4.118 1.604 2.980
323.20 0.6475 0.326 92.0 169.9 -0.0305 0.323 12.932 4.103 1.614 2.982
326.20 0.6477 0.329 92.1 170.4 -0.0306 0.326 13.052 4.095 1.619 2.996
332.21 0.6479 0.335 92.1 170.4 -0.0309 0.332 13.292 4.080 1.625 3.006
335.21 0.6483 0.338 92.0 170.6 -0.0312 0.335 13.413 4.073 1.627 3.016
341.23 0.6488 0.344 92.1 170.1 -0.0317 0.341 13.653 4.058 1.634 3.018
344.23 0.6489 0.347 92.0 170.5 -0.0318 0.344 13.773 4.051 1.635 3.031
350.23 0.6491 0.353 92.0 170.3 -0.0320 0.350 14.013 4.036 1.641 3.038
353.25 0.6492 0.356 91.7 170.3 -0.0321 0.353 14.134 4.028 1.638 3.044
359.25 0.6495 0.362 91.6 170.3 -0.0324 0.359 14.374 4.013 1.644 3.055
362.26 0.6496 0.365 91.4 170.3 -0.0325 0.362 14.495 4.006 1.642 3.060
368.26 0.6498 0.371 91.3 170.1 -0.0327 0.368 14.735 3.991 1.647 3.069
371.28 0.6500 0.374 91.2 170.7 -0.0329 0.371 14.855 3.984 1.649 3.085
377.28 0.6502 0.380 91.3 170.2 -0.0331 0.377 15.095 3.969 1.656 3.088
380.28 0.6503 0.383 91.3 170.3 -0.0332 0.380 15.216 3.961 1.659 3.096
386.28 0.6503 0.389 91.3 170.6 -0.0333 0.386 15.456 3.947 1.665 3.112
389.30 0.6503 0.392 91.2 170.8 -0.0333 0.389 15.576 3.939 1.666 3.123
395.31 0.6504 0.398 91.0 170.5 -0.0334 0.395 15.817 3.924 1.670 3.129
398.31 0.6505 0.401 91.1 170.8 -0.0334 0.398 15.937 3.917 1.675 3.140
404.31 0.6506 0.407 90.8 170.4 -0.0335 0.404 16.178 3.902 1.675 3.144
407.33 0.6506 0.410 90.6 170.2 -0.0335 0.407 16.298 3.895 1.675 3.146
413.33 0.6507 0.416 90.3 170.3 -0.0336 0.413 16.538 3.880 1.675 3.161
416.33 0.6507 0.419 90.3 170.2 -0.0336 0.416 16.658 3.872 1.680 3.165
422.35 0.6508 0.425 90.0 170.3 -0.0337 0.422 16.899 3.858 1.680 3.178
425.35 0.6509 0.428 90.0 170.3 -0.0338 0.425 17.019 3.850 1.682 3.186
431.36 0.6512 0.434 89.7 170.1 -0.0341 0.431 17.259 3.835 1.684 3.193
434.36 0.6513 0.437 89.6 170.1 -0.0342 0.434 17.380 3.828 1.686 3.200
440.36 0.6516 0.443 89.7 170.4 -0.0346 0.440 17.620 3.813 1.694 3.218
443.38 0.6517 0.446 89.5 170.2 -0.0347 0.444 17.740 3.806 1.693 3.220
449.40 0.6518 0.453 89.7 170.2 -0.0348 0.450 17.981 3.791 1.703 3.233
452.40 0.6520 0.456 89.4 170.6 -0.0349 0.453 18.101 3.784 1.702 3.247
458.41 0.6521 0.462 89.6 170.4 -0.0350 0.459 18.341 3.769 1.712 3.255
461.41 0.6522 0.465 89.5 170.3 -0.0352 0.462 18.462 3.761 1.713 3.259
467.41 0.6525 0.471 89.5 170.7 -0.0355 0.468 18.702 3.747 1.720 3.280
470.43 0.6527 0.474 89.5 170.7 -0.0356 0.471 18.822 3.739 1.723 3.288
476.43 0.6530 0.480 89.2 170.6 -0.0360 0.477 19.063 3.725 1.725 3.299
479.43 0.6531 0.483 89.3 170.4 -0.0360 0.480 19.183 3.717 1.730 3.301
485.45 0.6532 0.489 89.0 170.0 -0.0362 0.486 19.423 3.702 1.730 3.305
488.45 0.6532 0.492 89.0 170.5 -0.0362 0.489 19.544 3.695 1.734 3.322
494.45 0.6535 0.498 88.6 170.7 -0.0364 0.495 19.784 3.680 1.734 3.339
497.45 0.6535 0.501 88.5 170.3 -0.0365 0.498 19.904 3.673 1.735 3.339
503.46 0.6537 0.507 88.3 170.5 -0.0366 0.504 20.144 3.658 1.738 3.355
506.46 0.6537 0.510 88.1 170.0 -0.0367 0.507 20.264 3.651 1.738 3.352
506.88 0.6537 0.510 88.2 170.4 -0.0367 0.507 20.281 3.650 1.740 3.362
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project
Set ID

Test Lab ID Gs LL PL PI
A 1642 2.69 N/A N/A NP
B 1642 2.69 N/A N/A NP
C 1642 2.69 N/A N/A NP

Specimen A B C

Height (in) 1.003 1.010 0.996
Diameter (in) 2.500 2.500 2.500

Moist Unit Weight (pcf) 121.1 121.5 121.8
Moisture Content (%) 23.3 22.1 22.1
Dry Unit Weight (pcf) 98.2 99.6 99.8

Void Ratio 0.709 0.687 0.683
Degree of Saturation (%) 88.3 86.4 87.1

Height (in) 0.971 0.975 0.953
Moist Unit Weight (pcf) 126.2 127.2 127.9

Moisture Content (%) 24.3 23.3 22.7
Dry Unit Weight (pcf) 101.5 103.1 104.2

Void Ratio 0.655 0.628 0.612
Degree of Saturation (%) *100.0 *100.0 *100.0

Normal Stress (tsf) 0.500 1.500 2.499

Failure Criterion
Shear Stress* (tsf) 0.396 0.995 1.836

Normal Stress* (tsf) 0.532 1.590 2.650
Lateral Displace. (in) 0.117 0.110 0.107
Normal Displace. (in) 0.013 0.012 0.010

*  An area correction has been applied to reported stress values, where the corrected area, Ac, is a function of the horizontal displacement:
    Ac = r2(2α - sin(2α)), where r = radius of specimen, α = cos-1(Δx/2r) and Δx = horizontal diplacement.  All angles are in radians.

Comments * Specimen measurements indicated saturation > 100%, so the wet weight and
other properties were computed assuming saturation = 100%. Reviewed By

315-A, 34.0'-36.0' Clayey Sand (SC), brown, wet, soft

175529001
1642

Source Description

315-A, 34.0'-36.0' Clayey Sand (SC), brown, wet, soft
315-A, 34.0'-36.0' Clayey Sand (SC), brown, wet, soft

Initial Specimen Conditions

Max. Shear Stress or 10% Displace.

Preshear Specimen Conditions
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 315-A, 34.0'-36.0' Lab ID 1642

Visual Description Clayey Sand (SC), brown, wet, soft Test ID 1642-A
Specimen Type Intact Gs 2.69 LL N/A

Prepared Using Cutting Ring ASTM D 854, A PL N/A
Preparation Date PI NP

Initial Specimen Conditions Consolidated Specimen Conditions
Height (in) 1.003 Height (in) 0.971

Diameter (in) 2.500 Diameter (in) 2.500
Wet Weight (lb) 0.3451 Wet Weight (lb) 0.3481

Wet Unit Weight (pcf) 121.1 Wet Unit Weight (pcf) 126.2
Moisture Content (%) 23.3 Moisture Content (%) 24.3

Dry Weight (lb) 0.2799 Dry Weight (lb) 0.2799
Dry Unit Weight (pcf) 98.2 Dry Unit Weight (pcf) 101.5

Void Ratio 0.709 Void Ratio 0.655
Degree of Saturation (%) 88.3 Degree of Saturation (%) 100.0 (assumed)

Preshear Normal Stress (tsf) 0.500

Shear Test Date 09/19/2019
Shear Rate (in/min) 0.00100

Shear Stress (tsf) 0.396
Normal Stress (tsf) 0.532

Shear Displace. (in) 0.117
Normal Displace. (in) 0.013

Shear Stress (tsf) 0.327
Normal Stress (tsf) 0.569

Shear Displace. (in) 0.264
Normal Displace. (in) 0.014

Time Height
(min)  (in)

@ t0 0.0 0.9740
@ t50 1.0 0.9732
@ t90 4.4 0.9726

@ t100 7.8 0.9725
@ tmax 99.9 0.9711

*Failure Stress Criterion:  Maximum shear stress or 10% lateral displacement. Reviewed By
**Ultimate Stress Criterion:  Minimum shear stress at lateral displacement greater than or equal to failure displacement.

Failure Sketch

Preshear Consolidation

09/19/2019
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 315-A, 34.0'-36.0' Lab ID 1642

Visual Description Clayey Sand (SC), brown, wet, soft Test ID 1642-A

Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)

0.00 0.5349 0.002 0.0 34.1 0.0000 0.000 0.000 4.909 0.000 0.500
1.99 0.5351 0.004 1.0 33.8 -0.0001 0.002 0.080 4.904 0.014 0.496
2.49 0.5351 0.004 1.2 33.9 -0.0002 0.002 0.100 4.902 0.017 0.497
3.49 0.5352 0.005 1.8 33.7 -0.0002 0.003 0.140 4.900 0.027 0.496
3.99 0.5353 0.006 2.0 33.8 -0.0004 0.004 0.160 4.899 0.030 0.496
5.00 0.5353 0.007 2.5 33.7 -0.0003 0.005 0.200 4.896 0.036 0.496
5.50 0.5357 0.008 2.6 33.8 -0.0008 0.006 0.220 4.895 0.038 0.498
6.50 0.5357 0.009 3.0 34.1 -0.0008 0.007 0.261 4.892 0.044 0.502
7.00 0.5357 0.009 3.2 34.1 -0.0008 0.007 0.281 4.891 0.047 0.502
8.00 0.5360 0.010 3.5 34.0 -0.0010 0.008 0.321 4.889 0.052 0.501
8.50 0.5361 0.011 3.8 34.1 -0.0012 0.009 0.341 4.887 0.055 0.502
9.50 0.5362 0.012 4.2 34.0 -0.0012 0.010 0.381 4.885 0.062 0.501

10.00 0.5362 0.012 4.4 33.8 -0.0013 0.010 0.401 4.884 0.064 0.498
11.00 0.5363 0.013 5.0 34.0 -0.0013 0.011 0.441 4.881 0.073 0.502
11.52 0.5363 0.014 5.2 34.0 -0.0013 0.012 0.461 4.880 0.076 0.501
12.52 0.5363 0.015 5.7 34.2 -0.0013 0.013 0.501 4.877 0.084 0.504
13.02 0.5363 0.015 5.8 34.1 -0.0013 0.013 0.521 4.876 0.085 0.504
14.02 0.5363 0.016 6.1 34.0 -0.0014 0.014 0.561 4.874 0.091 0.503
14.52 0.5363 0.017 6.3 34.0 -0.0013 0.015 0.581 4.872 0.094 0.503
15.54 0.5363 0.018 6.8 34.1 -0.0014 0.016 0.622 4.870 0.100 0.505
16.04 0.5363 0.018 6.8 34.0 -0.0014 0.016 0.642 4.869 0.101 0.502
17.04 0.5363 0.019 7.3 33.8 -0.0014 0.017 0.682 4.866 0.108 0.499
17.54 0.5364 0.020 7.4 34.2 -0.0014 0.018 0.702 4.865 0.110 0.507
18.55 0.5364 0.021 8.0 34.1 -0.0015 0.019 0.742 4.862 0.118 0.506
19.05 0.5364 0.021 8.1 34.1 -0.0014 0.019 0.762 4.861 0.120 0.505
20.05 0.5364 0.022 8.5 34.2 -0.0014 0.020 0.803 4.859 0.126 0.507
20.55 0.5364 0.023 8.5 34.0 -0.0014 0.021 0.823 4.857 0.126 0.505
21.55 0.5364 0.024 9.1 34.3 -0.0014 0.022 0.863 4.855 0.135 0.508
22.05 0.5364 0.024 9.3 34.2 -0.0014 0.022 0.883 4.854 0.138 0.508
23.07 0.5364 0.025 9.7 33.9 -0.0015 0.023 0.923 4.851 0.144 0.504
23.57 0.5364 0.026 10.0 33.9 -0.0014 0.024 0.943 4.850 0.148 0.504
26.57 0.5364 0.029 11.1 34.0 -0.0015 0.027 1.063 4.842 0.164 0.506
28.07 0.5364 0.030 11.5 34.4 -0.0014 0.028 1.123 4.839 0.172 0.512
31.07 0.5364 0.033 12.4 34.2 -0.0015 0.031 1.244 4.831 0.185 0.509
32.59 0.5364 0.035 13.0 34.4 -0.0014 0.033 1.304 4.827 0.194 0.513
35.59 0.5363 0.038 13.9 34.4 -0.0013 0.036 1.424 4.820 0.208 0.513
37.09 0.5361 0.039 14.5 34.2 -0.0012 0.037 1.484 4.816 0.217 0.511
40.09 0.5357 0.042 15.4 34.1 -0.0008 0.040 1.604 4.808 0.231 0.511
41.59 0.5353 0.044 15.9 34.3 -0.0004 0.042 1.664 4.805 0.239 0.515
44.59 0.5350 0.047 16.8 33.9 -0.0001 0.045 1.784 4.797 0.252 0.509
46.10 0.5346 0.048 17.3 34.2 0.0003 0.046 1.844 4.793 0.259 0.514
49.10 0.5342 0.051 18.1 34.3 0.0008 0.049 1.965 4.786 0.272 0.517
50.60 0.5340 0.053 18.5 34.0 0.0009 0.051 2.025 4.782 0.279 0.512
53.60 0.5336 0.056 19.4 34.7 0.0014 0.054 2.145 4.775 0.292 0.523
55.10 0.5336 0.057 19.8 34.3 0.0014 0.055 2.205 4.771 0.298 0.517
58.12 0.5330 0.060 20.5 34.1 0.0019 0.058 2.325 4.763 0.310 0.516
59.62 0.5328 0.062 20.8 34.6 0.0021 0.060 2.386 4.760 0.314 0.523
62.62 0.5325 0.065 21.4 34.1 0.0025 0.063 2.506 4.752 0.324 0.517
64.12 0.5323 0.066 21.8 34.5 0.0027 0.064 2.566 4.748 0.330 0.522
67.12 0.5317 0.069 22.2 33.9 0.0032 0.067 2.686 4.741 0.337 0.514
68.62 0.5316 0.071 22.5 34.3 0.0034 0.069 2.746 4.737 0.342 0.521
71.62 0.5312 0.074 23.0 34.2 0.0038 0.072 2.866 4.730 0.349 0.520
73.12 0.5309 0.075 23.2 34.2 0.0040 0.073 2.926 4.726 0.353 0.521
76.12 0.5300 0.078 23.7 34.2 0.0050 0.076 3.046 4.718 0.362 0.522
77.62 0.5297 0.080 23.9 34.5 0.0052 0.078 3.106 4.715 0.365 0.526
80.64 0.5289 0.083 24.2 34.2 0.0061 0.081 3.226 4.707 0.370 0.523
82.14 0.5285 0.084 24.3 33.9 0.0064 0.082 3.287 4.703 0.373 0.518
85.14 0.5278 0.087 24.6 34.3 0.0071 0.085 3.407 4.696 0.377 0.526
86.64 0.5276 0.089 24.7 33.9 0.0073 0.087 3.467 4.692 0.379 0.520
89.64 0.5271 0.092 25.0 34.5 0.0078 0.090 3.587 4.685 0.384 0.530
91.14 0.5267 0.093 25.0 34.2 0.0083 0.091 3.647 4.681 0.384 0.527
94.14 0.5259 0.096 25.2 34.5 0.0090 0.094 3.767 4.673 0.388 0.532
95.65 0.5256 0.098 25.3 34.5 0.0093 0.096 3.827 4.670 0.390 0.532
98.65 0.5251 0.101 25.4 34.2 0.0098 0.099 3.947 4.662 0.393 0.529

101.65 0.5248 0.104 25.3 33.8 0.0102 0.102 4.067 4.655 0.391 0.523
107.65 0.5233 0.110 25.5 33.9 0.0116 0.108 4.308 4.640 0.395 0.527
110.65 0.5229 0.113 25.4 34.5 0.0120 0.111 4.428 4.632 0.396 0.537
113.65 0.5226 0.116 25.4 34.6 0.0124 0.114 4.548 4.625 0.395 0.538
116.67 0.5222 0.119 25.4 34.1 0.0127 0.117 4.668 4.617 0.396 0.532
119.67 0.5216 0.122 25.3 34.1 0.0134 0.120 4.788 4.610 0.396 0.532
125.67 0.5208 0.128 25.2 34.6 0.0142 0.126 5.028 4.595 0.395 0.542
128.67 0.5206 0.131 25.1 34.4 0.0144 0.129 5.148 4.587 0.394 0.539
134.67 0.5202 0.137 24.9 34.2 0.0148 0.135 5.389 4.572 0.393 0.538
137.67 0.5199 0.140 24.8 34.0 0.0150 0.138 5.509 4.565 0.391 0.536
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Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)
143.69 0.5196 0.146 24.6 34.2 0.0153 0.144 5.749 4.550 0.390 0.541
146.69 0.5193 0.149 24.5 34.4 0.0156 0.147 5.869 4.542 0.389 0.545
152.69 0.5189 0.155 24.3 33.9 0.0160 0.153 6.109 4.527 0.386 0.539
155.69 0.5188 0.158 24.1 34.1 0.0161 0.156 6.229 4.520 0.385 0.544
161.69 0.5187 0.164 23.9 34.4 0.0163 0.162 6.469 4.505 0.382 0.549
164.69 0.5186 0.167 23.7 34.1 0.0163 0.165 6.590 4.497 0.380 0.547
170.69 0.5185 0.173 23.4 34.1 0.0165 0.171 6.830 4.482 0.375 0.547
173.69 0.5184 0.176 23.2 34.0 0.0165 0.174 6.950 4.475 0.373 0.547
179.70 0.5184 0.182 22.6 34.3 0.0166 0.180 7.190 4.460 0.365 0.554
182.70 0.5184 0.185 22.5 33.9 0.0165 0.183 7.310 4.452 0.363 0.548
188.70 0.5185 0.191 21.9 33.8 0.0164 0.189 7.550 4.437 0.355 0.549
191.70 0.5185 0.194 21.4 34.2 0.0164 0.192 7.670 4.430 0.348 0.557
197.70 0.5186 0.200 21.2 33.7 0.0163 0.198 7.911 4.415 0.345 0.550
200.72 0.5187 0.203 21.0 34.0 0.0162 0.201 8.031 4.407 0.343 0.555
206.72 0.5188 0.209 20.7 34.2 0.0161 0.207 8.271 4.392 0.340 0.561
209.72 0.5190 0.212 20.6 34.1 0.0160 0.210 8.391 4.385 0.338 0.561
215.72 0.5193 0.218 20.3 34.1 0.0157 0.216 8.631 4.370 0.335 0.561
218.72 0.5195 0.221 20.2 34.0 0.0155 0.219 8.752 4.362 0.334 0.561
224.72 0.5197 0.227 19.9 33.9 0.0152 0.225 8.992 4.348 0.330 0.561
227.74 0.5199 0.230 19.8 33.7 0.0151 0.228 9.112 4.340 0.328 0.559
233.74 0.5202 0.236 19.9 34.1 0.0148 0.234 9.352 4.325 0.331 0.568
236.74 0.5202 0.239 19.8 34.3 0.0147 0.237 9.472 4.318 0.330 0.572
242.74 0.5204 0.245 19.8 34.0 0.0146 0.243 9.712 4.303 0.331 0.569
245.74 0.5206 0.248 19.6 33.8 0.0143 0.246 9.832 4.295 0.328 0.567
251.74 0.5207 0.254 19.5 34.0 0.0142 0.252 10.072 4.280 0.329 0.572
254.74 0.5208 0.257 19.5 34.2 0.0141 0.255 10.192 4.273 0.328 0.577
260.74 0.5212 0.263 19.4 33.9 0.0137 0.261 10.433 4.258 0.328 0.573
263.75 0.5213 0.266 19.3 33.6 0.0136 0.264 10.553 4.250 0.327 0.569
269.75 0.5216 0.272 19.4 34.3 0.0133 0.270 10.793 4.235 0.330 0.582
272.75 0.5217 0.275 19.5 34.1 0.0132 0.273 10.913 4.228 0.331 0.581
278.75 0.5220 0.281 19.4 33.8 0.0129 0.279 11.153 4.213 0.332 0.578
281.75 0.5221 0.284 19.5 34.4 0.0128 0.282 11.274 4.206 0.333 0.588
287.75 0.5224 0.290 19.5 34.2 0.0125 0.288 11.514 4.191 0.335 0.588
290.75 0.5225 0.293 19.5 33.9 0.0124 0.291 11.634 4.183 0.335 0.584
296.77 0.5228 0.299 19.3 34.1 0.0121 0.297 11.874 4.168 0.334 0.590
299.77 0.5230 0.302 19.3 34.2 0.0120 0.300 11.994 4.161 0.334 0.591
305.77 0.5231 0.308 19.4 34.0 0.0118 0.306 12.234 4.146 0.336 0.590
308.77 0.5232 0.311 19.3 33.6 0.0117 0.309 12.354 4.139 0.336 0.585
314.77 0.5235 0.317 19.4 34.0 0.0114 0.315 12.595 4.124 0.339 0.593
317.77 0.5237 0.320 19.4 34.0 0.0112 0.318 12.715 4.116 0.340 0.594
323.77 0.5242 0.326 19.6 33.9 0.0108 0.324 12.955 4.101 0.345 0.596
326.79 0.5243 0.329 19.6 33.9 0.0106 0.327 13.075 4.094 0.344 0.596
332.79 0.5247 0.335 19.5 34.1 0.0103 0.333 13.315 4.079 0.344 0.602
335.79 0.5248 0.338 19.5 33.9 0.0101 0.336 13.435 4.072 0.345 0.599
341.79 0.5250 0.344 19.5 33.9 0.0100 0.342 13.675 4.057 0.346 0.602
344.79 0.5250 0.347 19.6 33.8 0.0099 0.345 13.795 4.049 0.348 0.602
350.79 0.5251 0.353 19.7 34.1 0.0098 0.351 14.036 4.034 0.352 0.608
353.79 0.5252 0.356 19.7 34.0 0.0098 0.354 14.156 4.027 0.352 0.608
359.79 0.5254 0.362 19.7 34.2 0.0096 0.360 14.396 4.012 0.353 0.614
362.80 0.5255 0.365 19.7 33.9 0.0094 0.363 14.516 4.005 0.355 0.609
368.80 0.5257 0.371 19.7 33.9 0.0092 0.369 14.756 3.990 0.356 0.612
371.80 0.5258 0.374 19.7 34.2 0.0092 0.372 14.876 3.982 0.356 0.618
377.80 0.5260 0.380 19.7 34.1 0.0089 0.378 15.116 3.968 0.357 0.619
380.80 0.5262 0.383 19.8 33.8 0.0087 0.381 15.237 3.960 0.361 0.614
386.82 0.5265 0.389 19.8 34.1 0.0084 0.387 15.477 3.945 0.361 0.622
389.82 0.5266 0.392 19.8 33.7 0.0083 0.390 15.597 3.938 0.362 0.616
395.82 0.5268 0.398 19.7 34.3 0.0081 0.396 15.837 3.923 0.362 0.630
398.82 0.5269 0.401 19.7 33.9 0.0080 0.399 15.957 3.916 0.362 0.623
404.84 0.5272 0.407 19.6 33.7 0.0077 0.405 16.198 3.901 0.361 0.622
407.84 0.5274 0.410 19.7 34.2 0.0075 0.408 16.318 3.893 0.364 0.632
413.84 0.5276 0.416 19.8 34.0 0.0074 0.414 16.558 3.879 0.367 0.631
416.84 0.5276 0.419 19.9 33.9 0.0073 0.417 16.678 3.871 0.370 0.630
422.84 0.5279 0.425 19.7 34.1 0.0070 0.423 16.918 3.856 0.369 0.637
425.84 0.5281 0.428 19.6 33.8 0.0068 0.426 17.038 3.849 0.366 0.633
431.84 0.5284 0.434 19.7 33.9 0.0065 0.432 17.278 3.834 0.371 0.637
434.84 0.5285 0.437 19.9 33.7 0.0064 0.435 17.399 3.827 0.374 0.633
440.85 0.5288 0.443 20.0 34.1 0.0061 0.441 17.639 3.812 0.377 0.644
443.85 0.5290 0.446 20.0 34.0 0.0059 0.444 17.759 3.805 0.379 0.643
449.85 0.5294 0.452 20.0 34.1 0.0055 0.450 17.999 3.790 0.380 0.647
452.85 0.5295 0.455 19.9 34.1 0.0054 0.453 18.119 3.783 0.379 0.649
458.85 0.5298 0.461 20.0 34.1 0.0052 0.459 18.359 3.768 0.383 0.651
461.85 0.5299 0.464 20.0 34.2 0.0051 0.462 18.479 3.760 0.383 0.655
467.85 0.5301 0.470 20.1 33.9 0.0048 0.468 18.719 3.746 0.386 0.652
470.85 0.5304 0.473 20.0 34.1 0.0046 0.471 18.839 3.738 0.386 0.657
476.85 0.5307 0.479 20.3 34.5 0.0043 0.477 19.080 3.724 0.392 0.667
479.85 0.5309 0.482 20.0 34.1 0.0041 0.480 19.200 3.716 0.387 0.661
485.87 0.5311 0.488 20.1 34.1 0.0038 0.486 19.440 3.701 0.390 0.663
488.87 0.5312 0.491 20.1 33.8 0.0038 0.489 19.560 3.694 0.392 0.659
494.87 0.5313 0.497 20.0 33.9 0.0036 0.495 19.800 3.679 0.391 0.663
497.87 0.5315 0.500 20.1 34.3 0.0035 0.498 19.920 3.672 0.395 0.672
506.87 0.5317 0.509 20.0 34.0 0.0033 0.507 20.280 3.650 0.395 0.670
508.02 0.5317 0.510 20.0 34.2 0.0032 0.508 20.326 3.647 0.394 0.675
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 315-A, 34.0'-36.0' Lab ID 1642

Visual Description Clayey Sand (SC), brown, wet, soft Test ID 1642-B
Specimen Type Intact Gs 2.69 LL N/A

Prepared Using Cutting Ring ASTM D 854, A PL N/A
Preparation Date PI NP

Initial Specimen Conditions Consolidated Specimen Conditions
Height (in) 1.010 Height (in) 0.975

Diameter (in) 2.500 Diameter (in) 2.500
Wet Weight (lb) 0.3486 Wet Weight (lb) 0.3523

Wet Unit Weight (pcf) 121.5 Wet Unit Weight (pcf) 127.2
Moisture Content (%) 22.1 Moisture Content (%) 23.3

Dry Weight (lb) 0.2856 Dry Weight (lb) 0.2856
Dry Unit Weight (pcf) 99.6 Dry Unit Weight (pcf) 103.1

Void Ratio 0.687 Void Ratio 0.628
Degree of Saturation (%) 86.4 Degree of Saturation (%) 100.0 (assumed)

Preshear Normal Stress (tsf) 1.500

Shear Test Date 09/20/2019
Shear Rate (in/min) 0.00100

Shear Stress (tsf) 0.995
Normal Stress (tsf) 1.590

Shear Displace. (in) 0.110
Normal Displace. (in) 0.012

Shear Stress (tsf) 0.879
Normal Stress (tsf) 1.728

Shear Displace. (in) 0.263
Normal Displace. (in) 0.013

Time Height
(min)  (in)

@ t0 0.0 0.9767
@ t50 0.8 0.9760
@ t90 3.2 0.9754

@ t100 4.8 0.9752
@ tmax 99.9 0.9747

*Failure Stress Criterion:  Maximum shear stress or 10% lateral displacement. Reviewed By
**Ultimate Stress Criterion:  Minimum shear stress at lateral displacement greater than or equal to failure displacement.
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 315-A, 34.0'-36.0' Lab ID 1642

Visual Description Clayey Sand (SC), brown, wet, soft Test ID 1642-B

Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)

0.00 0.5447 0.002 0.0 102.2 0.0000 0.000 0.000 4.909 0.000 1.500
1.12 0.5446 0.003 1.8 102.3 0.0000 0.001 0.045 4.906 0.026 1.501
1.62 0.5446 0.004 2.6 102.2 0.0000 0.002 0.065 4.905 0.038 1.500
2.12 0.5446 0.004 3.3 102.3 0.0000 0.002 0.085 4.903 0.048 1.502
2.62 0.5447 0.005 3.8 102.0 0.0000 0.003 0.105 4.902 0.055 1.498
3.12 0.5447 0.006 4.3 101.9 -0.0001 0.003 0.125 4.901 0.063 1.497
3.63 0.5448 0.006 4.8 102.0 -0.0002 0.004 0.145 4.900 0.071 1.498
4.13 0.5448 0.007 5.4 101.6 -0.0002 0.004 0.165 4.898 0.079 1.493
4.63 0.5449 0.007 5.7 102.0 -0.0002 0.005 0.185 4.897 0.084 1.500
5.13 0.5449 0.008 6.2 102.1 -0.0003 0.005 0.205 4.896 0.091 1.502
5.63 0.5449 0.008 6.7 102.2 -0.0003 0.006 0.226 4.895 0.099 1.503
6.13 0.5449 0.009 7.2 102.3 -0.0003 0.006 0.245 4.893 0.106 1.505
6.63 0.5450 0.009 7.9 102.2 -0.0003 0.007 0.265 4.892 0.116 1.504
7.13 0.5450 0.010 8.6 102.0 -0.0003 0.007 0.286 4.891 0.127 1.501
7.63 0.5450 0.010 9.3 102.2 -0.0003 0.008 0.306 4.890 0.137 1.504
8.13 0.5450 0.011 10.1 102.3 -0.0003 0.008 0.326 4.888 0.149 1.507
8.63 0.5450 0.011 10.9 102.1 -0.0003 0.009 0.346 4.887 0.161 1.505
9.15 0.5450 0.012 11.8 102.3 -0.0003 0.009 0.366 4.886 0.174 1.507
9.65 0.5450 0.012 12.6 102.2 -0.0004 0.010 0.386 4.885 0.186 1.506

10.15 0.5451 0.013 13.4 102.3 -0.0004 0.010 0.406 4.883 0.197 1.508
10.65 0.5450 0.013 14.2 102.1 -0.0004 0.011 0.426 4.882 0.210 1.505
11.15 0.5451 0.014 15.1 102.2 -0.0004 0.011 0.446 4.881 0.223 1.507
11.65 0.5451 0.014 16.0 101.9 -0.0004 0.012 0.466 4.880 0.235 1.504
12.15 0.5452 0.015 16.9 102.2 -0.0005 0.012 0.486 4.878 0.249 1.509
12.65 0.5452 0.015 17.4 102.1 -0.0005 0.013 0.506 4.877 0.257 1.508
13.15 0.5453 0.016 18.2 102.2 -0.0007 0.013 0.526 4.876 0.269 1.509
13.65 0.5453 0.016 18.9 102.3 -0.0007 0.014 0.547 4.875 0.279 1.511
14.17 0.5454 0.017 19.6 102.2 -0.0007 0.014 0.566 4.873 0.289 1.510
14.67 0.5454 0.017 20.1 102.2 -0.0008 0.015 0.587 4.872 0.298 1.510
15.17 0.5454 0.018 19.6 102.4 -0.0008 0.015 0.607 4.871 0.290 1.513
15.67 0.5454 0.018 20.4 102.3 -0.0008 0.016 0.627 4.870 0.302 1.513
16.17 0.5454 0.019 21.2 102.3 -0.0008 0.016 0.647 4.868 0.313 1.512
16.67 0.5454 0.019 21.9 102.0 -0.0008 0.017 0.667 4.867 0.324 1.510
17.17 0.5454 0.020 22.3 102.0 -0.0008 0.017 0.687 4.866 0.329 1.509
17.68 0.5454 0.020 22.9 102.5 -0.0008 0.018 0.707 4.865 0.339 1.518
18.18 0.5455 0.021 23.6 102.2 -0.0008 0.018 0.727 4.863 0.349 1.513
18.68 0.5454 0.021 24.2 102.4 -0.0008 0.019 0.747 4.862 0.359 1.516
19.18 0.5455 0.022 24.8 102.1 -0.0008 0.019 0.767 4.861 0.368 1.512
19.68 0.5455 0.022 25.5 102.2 -0.0008 0.020 0.787 4.860 0.378 1.514
20.18 0.5455 0.023 26.1 102.1 -0.0008 0.020 0.807 4.858 0.387 1.513
20.68 0.5455 0.023 26.8 102.2 -0.0008 0.021 0.828 4.857 0.398 1.515
21.18 0.5455 0.024 27.6 102.4 -0.0008 0.021 0.847 4.856 0.409 1.519
21.68 0.5455 0.024 28.1 102.4 -0.0008 0.022 0.868 4.855 0.417 1.519
22.18 0.5455 0.025 28.8 101.9 -0.0009 0.022 0.888 4.853 0.427 1.512
22.70 0.5455 0.025 29.4 102.0 -0.0009 0.023 0.908 4.852 0.436 1.513
23.20 0.5455 0.026 29.9 101.8 -0.0009 0.023 0.928 4.851 0.444 1.511
24.70 0.5455 0.027 31.4 102.3 -0.0009 0.025 0.988 4.847 0.466 1.520
26.20 0.5455 0.029 32.9 102.4 -0.0008 0.026 1.048 4.843 0.489 1.522
27.70 0.5455 0.030 34.1 102.2 -0.0009 0.028 1.108 4.839 0.508 1.521
29.20 0.5455 0.032 35.3 102.4 -0.0008 0.029 1.168 4.836 0.526 1.525
30.70 0.5455 0.033 36.8 102.4 -0.0009 0.031 1.228 4.832 0.548 1.525
32.20 0.5455 0.035 38.1 102.5 -0.0009 0.032 1.288 4.828 0.567 1.528
33.70 0.5455 0.036 39.1 102.5 -0.0008 0.034 1.348 4.824 0.584 1.529
35.20 0.5455 0.038 40.0 102.3 -0.0008 0.035 1.408 4.821 0.597 1.528
36.70 0.5455 0.039 41.0 102.6 -0.0008 0.037 1.468 4.817 0.613 1.534
38.22 0.5455 0.041 41.9 102.3 -0.0008 0.038 1.529 4.813 0.627 1.530
39.72 0.5454 0.042 43.2 102.3 -0.0007 0.040 1.589 4.809 0.647 1.531
41.22 0.5452 0.044 44.2 102.3 -0.0006 0.041 1.649 4.806 0.662 1.533
42.72 0.5450 0.045 45.3 102.4 -0.0004 0.043 1.709 4.802 0.679 1.535
44.22 0.5449 0.047 46.3 102.2 -0.0002 0.044 1.769 4.798 0.694 1.534
45.72 0.5448 0.048 47.2 102.5 -0.0002 0.046 1.829 4.794 0.708 1.539
47.22 0.5445 0.050 48.2 102.4 0.0001 0.047 1.889 4.791 0.725 1.539
48.72 0.5442 0.051 49.1 102.2 0.0005 0.049 1.949 4.787 0.738 1.537
50.23 0.5438 0.053 49.9 102.3 0.0008 0.050 2.009 4.783 0.750 1.540
51.73 0.5434 0.054 50.8 102.2 0.0013 0.052 2.070 4.779 0.766 1.539
53.23 0.5431 0.056 51.6 102.7 0.0016 0.053 2.130 4.776 0.779 1.549
54.73 0.5426 0.057 52.5 102.1 0.0020 0.055 2.190 4.772 0.792 1.541
56.23 0.5424 0.059 53.3 102.5 0.0023 0.056 2.250 4.768 0.804 1.548
57.73 0.5420 0.060 54.0 102.3 0.0026 0.058 2.310 4.764 0.816 1.545
59.23 0.5418 0.062 54.8 102.5 0.0028 0.059 2.370 4.761 0.829 1.550
60.73 0.5415 0.063 55.4 102.3 0.0031 0.061 2.430 4.757 0.839 1.549
62.25 0.5413 0.065 56.0 102.6 0.0034 0.062 2.490 4.753 0.849 1.554
63.75 0.5412 0.066 56.6 102.4 0.0035 0.064 2.550 4.749 0.858 1.552
65.25 0.5411 0.068 57.1 102.2 0.0036 0.065 2.610 4.746 0.866 1.550
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Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)

66.75 0.5410 0.069 57.6 102.6 0.0036 0.067 2.671 4.742 0.875 1.557
68.25 0.5409 0.071 58.1 102.4 0.0037 0.068 2.731 4.738 0.883 1.555
69.75 0.5409 0.072 58.7 102.5 0.0038 0.070 2.791 4.734 0.892 1.559
71.25 0.5408 0.074 59.2 102.0 0.0039 0.071 2.851 4.731 0.901 1.552
72.77 0.5406 0.075 59.8 102.9 0.0041 0.073 2.911 4.727 0.911 1.567
74.27 0.5403 0.077 60.1 102.9 0.0044 0.074 2.971 4.723 0.917 1.568
75.77 0.5400 0.078 60.6 102.6 0.0047 0.076 3.031 4.719 0.925 1.566
77.27 0.5396 0.080 60.9 102.5 0.0051 0.077 3.091 4.716 0.930 1.565
78.77 0.5391 0.081 61.3 102.5 0.0055 0.079 3.151 4.712 0.937 1.566
80.27 0.5386 0.083 61.7 102.7 0.0060 0.080 3.211 4.708 0.943 1.570
81.77 0.5381 0.084 61.9 102.2 0.0065 0.082 3.271 4.704 0.947 1.563
83.27 0.5379 0.086 62.3 102.4 0.0068 0.083 3.332 4.701 0.954 1.568
84.78 0.5376 0.087 62.5 102.9 0.0070 0.085 3.392 4.697 0.958 1.578
86.28 0.5372 0.089 62.7 102.3 0.0074 0.086 3.452 4.693 0.962 1.570
87.78 0.5370 0.090 62.9 102.2 0.0077 0.088 3.512 4.689 0.965 1.569
89.28 0.5366 0.092 63.0 102.0 0.0080 0.089 3.572 4.686 0.968 1.567
90.78 0.5364 0.093 63.4 103.1 0.0083 0.091 3.632 4.682 0.975 1.585
92.28 0.5362 0.095 63.4 102.6 0.0085 0.092 3.692 4.678 0.976 1.579
93.78 0.5359 0.096 63.6 102.6 0.0088 0.094 3.752 4.674 0.980 1.580
95.28 0.5352 0.098 63.8 102.6 0.0094 0.095 3.812 4.671 0.984 1.582
96.80 0.5348 0.099 63.9 102.4 0.0098 0.097 3.873 4.667 0.986 1.580
98.30 0.5342 0.101 63.9 102.4 0.0104 0.098 3.933 4.663 0.986 1.581

101.30 0.5338 0.104 64.0 102.3 0.0108 0.101 4.053 4.655 0.989 1.582
104.30 0.5335 0.107 64.1 102.4 0.0112 0.104 4.173 4.648 0.993 1.586
107.30 0.5329 0.110 64.1 102.5 0.0117 0.107 4.293 4.640 0.994 1.590
110.30 0.5325 0.113 64.0 102.3 0.0121 0.110 4.413 4.633 0.995 1.590
113.32 0.5322 0.116 63.9 102.4 0.0125 0.113 4.533 4.625 0.994 1.594
116.32 0.5317 0.119 63.4 102.5 0.0129 0.116 4.653 4.618 0.989 1.598
119.32 0.5314 0.122 63.1 102.5 0.0132 0.119 4.774 4.611 0.986 1.601
122.32 0.5310 0.125 62.7 102.4 0.0136 0.122 4.894 4.603 0.981 1.602
125.32 0.5305 0.128 62.5 102.6 0.0142 0.125 5.014 4.595 0.979 1.607
128.32 0.5299 0.131 62.0 102.2 0.0147 0.128 5.134 4.588 0.973 1.604
131.32 0.5294 0.134 61.5 102.4 0.0152 0.131 5.254 4.581 0.967 1.610
134.32 0.5290 0.137 61.3 102.4 0.0157 0.134 5.374 4.573 0.966 1.613
137.32 0.5286 0.140 60.9 102.4 0.0160 0.137 5.494 4.566 0.961 1.615
140.32 0.5284 0.143 60.2 102.3 0.0162 0.140 5.614 4.558 0.950 1.616
143.32 0.5282 0.146 59.6 102.4 0.0164 0.143 5.735 4.551 0.944 1.620
146.33 0.5281 0.149 59.0 102.3 0.0166 0.146 5.854 4.543 0.936 1.621
149.33 0.5279 0.152 58.7 102.6 0.0167 0.149 5.975 4.536 0.931 1.628
152.33 0.5278 0.155 58.3 102.4 0.0169 0.152 6.095 4.528 0.927 1.628
155.33 0.5277 0.158 58.2 102.6 0.0170 0.155 6.215 4.521 0.926 1.633
158.33 0.5275 0.161 57.6 102.0 0.0171 0.158 6.335 4.513 0.919 1.627
161.33 0.5275 0.164 57.0 102.2 0.0171 0.161 6.455 4.506 0.912 1.634
164.33 0.5275 0.167 57.0 102.3 0.0171 0.164 6.575 4.498 0.913 1.637
167.33 0.5275 0.170 56.6 102.5 0.0171 0.167 6.695 4.491 0.907 1.643
170.33 0.5275 0.173 56.5 102.1 0.0171 0.170 6.815 4.483 0.907 1.640
173.33 0.5275 0.176 55.7 101.8 0.0171 0.173 6.935 4.476 0.896 1.638
176.33 0.5276 0.179 55.4 102.4 0.0171 0.176 7.056 4.468 0.893 1.650
179.35 0.5276 0.182 55.0 102.1 0.0170 0.179 7.176 4.461 0.888 1.647
182.35 0.5276 0.185 54.9 102.4 0.0170 0.182 7.296 4.453 0.887 1.656
185.35 0.5277 0.188 54.7 102.4 0.0169 0.185 7.416 4.446 0.885 1.658
188.35 0.5278 0.191 54.9 102.1 0.0169 0.188 7.536 4.438 0.891 1.656
191.35 0.5278 0.194 54.9 101.8 0.0169 0.191 7.656 4.431 0.893 1.654
194.35 0.5280 0.197 54.8 102.0 0.0166 0.194 7.776 4.423 0.892 1.660
197.35 0.5282 0.200 55.1 102.6 0.0164 0.197 7.896 4.416 0.898 1.673
200.35 0.5283 0.203 55.1 102.0 0.0163 0.200 8.016 4.408 0.900 1.667
203.35 0.5285 0.206 55.2 101.9 0.0162 0.203 8.136 4.401 0.904 1.668
206.37 0.5285 0.209 55.3 102.3 0.0161 0.206 8.256 4.393 0.906 1.676
209.37 0.5286 0.212 54.9 102.2 0.0160 0.209 8.377 4.386 0.901 1.677
212.37 0.5287 0.215 54.5 102.3 0.0160 0.212 8.496 4.378 0.897 1.683
215.37 0.5289 0.218 54.4 102.2 0.0158 0.215 8.617 4.371 0.897 1.684
218.37 0.5291 0.221 54.5 102.8 0.0156 0.218 8.737 4.363 0.899 1.696
221.37 0.5291 0.224 53.9 102.2 0.0155 0.221 8.857 4.356 0.892 1.690
224.37 0.5292 0.227 53.8 102.3 0.0154 0.224 8.977 4.348 0.891 1.694
227.37 0.5293 0.230 53.5 102.2 0.0153 0.227 9.097 4.341 0.888 1.695
230.37 0.5295 0.233 53.4 102.5 0.0151 0.230 9.217 4.333 0.887 1.703
233.37 0.5297 0.236 53.2 102.1 0.0149 0.233 9.337 4.326 0.886 1.700
236.38 0.5299 0.239 53.2 102.1 0.0147 0.236 9.457 4.319 0.887 1.703
239.38 0.5300 0.242 53.1 102.1 0.0146 0.239 9.578 4.311 0.886 1.706
242.38 0.5303 0.245 52.9 102.1 0.0143 0.242 9.698 4.304 0.886 1.707
245.38 0.5307 0.248 52.9 102.1 0.0139 0.245 9.818 4.296 0.886 1.712
248.38 0.5310 0.251 53.1 102.4 0.0137 0.248 9.938 4.289 0.892 1.720
251.38 0.5311 0.254 52.5 102.0 0.0136 0.251 10.058 4.281 0.883 1.715
254.38 0.5312 0.257 52.2 101.6 0.0135 0.254 10.178 4.274 0.880 1.712
257.38 0.5312 0.260 52.3 102.2 0.0134 0.257 10.298 4.266 0.883 1.725
260.40 0.5313 0.263 52.1 102.0 0.0133 0.260 10.419 4.259 0.881 1.725
263.40 0.5315 0.266 51.9 102.0 0.0131 0.263 10.539 4.251 0.879 1.728
266.40 0.5316 0.269 52.1 101.8 0.0130 0.266 10.659 4.244 0.884 1.727
269.40 0.5317 0.272 52.4 102.2 0.0129 0.269 10.779 4.236 0.890 1.737
272.40 0.5319 0.275 52.1 102.2 0.0128 0.272 10.899 4.229 0.887 1.740
275.40 0.5321 0.278 51.9 102.2 0.0126 0.275 11.019 4.221 0.886 1.743
278.40 0.5323 0.281 52.0 102.0 0.0123 0.278 11.139 4.214 0.889 1.744
281.40 0.5325 0.284 52.3 102.3 0.0121 0.281 11.259 4.207 0.895 1.751
284.40 0.5325 0.287 52.3 101.9 0.0121 0.284 11.379 4.199 0.896 1.748
287.40 0.5327 0.290 52.4 102.7 0.0119 0.287 11.499 4.192 0.900 1.764
290.40 0.5328 0.293 52.4 102.4 0.0119 0.290 11.619 4.184 0.902 1.762
293.40 0.5329 0.296 52.7 101.9 0.0118 0.293 11.739 4.177 0.909 1.756
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Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)
296.40 0.5330 0.299 52.7 102.1 0.0116 0.296 11.859 4.169 0.910 1.763
299.40 0.5330 0.302 53.1 102.0 0.0116 0.299 11.979 4.162 0.918 1.764
302.40 0.5332 0.305 53.0 102.4 0.0115 0.302 12.099 4.154 0.918 1.775
305.40 0.5333 0.308 53.1 102.4 0.0113 0.305 12.219 4.147 0.921 1.777
308.42 0.5336 0.311 53.4 102.0 0.0111 0.308 12.339 4.139 0.928 1.774
311.42 0.5336 0.314 53.2 102.2 0.0110 0.311 12.460 4.132 0.927 1.781
314.42 0.5336 0.317 53.1 101.9 0.0110 0.314 12.580 4.125 0.926 1.778
317.42 0.5339 0.320 53.1 102.5 0.0107 0.318 12.700 4.117 0.929 1.792
320.42 0.5340 0.323 53.1 102.4 0.0106 0.321 12.820 4.110 0.930 1.794
323.42 0.5341 0.326 53.5 102.4 0.0105 0.324 12.940 4.102 0.938 1.798
326.42 0.5342 0.329 53.8 102.4 0.0105 0.327 13.060 4.095 0.946 1.800
329.42 0.5343 0.332 53.6 101.8 0.0103 0.330 13.180 4.087 0.944 1.794
332.42 0.5345 0.335 53.4 102.2 0.0101 0.333 13.300 4.080 0.943 1.804
335.42 0.5348 0.338 53.2 102.3 0.0099 0.336 13.420 4.072 0.940 1.809
338.43 0.5350 0.341 53.6 102.3 0.0096 0.339 13.541 4.065 0.950 1.812
341.43 0.5354 0.344 53.7 102.1 0.0093 0.342 13.661 4.058 0.953 1.812
344.43 0.5357 0.347 53.6 102.3 0.0090 0.345 13.781 4.050 0.953 1.818
347.43 0.5358 0.350 53.9 102.0 0.0088 0.348 13.901 4.043 0.960 1.817
350.43 0.5361 0.353 54.0 102.4 0.0086 0.351 14.021 4.035 0.963 1.826
353.43 0.5361 0.356 53.8 102.0 0.0085 0.354 14.141 4.028 0.962 1.823
356.43 0.5363 0.359 54.0 102.1 0.0083 0.357 14.261 4.020 0.966 1.829
359.43 0.5364 0.362 54.3 102.1 0.0083 0.360 14.381 4.013 0.974 1.832
362.43 0.5366 0.365 54.1 102.2 0.0081 0.363 14.501 4.006 0.973 1.837
365.43 0.5367 0.368 54.3 102.3 0.0080 0.366 14.621 3.998 0.978 1.842
368.43 0.5368 0.371 53.9 102.2 0.0079 0.369 14.741 3.991 0.973 1.845
371.45 0.5370 0.374 54.2 102.0 0.0076 0.372 14.861 3.983 0.980 1.844
374.45 0.5372 0.377 53.9 102.0 0.0075 0.375 14.982 3.976 0.977 1.846
377.45 0.5373 0.380 54.0 102.2 0.0073 0.378 15.102 3.968 0.980 1.854
380.45 0.5375 0.383 54.3 102.1 0.0072 0.381 15.222 3.961 0.986 1.856
383.45 0.5377 0.386 54.0 102.1 0.0069 0.384 15.342 3.954 0.983 1.860
386.45 0.5378 0.389 54.2 102.3 0.0068 0.387 15.462 3.946 0.988 1.867
389.45 0.5379 0.392 54.3 102.1 0.0068 0.390 15.582 3.939 0.993 1.866
392.45 0.5380 0.395 54.5 102.2 0.0067 0.393 15.702 3.931 0.997 1.872
395.45 0.5382 0.398 54.3 102.3 0.0065 0.396 15.822 3.924 0.996 1.876
398.45 0.5383 0.401 54.4 102.1 0.0064 0.399 15.942 3.917 1.001 1.877
401.47 0.5385 0.404 54.8 102.1 0.0062 0.402 16.062 3.909 1.010 1.880
404.47 0.5385 0.407 54.9 101.9 0.0061 0.405 16.183 3.902 1.012 1.880
407.47 0.5388 0.410 54.5 102.2 0.0059 0.408 16.303 3.894 1.008 1.890
410.47 0.5391 0.413 54.5 102.3 0.0056 0.411 16.423 3.887 1.010 1.895
413.47 0.5394 0.416 54.7 102.2 0.0053 0.414 16.543 3.880 1.014 1.897
416.47 0.5396 0.419 54.6 101.8 0.0050 0.417 16.663 3.872 1.015 1.893
419.47 0.5398 0.422 54.5 101.8 0.0049 0.420 16.783 3.865 1.015 1.896
422.47 0.5400 0.425 54.7 102.5 0.0046 0.423 16.903 3.857 1.020 1.914
425.47 0.5402 0.428 54.9 102.3 0.0045 0.426 17.023 3.850 1.027 1.912
428.47 0.5404 0.431 55.1 101.9 0.0043 0.429 17.143 3.843 1.032 1.910
431.47 0.5405 0.434 55.1 102.1 0.0041 0.432 17.263 3.835 1.034 1.917
434.47 0.5407 0.437 54.9 102.2 0.0040 0.435 17.383 3.828 1.032 1.923
437.47 0.5407 0.440 55.0 102.2 0.0039 0.438 17.504 3.820 1.036 1.927
440.47 0.5409 0.443 54.7 102.2 0.0038 0.441 17.624 3.813 1.034 1.930
443.48 0.5408 0.446 55.0 102.2 0.0038 0.444 17.744 3.806 1.040 1.933
446.48 0.5409 0.449 54.9 102.2 0.0038 0.447 17.864 3.798 1.041 1.938
449.48 0.5409 0.452 54.8 102.0 0.0037 0.450 17.984 3.791 1.041 1.937
452.48 0.5410 0.455 54.9 102.2 0.0037 0.453 18.104 3.783 1.044 1.944
455.48 0.5410 0.458 55.1 102.2 0.0037 0.456 18.224 3.776 1.050 1.948
458.48 0.5410 0.461 54.6 102.1 0.0036 0.459 18.344 3.769 1.043 1.951
461.48 0.5412 0.464 54.4 102.3 0.0035 0.462 18.464 3.761 1.041 1.959
464.48 0.5412 0.467 54.6 102.0 0.0035 0.465 18.584 3.754 1.048 1.956
467.50 0.5412 0.470 54.4 102.1 0.0034 0.468 18.704 3.747 1.046 1.962
470.50 0.5414 0.473 54.4 102.0 0.0033 0.471 18.825 3.739 1.047 1.963
473.50 0.5414 0.476 54.4 102.1 0.0033 0.474 18.945 3.732 1.050 1.969
476.50 0.5415 0.479 54.6 102.3 0.0032 0.477 19.065 3.724 1.056 1.977
479.50 0.5416 0.482 54.2 101.9 0.0030 0.480 19.185 3.717 1.050 1.974
482.50 0.5418 0.485 54.2 102.4 0.0029 0.483 19.305 3.710 1.052 1.987
485.50 0.5419 0.488 54.0 102.2 0.0027 0.486 19.425 3.702 1.051 1.987
488.50 0.5421 0.491 54.2 102.1 0.0026 0.489 19.545 3.695 1.056 1.990
491.50 0.5422 0.494 53.9 102.1 0.0025 0.492 19.665 3.688 1.053 1.993
494.50 0.5423 0.497 54.1 102.1 0.0023 0.495 19.785 3.680 1.058 1.997
497.50 0.5425 0.500 54.1 102.1 0.0021 0.498 19.905 3.673 1.061 2.002
500.50 0.5428 0.503 54.1 102.1 0.0019 0.501 20.025 3.666 1.063 2.006
503.50 0.5431 0.506 54.0 102.5 0.0016 0.504 20.145 3.658 1.063 2.016
506.50 0.5432 0.509 54.0 101.9 0.0014 0.507 20.266 3.651 1.064 2.010
507.57 0.5433 0.510 53.8 102.1 0.0013 0.508 20.308 3.648 1.062 2.015
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 315-A, 34.0'-36.0' Lab ID 1642

Visual Description Clayey Sand (SC), brown, wet, soft Test ID 1642-C
Specimen Type Intact Gs 2.69 LL N/A

Prepared Using Cutting Ring ASTM D 854, A PL N/A
Preparation Date PI NP

Initial Specimen Conditions Consolidated Specimen Conditions
Height (in) 0.996 Height (in) 0.953

Diameter (in) 2.500 Diameter (in) 2.500
Wet Weight (lb) 0.3446 Wet Weight (lb) 0.3464

Wet Unit Weight (pcf) 121.8 Wet Unit Weight (pcf) 127.9
Moisture Content (%) 22.1 Moisture Content (%) 22.7

Dry Weight (lb) 0.2822 Dry Weight (lb) 0.2822
Dry Unit Weight (pcf) 99.8 Dry Unit Weight (pcf) 104.2

Void Ratio 0.683 Void Ratio 0.612
Degree of Saturation (%) 87.1 Degree of Saturation (%) 100.0 (assumed)

Preshear Normal Stress (tsf) 2.499

Shear Test Date 09/23/2019
Shear Rate (in/min) 0.00100

Shear Stress (tsf) 1.836
Normal Stress (tsf) 2.650

Shear Displace. (in) 0.107
Normal Displace. (in) 0.010

Shear Stress (tsf) 1.293
Normal Stress (tsf) 2.762

Shear Displace. (in) 0.188
Normal Displace. (in) 0.014

Time Height
(min)  (in)

@ t0 0.0 0.9550
@ t50 2.0 0.9545
@ t90 9.9 0.9540

@ t100 13.7 0.9539
@ tmax 125.9 0.9534

*Failure Stress Criterion:  Maximum shear stress or 10% lateral displacement. Reviewed By
**Ultimate Stress Criterion:  Minimum shear stress at lateral displacement greater than or equal to failure displacement.
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Direct Shear of Soils Under Consolidated
Drained Conditions

ASTM D 3080

Project Name Johnson County Section 202 Study Project No. 175529001
Source 315-A, 34.0'-36.0' Lab ID 1642

Visual Description Clayey Sand (SC), brown, wet, soft Test ID 1642-C

Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)

0.00 0.5599 0.003 0.0 170.4 0.0000 0.000 0.000 4.909 0.000 2.499
1.16 0.5600 0.004 3.5 170.3 -0.0001 0.001 0.046 4.906 0.051 2.500
1.66 0.5601 0.004 4.7 170.3 -0.0002 0.002 0.066 4.905 0.069 2.500
2.68 0.5601 0.005 6.2 170.1 -0.0002 0.003 0.106 4.902 0.092 2.498
3.18 0.5601 0.006 6.7 171.0 -0.0002 0.003 0.126 4.901 0.098 2.513
4.18 0.5602 0.007 7.3 170.4 -0.0003 0.004 0.167 4.898 0.107 2.504
4.68 0.5602 0.007 8.3 169.9 -0.0003 0.005 0.187 4.897 0.122 2.498
5.68 0.5603 0.009 10.9 170.0 -0.0004 0.006 0.227 4.895 0.160 2.500
6.18 0.5603 0.009 12.1 170.4 -0.0004 0.006 0.247 4.893 0.178 2.507
7.18 0.5604 0.010 14.6 170.4 -0.0005 0.007 0.287 4.891 0.214 2.508
7.68 0.5604 0.011 15.8 170.4 -0.0005 0.008 0.307 4.890 0.232 2.510
8.68 0.5605 0.012 18.3 170.3 -0.0006 0.009 0.347 4.887 0.269 2.509
9.18 0.5606 0.012 19.6 170.4 -0.0007 0.009 0.367 4.886 0.288 2.510

10.18 0.5608 0.013 22.0 170.5 -0.0009 0.010 0.407 4.883 0.324 2.514
10.68 0.5610 0.014 23.2 170.5 -0.0011 0.011 0.427 4.882 0.342 2.515
11.69 0.5610 0.015 25.9 170.6 -0.0011 0.012 0.467 4.880 0.382 2.517
12.19 0.5611 0.015 27.2 170.4 -0.0012 0.012 0.487 4.878 0.401 2.515
13.19 0.5613 0.016 29.6 170.4 -0.0014 0.013 0.528 4.876 0.437 2.516
13.69 0.5614 0.017 30.7 170.4 -0.0015 0.014 0.548 4.875 0.454 2.517
14.71 0.5615 0.018 33.3 170.2 -0.0016 0.015 0.588 4.872 0.492 2.516
15.21 0.5615 0.018 34.6 170.1 -0.0016 0.015 0.608 4.871 0.512 2.514
16.21 0.5616 0.019 37.0 170.7 -0.0017 0.016 0.648 4.868 0.547 2.524
16.71 0.5617 0.020 38.2 170.5 -0.0018 0.017 0.668 4.867 0.565 2.523
17.71 0.5618 0.021 40.5 169.9 -0.0019 0.018 0.709 4.864 0.600 2.514
18.21 0.5619 0.021 41.8 170.6 -0.0020 0.018 0.729 4.863 0.619 2.526
19.21 0.5619 0.022 44.1 170.2 -0.0020 0.019 0.769 4.861 0.654 2.522
19.73 0.5619 0.023 45.3 170.3 -0.0020 0.020 0.789 4.859 0.671 2.524
20.73 0.5620 0.024 47.5 170.1 -0.0021 0.021 0.829 4.857 0.705 2.522
21.23 0.5621 0.024 48.6 170.0 -0.0022 0.021 0.849 4.856 0.720 2.521
22.23 0.5621 0.025 50.6 170.1 -0.0022 0.022 0.889 4.853 0.751 2.524
22.74 0.5621 0.026 51.7 170.2 -0.0022 0.023 0.909 4.852 0.767 2.526
25.74 0.5621 0.029 57.3 170.4 -0.0022 0.026 1.029 4.844 0.851 2.532
27.24 0.5621 0.030 60.0 170.3 -0.0022 0.027 1.090 4.841 0.893 2.533
30.24 0.5622 0.033 65.1 170.5 -0.0023 0.030 1.210 4.833 0.969 2.540
31.74 0.5622 0.035 67.4 170.4 -0.0023 0.032 1.270 4.829 1.004 2.540
34.76 0.5622 0.038 71.8 170.6 -0.0023 0.035 1.390 4.822 1.071 2.548
36.26 0.5621 0.039 73.9 170.3 -0.0022 0.036 1.450 4.818 1.104 2.545
39.26 0.5621 0.042 77.8 170.6 -0.0022 0.039 1.570 4.811 1.165 2.553
40.76 0.5619 0.044 79.8 170.6 -0.0020 0.041 1.630 4.807 1.196 2.555
43.76 0.5616 0.047 83.5 170.6 -0.0017 0.044 1.751 4.799 1.252 2.560
45.26 0.5613 0.048 85.3 170.5 -0.0014 0.045 1.811 4.796 1.280 2.560
48.26 0.5607 0.051 89.0 170.5 -0.0008 0.048 1.931 4.788 1.338 2.563
49.76 0.5604 0.053 90.8 170.9 -0.0005 0.050 1.991 4.784 1.367 2.572
52.76 0.5601 0.056 94.1 170.7 -0.0002 0.053 2.111 4.777 1.419 2.572
54.28 0.5600 0.057 95.6 170.5 -0.0001 0.054 2.171 4.773 1.442 2.572
57.28 0.5596 0.060 98.3 170.6 0.0003 0.057 2.291 4.766 1.486 2.577
58.78 0.5594 0.062 99.7 170.4 0.0005 0.059 2.351 4.762 1.508 2.577
61.78 0.5590 0.065 102.1 170.7 0.0009 0.062 2.471 4.754 1.546 2.584
63.29 0.5587 0.066 103.2 170.4 0.0012 0.063 2.532 4.751 1.565 2.582
66.29 0.5582 0.069 105.5 171.0 0.0017 0.066 2.652 4.743 1.601 2.596
67.79 0.5581 0.071 106.5 170.8 0.0018 0.068 2.712 4.739 1.618 2.595
72.29 0.5576 0.075 107.6 170.5 0.0023 0.072 2.892 4.728 1.639 2.597
75.29 0.5570 0.078 110.0 170.8 0.0029 0.075 3.012 4.720 1.677 2.605
76.81 0.5567 0.080 110.9 170.8 0.0032 0.077 3.072 4.717 1.692 2.608
79.81 0.5560 0.083 112.3 170.3 0.0039 0.080 3.193 4.709 1.717 2.603
81.31 0.5553 0.084 112.9 170.4 0.0046 0.081 3.253 4.705 1.727 2.608
84.31 0.5545 0.087 114.0 170.3 0.0054 0.084 3.373 4.698 1.747 2.611
85.81 0.5542 0.089 114.7 170.4 0.0057 0.086 3.433 4.694 1.759 2.613
88.83 0.5536 0.092 115.3 170.6 0.0063 0.089 3.553 4.687 1.771 2.621
90.33 0.5532 0.093 115.7 170.6 0.0067 0.090 3.613 4.683 1.779 2.622
93.33 0.5523 0.096 116.6 170.8 0.0076 0.093 3.733 4.675 1.796 2.631
94.83 0.5519 0.098 116.8 170.6 0.0080 0.095 3.794 4.672 1.800 2.629
97.83 0.5512 0.101 117.3 170.5 0.0087 0.098 3.914 4.664 1.811 2.633

100.83 0.5508 0.104 117.8 170.7 0.0091 0.101 4.034 4.657 1.822 2.639
103.83 0.5506 0.107 118.0 170.8 0.0093 0.104 4.154 4.649 1.828 2.645
106.83 0.5494 0.110 118.4 170.8 0.0105 0.107 4.274 4.642 1.836 2.650
109.83 0.5488 0.113 117.9 170.6 0.0111 0.110 4.394 4.634 1.831 2.650
115.84 0.5476 0.119 117.2 170.7 0.0123 0.116 4.634 4.619 1.826 2.661
118.84 0.5471 0.122 116.4 170.6 0.0128 0.119 4.754 4.612 1.817 2.664
124.84 0.5458 0.128 114.7 170.9 0.0141 0.125 4.994 4.597 1.797 2.677
127.84 0.5455 0.131 113.3 170.6 0.0144 0.128 5.115 4.589 1.777 2.676
133.84 0.5446 0.137 109.8 170.5 0.0153 0.134 5.355 4.574 1.728 2.684
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Normal Lateral Lateral Normal Normal Lateral Percent Corrected Shear Normal
Time Reading Reading Load Load Displace. Displace. Displace. area Stress Stress
(min) (in) (in) (lbf) (lbf) (in) (in) (%) (in2) (tsf) (tsf)
136.84 0.5440 0.140 107.8 170.6 0.0159 0.137 5.475 4.567 1.700 2.689
142.84 0.5429 0.146 102.3 170.5 0.0170 0.143 5.715 4.552 1.619 2.697
145.84 0.5427 0.149 99.6 170.2 0.0172 0.146 5.835 4.544 1.578 2.697
151.86 0.5426 0.155 94.2 170.4 0.0173 0.152 6.075 4.529 1.497 2.708
154.86 0.5427 0.158 92.1 170.6 0.0172 0.155 6.195 4.522 1.466 2.717
160.86 0.5428 0.164 87.3 170.0 0.0171 0.161 6.436 4.507 1.395 2.716
163.86 0.5430 0.167 86.3 170.5 0.0169 0.164 6.556 4.499 1.380 2.729
169.86 0.5434 0.173 83.4 170.2 0.0165 0.170 6.796 4.484 1.339 2.732
172.86 0.5438 0.176 82.4 170.3 0.0161 0.173 6.916 4.477 1.326 2.739
178.88 0.5448 0.182 80.8 170.6 0.0151 0.179 7.156 4.462 1.304 2.752
181.88 0.5450 0.185 81.3 170.3 0.0149 0.182 7.276 4.454 1.314 2.753
187.88 0.5455 0.191 79.7 170.3 0.0144 0.188 7.517 4.439 1.293 2.762
190.88 0.5455 0.194 80.0 170.2 0.0144 0.191 7.637 4.432 1.300 2.765
196.89 0.5456 0.200 81.0 170.5 0.0143 0.197 7.877 4.417 1.320 2.779
199.89 0.5457 0.203 80.7 170.4 0.0142 0.200 7.997 4.409 1.318 2.782
205.89 0.5460 0.209 80.6 169.9 0.0139 0.206 8.237 4.394 1.321 2.783
208.89 0.5461 0.212 81.2 170.4 0.0138 0.209 8.358 4.387 1.332 2.797
214.89 0.5467 0.218 81.1 170.4 0.0132 0.215 8.598 4.372 1.335 2.807
217.89 0.5470 0.221 81.0 170.1 0.0129 0.218 8.718 4.365 1.335 2.806
223.91 0.5472 0.227 81.8 170.0 0.0127 0.224 8.958 4.350 1.354 2.815
226.91 0.5475 0.230 81.7 170.1 0.0124 0.227 9.078 4.342 1.355 2.820
232.91 0.5478 0.236 82.6 170.2 0.0121 0.233 9.319 4.327 1.374 2.832
235.91 0.5478 0.239 83.0 170.8 0.0121 0.236 9.439 4.320 1.384 2.846
241.91 0.5483 0.245 83.5 170.1 0.0116 0.242 9.679 4.305 1.397 2.844
244.93 0.5487 0.248 83.7 170.4 0.0112 0.245 9.799 4.297 1.403 2.855
250.93 0.5489 0.254 84.5 170.3 0.0110 0.251 10.039 4.282 1.422 2.863
253.93 0.5489 0.257 84.8 170.0 0.0110 0.254 10.159 4.275 1.429 2.864
259.93 0.5493 0.263 85.3 170.3 0.0106 0.260 10.400 4.260 1.442 2.878
262.93 0.5494 0.266 85.7 170.2 0.0105 0.263 10.520 4.252 1.452 2.882
268.94 0.5498 0.272 85.3 169.9 0.0101 0.269 10.760 4.238 1.450 2.887
271.94 0.5499 0.275 86.0 170.2 0.0100 0.272 10.880 4.230 1.464 2.897
277.94 0.5507 0.281 86.8 170.3 0.0092 0.278 11.120 4.215 1.482 2.910
280.94 0.5507 0.284 86.6 170.7 0.0092 0.281 11.240 4.208 1.482 2.920
286.94 0.5507 0.290 87.3 170.1 0.0092 0.287 11.481 4.193 1.499 2.921
289.94 0.5509 0.293 87.2 170.3 0.0090 0.290 11.601 4.185 1.500 2.929
295.96 0.5511 0.299 87.9 170.3 0.0088 0.296 11.841 4.170 1.518 2.941
298.96 0.5511 0.302 87.7 170.7 0.0088 0.299 11.961 4.163 1.517 2.953
304.96 0.5513 0.308 88.4 170.1 0.0086 0.305 12.201 4.148 1.535 2.953
307.96 0.5514 0.311 88.6 170.2 0.0085 0.308 12.321 4.141 1.540 2.959
313.96 0.5518 0.317 88.7 170.5 0.0081 0.314 12.561 4.126 1.548 2.976
316.96 0.5519 0.320 89.0 170.4 0.0080 0.317 12.681 4.118 1.556 2.980
322.96 0.5524 0.326 88.2 170.2 0.0075 0.323 12.922 4.103 1.547 2.987
325.96 0.5527 0.329 88.5 171.1 0.0072 0.326 13.042 4.096 1.556 3.007
331.98 0.5529 0.335 88.8 170.1 0.0070 0.332 13.282 4.081 1.566 3.002
334.98 0.5533 0.338 88.5 170.3 0.0066 0.335 13.402 4.074 1.564 3.010
340.98 0.5535 0.344 88.7 170.2 0.0064 0.341 13.642 4.059 1.574 3.020
343.98 0.5536 0.347 89.3 170.3 0.0063 0.344 13.762 4.051 1.586 3.026
349.98 0.5538 0.353 89.7 170.7 0.0061 0.350 14.002 4.036 1.599 3.045
352.98 0.5538 0.356 89.7 170.5 0.0061 0.353 14.122 4.029 1.602 3.047
358.98 0.5542 0.362 90.2 170.7 0.0057 0.359 14.363 4.014 1.617 3.062
361.98 0.5545 0.365 89.9 170.1 0.0054 0.362 14.483 4.007 1.616 3.056
367.98 0.5547 0.371 90.4 170.4 0.0052 0.368 14.723 3.992 1.630 3.074
370.98 0.5548 0.374 90.0 170.6 0.0051 0.371 14.843 3.984 1.626 3.084
376.99 0.5550 0.380 90.5 170.3 0.0049 0.377 15.083 3.970 1.642 3.088
379.99 0.5551 0.383 90.4 170.2 0.0048 0.380 15.203 3.962 1.642 3.093
385.99 0.5553 0.389 90.7 170.5 0.0046 0.386 15.443 3.947 1.654 3.110
388.99 0.5557 0.392 90.6 170.6 0.0042 0.389 15.563 3.940 1.655 3.117
394.99 0.5561 0.398 90.0 170.2 0.0038 0.395 15.803 3.925 1.651 3.122
397.99 0.5564 0.401 90.3 170.9 0.0035 0.398 15.923 3.918 1.660 3.140
403.99 0.5567 0.407 90.6 170.6 0.0032 0.404 16.164 3.903 1.670 3.146
406.99 0.5568 0.410 90.1 170.1 0.0031 0.407 16.284 3.896 1.665 3.144
413.01 0.5571 0.416 90.6 170.3 0.0028 0.413 16.524 3.881 1.681 3.159
416.01 0.5572 0.419 90.9 170.4 0.0027 0.416 16.644 3.873 1.689 3.168
422.01 0.5574 0.425 90.5 170.1 0.0025 0.422 16.884 3.859 1.689 3.175
425.01 0.5576 0.428 90.8 170.4 0.0023 0.425 17.004 3.851 1.698 3.186
431.01 0.5581 0.434 90.3 170.3 0.0018 0.431 17.244 3.836 1.694 3.197
434.01 0.5582 0.437 90.4 170.1 0.0017 0.434 17.365 3.829 1.700 3.199
440.01 0.5585 0.443 90.5 170.3 0.0014 0.440 17.605 3.814 1.709 3.215
443.01 0.5586 0.446 90.6 170.5 0.0013 0.443 17.725 3.807 1.714 3.225
449.01 0.5589 0.452 90.3 170.5 0.0010 0.449 17.965 3.792 1.715 3.237
452.01 0.5590 0.455 90.7 170.0 0.0009 0.452 18.085 3.785 1.726 3.235
458.01 0.5592 0.461 90.3 170.3 0.0007 0.458 18.325 3.770 1.725 3.252
461.01 0.5592 0.464 90.6 170.0 0.0007 0.461 18.445 3.762 1.733 3.253
467.03 0.5595 0.470 90.2 169.6 0.0004 0.467 18.685 3.748 1.734 3.259
470.03 0.5596 0.473 90.3 170.4 0.0003 0.470 18.805 3.740 1.739 3.280
476.03 0.5599 0.479 90.5 170.3 0.0000 0.476 19.046 3.726 1.748 3.290
479.03 0.5599 0.482 90.9 170.4 0.0000 0.479 19.165 3.718 1.760 3.299
485.03 0.5601 0.488 91.0 170.4 -0.0002 0.485 19.406 3.704 1.769 3.312
488.03 0.5602 0.491 90.6 170.3 -0.0003 0.488 19.526 3.696 1.765 3.317
494.03 0.5606 0.497 91.2 170.4 -0.0007 0.494 19.766 3.681 1.784 3.333
497.03 0.5608 0.500 91.1 170.6 -0.0009 0.497 19.886 3.674 1.785 3.343
506.04 0.5616 0.509 90.4 170.2 -0.0017 0.506 20.246 3.652 1.783 3.355
507.14 0.5617 0.510 90.6 170.2 -0.0018 0.507 20.291 3.649 1.788 3.358

Template: tmp_sds_input.xlsm
Version: 20170216
Approved By: RJ

Stantec Consulting Services Inc.
Lexington, Kentucky

Reported By: JW
Report Date: 09/25/2019
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n���T��T����		��3�� ��T��T����		��3���� �2�#�)�.����3	456789:;5<5=78<>?57>@A		BCOEFGHCJKEBBIJK9MCCDBQ��'	R�%.��	023		SLPDBJLELN R�%.��	-���������	2���	*�%�3		��T��T����	��3��FUFVWXY:FV9Z[\]VX\R�%.��	̂�������	2���	*�%�3			��T��T����	��3�:@A_8A7>@A5̀9:;8a>67<b9FA5̀b6869c5d>6@A_>̀̀8,���&�� �̂#���/��� e���# "̂ � "2� "����� �)�.�)�� ,���&f�� ,���&#�OSIPX@75̀9\@̀>d6 h ���	ij���� *�!��T��T����		��3�� ��T��T����		��3�������Y@A9:;<@a57@k<5l;b9c5d>6@A_>̀̀8,���&�� �̂#���/��� e���# "̂ � "2� "����� �)�.�)�� ,���&f�� ,���&#�POID:;̀@<>d8 %�T��	�)& Rm���	��� 
n���T��T����		��3�� ��T��T����		��3����� ���gON\òp578 %�T��	�)& Rm���	��� 
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 201-ADC, 40.5'-42.0' Lab ID 33

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-08-2019

Date Received 07-29-2019
3/8" 100.0

Maximum Particle size: 3/8" Sieve No. 4 99.9
No. 10 99.8

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 92.7

No. 200 16.0
Specific Gravity 2.7 0.02   mm 7.8

0.005 mm 4.4
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 2.7

0.001 mm 1.7

Show D Values

Comments Reviewed By
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0.1
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0.0 0.1 76.7 11.6 4.4

0.2 7.1 76.7 13.3 2.7
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 202-A, 15.0'-17.0' Lab ID 50

Sample Type ST Date Received 7-29-19
Date Reported 9-5-19

Test Results

Natural Moisture Content Atterberg Limits
Test Not Performed Test Method: ASTM D 4318 Method A

Moisture Content (%): N/A Prepared: Dry
Liquid Limit: 29

Plastic Limit: 20
Particle Size Analysis Plasticity Index: 9

Preparation Method: ASTM D 421 Activity Index: 0.5
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % Test Not Performed

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): N/A
N/A Maximum Dry Density (kg/m3): N/A
N/A Optimum Moisture Content (%): N/A
N/A Over Size Correction %: N/A
N/A
N/A
N/A California Bearing Ratio
N/A Test Not Performed

No. 10 2 100.0 Bearing Ratio (%): N/A
No. 40 0.425 99.9 Compacted Dry Density (lb/ft3): N/A
No. 200 0.075 80.7 Compacted Moisture Content (%): N/A

0.02 48.2
0.005 28.4
0.002 19.2 Specific Gravity

estimated 0.001 13.8 Estimated

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.70

ASTM AASHTO
Range (%) (%)
Gravel 0.0 0.0 Classification

Coarse Sand 0.0 0.1 Unified Group Symbol: CL
Medium Sand 0.1 --- Group Name: Lean clay with sand

Fine Sand 19.2 19.2
Silt 52.3 61.5

Clay 28.4 19.2 AASHTO Classification: A-4 ( 6 ) 

Comments: 

Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 202-A, 15.0'-17.0' Lab ID 50

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape N/A
Particle Hardness: N/A

Tested By HE
Test Date 08-26-2019

Date Received 07-29-2019

Maximum Particle size: No. 10 Sieve
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.9

No. 200 80.7
Specific Gravity 2.7 0.02   mm 48.2

0.005 mm 28.4
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 19.2

0.001 mm 13.8

Show D Values

Comments Reviewed By
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 202-A, 15.0'-17.0' Lab ID 50

% + No. 40 0
Tested By KWS Test Method ASTM D 4318 Method A Date Received 07-29-2019
Test Date 08-27-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit
17.22 15.79 11.06 18 30.2
19.75 17.92 11.73 23 29.6  
18.09 16.63 11.48 35 28.3 29

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index
18.32 17.20 11.59 20.0 20 9
16.90 15.84 10.66 20.5
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 202-AD, 26.3'-27.0' Lab ID 79

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape N/A
Particle Hardness: N/A

Tested By HE
Test Date 08-08-2019

Date Received 07-29-2019

Maximum Particle size: No. 10 Sieve
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.8

No. 200 44.6
Specific Gravity 2.7 0.02   mm 21.2

0.005 mm 12.5
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 9.6

0.001 mm 8.1

Show D Values

Comments Reviewed By
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0.0 0.2 55.2 35.0 9.6
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 204-AD, 9.8'-10.5' Lab ID 166

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape N/A
Particle Hardness: N/A

Tested By HE
Test Date 08-08-2019

Date Received 07-29-2019

Maximum Particle size: No. 10 Sieve
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 100.0

No. 200 52.6
Specific Gravity 2.7 0.02   mm 30.6

0.005 mm 18.8
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 13.5

0.001 mm 10.2

Show D Values

Comments Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 204-AD, 39.0'-40.5' Lab ID 196

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE 3" 100.0
Test Date 08-08-2019 1 1/2" 88.2

Date Received 07-29-2019 3/4" 88.2
3/8" 87.9

Maximum Particle size: 3" Sieve No. 4 87.7
No. 10 87.5

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 82.7

No. 200 25.2
Specific Gravity 2.7 0.02   mm 14.0

0.005 mm 7.2
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 4.3

0.001 mm 2.4

Show D Values

Comments Reviewed By
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12.5 4.8 57.5 20.9 4.3
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 205-A, 43.0'-45.0' Lab ID 220

Sample Type ST Date Received 7-29-19
Date Reported 9-5-19

Test Results

Natural Moisture Content Atterberg Limits
Test Not Performed Test Method: ASTM D 4318 Method A

Moisture Content (%): N/A Prepared: Dry
Liquid Limit: NP

Plastic Limit: NP
Particle Size Analysis Plasticity Index: NP

Preparation Method: ASTM D 421 Activity Index: N/A
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % Test Not Performed

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): N/A
N/A Maximum Dry Density (kg/m3): N/A
N/A Optimum Moisture Content (%): N/A
N/A Over Size Correction %: N/A
N/A
N/A
N/A California Bearing Ratio

No. 4 4.75 100.0 Test Not Performed
No. 10 2 100.0 Bearing Ratio (%): N/A
No. 40 0.425 99.8 Compacted Dry Density (lb/ft3): N/A
No. 200 0.075 42.4 Compacted Moisture Content (%): N/A

0.02 20.1
0.005 12.0
0.002 8.2 Specific Gravity

estimated 0.001 6.5 Estimated

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.70

ASTM AASHTO
Range (%) (%)
Gravel 0.0 0.0 Classification

Coarse Sand 0.0 0.2 Unified Group Symbol: SM
Medium Sand 0.2 --- Group Name: Silty sand

Fine Sand 57.4 57.4
Silt 30.4 34.2

Clay 12.0 8.2 AASHTO Classification: A-4 ( 0 )

Comments: 

Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 205-A, 43.0'-45.0' Lab ID 220

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Soft

Tested By HE
Test Date 08-30-2019

Date Received 07-29-2019

Maximum Particle size: No. 4 Sieve No. 4 100.0
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.8

No. 200 42.4
Specific Gravity 2.7 0.02   mm 20.1

0.005 mm 12.0
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 8.2

0.001 mm 6.5

Show D Values

Comments Reviewed By
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0.0 0.2 57.4 34.2 8.2
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 205-A, 43.0'-45.0' Lab ID 220

% + No. 40 0
Tested By DB Test Method ASTM D 4318 Method A Date Received 07-29-2019
Test Date 08-30-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit

 

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index

Remarks:
Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 205-ADC, 52.5'-54.0' Lab ID 263

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-08-2019 1 1/2" 100.0

Date Received 07-29-2019 3/4" 76.7
3/8" 75.1

Maximum Particle size: 1 1/2" Sieve No. 4 74.8
No. 10 74.2

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 62.2

No. 200 13.6
Specific Gravity 2.7 0.02   mm 7.0

0.005 mm 4.0
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 2.4

0.001 mm 1.2

Show D Values

Comments Reviewed By
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 206-A, 18.0'-20.0' Lab ID 298

Sample Type ST Date Received 7-29-19
Date Reported 8-15-19

Test Results

Natural Moisture Content Atterberg Limits
Test Not Performed Test Method: ASTM D 4318 Method A

Moisture Content (%): N/A Prepared: Dry
Liquid Limit: 30

Plastic Limit: 20
Particle Size Analysis Plasticity Index: 10

Preparation Method: ASTM D 421 Activity Index: 0.6
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % Test Not Performed

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): N/A
N/A Maximum Dry Density (kg/m3): N/A
N/A Optimum Moisture Content (%): N/A

3" 75 100.0 Over Size Correction %: N/A
1 1/2" 37.5 83.5
3/4" 19 83.5
3/8" 9.5 79.3 California Bearing Ratio

No. 4 4.75 77.1 Test Not Performed
No. 10 2 74.6 Bearing Ratio (%): N/A
No. 40 0.425 71.4 Compacted Dry Density (lb/ft3): N/A
No. 200 0.075 56.0 Compacted Moisture Content (%): N/A

0.02 41.4
0.005 25.1
0.002 17.5 Specific Gravity

estimated 0.001 13.1 Test Method: ASTM D 854
Prepared: Dry

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.74

ASTM AASHTO
Range (%) (%)
Gravel 22.9 25.4 Classification

Coarse Sand 2.5 3.2 Unified Group Symbol: CL
Medium Sand 3.2 --- Group Name: Gravelly lean clay with sand

Fine Sand 15.4 15.4
Silt 30.9 38.5

Clay 25.1 17.5 AASHTO Classification: A-4 ( 3 ) 

Comments: 
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 206-A, 18.0'-20.0' Lab ID 298

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

%       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By MC 3" 100.0
Test Date 08-06-2019 1 1/2" 83.5

Date Received 07-29-2019 3/4" 83.5
3/8" 79.3

Maximum Particle size: 3" Sieve No. 4 77.1
No. 10 74.6

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 71.4

No. 200 56.0
Specific Gravity 2.74 0.02  mm 41.4

0.005 mm 25.1
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 17.5

0.001 mm 13.1

Show D Values

Comments Reviewed By
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 206-A, 18.0'-20.0' Lab ID 298

% + No. 40 29
Tested By SK Test Method ASTM D 4318 Method A Date Received 07-29-2019
Test Date 08-07-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit
13.01 11.02 4.28 28 29.5
15.29 12.71 4.27 23 30.6  
15.51 12.83 4.30 16 31.4 30

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index
11.25 10.09 4.32 20.1 20 10
10.99 9.87 4.29 20.1
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 206-A, 25.0'-27.0' Lab ID 299

Sample Type ST Date Received 7-29-19
Date Reported 9-5-19

Test Results

Natural Moisture Content Atterberg Limits
Test Not Performed Test Method: ASTM D 4318 Method A

Moisture Content (%): N/A Prepared: Dry
Liquid Limit: 31

Plastic Limit: 19
Particle Size Analysis Plasticity Index: 12

Preparation Method: ASTM D 421 Activity Index: 0.5
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % Test Not Performed

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): N/A
N/A Maximum Dry Density (kg/m3): N/A
N/A Optimum Moisture Content (%): N/A
N/A Over Size Correction %: N/A
N/A
N/A
N/A California Bearing Ratio
N/A Test Not Performed

No. 10 2 100.0 Bearing Ratio (%): N/A
No. 40 0.425 100.0 Compacted Dry Density (lb/ft3): N/A
No. 200 0.075 75.0 Compacted Moisture Content (%): N/A

0.02 46.4
0.005 32.0
0.002 22.7 Specific Gravity

estimated 0.001 17.1 Test Method: ASTM D 854
Prepared: Dry

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.70

ASTM AASHTO
Range (%) (%)
Gravel 0.0 0.0 Classification

Coarse Sand 0.0 0.0 Unified Group Symbol: CL
Medium Sand 0.0 --- Group Name: Lean clay with sand

Fine Sand 25.0 25.0
Silt 43.0 52.3

Clay 32.0 22.7 AASHTO Classification: A-6 ( 7 ) 

Comments: 

Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 206-A, 25.0'-27.0' Lab ID 299

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape N/A
Particle Hardness: N/A

Tested By HE
Test Date 08-30-2019

Date Received 07-29-2019

Maximum Particle size: No. 10 Sieve
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 100.0

No. 200 75.0
Specific Gravity 2.7 0.02   mm 46.4

0.005 mm 32.0
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 22.7

0.001 mm 17.1

Show D Values

Comments Reviewed By
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 206-A, 25.0'-27.0' Lab ID 299

% + No. 40 0
Tested By DB Test Method ASTM D 4318 Method A Date Received 07-29-2019
Test Date 09-04-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit
21.86 19.39 11.37 28 30.8
21.79 19.22 11.13 21 31.8  
21.20 18.85 11.19 34 30.7 31

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index
19.29 17.96 10.97 19.0 19 12
20.94 19.66 12.81 18.7
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 206-A, 47.5'-49.5' Lab ID 301

Sample Type ST Date Received 7-29-19
Date Reported 9-12-19

Test Results

Natural Moisture Content Atterberg Limits
Test Not Performed Test Method: ASTM D 4318 Method A

Moisture Content (%): N/A Prepared: Dry
Liquid Limit: NP

Plastic Limit: NP
Particle Size Analysis Plasticity Index: NP

Preparation Method: ASTM D 421 Activity Index: N/A
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % Test Not Performed

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): N/A
N/A Maximum Dry Density (kg/m3): N/A
N/A Optimum Moisture Content (%): N/A
N/A Over Size Correction %: N/A
N/A
N/A
N/A California Bearing Ratio

No. 4 4.75 100.0 Test Not Performed
No. 10 2 100.0 Bearing Ratio (%): N/A
No. 40 0.425 99.6 Compacted Dry Density (lb/ft3): N/A
No. 200 0.075 52.5 Compacted Moisture Content (%): N/A

0.02 27.2
0.005 16.8
0.002 10.9 Specific Gravity

estimated 0.001 7.5 Estimated

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.70

ASTM AASHTO
Range (%) (%)
Gravel 0.0 0.0 Classification

Coarse Sand 0.0 0.4 Unified Group Symbol: ML
Medium Sand 0.4 --- Group Name: Sandy silt

Fine Sand 47.1 47.1
Silt 35.7 41.6

Clay 16.8 10.9 AASHTO Classification: A-4 ( 0 )

Comments: 

Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 206-A, 47.5'-49.5' Lab ID 301

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Weathered and Friable

Tested By HE
Test Date 09-04-2019

Date Received 07-29-2019

Maximum Particle size: No. 4 Sieve No. 4 100.0
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.6

No. 200 52.5
Specific Gravity 2.7 0.02   mm 27.2

0.005 mm 16.8
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 10.9

0.001 mm 7.5

Show D Values

Comments Reviewed By
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 206-A, 47.5'-49.5' Lab ID 301

% + No. 40 0
Tested By kws Test Method ASTM D 4318 Method A Date Received 07-29-2019
Test Date 09-09-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit

 

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index

Remarks:
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 207-ADC, 15.9'-16.5' Lab ID 345

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape N/A
Particle Hardness: N/A

Tested By DB
Test Date 08-09-2019

Date Received 07-29-2019

Maximum Particle size: No. 10 Sieve
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.8

No. 200 34.7
Specific Gravity 2.7 0.02   mm 14.1

0.005 mm 7.6
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 5.0

0.001 mm 3.0

Show D Values

Comments Reviewed By
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ClaySiltFine SandCoarse SandGravel
0.0 0.0 65.1 27.1 7.6

0.0 0.2 65.1 29.7 5.0
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 207-ADC, 39.0'-39.7' Lab ID 366

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By DB
Test Date 08-09-2019

Date Received 07-29-2019
3/8" 100.0

Maximum Particle size: 3/8" Sieve No. 4 99.6
No. 10 99.4

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 94.0

No. 200 33.5
Specific Gravity 2.7 0.02   mm 17.0

0.005 mm 10.0
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 6.4

0.001 mm 3.7

Show D Values

Comments Reviewed By
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0.6 5.4 60.5 27.1 6.4
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 208-A, 15.0'-17.0' Lab ID 379

Sample Type ST Date Received 7-29-19
Date Reported 9-5-19

Test Results

Natural Moisture Content Atterberg Limits
Test Not Performed Test Method: ASTM D 4318 Method A

Moisture Content (%): N/A Prepared: Dry
Liquid Limit: NP

Plastic Limit: NP
Particle Size Analysis Plasticity Index: NP

Preparation Method: ASTM D 421 Activity Index: N/A
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % Test Not Performed

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): N/A
N/A Maximum Dry Density (kg/m3): N/A
N/A Optimum Moisture Content (%): N/A
N/A Over Size Correction %: N/A
N/A
N/A
N/A California Bearing Ratio

No. 4 4.75 100.0 Test Not Performed
No. 10 2 100.0 Bearing Ratio (%): N/A
No. 40 0.425 99.9 Compacted Dry Density (lb/ft3): N/A
No. 200 0.075 58.7 Compacted Moisture Content (%): N/A

0.02 26.9
0.005 15.8
0.002 10.7 Specific Gravity

estimated 0.001 8.0 Estimated

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.70

ASTM AASHTO
Range (%) (%)
Gravel 0.0 0.0 Classification

Coarse Sand 0.0 0.1 Unified Group Symbol: ML
Medium Sand 0.1 --- Group Name: Sandy silt

Fine Sand 41.2 41.2
Silt 42.9 48.0

Clay 15.8 10.7 AASHTO Classification: A-4 ( 0 )

Comments: 

Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 208-A, 15.0'-17.0' Lab ID 379

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-26-2019

Date Received 07-29-2019

Maximum Particle size: No. 4 Sieve No. 4 100.0
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.9

No. 200 58.7
Specific Gravity 2.7 0.02   mm 26.9

0.005 mm 15.8
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 10.7

0.001 mm 8.0

Show D Values

Comments Reviewed By
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 208-A, 15.0'-17.0' Lab ID 379

% + No. 40 0
Tested By KWS Test Method ASTM D 4318 Method A Date Received 07-29-2019
Test Date 08-28-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit

 

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index

Remarks:
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 208-A, 46.0'-47.5' Lab ID 382

Sample Type ST Date Received 7-29-19
Date Reported 9-12-19

Test Results

Natural Moisture Content Atterberg Limits
Test Not Performed Test Method: ASTM D 4318 Method A

Moisture Content (%): N/A Prepared: Dry
Liquid Limit: NP

Plastic Limit: NP
Particle Size Analysis Plasticity Index: NP

Preparation Method: ASTM D 421 Activity Index: N/A
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % Test Not Performed

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): N/A
N/A Maximum Dry Density (kg/m3): N/A
N/A Optimum Moisture Content (%): N/A
N/A Over Size Correction %: N/A
N/A
N/A

3/8" 9.5 100.0 California Bearing Ratio
No. 4 4.75 99.8 Test Not Performed
No. 10 2 99.4 Bearing Ratio (%): N/A
No. 40 0.425 73.1 Compacted Dry Density (lb/ft3): N/A
No. 200 0.075 12.2 Compacted Moisture Content (%): N/A

0.02 5.2
0.005 3.0
0.002 2.1 Specific Gravity

estimated 0.001 1.6 Estimated

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.70

ASTM AASHTO
Range (%) (%)
Gravel 0.2 0.6 Classification

Coarse Sand 0.4 26.3 Unified Group Symbol: SM
Medium Sand 26.3 --- Group Name: Silty sand

Fine Sand 60.9 60.9
Silt 9.2 10.1

Clay 3.0 2.1 AASHTO Classification: A-2-4 ( 0 )

Comments: 
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 208-A, 46.0'-47.5' Lab ID 382

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By SKS
Test Date 09-05-2019

Date Received 07-29-2019
3/8" 100.0

Maximum Particle size: 3/8" Sieve No. 4 99.8
No. 10 99.4

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 73.1

No. 200 12.2
Specific Gravity 2.7 0.02   mm 5.2

0.005 mm 3.0
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 2.1

0.001 mm 1.6

Show D Values

Comments Reviewed By
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C.  Sand
26.3

ASTM

AASHTO

0.4
Coarse Gravel Fine Gravel Medium Sand Fine Sand Silt Clay

ClaySiltFine SandCoarse SandGravel
0.0 0.2 60.9 9.2 3.0

0.6 26.3 60.9 10.1 2.1
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 208-A, 46.0'-47.5' Lab ID 382

% + No. 40 27
Tested By SKS Test Method ASTM D 4318 Method A Date Received 07-29-2019
Test Date 09-05-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit

 

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index

Remarks:
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 210-AD, 28.0'-29.5' Lab ID 462

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape N/A
Particle Hardness: N/A

Tested By HE
Test Date 08-08-2019

Date Received 07-29-2019

Maximum Particle size: No. 10 Sieve
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 98.2

No. 200 11.5
Specific Gravity 2.7 0.02   mm 5.9

0.005 mm 3.5
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 2.4

0.001 mm 1.2

Hide D Values

Comments Reviewed By
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C.  Sand
1.8

ASTM

AASHTO

0.0
Coarse Gravel Fine Gravel Medium Sand Fine Sand Silt Clay

ClaySiltFine SandCoarse SandGravel
0.0 0.0 86.7 8.0 3.5

0.0 1.8 86.7 9.1 2.4
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 211-AD, 30.0'-31.2' Lab ID 506

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape N/A
Particle Hardness: N/A

Tested By DB
Test Date 08-11-2019

Date Received 07-29-2019

Maximum Particle size: No. 10 Sieve
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.8

No. 200 78.9
Specific Gravity 2.7 0.02   mm 46.1

0.005 mm 25.7
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 17.5

0.001 mm 13.2

Show D Values

Comments Reviewed By
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C.  Sand
0.2

ASTM

AASHTO

0.0
Coarse Gravel Fine Gravel Medium Sand Fine Sand Silt Clay

ClaySiltFine SandCoarse SandGravel
0.0 0.0 20.9 53.2 25.7

0.0 0.2 20.9 61.4 17.5
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 212-AD, 27.9'-28.5' Lab ID 548

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape N/A
Particle Hardness: N/A

Tested By DB
Test Date 08-11-2019

Date Received 07-29-2019

Maximum Particle size: No. 10 Sieve
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.3

No. 200 60.0
Specific Gravity 2.7 0.02   mm 32.9

0.005 mm 19.0
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 13.1

0.001 mm 10.7

Show D Values

Comments Reviewed By
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C.  Sand
0.7

ASTM

AASHTO

0.0
Coarse Gravel Fine Gravel Medium Sand Fine Sand Silt Clay

ClaySiltFine SandCoarse SandGravel
0.0 0.0 39.3 41.0 19.0

0.0 0.7 39.3 46.9 13.1
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 212-AD, 39.9'-40.5' Lab ID 560

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-09-2019 1 1/2" 100.0

Date Received 07-29-2019 3/4" 94.8
3/8" 94.8

Maximum Particle size: 1 1/2" Sieve No. 4 93.3
No. 10 91.5

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 71.6

No. 200 23.6
Specific Gravity 2.7 0.02   mm 12.5

0.005 mm 7.1
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 4.7

0.001 mm 3.4

Show D Values

Comments Reviewed By
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C.  Sand
19.9

ASTM

AASHTO

1.8
Coarse Gravel Fine Gravel Medium Sand Fine Sand Silt Clay

ClaySiltFine SandCoarse SandGravel
5.2 1.5 48.0 16.5 7.1

8.5 19.9 48.0 18.9 4.7
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 213-AD, 30.8'-31.5' Lab ID 598

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape N/A
Particle Hardness: N/A

Tested By HE
Test Date 08-08-2019

Date Received 07-29-2019

Maximum Particle size: No. 10 Sieve
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.7

No. 200 34.4
Specific Gravity 2.7 0.02   mm 15.9

0.005 mm 9.9
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 6.7

0.001 mm 3.9

Show D Values

Comments Reviewed By
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C.  Sand
0.3

ASTM

AASHTO

0.0
Coarse Gravel Fine Gravel Medium Sand Fine Sand Silt Clay

ClaySiltFine SandCoarse SandGravel
0.0 0.0 65.3 24.5 9.9

0.0 0.3 65.3 27.7 6.7
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 214-A, 11.6'-12.0' Lab ID 620

Sample Type ST Date Received 7-29-19
Date Reported 8-29-19

Test Results

Natural Moisture Content Atterberg Limits
Test Not Performed Test Method: ASTM D 4318 Method A

Moisture Content (%): N/A Prepared: Dry
Liquid Limit: NP

Plastic Limit: NP
Particle Size Analysis Plasticity Index: NP

Preparation Method: ASTM D 421 Activity Index: N/A
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % Test Not Performed

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): N/A
N/A Maximum Dry Density (kg/m3): N/A
N/A Optimum Moisture Content (%): N/A
N/A Over Size Correction %: N/A
N/A
N/A
N/A California Bearing Ratio

No. 4 4.75 100.0 Test Not Performed
No. 10 2 100.0 Bearing Ratio (%): N/A
No. 40 0.425 98.6 Compacted Dry Density (lb/ft3): N/A
No. 200 0.075 10.6 Compacted Moisture Content (%): N/A

0.02 5.0
0.005 3.5
0.002 2.9 Specific Gravity

estimated 0.001 2.8 Estimated

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.70

ASTM AASHTO
Range (%) (%)
Gravel 0.0 0.0 Classification

Coarse Sand 0.0 1.4 Unified Group Symbol: SP-SM
Medium Sand 1.4 --- Group Name: Poorly graded sand with silt

Fine Sand 88.0 88.0
Silt 7.1 7.7

Clay 3.5 2.9 AASHTO Classification: A-2-4 ( 0 )

Comments: 

Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 214-A, 11.6'-12.0' Lab ID 620

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-13-2019

Date Received 07-29-2019

Maximum Particle size: No. 4 Sieve No. 4 100.0
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 98.6

No. 200 10.6
Specific Gravity 2.7 0.02   mm 5.0

0.005 mm 3.5
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 2.9

0.001 mm 2.8

Hide D Values

Comments Reviewed By
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ASTM

AASHTO

0.0
Coarse Gravel Fine Gravel Medium Sand Fine Sand Silt Clay

ClaySiltFine SandCoarse SandGravel
0.0 0.0 88.0 7.1 3.5

0.0 1.4 88.0 7.7 2.9
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 214-A, 11.6'-12.0' Lab ID 620

% + No. 40 1
Tested By DB Test Method ASTM D 4318 Method A Date Received 07-29-2019
Test Date 08-13-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit

 

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index

Remarks:
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 214-ADC, 1.5'-12.0' Lab ID 678

Sample Type BULK Date Received 7-29-19
Date Reported 8-29-19

Test Results

Natural Moisture Content Atterberg Limits
Test Not Performed Test Method: ASTM D 4318 Method A

Moisture Content (%): N/A Prepared: Dry
Liquid Limit: NP

Plastic Limit: NP
Particle Size Analysis Plasticity Index: NP

Preparation Method: ASTM D 421 Activity Index: N/A
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % ASTM D 698 - Method A

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): 111.2
N/A Maximum Dry Density (kg/m3): 1782
N/A Optimum Moisture Content (%): 13.1
N/A Over Size Correction %: N/A
N/A
N/A

3/8" 9.5 100.0 California Bearing Ratio
No. 4 4.75 98.0 Test Not Performed
No. 10 2 94.5 Bearing Ratio (%): N/A
No. 40 0.425 89.4 Compacted Dry Density (lb/ft3): N/A
No. 200 0.075 29.0 Compacted Moisture Content (%): N/A

0.02 17.1
0.005 11.0
0.002 8.1 Specific Gravity

estimated 0.001 6.5 Test Method: ASTM D 854
Prepared: Dry

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.63

ASTM AASHTO
Range (%) (%)
Gravel 2.0 5.5 Classification

Coarse Sand 3.5 5.1 Unified Group Symbol: SM
Medium Sand 5.1 --- Group Name: Silty sand

Fine Sand 60.4 60.4
Silt 18.0 20.9

Clay 11.0 8.1 AASHTO Classification: A-2-4 ( 0 )

Comments: 

Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 214-ADC, 1.5'-12.0' Lab ID 678

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By DB
Test Date 08-11-2019

Date Received 07-29-2019
3/8" 100.0

Maximum Particle size: 3/8" Sieve No. 4 98.0
No. 10 94.5

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 89.4

No. 200 29.0
Specific Gravity 2.63 0.02   mm 17.1

0.005 mm 11.0
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 8.1

0.001 mm 6.5

Show D Values

Comments Reviewed By
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ClaySiltFine SandCoarse SandGravel
0.0 2.0 60.4 18.0 11.0

5.5 5.1 60.4 20.9 8.1
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 214-ADC, 1.5'-12.0' Lab ID 678

% + No. 40 11
Tested By DB Test Method ASTM D 4318 Method A Date Received 07-29-2019
Test Date 08-11-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit

 

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index

Remarks:
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 214-ADC, 34.8'-35.2' Lab ID 653

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape N/A
Particle Hardness: N/A

Tested By DB
Test Date 08-11-2019

Date Received 07-29-2019

Maximum Particle size: No. 10 Sieve
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 98.7

No. 200 16.5
Specific Gravity 2.7 0.02   mm 9.5

0.005 mm 6.2
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 4.4

0.001 mm 3.6

Show D Values

Comments Reviewed By
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0.0 0.0 82.2 10.3 6.2

0.0 1.3 82.2 12.1 4.4
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 215-AD, 28.5'-30.0' Lab ID 699

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-12-2019

Date Received 08-06-2019

Maximum Particle size: No. 4 Sieve No. 4 100.0
No. 10 99.8

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 84.6

No. 200 20.0
Specific Gravity 2.7 0.02   mm 9.5

0.005 mm 6.0
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 4.5

0.001 mm 3.8

Show D Values

Comments Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 215-AD, 42.5'-44.0' Lab ID 710

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-12-2019

Date Received 08-06-2019 3/4" 100.0
3/8" 99.5

Maximum Particle size: 3/4" Sieve No. 4 99.0
No. 10 98.4

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 78.5

No. 200 16.0
Specific Gravity 2.7 0.02   mm 6.4

0.005 mm 3.4
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 2.4

0.001 mm 1.9

Show D Values

Comments Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 216-ADC, 27.0'-28.5' Lab ID 1072

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape N/A
Particle Hardness: N/A

Tested By HE
Test Date 08-26-2019

Date Received 08-14-2019

Maximum Particle size: No. 10 Sieve
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.3

No. 200 26.8
Specific Gravity 2.7 0.02   mm 13.0

0.005 mm 8.2
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 5.3

0.001 mm 3.7

Show D Values

Comments Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 217-AD, 30.0'-30.9' Lab ID 1118

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-26-2019

Date Received 08-14-2019
3/8" 100.0

Maximum Particle size: 3/8" Sieve No. 4 99.9
No. 10 99.9

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.1

No. 200 20.2
Specific Gravity 2.7 0.02   mm 9.1

0.005 mm 5.6
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 3.8

0.001 mm 3.1

Show D Values

Comments Reviewed By
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0.1 0.8 78.9 16.4 3.8

Template: tmp_sum_input.xlsm
Version: 20170217
Approved By: RJ

Stantec Consulting Services Inc.
Lexington, Kentucky

Reported By: RJ
Report Date: 09/05/2019

929|Page Volume 2 Tab 2 Geotechnical



930|Page Volume 2 Tab 2 Geotechnical



931|Page Volume 2 Tab 2 Geotechnical



932|Page Volume 2 Tab 2 Geotechnical



Page 1 of 1

Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 303-ADC, 18.0'-19.5' Lab ID 1237

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape N/A
Particle Hardness: N/A

Tested By HE
Test Date 08-26-2019

Date Received 08-14-2019

Maximum Particle size: No. 10 Sieve
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.8

No. 200 28.6
Specific Gravity 2.7 0.02   mm 13.7

0.005 mm 8.6
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 6.2

0.001 mm 4.6

Show D Values

Comments Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 304-ADC, 39.0'-40.5' Lab ID 1316

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-26-2019

Date Received 08-14-2019 3/4" 100.0
3/8" 99.6

Maximum Particle size: 3/4" Sieve No. 4 99.6
No. 10 99.3

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 98.4

No. 200 40.6
Specific Gravity 2.7 0.02   mm 22.1

0.005 mm 12.0
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 7.7

0.001 mm 5.4

Show D Values

Comments Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 305-ADC, 24.0'-25.5' Lab ID 1351

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-26-2019

Date Received 08-14-2019

Maximum Particle size: No. 4 Sieve No. 4 100.0
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.5

No. 200 35.0
Specific Gravity 2.7 0.02   mm 19.0

0.005 mm 11.3
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 7.8

0.001 mm 5.5

Show D Values

Comments Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 314-AD, 24.0'-25.5' Lab ID 1616

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By SKS
Test Date 08-21-2019 1 1/2" 100.0

Date Received 08-14-2019 3/4" 98.2
3/8" 97.5

Maximum Particle size: 1 1/2" Sieve No. 4 96.5
No. 10 92.9

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 84.9

No. 200 28.3
Specific Gravity 2.7 0.02   mm 14.1

0.005 mm 7.6
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 4.9

0.001 mm 3.5

Show D Values

Comments Reviewed By
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 314C-TP, 0.0'-2.0' Lab ID 1816

Sample Type BULK Date Received 8-14-19
Date Reported 9-5-19

Test Results

Natural Moisture Content Atterberg Limits
Test Method: ASTM D 2216 Test Method: ASTM D 4318 Method A

Moisture Content (%): 23.0 Prepared: Dry
Liquid Limit: 36

Plastic Limit: 23
Particle Size Analysis Plasticity Index: 13

Preparation Method: ASTM D 421 Activity Index: 0.7
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % ASTM D 698 - Method B

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): 108.6
N/A Maximum Dry Density (kg/m3): 1740
N/A Optimum Moisture Content (%): 18.4
N/A Over Size Correction %: N/A
N/A
N/A

3/8" 9.5 100.0 California Bearing Ratio
No. 4 4.75 100.0 ASTM D 1883
No. 10 2 95.7 Bearing Ratio (%): 4.7
No. 40 0.425 89.4 Compacted Dry Density (lb/ft3): 108.5
No. 200 0.075 78.5 Compacted Moisture Content (%): 18.8

0.02 57.6
0.005 31.2
0.002 18.8 Specific Gravity

estimated 0.001 12.5 Test Method: ASTM D 854
Prepared: Dry

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.77

ASTM AASHTO
Range (%) (%)
Gravel 0.0 4.3 Classification

Coarse Sand 4.3 6.3 Unified Group Symbol: CL
Medium Sand 6.3 --- Group Name: Lean clay with sand

Fine Sand 10.9 10.9
Silt 47.3 59.7

Clay 31.2 18.8 AASHTO Classification: A-6 ( 10 ) 

Comments: 

Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 314C-TP, 0.0'-2.0' Lab ID 1816

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Rounded
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-30-2019

Date Received 08-14-2019
3/8" 100.0

Maximum Particle size: 3/8" Sieve No. 4 100.0
No. 10 95.7

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 89.4

No. 200 78.5
Specific Gravity 2.77 0.02   mm 57.6

0.005 mm 31.2
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 18.8

0.001 mm 12.5

Show D Values

Comments Reviewed By
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 314C-TP, 0.0'-2.0' Lab ID 1816

% + No. 40 11
Tested By DB Test Method ASTM D 4318 Method A Date Received 08-14-2019
Test Date 09-04-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit
20.83 18.17 11.12 16 37.7
22.74 19.80 11.65 22 36.1  
20.74 18.19 10.96 29 35.3 36

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index
19.13 17.70 11.40 22.7 23 13
18.88 17.49 11.32 22.5

Remarks:
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 314D, 0.5'-5.0' Lab ID 1716

Sample Type BULK Date Received 8-14-19
Date Reported 9-5-19

Test Results

Natural Moisture Content Atterberg Limits
Test Method: ASTM D 2216 Test Method: ASTM D 4318 Method A

Moisture Content (%): 7.0 Prepared: Dry
Liquid Limit: 36

Plastic Limit: 24
Particle Size Analysis Plasticity Index: 12

Preparation Method: ASTM D 421 Activity Index: 1.2
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % ASTM D 698 - Method B

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): 116.4
N/A Maximum Dry Density (kg/m3): 1865
N/A Optimum Moisture Content (%): 14.7
N/A Over Size Correction %: N/A
N/A

3/4" 19 100.0
3/8" 9.5 98.7 California Bearing Ratio

No. 4 4.75 96.6 ASTM D 1883
No. 10 2 94.0 Bearing Ratio (%): 5.3
No. 40 0.425 85.7 Compacted Dry Density (lb/ft3): 112.9
No. 200 0.075 79.9 Compacted Moisture Content (%): 14.5

0.02 46.0
0.005 18.8
0.002 10.2 Specific Gravity

estimated 0.001 5.1 Test Method: ASTM D 854
Prepared: Dry

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.78

ASTM AASHTO
Range (%) (%)
Gravel 3.4 6.0 Classification

Coarse Sand 2.6 8.3 Unified Group Symbol: CL
Medium Sand 8.3 --- Group Name: Lean clay with sand

Fine Sand 5.8 5.8
Silt 61.1 69.7

Clay 18.8 10.2 AASHTO Classification: A-6 ( 9 ) 

Comments: Material broken down to -3/4" prior to testing, per clients request.
Highly weathered Shale.

Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 314D, 0.5'-5.0' Lab ID 1716

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Soft

Tested By HE
Test Date 08-30-2019

Date Received 08-14-2019 3/4" 100.0
3/8" 98.7

Maximum Particle size: 3/4" Sieve No. 4 96.6
No. 10 94.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 85.7

No. 200 79.9
Specific Gravity 2.78 0.02   mm 46.0

0.005 mm 18.8
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 10.2

0.001 mm 5.1

Show D Values

Comments Reviewed By
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 314D, 0.5'-5.0' Lab ID 1716

% + No. 40 14
Tested By DB Test Method ASTM D 4318 Method A Date Received 08-14-2019
Test Date 09-04-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit
20.35 17.80 11.10 18 38.1
22.08 19.20 11.12 24 35.6  
22.03 19.21 11.05 31 34.6 36

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index
20.24 18.56 11.43 23.6 24 12
19.04 17.53 11.17 23.7

Remarks:
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 315-A, 34.0'-36.0' Lab ID 1642

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-30-2019

Date Received 08-14-2019
3/8" 100.0

Maximum Particle size: 3/8" Sieve No. 4 99.9
No. 10 99.6

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 94.9

No. 200 12.9
Specific Gravity 2.7 0.02   mm 7.1

0.005 mm 4.4
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 2.8

0.001 mm 2.0

Show D Values

Comments Reviewed By
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 401-AD, 21.0'-24.0' Lab ID 1715

Sample Type BULK Date Received 8-14-19
Date Reported 9-5-19

Test Results

Natural Moisture Content Atterberg Limits
Test Not Performed Test Method: ASTM D 4318 Method A

Moisture Content (%): N/A Prepared: Dry
Liquid Limit: NP

Plastic Limit: NP
Particle Size Analysis Plasticity Index: NP

Preparation Method: ASTM D 421 Activity Index: N/A
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % Test Not Performed

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): N/A
N/A Maximum Dry Density (kg/m3): N/A
N/A Optimum Moisture Content (%): N/A
N/A Over Size Correction %: N/A
N/A
N/A
N/A California Bearing Ratio

No. 4 4.75 100.0 Test Not Performed
No. 10 2 100.0 Bearing Ratio (%): N/A
No. 40 0.425 99.9 Compacted Dry Density (lb/ft3): N/A
No. 200 0.075 35.0 Compacted Moisture Content (%): N/A

0.02 16.7
0.005 10.6
0.002 7.3 Specific Gravity

estimated 0.001 5.6 Estimated

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.70

ASTM AASHTO
Range (%) (%)
Gravel 0.0 0.0 Classification

Coarse Sand 0.0 0.1 Unified Group Symbol: SM
Medium Sand 0.1 --- Group Name: Silty sand

Fine Sand 64.9 64.9
Silt 24.4 27.7

Clay 10.6 7.3 AASHTO Classification: A-2-4 ( 0 )

Comments: 

Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 401-AD, 21.0'-24.0' Lab ID 1715

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-29-2019

Date Received 08-14-2019

Maximum Particle size: No. 4 Sieve No. 4 100.0
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.9

No. 200 35.0
Specific Gravity 2.7 0.02   mm 16.7

0.005 mm 10.6
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 7.3

0.001 mm 5.6

Show D Values

Comments Reviewed By
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 401-AD, 21.0'-24.0' Lab ID 1715

% + No. 40 0
Tested By DB Test Method ASTM D 4318 Method A Date Received 08-14-2019
Test Date 08-30-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit

 

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index

Remarks:
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 501-A, 13.0'-15.0' Lab ID 719

Sample Type ST Date Received 8-6-19
Date Reported 9-16-19

Test Results

Natural Moisture Content Atterberg Limits
Test Not Performed Test Method: ASTM D 4318 Method A

Moisture Content (%): N/A Prepared: Dry
Liquid Limit: 29

Plastic Limit: 22
Particle Size Analysis Plasticity Index: 7

Preparation Method: ASTM D 421 Activity Index: 0.4
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % Test Not Performed

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): N/A
N/A Maximum Dry Density (kg/m3): N/A
N/A Optimum Moisture Content (%): N/A
N/A Over Size Correction %: N/A
N/A
N/A
N/A California Bearing Ratio

No. 4 4.75 100.0 Test Not Performed
No. 10 2 100.0 Bearing Ratio (%): N/A
No. 40 0.425 99.9 Compacted Dry Density (lb/ft3): N/A
No. 200 0.075 88.3 Compacted Moisture Content (%): N/A

0.02 64.9
0.005 31.8
0.002 18.8 Specific Gravity

estimated 0.001 11.3 Test Method: ASTM D 854
Prepared: Dry

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.70

ASTM AASHTO
Range (%) (%)
Gravel 0.0 0.0 Classification

Coarse Sand 0.0 0.1 Unified Group Symbol: CL-ML
Medium Sand 0.1 --- Group Name: Silty clay

Fine Sand 11.6 11.6
Silt 56.5 69.5

Clay 31.8 18.8 AASHTO Classification: A-4 ( 5 ) 

Comments: 

Reviewed By

Template: tmp_sum_input.xlsm
Version: 20170217
Approved By: RJ

Stantec Consulting Services Inc.
Lexington, Kentucky

Reported By: RJ
Report Date: 09/16/2019

950|Page Volume 2 Tab 2 Geotechnical



Page 2 of 3

Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 501-A, 13.0'-15.0' Lab ID 719

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Rounded
Particle Hardness: Hard and Durable

Tested By HE
Test Date 09-13-2019

Date Received 08-06-2019

Maximum Particle size: No. 4 Sieve No. 4 100.0
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.9

No. 200 88.3
Specific Gravity 2.7 0.02   mm 64.9

0.005 mm 31.8
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 18.8

0.001 mm 11.3

Show D Values

Comments Reviewed By
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 501-A, 13.0'-15.0' Lab ID 719

% + No. 40 0
Tested By KWS Test Method ASTM D 4318 Method A Date Received 08-06-2019
Test Date 09-11-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit
18.69 16.91 11.15 15 30.9
21.28 19.00 11.28 23 29.5  
20.62 18.51 11.06 33 28.3 29

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index
17.15 16.08 11.11 21.5 22 7
17.95 16.81 11.67 22.2

Remarks:
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 501-AD, 28.5'-30.0' Lab ID 740

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-13-2019

Date Received 08-06-2019 3/4" 100.0
3/8" 99.6

Maximum Particle size: 3/4" Sieve No. 4 99.3
No. 10 99.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 86.3

No. 200 20.5
Specific Gravity 2.7 0.02   mm 9.6

0.005 mm 5.2
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 3.5

0.001 mm 2.9

Show D Values

Comments Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 501-AD, 45.0'-46.5' Lab ID 750

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-13-2019 1 1/2" 100.0

Date Received 08-06-2019 3/4" 94.8
3/8" 94.8

Maximum Particle size: 1 1/2" Sieve No. 4 94.3
No. 10 93.5

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 84.8

No. 200 17.7
Specific Gravity 2.7 0.02   mm 7.9

0.005 mm 3.8
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 2.3

0.001 mm 1.8

Show D Values

Comments Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 502-AD, 36.0'-37.5' Lab ID 780

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-13-2019

Date Received 08-06-2019
3/8" 100.0

Maximum Particle size: 3/8" Sieve No. 4 99.9
No. 10 99.9

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 97.8

No. 200 30.3
Specific Gravity 2.7 0.02   mm 13.4

0.005 mm 8.0
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 5.8

0.001 mm 4.4

Show D Values

Comments Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 503-AD, 13.5'-15.0' Lab ID 802

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-12-2019

Date Received 08-06-2019
3/8" 100.0

Maximum Particle size: 3/8" Sieve No. 4 99.9
No. 10 99.8

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.7

No. 200 55.1
Specific Gravity 2.7 0.02   mm 30.7

0.005 mm 19.6
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 13.9

0.001 mm 10.0

Show D Values

Comments Reviewed By
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 505-A, 9.0'-14.5' Lab ID 871

Sample Type BULK Date Received 8-6-19
Date Reported 8-28-19

Test Results

Natural Moisture Content Atterberg Limits
Test Not Performed Test Method: ASTM D 4318 Method A

Moisture Content (%): N/A Prepared: Dry
Liquid Limit: NP

Plastic Limit: NP
Particle Size Analysis Plasticity Index: NP

Preparation Method: ASTM D 421 Activity Index: N/A
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % Test Not Performed

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): N/A
N/A Maximum Dry Density (kg/m3): N/A
N/A Optimum Moisture Content (%): N/A
N/A Over Size Correction %: N/A
N/A
N/A
N/A California Bearing Ratio
N/A Test Not Performed

No. 10 2 100.0 Bearing Ratio (%): N/A
No. 40 0.425 99.8 Compacted Dry Density (lb/ft3): N/A
No. 200 0.075 41.6 Compacted Moisture Content (%): N/A

0.02 20.6
0.005 12.5
0.002 9.3 Specific Gravity

estimated 0.001 7.0 Estimated

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.70

ASTM AASHTO
Range (%) (%)
Gravel 0.0 0.0 Classification

Coarse Sand 0.0 0.2 Unified Group Symbol: SM
Medium Sand 0.2 --- Group Name: Silty sand

Fine Sand 58.2 58.2
Silt 29.1 32.3

Clay 12.5 9.3 AASHTO Classification: A-4 ( 0 )

Comments: 

Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 505-A, 9.0'-14.5' Lab ID 871

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape N/A
Particle Hardness: N/A

Tested By HE
Test Date 08-13-2019

Date Received 08-06-2019

Maximum Particle size: No. 10 Sieve
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.8

No. 200 41.6
Specific Gravity 2.7 0.02   mm 20.6

0.005 mm 12.5
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 9.3

0.001 mm 7.0

Show D Values

Comments Reviewed By
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 505-A, 9.0'-14.5' Lab ID 871

% + No. 40 0
Tested By DB Test Method ASTM D 4318 Method A Date Received 08-06-2019
Test Date 08-13-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit

 

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index

Remarks:
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 505-AD, 33.0'-34.5' Lab ID 894

Sample Type SPT Date Received 8-6-19
Date Reported 8-28-19

Test Results

Natural Moisture Content Atterberg Limits
Test Not Performed Test Method: ASTM D 4318 Method A

Moisture Content (%): N/A Prepared: Dry
Liquid Limit: 31

Plastic Limit: 19
Particle Size Analysis Plasticity Index: 12

Preparation Method: ASTM D 421 Activity Index: 0.6
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % Test Not Performed

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): N/A
N/A Maximum Dry Density (kg/m3): N/A
N/A Optimum Moisture Content (%): N/A
N/A Over Size Correction %: N/A
N/A
N/A

3/8" 9.5 100.0 California Bearing Ratio
No. 4 4.75 99.8 Test Not Performed
No. 10 2 99.4 Bearing Ratio (%): N/A
No. 40 0.425 97.3 Compacted Dry Density (lb/ft3): N/A
No. 200 0.075 76.6 Compacted Moisture Content (%): N/A

0.02 50.1
0.005 30.5
0.002 20.4 Specific Gravity

estimated 0.001 15.3 Estimated

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.70

ASTM AASHTO
Range (%) (%)
Gravel 0.2 0.6 Classification

Coarse Sand 0.4 2.1 Unified Group Symbol: CL
Medium Sand 2.1 --- Group Name: Lean clay with sand

Fine Sand 20.7 20.7
Silt 46.1 56.2

Clay 30.5 20.4 AASHTO Classification: A-6 ( 8 ) 

Comments: 

Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 505-AD, 33.0'-34.5' Lab ID 894

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-13-2019

Date Received 08-06-2019
3/8" 100.0

Maximum Particle size: 3/8" Sieve No. 4 99.8
No. 10 99.4

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 97.3

No. 200 76.6
Specific Gravity 2.7 0.02   mm 50.1

0.005 mm 30.5
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 20.4

0.001 mm 15.3

Show D Values

Comments Reviewed By
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 505-AD, 33.0'-34.5' Lab ID 894

% + No. 40 3
Tested By DB Test Method ASTM D 4318 Method A Date Received 08-06-2019
Test Date 08-14-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit
21.14 18.83 11.48 21 31.4
21.93 19.45 11.36 28 30.7  
22.27 19.74 11.44 33 30.5 31

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index
18.83 17.70 11.67 18.7 19 12
18.45 17.36 11.64 19.1

Remarks:
Reviewed By
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 506-AD, 10.5'-12.0' Lab ID 915

Sample Type SPT Date Received 8-6-19
Date Reported 8-28-19

Test Results

Natural Moisture Content Atterberg Limits
Test Method: ASTM D 2216 Test Method: ASTM D 4318 Method A

Moisture Content (%): 22.7 Prepared: Dry
Liquid Limit: NP

Plastic Limit: NP
Particle Size Analysis Plasticity Index: NP

Preparation Method: ASTM D 421 Activity Index: N/A
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % Test Not Performed

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): N/A
N/A Maximum Dry Density (kg/m3): N/A
N/A Optimum Moisture Content (%): N/A
N/A Over Size Correction %: N/A
N/A
N/A

3/8" 9.5 100.0 California Bearing Ratio
No. 4 4.75 99.9 Test Not Performed
No. 10 2 99.9 Bearing Ratio (%): N/A
No. 40 0.425 99.6 Compacted Dry Density (lb/ft3): N/A
No. 200 0.075 49.3 Compacted Moisture Content (%): N/A

0.02 23.5
0.005 14.0
0.002 9.6 Specific Gravity

estimated 0.001 7.1 Estimated

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.70

ASTM AASHTO
Range (%) (%)
Gravel 0.1 0.1 Classification

Coarse Sand 0.0 0.3 Unified Group Symbol: SM
Medium Sand 0.3 --- Group Name: Silty sand

Fine Sand 50.3 50.3
Silt 35.3 39.7

Clay 14.0 9.6 AASHTO Classification: A-4 ( 0 )

Comments: 

Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 506-AD, 10.5'-12.0' Lab ID 915

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape Angular
Particle Hardness: Hard and Durable

Tested By HE
Test Date 08-13-2019

Date Received 08-06-2019
3/8" 100.0

Maximum Particle size: 3/8" Sieve No. 4 99.9
No. 10 99.9

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 99.6

No. 200 49.3
Specific Gravity 2.7 0.02   mm 23.5

0.005 mm 14.0
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 9.6

0.001 mm 7.1

Show D Values

Comments Reviewed By
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0.0
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 506-AD, 10.5'-12.0' Lab ID 915

% + No. 40 0
Tested By DB Test Method ASTM D 4318 Method A Date Received 08-06-2019
Test Date 08-13-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit

 

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index

Remarks:
Reviewed By
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Summary of Soil Tests

Project Name Johnson County Section 202 Study Project Number 175529001
Source 506-AD, 18.0'-19.5' Lab ID 920

Sample Type SPT Date Received 8-6-19
Date Reported 8-28-19

Test Results

Natural Moisture Content Atterberg Limits
Test Method: ASTM D 2216 Test Method: ASTM D 4318 Method A

Moisture Content (%): 22.7 Prepared: Dry
Liquid Limit: NP

Plastic Limit: NP
Particle Size Analysis Plasticity Index: NP

Preparation Method: ASTM D 421 Activity Index: N/A
Gradation Method: ASTM D 422
Hydrometer Method: ASTM D 422

Moisture-Density Relationship
Particle Size % Test Not Performed

Sieve Size (mm) Passing Maximum Dry Density (lb/ft3): N/A
N/A Maximum Dry Density (kg/m3): N/A
N/A Optimum Moisture Content (%): N/A
N/A Over Size Correction %: N/A
N/A
N/A
N/A California Bearing Ratio
N/A Test Not Performed

No. 10 2 100.0 Bearing Ratio (%): N/A
No. 40 0.425 100.0 Compacted Dry Density (lb/ft3): N/A
No. 200 0.075 46.2 Compacted Moisture Content (%): N/A

0.02 20.7
0.005 13.3
0.002 9.6 Specific Gravity

estimated 0.001 7.6 Estimated

Plus 3 in. material, not included: 0 (%) Particle Size: No. 10
Specific Gravity at 20°  Celsius: 2.70

ASTM AASHTO
Range (%) (%)
Gravel 0.0 0.0 Classification

Coarse Sand 0.0 0.0 Unified Group Symbol: SM
Medium Sand 0.0 --- Group Name: Silty sand

Fine Sand 53.8 53.8
Silt 32.9 36.6

Clay 13.3 9.6 AASHTO Classification: A-4 ( 0 )

Comments: 

Reviewed By
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Particle-Size Analysis of Soils
ASTM D 422

Project Name Johnson County Section 202 Study Project Number 175529001
Source 506-AD, 18.0'-19.5' Lab ID 920

Sieve analysis for the Portion Coarser than the No. 10 Sieve

Test Method ASTM D 422
Sieve 
Size

 %       
Passing

Prepared using ASTM D 421

Particle Shape N/A
Particle Hardness: N/A

Tested By HE
Test Date 08-13-2019

Date Received 08-06-2019

Maximum Particle size: No. 10 Sieve
No. 10 100.0

Analysis for the portion Finer than the No. 10 Sieve
Analysis Based on  -3 inch fraction only No. 40 100.0

No. 200 46.2
Specific Gravity 2.7 0.02   mm 20.7

0.005 mm 13.3
Dispersed using Apparatus A - Mechanical, for 1 minute 0.002 mm 9.6

0.001 mm 7.6

Show D Values

Comments Reviewed By
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0.0
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0.0
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0.0 0.0 53.8 36.6 9.6
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ATTERBERG LIMITS

Project Johnson County Section 202 Study Project No. 175529001
Source 506-AD, 18.0'-19.5' Lab ID 920

% + No. 40 0
Tested By DB Test Method ASTM D 4318 Method A Date Received 08-06-2019
Test Date 08-13-2019 Prepared Dry

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)
Number of 

Blows
Water Content

(%) Liquid Limit

 

 
 

PLASTIC LIMIT AND PLASTICITY INDEX

Wet Soil and 
Tare Mass

(g)

Dry Soil and 
Tare Mass

(g)
Tare Mass

(g)

Water 
Content

(%) Plastic Limit Plasticity Index

Remarks:
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One Dimensional Swell or Collapse
of Cohesive Soils

ASTM D 4546, Method C

Project Johnson County Section 202 Study Project No. 175529001
Source 314C-TP, 0.0'-2.0' Lab ID 1816

Description Lean Clay with Sand (CL), light brown Normal Stress (psi) 14.2
Test Loading-After-Wetting Test Start Date 9/17/2019
Type Gs 2.77 ASTM D 854, A End Date 9/18/2019

Normal Final Total Cycle
Height (in) 1.006 Stress Height Strain Strain

Diameter (in) 2.500 Cycle (psi) (in) ε Δε
Wet Weight (lb) 0.341 Seating 0.6 1.006 0.00 ----

Wet Unit Weight (pcf) 119.24 Load 0.7 1.023 1.65 1.65
Moisture Content (%) 19.5 Load 1.0 1.022 1.62 -0.03

Dry Weight (lb) 0.285 Load 2.0 1.021 1.44 -0.18
Dry Unit Weight (pcf) 99.8 Load 3.8 1.015 0.91 -0.53

Void Ratio 0.730 Load 7.2 1.008 0.17 -0.74
Degree of Saturation (%) 74.1 Final 14.2 0.992 -1.37 -1.54

Height (in) 0.992
Diameter (in) 2.500

Wet Weight (lb) 0.351
Wet Unit Weight (pcf) 124.6
Moisture Content (%) 23.1

Dry Weight (lb) 0.285
Dry Unit Weight (pcf) 101.1

Void Ratio 0.706
Degree of Saturation (%) 91.2

Comments
Reviewed By
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Final Specimen Conditions
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One Dimensional Swell or Collapse
of Cohesive Soils

Project Johnson County Section 202 Study Project No. 175529001
Source 314C-TP, 0.0'-2.0' Lab ID 1816

Elapsed Percent
Time Strain

@ t0 0.0 -0.795
@ t50 1.0 -1.003
@ t90 2.0 -1.168

@ t100 3.3 -1.210
@ tmax 9.1 -1.366

Square Root Dial Corrected Change in Specimen Percent
of Time Reading Reading Height (in) Height Strain
(min) (in) (in) Δh2 (in) ε

0.0 0.917 0.903 -0.006 1.000 0.692
0.3 0.919 0.905 -0.008 0.998 -0.567
0.4 0.920 0.906 -0.008 0.998 -0.776
0.4 0.920 0.906 -0.008 0.998 -0.805
0.5 0.920 0.906 -0.009 0.997 -0.823
0.5 0.920 0.906 -0.009 0.997 -0.849
0.6 0.921 0.907 -0.009 0.997 -0.878
0.7 0.921 0.907 -0.009 0.997 -0.897
0.7 0.921 0.907 -0.010 0.996 -0.921
0.8 0.921 0.907 -0.010 0.996 -0.950
0.9 0.921 0.908 -0.010 0.996 -0.974
1.0 0.922 0.908 -0.010 0.996 -0.993
1.1 0.922 0.908 -0.011 0.995 -1.026
1.3 0.922 0.908 -0.011 0.995 -1.051
1.4 0.923 0.909 -0.011 0.995 -1.079
1.6 0.923 0.909 -0.011 0.995 -1.110
1.8 0.923 0.909 -0.012 0.994 -1.140
2.0 0.923 0.909 -0.012 0.994 -1.165
2.3 0.923 0.909 -0.012 0.994 -1.168
2.5 0.923 0.909 -0.012 0.994 -1.168
2.8 0.924 0.910 -0.012 0.994 -1.171
3.2 0.924 0.910 -0.012 0.994 -1.194
3.6 0.924 0.910 -0.012 0.994 -1.210
4.0 0.924 0.910 -0.012 0.994 -1.221
4.5 0.924 0.910 -0.013 0.993 -1.238
5.0 0.924 0.910 -0.013 0.993 -1.249
5.6 0.925 0.911 -0.013 0.993 -1.267
6.3 0.925 0.911 -0.013 0.993 -1.293
7.1 0.925 0.911 -0.013 0.993 -1.306
8.0 0.925 0.911 -0.014 0.992 -1.321
8.9 0.925 0.911 -0.014 0.992 -1.357
9.1 0.925 0.911 -0.014 0.992 -1.360

Construction Points
Swell/Collapse Curve
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One Dimensional Swell or Collapse
of Cohesive Soils

ASTM D 4546, Method C

Project Johnson County Section 202 Study Project No. 175529001
Source 314D, 0.5'-5.0' Lab ID 1716

Description Lean Clay with Sand (CL), light brown Normal Stress (psi) 28.1
Test Loading-After-Wetting Test Start Date 9/18/2019
Type Gs 2.78 ASTM D 854, A End Date 9/19/2019

Normal Final Total Cycle
Height (in) 1.004 Stress Height Strain Strain

Diameter (in) 2.500 Cycle (psi) (in) ε Δε
Wet Weight (lb) 0.355 Seating 0.7 1.004 0.00 ----

Wet Unit Weight (pcf) 124.45 Load 0.7 1.021 1.66 1.66
Moisture Content (%) 13.4 Load 2.0 1.020 1.58 -0.08

Dry Weight (lb) 0.313 Load 3.8 1.018 1.37 -0.21
Dry Unit Weight (pcf) 109.8 Load 7.2 1.014 0.97 -0.40

Void Ratio 0.578 Load 14.2 1.006 0.24 -0.73
Degree of Saturation (%) 64.3 Final 28.1 0.997 -0.71 -0.95

Height (in) 0.997
Diameter (in) 2.500

Wet Weight (lb) 0.370
Wet Unit Weight (pcf) 130.7
Moisture Content (%) 18.1

Dry Weight (lb) 0.313
Dry Unit Weight (pcf) 110.6

Void Ratio 0.566
Degree of Saturation (%) 89.4

Comments
Reviewed By
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Undisturbed
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One Dimensional Swell or Collapse
of Cohesive Soils

Project Johnson County Section 202 Study Project No. 175529001
Source 314D, 0.5'-5.0' Lab ID 1716

Elapsed Percent
Time Strain

@ t0 0.0 0.000
@ t50 0.4 -0.489
@ t90 0.8 -0.577

@ t100 1.2 -0.600
@ tmax 7.7 -0.720

Square Root Dial Corrected Change in Specimen Percent
of Time Reading Reading Height (in) Height Strain
(min) (in) (in) Δh2 (in) ε

0.0 0.554 0.537 -0.004 1.000 0.595
0.3 0.555 0.538 -0.005 0.999 -0.378
0.4 0.555 0.538 -0.005 0.999 -0.464
0.4 0.555 0.538 -0.005 0.999 -0.483
0.5 0.555 0.538 -0.005 0.999 -0.498
0.5 0.556 0.538 -0.005 0.999 -0.501
0.6 0.556 0.538 -0.005 0.999 -0.521
0.7 0.556 0.539 -0.006 0.998 -0.537
0.7 0.556 0.539 -0.006 0.998 -0.554
0.8 0.556 0.539 -0.006 0.998 -0.571
0.9 0.556 0.539 -0.006 0.998 -0.579
1.0 0.556 0.539 -0.006 0.998 -0.581
1.1 0.556 0.539 -0.006 0.998 -0.592
1.3 0.556 0.539 -0.006 0.998 -0.596
1.4 0.556 0.539 -0.006 0.998 -0.604
1.6 0.557 0.539 -0.006 0.998 -0.609
1.8 0.557 0.539 -0.006 0.998 -0.619
2.0 0.557 0.539 -0.006 0.998 -0.625
2.3 0.557 0.540 -0.006 0.997 -0.636
2.5 0.557 0.540 -0.007 0.997 -0.644
2.8 0.557 0.540 -0.007 0.997 -0.655
3.2 0.557 0.540 -0.007 0.997 -0.662
3.6 0.557 0.540 -0.007 0.997 -0.679
4.0 0.557 0.540 -0.007 0.997 -0.676
4.5 0.557 0.540 -0.007 0.997 -0.688
5.0 0.557 0.540 -0.007 0.997 -0.695
5.6 0.557 0.540 -0.007 0.997 -0.696
6.3 0.557 0.540 -0.007 0.997 -0.709
7.1 0.557 0.540 -0.007 0.997 -0.712
7.7 0.558 0.540 -0.007 0.997 -0.711

Construction Points
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Unconfined Compressive Strength
of Cohesive Soil

ASTM D 2166

Project Name Johnson County Section 202 Study Project Number 175529001
Source 202-A, 15.0'-17.0' Lab ID 50
Visual Description Lean Clay with Sand (CL), brown, moist, firm

Recovered
Test Interval

Specimen Type: Undisturbed LL 29 PL 20
PI 9 Date Extruded 08/26/2019

Initial Wet Density (pcf) 125.3 Date Tested 08/26/2019
Initial Moisture Content (%) 28.4 Initial MC Taken Before Test, From Trimmings

Initial Dry Density (pcf) 97.6
At Test Moisture Content (%) N/A At Test MC Taken N/A

At Test Dry Density (pcf) N/A
Specific Gravity N/A

Degree of Saturation (%) N/A Unconfined Compressive Strength (tsf) 0.46
Average Height (in) 5.910 Undrained Shear Strength (tsf) 0.23

Average Diameter (in) 2.837 Strain at Maximum Stress (%) 15.0
Height to Diameter Ratio 2.1 Strain rate to failure (% / min.) 1.00

Pocket  Penetrometer  Reading (tsf) N/A
Torvane Reading (kg/cm2) N/A

Comments

Reviewed By
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Unconfined Compressive Strength
of Cohesive Soil

ASTM D 2166

Project Name Johnson County Section 202 Study Project Number 175529001
Source 214-A, 23.0'-25.0' Lab ID 621
Visual Description Sandy Silty Clay (CL-ML), brown, moist, dense

Recovered
Test Interval

Specimen Type: Undisturbed LL 26 PL 19
PI 7 Date Extruded 08/19/2019

Initial Wet Density (pcf) 124.9 Date Tested 08/19/2019
Initial Moisture Content (%) 25.3 Initial MC Taken Before Test, From Trimmings

Initial Dry Density (pcf) 99.7
At Test Moisture Content (%) 24.3 At Test MC Taken After Test, From Whole Specimen

At Test Dry Density (pcf) 100.5
Specific Gravity N/A

Degree of Saturation (%) N/A Unconfined Compressive Strength (tsf) 0.79
Average Height (in) 5.709 Undrained Shear Strength (tsf) 0.40

Average Diameter (in) 2.873 Strain at Maximum Stress (%) 11.0
Height to Diameter Ratio 2.0 Strain rate to failure (% / min.) 1.00

Pocket  Penetrometer  Reading (tsf) 2.0
Torvane Reading (kg/cm2) N/A

Comments

Reviewed By
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Unconfined Compressive Strength
of Cohesive Soil

ASTM D 2166

Project Name Johnson County Section 202 Study Project Number 175529001
Source 314C-TP, 0.0'-2.0' Lab ID 1816
Visual Description Lean Clay with Sand (CL), redbrown

Recovered
Test Interval

Specimen Type: Undisturbed LL 36 PL 23
PI 13 Date Extruded 09/11/2019

Initial Wet Density (pcf) 119.9 Date Tested 09/11/2019
Initial Moisture Content (%) 18.4 Initial MC Taken Before Test, From Trimmings

Initial Dry Density (pcf) 101.2
At Test Moisture Content (%) N/A At Test MC Taken N/A

At Test Dry Density (pcf) N/A
Specific Gravity 2.77

Degree of Saturation (%) 72.0 Unconfined Compressive Strength (tsf) 1.06
Average Height (in) 5.971 Undrained Shear Strength (tsf) 0.53

Average Diameter (in) 2.900 Strain at Maximum Stress (%) 2.5
Height to Diameter Ratio 2.1 Strain rate to failure (% / min.) 1.00

Pocket  Penetrometer  Reading (tsf) N/A
Torvane Reading (kg/cm2) N/A

Comments

Reviewed By

0.0' - 2.0'
N/A

Failure Sketch
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Unconfined Compressive Strength
of Cohesive Soil

ASTM D 2166

Project Name Johnson County Section 202 Study Project Number 175529001
Source 505-A, 9.0'-11.0' Lab ID 867
Visual Description Silty Sand (SM), redbrown, moist, soft

Recovered
Test Interval

Specimen Type: Undisturbed LL N/A PL N/A
PI N/A Date Extruded 09/05/2019

Initial Wet Density (pcf) 92.9 Date Tested 09/05/2019
Initial Moisture Content (%) 9.5 Initial MC Taken Before Test, From Trimmings

Initial Dry Density (pcf) 84.9
At Test Moisture Content (%) N/A At Test MC Taken N/A

At Test Dry Density (pcf) N/A
Specific Gravity N/A

Degree of Saturation (%) N/A Unconfined Compressive Strength (tsf) 0.02
Average Height (in) 5.958 Undrained Shear Strength (tsf) 0.01

Average Diameter (in) 2.822 Strain at Maximum Stress (%) 0.8
Height to Diameter Ratio 2.1 Strain rate to failure (% / min.) 1.01

Pocket  Penetrometer  Reading (tsf) N/A
Torvane Reading (kg/cm2) N/A

Comments

Reviewed By

9.5' - 10.0'
1.1'

Failure Sketch
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Unconsolidated Undrained Triaxial Compression
ASTM D 2850

Project Name Johnson County Section 202 Study Project
Set ID

Test Lab ID Gs LL PL PI
A 51A 2.65
B 51B 2.65
C 51C 2.65

Specimen A B C D E

Average Height (in) 5.767 5.764 5.755
Average Diameter (in) 2.865 2.873 2.881

Moist Unit Weight (pcf) 118.6 117.4 122.4
Moisture Content (%) 16.0 19.4 20.2
Dry Unit Weight (pcf) 102.2 98.3 101.8

Void Ratio 0.616 0.680 0.622
Degree of Saturation (%) 68.9 75.5 86.2

Moist Unit Weight (pcf) 120.0 119.3 124.7
Moisture Content (%) 16.0 19.4 20.2
Dry Unit Weight (pcf) 103.4 99.9 103.7

Degree of Saturation (%) 71.082 78.636 90.454
Void Ratio 0.6 0.7 0.6

Cell Pressure, σ3 (tsf) 0.483 1.465 2.445

Failure Criterion
Axial Strain (%) 7.578 10.127 10.392

Deviator Stress  (tsf) 1.765 3.275 4.541
Minor Principal Stress, σ3 (tsf) 0.514 1.450 2.440
Major Principal Stress, σ1 (tsf) 2.279 4.725 6.981

Undrained Shear Strength, Su (tsf) 0.882 1.637 2.271

Comments

Reviewed By

202-A, 27.0'-29.0' (28.0'-28.5')

Source
202-A, 27.0'-29.0' (27.0'-27.5')
202-A, 27.0'-29.0' (27.5'-28.0')

175529001
51

Clayey Sand (SC), brown, moist, firm

Description
Clayey Sand (SC), brown, moist, firm
Clayey Sand (SC), brown, moist, firm

15% Axial Strain
At Unconsolidated Undrained Failure

Initial Specimen Conditions

Confined Specimen Conditions
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Unconsolidated Undrained Triaxial Compression
ASTM D 2850

Project Name Johnson County Section 202 Study Project No.
Source 202-A, 27.0'-29.0' (27.0'-27.5') Lab ID

Description Clayey Sand (SC), brown, moist, firm Test ID
Specimen Type

Date Received
Date Tested

Specific Gravity 2.65 Liquid Limit
ASTM D 854, Dry Plastic Limit

Plasticity Index

Target Test Parameters
Nominal Chamber Pressure (psi) 6.9

Actual Axial Strain Rate of Test (%/min) 1.002

At Unconsolidated Undrained Failure
Failure Criterion:  Peak Deviator Stress

Axial Strain (%) 7.58
Deviator Stress (tsf) 1.765

Minor Principal Stress, σ3 (tsf) 0.514
Major Principal Stress, σ1 (tsf) 2.279

Undrained Shear Strength, Su (tsf) 0.882

Failure Sketch

Comments
Reviewed

175529001
51A

Intact
07/29/2019

51-A

08/20/2019
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Unconsolidated Undrained Triaxial Compression
ASTM D 2850

Project Name Johnson County Section 202 Study Project No.
Source 202-A, 27.0'-29.0' (27.0'-27.5') Lab ID

Description Clayey Sand (SC), brown, moist, firm Test ID

Initial Specimen Conditions Confined Specimen Conditions Specific Gravity 2.65
Average Height (in) 5.767 Calculated Height (in) 5.745 ASTM D 854, Dry

Average Diameter (in) 2.865 Calculated Diameter (in) 2.854
Calculated Area (in2) 6.447 Calculated Area (in2) 6.398 Liquid Limit

Moist Weight (lb) 2.551 Moist Weight (lb) 2.551 Plastic Limit
Moist Unit Weight (pcf) 118.6 Moist Unit Weight (pcf) 120.0 Plasticity Index

Moisture Content (%) 16.0 Moisture Content (%) 16.0
Dry Weight (lb) 2.199 Dry Weight (lb) 2.199

Dry Unit Weight (pcf) 102.2 Dry Unit Weight (pcf) 103.4 Confining Pressure
Void Ratio 0.616 Void Ratio 0.597 σ3 (tsf) 0.483

Degree of Saturation (%) 68.9 Degree of Saturation (%) 71.1

Moisture contents obtained using whole specimen.
Membrane corrections have been applied,where  Em = 200 lbf/in and t = 0.012 in.
All other tests performed in association with this specimen are reported separately.

Project: 1.76E+08 Lab ID: 51A
Source: 202-A, 27.0'-29.0' (27.0'-27.5') Test ID: 51-A

Corr. Corr. Chamber
Test Axial Axial Axial Corr. Deviator Deviator Pressure
Time Load Deform. Strain Area Stress Stress σ1 σ3

(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf)
0.0 0.0 0.000 0.00 6.398 0.000 0.000 0.483 0.483
0.0 0.5 0.002 0.03 6.399 0.006 0.006 0.505 0.499
0.1 3.9 0.003 0.05 6.401 0.044 0.044 0.525 0.480
0.1 7.6 0.004 0.07 6.402 0.086 0.086 0.568 0.482
0.1 10.9 0.006 0.10 6.404 0.123 0.122 0.588 0.465
0.1 13.7 0.007 0.12 6.406 0.154 0.154 0.637 0.483
0.1 16.3 0.009 0.16 6.408 0.183 0.183 0.669 0.486
0.2 18.4 0.010 0.18 6.409 0.207 0.206 0.695 0.488
0.2 20.2 0.011 0.20 6.410 0.227 0.226 0.687 0.460
0.2 21.7 0.013 0.23 6.413 0.244 0.244 0.729 0.485
0.2 23.7 0.015 0.25 6.414 0.266 0.265 0.762 0.497
0.3 25.2 0.016 0.28 6.415 0.282 0.282 0.760 0.478
0.3 26.9 0.018 0.31 6.417 0.302 0.301 0.774 0.474
0.3 28.6 0.019 0.33 6.419 0.321 0.320 0.810 0.490
0.3 29.8 0.020 0.35 6.420 0.335 0.334 0.806 0.473
0.4 31.4 0.022 0.39 6.422 0.352 0.351 0.829 0.477
0.4 32.7 0.023 0.41 6.424 0.367 0.366 0.866 0.501
0.4 34.2 0.025 0.43 6.425 0.383 0.382 0.857 0.475
0.5 35.6 0.027 0.46 6.427 0.398 0.397 0.867 0.469
0.5 37.1 0.028 0.49 6.429 0.416 0.415 0.905 0.490
0.5 38.6 0.029 0.51 6.430 0.432 0.431 0.895 0.465
0.5 40.2 0.031 0.54 6.432 0.450 0.449 0.941 0.492
0.6 41.5 0.032 0.56 6.434 0.465 0.464 0.934 0.471
0.6 42.7 0.034 0.58 6.435 0.478 0.477 0.967 0.490
0.6 44.1 0.035 0.62 6.437 0.493 0.491 0.967 0.475
0.6 45.2 0.037 0.64 6.439 0.505 0.504 0.991 0.487
0.7 46.4 0.038 0.66 6.440 0.518 0.517 1.002 0.485
0.7 47.5 0.040 0.69 6.442 0.531 0.530 1.015 0.486
0.7 49.0 0.041 0.72 6.444 0.547 0.545 1.031 0.485
0.7 50.1 0.042 0.74 6.445 0.559 0.558 1.014 0.456
0.8 51.2 0.044 0.77 6.447 0.572 0.570 1.035 0.465
0.8 52.5 0.045 0.79 6.449 0.586 0.584 1.076 0.492
0.8 53.4 0.047 0.81 6.450 0.596 0.594 1.066 0.471
0.8 54.7 0.049 0.85 6.452 0.610 0.608 1.101 0.493
0.9 55.9 0.050 0.87 6.454 0.624 0.622 1.101 0.480
0.9 57.1 0.052 0.90 6.456 0.637 0.635 1.135 0.500
0.9 58.2 0.053 0.92 6.457 0.649 0.647 1.144 0.497
0.9 59.4 0.055 0.95 6.459 0.662 0.660 1.154 0.494
1.0 60.5 0.056 0.98 6.461 0.675 0.672 1.147 0.475

175529001
51A
51-A
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Source: 202-A, 27.0'-29.0' (27.0'-27.5') Test ID: 51-A
Corr. Corr. Chamber

Test Axial Axial Axial Corr. Deviator Deviator Pressure
Time Load Deform. Strain Area Stress Stress σ1 σ3

(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf)
1.0 61.6 0.058 1.01 6.463 0.687 0.684 1.170 0.485
1.0 62.5 0.059 1.03 6.464 0.697 0.694 1.179 0.485
1.1 66.8 0.065 1.13 6.470 0.744 0.741 1.223 0.482
1.2 71.1 0.071 1.23 6.477 0.791 0.788 1.265 0.478
1.3 74.9 0.076 1.33 6.484 0.832 0.829 1.311 0.482
1.4 78.2 0.082 1.43 6.490 0.867 0.864 1.346 0.482
1.5 81.4 0.088 1.54 6.497 0.902 0.898 1.375 0.476
1.6 84.9 0.094 1.63 6.504 0.940 0.936 1.430 0.494
1.7 88.2 0.099 1.73 6.510 0.976 0.971 1.451 0.480
1.8 91.6 0.106 1.84 6.517 1.012 1.007 1.483 0.476
1.9 94.3 0.111 1.94 6.524 1.041 1.036 1.508 0.471
2.0 96.9 0.117 2.03 6.530 1.068 1.063 1.555 0.491
2.1 99.6 0.123 2.14 6.538 1.097 1.091 1.567 0.475
2.2 102.2 0.129 2.24 6.544 1.125 1.120 1.606 0.487
2.3 105.4 0.134 2.34 6.551 1.158 1.152 1.639 0.486
2.4 107.9 0.140 2.45 6.558 1.185 1.179 1.664 0.485
2.5 110.3 0.146 2.54 6.564 1.210 1.204 1.680 0.477
2.6 113.0 0.152 2.64 6.571 1.238 1.232 1.715 0.483
2.7 115.3 0.158 2.75 6.578 1.262 1.255 1.735 0.480
2.8 117.5 0.163 2.84 6.585 1.285 1.278 1.776 0.497
2.9 119.7 0.169 2.95 6.592 1.308 1.301 1.788 0.488
3.0 122.6 0.175 3.05 6.599 1.337 1.330 1.812 0.482
3.1 124.3 0.181 3.14 6.605 1.354 1.347 1.829 0.483
3.2 126.9 0.187 3.25 6.613 1.382 1.374 1.857 0.483
3.3 128.9 0.192 3.35 6.619 1.402 1.394 1.897 0.503
3.4 130.7 0.198 3.45 6.626 1.420 1.412 1.888 0.476
3.5 132.8 0.204 3.55 6.633 1.441 1.433 1.934 0.501
3.6 134.8 0.210 3.65 6.640 1.461 1.452 1.953 0.501
3.7 136.9 0.215 3.75 6.647 1.483 1.474 1.967 0.493
3.8 138.4 0.222 3.86 6.654 1.498 1.488 1.965 0.477
4.0 140.2 0.227 3.96 6.661 1.515 1.506 1.984 0.479
4.0 141.7 0.233 4.05 6.668 1.530 1.520 1.983 0.463
4.1 143.4 0.239 4.16 6.675 1.547 1.536 2.039 0.503
4.2 145.0 0.245 4.26 6.682 1.563 1.553 2.045 0.493
4.4 146.6 0.250 4.36 6.689 1.578 1.567 2.046 0.478
4.4 147.8 0.257 4.47 6.697 1.590 1.579 2.073 0.495
4.5 149.2 0.262 4.56 6.703 1.603 1.592 2.080 0.488
4.6 150.6 0.268 4.66 6.710 1.616 1.605 2.070 0.465
4.7 152.0 0.274 4.77 6.718 1.629 1.617 2.107 0.490
4.8 153.1 0.280 4.87 6.725 1.639 1.628 2.128 0.500
4.9 154.4 0.285 4.96 6.732 1.651 1.639 2.134 0.495
5.0 155.6 0.291 5.07 6.739 1.663 1.650 2.149 0.499
5.3 158.1 0.306 5.32 6.757 1.685 1.672 2.170 0.499
5.5 160.5 0.320 5.56 6.775 1.706 1.692 2.177 0.485
5.8 162.9 0.335 5.82 6.793 1.727 1.713 2.181 0.468
6.0 165.1 0.349 6.07 6.811 1.745 1.730 2.237 0.507
6.3 166.6 0.363 6.32 6.829 1.757 1.741 2.249 0.508
6.6 167.8 0.378 6.58 6.848 1.764 1.748 2.260 0.511
6.8 169.1 0.392 6.82 6.866 1.773 1.757 2.258 0.502
7.0 170.2 0.406 7.07 6.885 1.780 1.763 2.241 0.478
7.3 170.8 0.421 7.33 6.904 1.781 1.764 2.244 0.480
7.6 171.4 0.435 7.58 6.922 1.783 1.765 2.279 0.514
7.8 171.9 0.450 7.83 6.941 1.783 1.764 2.288 0.525
8.1 172.3 0.464 8.08 6.960 1.783 1.763 2.264 0.501
8.3 172.4 0.479 8.33 6.979 1.779 1.759 2.251 0.493
8.6 172.4 0.493 8.58 6.998 1.774 1.753 2.244 0.491
8.8 172.0 0.508 8.84 7.018 1.764 1.743 2.216 0.473
9.1 170.3 0.522 9.09 7.037 1.742 1.720 2.208 0.488
9.3 167.2 0.536 9.33 7.056 1.706 1.683 2.176 0.493
9.4 166.4 0.540 9.40 7.061 1.697 1.674 2.169 0.495
9.6 164.6 0.551 9.59 7.076 1.674 1.651 2.142 0.491
9.8 163.8 0.565 9.84 7.096 1.662 1.639 2.134 0.495

10.1 163.6 0.580 10.09 7.115 1.656 1.631 2.133 0.501
10.3 163.6 0.595 10.35 7.136 1.651 1.626 2.103 0.477
10.6 164.8 0.609 10.60 7.156 1.659 1.633 2.131 0.498
10.8 165.9 0.623 10.84 7.176 1.665 1.639 2.110 0.471
11.1 167.8 0.638 11.10 7.197 1.679 1.652 2.158 0.505
11.3 168.9 0.652 11.35 7.217 1.686 1.658 2.147 0.489
11.6 170.0 0.666 11.60 7.237 1.692 1.664 2.136 0.473
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Source: 202-A, 27.0'-29.0' (27.0'-27.5') Test ID: 51-A
Corr. Corr. Chamber

Test Axial Axial Axial Corr. Deviator Deviator Pressure
Time Load Deform. Strain Area Stress Stress σ1 σ3

(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf)
11.8 171.3 0.681 11.86 7.258 1.699 1.670 2.155 0.485
12.1 171.9 0.695 12.10 7.279 1.700 1.671 2.151 0.480
12.3 172.1 0.710 12.35 7.299 1.697 1.668 2.165 0.497
12.6 173.0 0.724 12.61 7.321 1.701 1.670 2.148 0.477
12.8 172.8 0.739 12.86 7.342 1.695 1.664 2.172 0.509
13.1 174.4 0.753 13.11 7.363 1.705 1.673 2.148 0.475
13.3 174.7 0.768 13.36 7.384 1.703 1.671 2.144 0.473
13.6 175.1 0.782 13.61 7.406 1.702 1.669 2.176 0.507
13.8 176.5 0.796 13.86 7.427 1.711 1.677 2.179 0.502
14.1 177.0 0.811 14.12 7.449 1.711 1.677 2.171 0.494
14.3 177.5 0.825 14.37 7.471 1.711 1.676 2.155 0.479
14.6 178.0 0.840 14.61 7.492 1.711 1.675 2.176 0.501
14.8 177.6 0.854 14.87 7.515 1.702 1.666 2.156 0.490
15.1 178.5 0.869 15.12 7.537 1.705 1.668 2.160 0.492
15.3 178.3 0.883 15.37 7.559 1.698 1.661 2.160 0.500
15.6 178.7 0.898 15.63 7.582 1.697 1.659 2.168 0.509
15.8 178.5 0.912 15.87 7.605 1.690 1.651 2.150 0.499
16.1 178.3 0.926 16.12 7.627 1.683 1.644 2.150 0.506
16.3 179.1 0.941 16.38 7.651 1.685 1.645 2.111 0.466
16.6 178.2 0.955 16.63 7.673 1.672 1.632 2.118 0.487
16.8 178.4 0.969 16.87 7.696 1.669 1.628 2.115 0.487
17.1 177.7 0.984 17.13 7.720 1.657 1.615 2.128 0.513
17.3 176.9 0.999 17.38 7.744 1.645 1.602 2.067 0.465
17.6 177.2 1.013 17.63 7.767 1.643 1.600 2.112 0.512
17.8 177.3 1.028 17.89 7.791 1.639 1.595 2.088 0.493
18.0 176.5 1.038 18.06 7.808 1.627 1.584 2.077 0.493
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Unconsolidated Undrained Triaxial Compression
ASTM D 2850

Project Name Johnson County Section 202 Study Project No.
Source 202-A, 27.0'-29.0' (27.5'-28.0') Lab ID

Description Clayey Sand (SC), brown, moist, firm Test ID
Specimen Type

Date Received
Date Tested

Specific Gravity 2.65 Liquid Limit
ASTM D 854, Dry Plastic Limit

Plasticity Index

Target Test Parameters
Nominal Chamber Pressure (psi) 20.8

Actual Axial Strain Rate of Test (%/min) 1.005

At Unconsolidated Undrained Failure
Failure Criterion:  Peak Deviator Stress

Axial Strain (%) 10.13
Deviator Stress (tsf) 3.275

Minor Principal Stress, σ3 (tsf) 1.450
Major Principal Stress, σ1 (tsf) 4.725

Undrained Shear Strength, Su (tsf) 1.637

Failure Sketch

Comments
Reviewed

08/20/2019

175529001
51B
51-B

Intact
07/29/2019
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Unconsolidated Undrained Triaxial Compression
ASTM D 2850

Project Name Johnson County Section 202 Study Project No.
Source 202-A, 27.0'-29.0' (27.5'-28.0') Lab ID

Description Clayey Sand (SC), brown, moist, firm Test ID

Initial Specimen Conditions Confined Specimen Conditions Specific Gravity 2.65
Average Height (in) 5.764 Calculated Height (in) 5.733 ASTM D 854, Dry

Average Diameter (in) 2.873 Calculated Diameter (in) 2.858
Calculated Area (in2) 6.484 Calculated Area (in2) 6.414 Liquid Limit

Moist Weight (lb) 2.538 Moist Weight (lb) 2.538 Plastic Limit
Moist Unit Weight (pcf) 117.4 Moist Unit Weight (pcf) 119.3 Plasticity Index

Moisture Content (%) 19.4 Moisture Content (%) 19.4
Dry Weight (lb) 2.127 Dry Weight (lb) 2.127

Dry Unit Weight (pcf) 98.3 Dry Unit Weight (pcf) 99.9 Confining Pressure
Void Ratio 0.680 Void Ratio 0.652 σ3 (tsf) 1.465

Degree of Saturation (%) 75.5 Degree of Saturation (%) 78.6

Moisture contents obtained using whole specimen.
Membrane corrections have been applied,where  Em = 200 lbf/in and t = 0.012 in.
All other tests performed in association with this specimen are reported separately.

Project: 1.76E+08 Lab ID: 51B
Source: 202-A, 27.0'-29.0' (27.5'-28.0') Test ID: 51-B

Corr. Corr. Chamber
Test Axial Axial Axial Corr. Deviator Deviator Pressure
Time Load Deform. Strain Area Stress Stress σ1 σ3

(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf)
0.0 0.0 0.000 0.00 6.414 0.000 0.000 1.465 1.465
0.0 0.4 0.002 0.03 6.416 0.005 0.005 1.454 1.449
0.1 0.8 0.003 0.05 6.417 0.009 0.009 1.453 1.444
0.1 4.2 0.004 0.07 6.419 0.047 0.047 1.525 1.478
0.1 11.8 0.006 0.10 6.421 0.132 0.132 1.589 1.458
0.1 18.9 0.007 0.13 6.422 0.211 0.211 1.696 1.485
0.2 24.6 0.008 0.15 6.424 0.276 0.275 1.731 1.455
0.2 29.9 0.010 0.18 6.426 0.335 0.334 1.799 1.465
0.2 34.2 0.012 0.20 6.427 0.383 0.382 1.834 1.452
0.2 38.1 0.013 0.22 6.428 0.427 0.426 1.893 1.467
0.3 41.8 0.015 0.26 6.431 0.468 0.467 1.935 1.468
0.3 45.4 0.016 0.28 6.432 0.508 0.507 1.963 1.456
0.3 49.1 0.018 0.31 6.434 0.549 0.549 2.006 1.458
0.3 52.3 0.019 0.33 6.436 0.585 0.584 2.047 1.463
0.4 55.4 0.020 0.36 6.437 0.619 0.618 2.097 1.479
0.4 58.8 0.022 0.39 6.439 0.657 0.656 2.110 1.454
0.4 62.0 0.024 0.41 6.440 0.694 0.693 2.149 1.457
0.4 65.2 0.025 0.43 6.442 0.728 0.727 2.200 1.472
0.5 68.3 0.027 0.47 6.444 0.763 0.762 2.216 1.454
0.5 71.1 0.028 0.49 6.445 0.794 0.793 2.243 1.450
0.5 74.3 0.029 0.51 6.447 0.830 0.829 2.302 1.473
0.6 77.3 0.031 0.54 6.449 0.863 0.862 2.321 1.459
0.6 80.5 0.032 0.56 6.450 0.899 0.897 2.348 1.451
0.6 83.8 0.034 0.60 6.453 0.935 0.934 2.403 1.469
0.6 86.4 0.035 0.62 6.454 0.964 0.963 2.417 1.454
0.7 89.3 0.037 0.64 6.455 0.996 0.994 2.436 1.442
0.7 92.0 0.039 0.67 6.458 1.026 1.024 2.483 1.459
0.7 94.6 0.040 0.70 6.459 1.055 1.053 2.515 1.462
0.7 97.3 0.041 0.72 6.460 1.084 1.082 2.559 1.476
0.7 100.1 0.043 0.75 6.463 1.115 1.113 2.566 1.453
0.8 102.7 0.044 0.77 6.464 1.144 1.142 2.590 1.448
0.8 105.3 0.046 0.79 6.465 1.173 1.171 2.646 1.475
0.8 107.7 0.047 0.83 6.468 1.199 1.197 2.636 1.439
0.8 110.3 0.049 0.85 6.469 1.228 1.225 2.683 1.457
0.9 112.7 0.050 0.87 6.470 1.255 1.253 2.704 1.452
0.9 115.1 0.052 0.90 6.473 1.280 1.278 2.750 1.472
0.9 117.6 0.053 0.93 6.474 1.308 1.306 2.783 1.477
1.0 120.4 0.055 0.96 6.476 1.338 1.336 2.806 1.470
1.0 122.9 0.056 0.98 6.477 1.366 1.363 2.819 1.456

175529001
51B
51-B
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Source: 202-A, 27.0'-29.0' (27.5'-28.0') Test ID: 51-B
Corr. Corr. Chamber

Test Axial Axial Axial Corr. Deviator Deviator Pressure
Time Load Deform. Strain Area Stress Stress σ1 σ3

(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf)
1.0 125.5 0.058 1.01 6.480 1.394 1.392 2.846 1.454
1.0 127.9 0.059 1.03 6.481 1.421 1.419 2.873 1.455
1.1 137.0 0.065 1.13 6.487 1.521 1.518 2.984 1.466
1.2 145.5 0.071 1.24 6.495 1.613 1.610 3.080 1.470
1.3 153.5 0.077 1.34 6.501 1.700 1.697 3.161 1.463
1.4 161.5 0.082 1.43 6.507 1.787 1.783 3.244 1.461
1.5 169.0 0.088 1.54 6.515 1.868 1.864 3.316 1.452
1.6 176.2 0.094 1.64 6.521 1.946 1.942 3.384 1.442
1.7 182.8 0.100 1.74 6.527 2.016 2.012 3.477 1.465
1.8 189.2 0.106 1.85 6.535 2.084 2.080 3.560 1.480
1.9 195.1 0.111 1.94 6.541 2.147 2.142 3.605 1.463
2.0 201.1 0.117 2.04 6.548 2.212 2.207 3.659 1.452
2.1 206.6 0.123 2.15 6.555 2.270 2.265 3.718 1.454
2.3 211.6 0.129 2.25 6.561 2.322 2.316 3.782 1.465
2.4 216.6 0.135 2.36 6.569 2.374 2.368 3.836 1.468
2.4 221.2 0.141 2.45 6.575 2.422 2.416 3.862 1.446
2.5 225.3 0.146 2.55 6.582 2.465 2.459 3.925 1.467
2.7 229.1 0.152 2.66 6.589 2.504 2.497 3.948 1.450
2.8 233.5 0.158 2.76 6.596 2.549 2.542 3.987 1.445
2.8 236.7 0.163 2.85 6.602 2.581 2.574 4.029 1.454
2.9 240.2 0.170 2.96 6.610 2.616 2.609 4.070 1.461
3.1 243.2 0.175 3.06 6.616 2.647 2.639 4.093 1.454
3.2 246.5 0.181 3.16 6.624 2.679 2.672 4.141 1.469
3.3 249.7 0.187 3.26 6.630 2.712 2.704 4.165 1.461
3.3 252.2 0.193 3.36 6.637 2.736 2.728 4.188 1.460
3.4 255.1 0.199 3.47 6.644 2.764 2.755 4.205 1.450
3.6 257.5 0.204 3.56 6.651 2.787 2.779 4.257 1.478
3.7 259.8 0.210 3.66 6.658 2.810 2.801 4.255 1.454
3.7 262.5 0.216 3.77 6.665 2.836 2.827 4.290 1.463
3.8 264.9 0.222 3.87 6.672 2.858 2.849 4.308 1.459
4.0 266.7 0.228 3.97 6.679 2.875 2.865 4.312 1.448
4.1 268.7 0.233 4.07 6.686 2.894 2.884 4.337 1.453
4.2 271.1 0.240 4.18 6.694 2.916 2.906 4.369 1.463
4.3 274.2 0.245 4.28 6.701 2.946 2.936 4.397 1.461
4.4 274.8 0.251 4.37 6.707 2.950 2.939 4.408 1.469
4.5 276.2 0.257 4.48 6.715 2.961 2.951 4.406 1.456
4.6 278.1 0.263 4.58 6.722 2.979 2.968 4.431 1.463
4.7 279.6 0.268 4.68 6.729 2.992 2.981 4.442 1.461
4.8 281.6 0.274 4.79 6.736 3.010 2.998 4.458 1.460
4.9 283.1 0.280 4.88 6.743 3.022 3.010 4.474 1.463
5.0 284.2 0.286 4.99 6.751 3.031 3.019 4.497 1.478
5.1 286.2 0.292 5.09 6.758 3.049 3.036 4.479 1.443
5.3 289.4 0.306 5.34 6.776 3.076 3.063 4.511 1.448
5.6 292.9 0.321 5.59 6.794 3.104 3.090 4.528 1.438
5.8 295.9 0.335 5.84 6.812 3.127 3.113 4.578 1.466
6.1 298.8 0.349 6.09 6.830 3.150 3.136 4.597 1.461
6.3 300.5 0.364 6.35 6.849 3.159 3.143 4.600 1.457
6.6 303.2 0.378 6.60 6.867 3.179 3.163 4.619 1.456
6.8 304.1 0.393 6.85 6.885 3.180 3.164 4.619 1.455
7.1 306.9 0.407 7.11 6.905 3.201 3.183 4.649 1.465
7.3 308.8 0.422 7.35 6.923 3.212 3.194 4.658 1.464
7.6 310.4 0.436 7.61 6.943 3.219 3.201 4.660 1.459
7.8 313.1 0.451 7.86 6.961 3.238 3.219 4.678 1.459
8.1 314.3 0.465 8.11 6.980 3.242 3.223 4.687 1.464
8.3 316.9 0.480 8.37 7.000 3.259 3.239 4.707 1.468
8.6 317.8 0.494 8.62 7.019 3.260 3.239 4.676 1.437
8.8 319.8 0.508 8.86 7.038 3.272 3.250 4.699 1.448
9.1 321.0 0.523 9.12 7.058 3.275 3.253 4.720 1.467
9.3 322.0 0.537 9.37 7.077 3.276 3.254 4.733 1.479
9.6 323.6 0.552 9.62 7.097 3.283 3.260 4.719 1.459
9.8 325.6 0.566 9.88 7.117 3.294 3.270 4.727 1.457

10.1 327.1 0.581 10.13 7.137 3.299 3.275 4.725 1.450
10.3 327.8 0.595 10.38 7.157 3.298 3.273 4.738 1.466
10.6 328.4 0.610 10.63 7.177 3.294 3.269 4.727 1.458
10.8 328.1 0.624 10.88 7.197 3.282 3.256 4.711 1.456
11.1 327.8 0.638 11.13 7.217 3.270 3.243 4.705 1.461
11.4 327.1 0.653 11.39 7.239 3.254 3.226 4.713 1.487
11.6 326.9 0.667 11.64 7.259 3.242 3.214 4.687 1.473
11.9 327.6 0.682 11.89 7.280 3.241 3.212 4.654 1.442
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Source: 202-A, 27.0'-29.0' (27.5'-28.0') Test ID: 51-B
Corr. Corr. Chamber

Test Axial Axial Axial Corr. Deviator Deviator Pressure
Time Load Deform. Strain Area Stress Stress σ1 σ3

(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf)
12.1 326.8 0.696 12.14 7.300 3.223 3.193 4.661 1.467
12.3 326.1 0.711 12.40 7.322 3.207 3.177 4.651 1.474
12.6 327.1 0.725 12.65 7.343 3.208 3.177 4.634 1.457
12.8 328.0 0.739 12.90 7.364 3.207 3.176 4.638 1.461
13.1 326.9 0.754 13.16 7.386 3.187 3.155 4.604 1.448
13.3 326.5 0.769 13.40 7.407 3.174 3.141 4.595 1.454
13.6 324.0 0.780 13.61 7.425 3.142 3.109 4.589 1.480
13.6 323.4 0.783 13.66 7.429 3.134 3.101 4.561 1.460
13.9 321.7 0.798 13.91 7.451 3.109 3.076 4.548 1.473
14.1 321.9 0.812 14.16 7.472 3.102 3.068 4.529 1.461
14.4 321.2 0.827 14.42 7.495 3.086 3.051 4.525 1.474
14.6 320.4 0.841 14.67 7.517 3.069 3.033 4.486 1.453
14.9 320.5 0.855 14.92 7.538 3.061 3.025 4.464 1.439
15.1 322.6 0.870 15.18 7.562 3.072 3.035 4.497 1.462
15.4 322.3 0.884 15.42 7.584 3.060 3.023 4.489 1.466
15.6 322.7 0.899 15.68 7.607 3.054 3.016 4.481 1.465
15.9 323.8 0.913 15.93 7.629 3.056 3.017 4.474 1.457
16.1 326.5 0.928 16.18 7.652 3.072 3.033 4.523 1.489
16.4 326.1 0.942 16.44 7.676 3.058 3.019 4.468 1.450
16.6 328.0 0.957 16.69 7.699 3.068 3.027 4.498 1.471
16.9 328.8 0.971 16.93 7.722 3.066 3.025 4.483 1.458
17.1 329.6 0.986 17.19 7.746 3.064 3.022 4.475 1.453
17.4 332.0 1.000 17.44 7.769 3.077 3.035 4.511 1.476
17.6 331.6 1.014 17.69 7.792 3.064 3.021 4.483 1.462
17.9 332.0 1.029 17.95 7.817 3.058 3.015 4.485 1.470
18.0 332.6 1.038 18.10 7.832 3.057 3.014 4.474 1.461
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Unconsolidated Undrained Triaxial Compression
ASTM D 2850

Project Name Johnson County Section 202 Study Project No.
Source 202-A, 27.0'-29.0' (28.0'-28.5') Lab ID

Description Clayey Sand (SC), brown, moist, firm Test ID
Specimen Type

Date Received
Date Tested

Specific Gravity 2.65 Liquid Limit
ASTM D 854, Dry Plastic Limit

Plasticity Index

Target Test Parameters
Nominal Chamber Pressure (psi) 34.7

Actual Axial Strain Rate of Test (%/min) 1.007

At Unconsolidated Undrained Failure
Failure Criterion:  Peak Deviator Stress

Axial Strain (%) 10.39
Deviator Stress (tsf) 4.541

Minor Principal Stress, σ3 (tsf) 2.440
Major Principal Stress, σ1 (tsf) 6.981

Undrained Shear Strength, Su (tsf) 2.271

Failure Sketch

Comments
Reviewed

08/20/2019

175529001
51C
51-C

Intact
07/29/2019
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Unconsolidated Undrained Triaxial Compression
ASTM D 2850

Project Name Johnson County Section 202 Study Project No.
Source 202-A, 27.0'-29.0' (28.0'-28.5') Lab ID

Description Clayey Sand (SC), brown, moist, firm Test ID

Initial Specimen Conditions Confined Specimen Conditions Specific Gravity 2.65
Average Height (in) 5.755 Calculated Height (in) 5.720 ASTM D 854, Dry

Average Diameter (in) 2.881 Calculated Diameter (in) 2.864
Calculated Area (in2) 6.520 Calculated Area (in2) 6.440 Liquid Limit

Moist Weight (lb) 2.658 Moist Weight (lb) 2.658 Plastic Limit
Moist Unit Weight (pcf) 122.4 Moist Unit Weight (pcf) 124.7 Plasticity Index

Moisture Content (%) 20.2 Moisture Content (%) 20.2
Dry Weight (lb) 2.211 Dry Weight (lb) 2.211

Dry Unit Weight (pcf) 101.8 Dry Unit Weight (pcf) 103.7 Confining Pressure
Void Ratio 0.622 Void Ratio 0.592 σ3 (tsf) 2.445

Degree of Saturation (%) 86.2 Degree of Saturation (%) 90.5

Moisture contents obtained using whole specimen.
Membrane corrections have been applied,where  Em = 200 lbf/in and t = 0.012 in.
All other tests performed in association with this specimen are reported separately.

Project: 1.76E+08 Lab ID: 51C
Source: 202-A, 27.0'-29.0' (28.0'-28.5') Test ID: 51-C

Corr. Corr. Chamber
Test Axial Axial Axial Corr. Deviator Deviator Pressure
Time Load Deform. Strain Area Stress Stress σ1 σ3

(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf)
0.0 0.0 0.000 0.00 6.440 0.000 0.000 2.445 2.445
0.0 0.8 0.001 0.02 6.441 0.009 0.009 2.452 2.443
0.1 2.4 0.003 0.05 6.444 0.026 0.026 2.466 2.440
0.1 6.3 0.004 0.07 6.445 0.071 0.071 2.512 2.441
0.1 13.8 0.006 0.10 6.446 0.154 0.154 2.594 2.440
0.1 22.8 0.007 0.13 6.448 0.254 0.254 2.685 2.431
0.2 30.5 0.009 0.15 6.450 0.340 0.340 2.791 2.451
0.2 36.8 0.010 0.17 6.451 0.410 0.410 2.843 2.433
0.2 42.6 0.012 0.21 6.454 0.476 0.475 2.905 2.430
0.2 48.1 0.013 0.23 6.455 0.537 0.537 2.963 2.427
0.2 53.0 0.014 0.25 6.456 0.591 0.591 3.034 2.443
0.3 58.1 0.016 0.28 6.459 0.648 0.647 3.079 2.432
0.3 62.6 0.017 0.31 6.460 0.698 0.697 3.134 2.437
0.3 66.8 0.019 0.33 6.461 0.744 0.744 3.152 2.408
0.3 71.1 0.021 0.36 6.463 0.793 0.792 3.233 2.441
0.4 75.2 0.022 0.38 6.465 0.837 0.836 3.259 2.423
0.4 79.2 0.023 0.40 6.466 0.882 0.881 3.315 2.434
0.4 83.4 0.025 0.44 6.468 0.929 0.928 3.377 2.449
0.5 87.2 0.026 0.46 6.470 0.970 0.969 3.411 2.442
0.5 90.9 0.028 0.48 6.471 1.011 1.010 3.438 2.428
0.5 94.8 0.030 0.52 6.474 1.054 1.053 3.492 2.439
0.5 98.3 0.031 0.54 6.475 1.093 1.091 3.528 2.437
0.6 101.6 0.032 0.56 6.476 1.129 1.128 3.557 2.429
0.6 105.1 0.034 0.59 6.479 1.168 1.167 3.607 2.440
0.6 108.6 0.035 0.61 6.480 1.207 1.205 3.640 2.435
0.6 112.0 0.037 0.65 6.482 1.244 1.242 3.669 2.427
0.7 115.5 0.038 0.67 6.483 1.282 1.281 3.714 2.433
0.7 118.7 0.040 0.70 6.485 1.317 1.316 3.751 2.435
0.7 122.1 0.041 0.72 6.487 1.355 1.354 3.788 2.435
0.7 124.9 0.043 0.74 6.488 1.386 1.384 3.814 2.430
0.8 127.9 0.044 0.78 6.491 1.419 1.417 3.853 2.436
0.8 130.9 0.046 0.80 6.492 1.452 1.450 3.899 2.449
0.8 134.1 0.047 0.82 6.493 1.486 1.484 3.918 2.433
0.8 137.3 0.049 0.85 6.496 1.522 1.520 3.964 2.444
0.9 140.1 0.050 0.88 6.497 1.552 1.550 3.978 2.428
0.9 143.0 0.052 0.91 6.499 1.584 1.582 4.023 2.441
0.9 145.7 0.053 0.93 6.501 1.613 1.611 4.052 2.441
1.0 148.4 0.054 0.95 6.502 1.644 1.641 4.070 2.429
1.0 151.3 0.056 0.98 6.504 1.675 1.672 4.106 2.434

175529001
51C
51-C
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Source: 202-A, 27.0'-29.0' (28.0'-28.5') Test ID: 51-C
Corr. Corr. Chamber

Test Axial Axial Axial Corr. Deviator Deviator Pressure
Time Load Deform. Strain Area Stress Stress σ1 σ3

(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf)
1.0 154.1 0.057 1.01 6.506 1.706 1.703 4.126 2.423
1.0 156.7 0.059 1.03 6.507 1.734 1.731 4.158 2.427
1.1 166.7 0.065 1.14 6.514 1.842 1.839 4.275 2.435
1.2 176.4 0.070 1.23 6.520 1.948 1.945 4.386 2.441
1.3 185.8 0.077 1.34 6.528 2.049 2.046 4.494 2.448
1.4 194.7 0.082 1.44 6.534 2.146 2.142 4.571 2.429
1.5 203.7 0.088 1.55 6.541 2.242 2.238 4.663 2.426
1.6 211.7 0.094 1.64 6.548 2.327 2.323 4.758 2.435
1.7 219.3 0.100 1.74 6.554 2.409 2.405 4.833 2.427
1.8 227.0 0.106 1.85 6.561 2.491 2.487 4.911 2.424
1.9 234.3 0.111 1.95 6.568 2.569 2.564 4.993 2.429
2.0 241.7 0.117 2.05 6.575 2.646 2.641 5.086 2.445
2.1 248.0 0.123 2.15 6.582 2.713 2.707 5.135 2.427
2.2 254.2 0.129 2.25 6.588 2.779 2.773 5.223 2.450
2.4 260.9 0.135 2.36 6.596 2.848 2.843 5.275 2.433
2.4 267.1 0.141 2.46 6.602 2.913 2.907 5.357 2.450
2.5 272.9 0.146 2.55 6.609 2.973 2.967 5.410 2.443
2.7 278.2 0.152 2.66 6.616 3.027 3.021 5.453 2.433
2.8 283.7 0.158 2.76 6.623 3.084 3.077 5.510 2.432
2.8 288.7 0.163 2.86 6.630 3.136 3.129 5.570 2.441
2.9 294.2 0.170 2.97 6.637 3.192 3.184 5.606 2.421
3.1 299.1 0.175 3.06 6.644 3.242 3.234 5.664 2.430
3.2 303.9 0.181 3.16 6.650 3.290 3.282 5.722 2.440
3.3 308.9 0.187 3.27 6.658 3.341 3.333 5.762 2.429
3.3 313.1 0.193 3.37 6.665 3.383 3.375 5.799 2.425
3.4 317.6 0.199 3.47 6.672 3.427 3.419 5.841 2.422
3.6 321.5 0.204 3.57 6.679 3.465 3.457 5.883 2.427
3.7 325.1 0.210 3.67 6.685 3.502 3.493 5.937 2.444
3.7 329.4 0.216 3.78 6.693 3.544 3.535 5.954 2.419
3.8 333.4 0.222 3.87 6.700 3.582 3.573 6.020 2.447
4.0 337.0 0.227 3.97 6.707 3.618 3.609 6.031 2.422
4.1 340.6 0.233 4.08 6.714 3.652 3.643 6.094 2.451
4.1 343.8 0.239 4.18 6.721 3.683 3.673 6.097 2.424
4.2 347.3 0.245 4.27 6.728 3.716 3.706 6.144 2.438
4.4 350.5 0.251 4.38 6.735 3.747 3.736 6.183 2.447
4.5 354.0 0.256 4.48 6.742 3.781 3.770 6.204 2.434
4.6 357.1 0.262 4.58 6.749 3.809 3.798 6.218 2.419
4.6 359.8 0.268 4.69 6.757 3.834 3.823 6.251 2.429
4.7 363.3 0.274 4.79 6.764 3.867 3.856 6.285 2.429
4.9 365.8 0.279 4.88 6.771 3.890 3.879 6.312 2.433
5.0 369.1 0.285 4.99 6.778 3.920 3.908 6.338 2.430
5.0 372.5 0.291 5.09 6.785 3.952 3.940 6.378 2.439
5.3 379.6 0.305 5.34 6.803 4.018 4.005 6.428 2.423
5.5 385.4 0.320 5.60 6.822 4.068 4.054 6.503 2.449
5.8 392.3 0.334 5.85 6.840 4.129 4.115 6.560 2.445
6.0 397.7 0.349 6.09 6.858 4.175 4.160 6.581 2.421
6.3 403.4 0.363 6.35 6.877 4.223 4.208 6.638 2.430
6.6 407.4 0.378 6.60 6.895 4.254 4.238 6.680 2.441
6.8 411.7 0.392 6.85 6.914 4.288 4.271 6.703 2.431
7.1 416.1 0.407 7.11 6.933 4.321 4.304 6.731 2.427
7.3 420.0 0.421 7.36 6.952 4.350 4.332 6.759 2.427
7.6 424.3 0.435 7.61 6.970 4.382 4.364 6.808 2.445
7.8 426.7 0.449 7.86 6.989 4.396 4.377 6.817 2.440
8.1 431.1 0.464 8.12 7.009 4.428 4.409 6.832 2.423
8.3 434.1 0.479 8.37 7.028 4.447 4.427 6.850 2.423
8.6 438.3 0.493 8.62 7.047 4.478 4.457 6.868 2.411
8.8 440.5 0.508 8.88 7.067 4.488 4.467 6.884 2.418
9.1 443.4 0.522 9.13 7.087 4.504 4.482 6.910 2.428
9.3 445.3 0.536 9.37 7.106 4.512 4.489 6.935 2.446
9.6 448.0 0.551 9.63 7.127 4.526 4.503 6.946 2.443
9.8 450.8 0.565 9.88 7.146 4.542 4.518 6.954 2.436

10.1 453.4 0.579 10.13 7.166 4.556 4.531 6.967 2.436
10.3 455.8 0.594 10.39 7.187 4.566 4.541 6.981 2.440
10.6 456.5 0.609 10.64 7.207 4.561 4.535 6.965 2.429
10.8 458.3 0.623 10.89 7.227 4.566 4.540 6.980 2.440
11.1 458.6 0.638 11.15 7.248 4.556 4.529 6.952 2.423
11.3 460.4 0.652 11.40 7.269 4.561 4.533 6.963 2.430
11.6 460.9 0.666 11.65 7.289 4.553 4.525 6.965 2.440
11.8 461.4 0.681 11.90 7.310 4.545 4.516 6.939 2.423
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Source: 202-A, 27.0'-29.0' (28.0'-28.5') Test ID: 51-C
Corr. Corr. Chamber

Test Axial Axial Axial Corr. Deviator Deviator Pressure
Time Load Deform. Strain Area Stress Stress σ1 σ3

(min) (lbf) (in) (%) (in2) (tsf) (tsf) (tsf) (tsf)
12.1 461.6 0.695 12.15 7.331 4.533 4.504 6.937 2.433
12.3 463.4 0.709 12.40 7.352 4.539 4.509 6.948 2.439
12.6 464.9 0.724 12.66 7.374 4.539 4.508 6.940 2.431
12.8 466.3 0.738 12.91 7.395 4.540 4.509 6.941 2.433
13.1 468.1 0.753 13.16 7.416 4.544 4.513 6.944 2.431
13.3 468.3 0.768 13.42 7.438 4.533 4.501 6.919 2.419
13.6 470.3 0.782 13.67 7.460 4.540 4.507 6.936 2.429
13.8 470.3 0.796 13.92 7.481 4.526 4.492 6.918 2.425
14.1 471.7 0.811 14.18 7.504 4.526 4.492 6.923 2.431
14.3 471.5 0.825 14.42 7.526 4.511 4.476 6.899 2.422
14.6 469.4 0.839 14.67 7.548 4.477 4.442 6.884 2.442
14.8 471.2 0.854 14.93 7.571 4.481 4.445 6.879 2.433
15.0 469.8 0.864 15.11 7.586 4.459 4.422 6.859 2.436
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Johnson County, KY  DRAFT Engineering Technical Appendix Tab 2 
Section 202 Project 
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Appendix 2‐3 

Laboratory Testing ‐ Rock 
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Project: Johnson County - Section 202 Prepared By: S. Schardein Date: 09/17/19
Subject: Summary of Laboratory Rock Test Data Checked By: M. Jones Date: 09/27/19

Status: DPR Report

Summary of Laboratory Rock Test Data

205-ADC 84.5 - 86.2 Core 90 Shale, dark gray, soft
205-ADC 87.1 - 88.2 Core 91 Shale, dark gray, soft
205-ADC 88.9 - 89.3 Core 2,640 1.60E+05 161 Shale, dark gray, soft
205-ADC 92.3 Core 47 Shale, gray, soft
205-ADC 92.6 - 92.7 Core 547 163.3 Shale, dark gray, soft

206-A 83.3 - 83.6 Core 170 2.00E+04 151 Shale, brownish gray, soft, weathered
206-A 84.0 - 85.0 Core 84 Shale, dark gray, soft
206-A 89.7 - 89.8 Core 642 163.0 Shale, dark gray, soft
206-A 90.5 Core 183 Shale, gray, moderately hard
206-A 90.7 - 92.2 Core 93 Shale, dark gray, soft
206-A 93.6 - 94.0 Core 2,430 1.20E+05 162 Shale, dark gray, soft

207-ADC 59.4 - 59.5 Core 39 150.7 Shale, brownish gray, soft
207-ADC 59.7 Core 40 Shale, gray, moderately hard
207-ADC 59.9 - 61.0 Core 67 Shale, dark gray, soft
207-ADC 70.0 - 70.1 Core 287 159.1 Shale, dark gray, soft
207-ADC 70.7 - 70.8 Core 39 Shale, gray, soft
207-ADC 72.3 - 72.8 Core 1,290 1.20E+05 160 Shale, dark gray, soft
208-ADC 58.3 - 59.9 Core 78 Shale, brownish gray, soft
208-ADC 59.9 - 60.0 Core 335 159.3 Shale, dark gray, soft
208-ADC 60.1 Core 170 Shale, gray, moderately hard
208-ADC 61.2 - 61.6 Core 2,210 6.00E+04 162 Shale, gray, moderately hard
208-ADC 67.2 - 68.1 Core 95 Shale, dark gray, soft, sandy
303-ADC 67.7 - 70.0 Core 90 Shale, dark gray, soft
304-ADC 65.5 - 67.0 Core 44 Shale, dark gray, soft
304-ADC 67.0 - 67.4 Core 580 9.00E+04 156 Shale, dark gray, soft

Notes:
1.  Test results follow laboratory summary.

Comments
Peak Shear 

Strength 
(psi)

Compressive 
Strength (psi)

Young's 
Modulus 

(psi)
DescriptionUnit Weight 

(pcf)
Test

Location
Depth
(feet)

Sample
Type

Tensile 
Strength 

(psi)

Slake 
Durability, 

SDI (%)

Page 1 of 1
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Splitting Tensile Strength
Of Intact Rock Core

ASTM D 3967

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, dark gray, soft Lab ID BT-951

Hole Number 205-ADC Depth (ft) 92.6'-92.7' Date Received 08/06/2019

Side Planeness N/A Height (in.) 1.43 Wet Unit Weight (pcf) 163.3
Perpendicularity N/A Diameter (in.) 1.98 Dry Unit Weight (pcf) N/A
Height/Diameter Pass Wet Mass (g) 187.98 Moisture Content (%) N/A

Test Date 08/22/2019

Moisture Condition As received, moist
Temperature (°C) 21

Loading Rate (lbf/sec) 11
Peak Load (lbf) 2424

Splitting Tensile Strength (psi) 547

Bearing Strip Cardboard
Failure Split

Comments Fragile nature of specimen inhibited preparation. Dimensional tolerances were not confirmed.

Reviewed By

Failure Sketches
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, dark gray, soft Lab ID BT-951

Hole Number 205-ADC Depth (ft) 92.6'-92.7'
Test Type Splitting tensile strength of intact rock core

As Received

Core Preparation
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Reported By: RJ
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, dark gray, soft Lab ID BT-951

Hole Number 205-ADC Depth (ft) 92.6'-92.7'
Test Type Splitting tensile strength of intact rock core

Core Preparation

Post Test
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Version: 20170215
Approved By: RJ
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Reported By: RJ
Report Date: 08/30/2019
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, dark gray, soft Lab ID BT-951

Hole Number 205-ADC Depth (ft) 92.6'-92.7'
Test Type Splitting tensile strength of intact rock core

Post Test

Template: tmp_bt_input.xlsm
Version: 20170215
Approved By: RJ
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Reported By: RJ
Report Date: 08/30/2019
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Splitting Tensile Strength
Of Intact Rock Core

ASTM D 3967

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, dark gray, soft Lab ID BT-959

Hole Number 206-A Depth (ft) 89.7'-89.8' Date Received 08/06/2019

Side Planeness N/A Height (in.) 1.20 Wet Unit Weight (pcf) 163.0
Perpendicularity N/A Diameter (in.) 1.98 Dry Unit Weight (pcf) N/A
Height/Diameter Pass Wet Mass (g) 157.99 Moisture Content (%) N/A

Test Date 08/22/2019

Moisture Condition As received, moist
Temperature (°C) 21

Loading Rate (lbf/sec) 11
Peak Load (lbf) 2394

Splitting Tensile Strength (psi) 642

Bearing Strip Cardboard
Failure Primary failure occurred along bedding planes perpendicular to core axis.

Comments Fragile nature of specimen inhibited preparation. Dimensional tolerances were not confirmed.

Reviewed By

Failure Sketches

N/A
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, dark gray, soft Lab ID BT-959

Hole Number 206-A Depth (ft) 89.7'-89.8'
Test Type Splitting tensile strength of intact rock core

As Received

Core Preparation
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Version: 20170215
Approved By: RJ

Stantec Consulting Services Inc.
Lexington, Kentucky

Reported By: RJ
Report Date: 08/30/2019
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, dark gray, soft Lab ID BT-959

Hole Number 206-A Depth (ft) 89.7'-89.8'
Test Type Splitting tensile strength of intact rock core

Core Preparation

Post Test
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Approved By: RJ

Stantec Consulting Services Inc.
Lexington, Kentucky

Reported By: RJ
Report Date: 08/30/2019
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, dark gray, soft Lab ID BT-959

Hole Number 206-A Depth (ft) 89.7'-89.8'
Test Type Splitting tensile strength of intact rock core

Post Test
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Approved By: RJ

Stantec Consulting Services Inc.
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Reported By: RJ
Report Date: 08/30/2019
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Splitting Tensile Strength
Of Intact Rock Core

ASTM D 3967

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, brownish gray, soft Lab ID BT-971

Hole Number 207-ADC Depth (ft) 59.4'-59.5' Date Received 08/06/2019

Side Planeness N/A Height (in.) 1.22 Wet Unit Weight (pcf) 150.7
Perpendicularity N/A Diameter (in.) 1.98 Dry Unit Weight (pcf) N/A
Height/Diameter Pass Wet Mass (g) 149.13 Moisture Content (%) N/A

Test Date 08/23/2019

Moisture Condition As received, moist
Temperature (°C) 21

Loading Rate (lbf/sec) 2
Peak Load (lbf) 149

Splitting Tensile Strength (psi) 39

Bearing Strip Cardboard
Failure Split

Comments Fragile nature of specimen inhibited preparation. Dimensional tolerances were not confirmed.

Reviewed By

Failure Sketches
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, brownish gray, soft Lab ID BT-971

Hole Number 207-ADC Depth (ft) 59.4'-59.5'
Test Type Splitting tensile strength of intact rock core

As Received

Core Preparation
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Stantec Consulting Services Inc.
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Reported By: RJ
Report Date: 08/30/2019
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, brownish gray, soft Lab ID BT-971

Hole Number 207-ADC Depth (ft) 59.4'-59.5'
Test Type Splitting tensile strength of intact rock core

Core Preparation

Post Test
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Reported By: RJ
Report Date: 08/30/2019
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, brownish gray, soft Lab ID BT-971

Hole Number 207-ADC Depth (ft) 59.4'-59.5'
Test Type Splitting tensile strength of intact rock core

Post Test
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Splitting Tensile Strength
Of Intact Rock Core

ASTM D 3967

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, dark gray, soft Lab ID BT-973

Hole Number 207-ADC Depth (ft) 70.0'-70.1' Date Received 08/06/2019

Side Planeness N/A Height (in.) 1.05 Wet Unit Weight (pcf) 159.1
Perpendicularity N/A Diameter (in.) 1.98 Dry Unit Weight (pcf) N/A
Height/Diameter Pass Wet Mass (g) 134.71 Moisture Content (%) N/A

Test Date 08/23/2019

Moisture Condition As received, moist
Temperature (°C) 21

Loading Rate (lbf/sec) 9
Peak Load (lbf) 934

Splitting Tensile Strength (psi) 287

Bearing Strip Cardboard
Failure Primary failure occurred along bedding planes perpendicular to core axis.

Comments Fragile nature of specimen inhibited preparation. Dimensional tolerances were not confirmed.

Reviewed By

Failure Sketches

N/A
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, dark gray, soft Lab ID BT-973

Hole Number 207-ADC Depth (ft) 70.0'-70.1'
Test Type Splitting tensile strength of intact rock core

As Received

Core Preparation
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Report Date: 08/30/2019
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, dark gray, soft Lab ID BT-973

Hole Number 207-ADC Depth (ft) 70.0'-70.1'
Test Type Splitting tensile strength of intact rock core

Core Preparation

Post Test
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Reported By: RJ
Report Date: 08/30/2019

1028|Page Volume 2 Tab 2 Geotechnical



Page 4 of 4

Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, dark gray, soft Lab ID BT-973

Hole Number 207-ADC Depth (ft) 70.0'-70.1'
Test Type Splitting tensile strength of intact rock core

Post Test
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Approved By: RJ
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Reported By: RJ
Report Date: 08/30/2019
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Splitting Tensile Strength
Of Intact Rock Core

ASTM D 3967

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology shale, dark gray, soft Lab ID BT-981

Hole Number 208-ADC Depth (ft) 59.9'-60.0' Date Received 08/06/2019

Side Planeness N/A Height (in.) 1.30 Wet Unit Weight (pcf) 159.3
Perpendicularity N/A Diameter (in.) 1.98 Dry Unit Weight (pcf) N/A
Height/Diameter Pass Wet Mass (g) 167.59 Moisture Content (%) N/A

Test Date 08/23/2019

Moisture Condition As received, moist
Temperature (°C) 21

Loading Rate (lbf/sec) 10
Peak Load (lbf) 1356

Splitting Tensile Strength (psi) 335

Bearing Strip Cardboard
Failure Split

Comments Fragile nature of specimen inhibited preparation. Dimensional tolerances were not confirmed.

Reviewed By

Failure Sketches
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology shale, dark gray, soft Lab ID BT-981

Hole Number 208-ADC Depth (ft) 59.9'-60.0'
Test Type Splitting tensile strength of intact rock core

As Received

Core Preparation
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology shale, dark gray, soft Lab ID BT-981

Hole Number 208-ADC Depth (ft) 59.9'-60.0'
Test Type Splitting tensile strength of intact rock core

Core Preparation

Post Test
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology shale, dark gray, soft Lab ID BT-981

Hole Number 208-ADC Depth (ft) 59.9'-60.0'
Test Type Splitting tensile strength of intact rock core

Post Test
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Direct Shear Strength of Rock
ASTM D 5607

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, soft Lab ID DS-951

Hole Number 205-ADC Depth (ft.) 92.3' Date Received 08/06/2019
Test Type Direct shear of intact specimen

Diameter (in.) 1.980
Initial Moisture Condition As received, moist Angle of Dip (deg.) 0.0

At Test Moisture Condition Soaked at least 12 hours prior to test. Area (in2) 3.08
Roughness (JRC) 2

Test A Test B Test C Test D Test E
Normal Stress (psi) 34.7 34.7 N/A N/A N/A

Peak Shear Stress (psi) 46.8
Deflection at Peak (in) 0.0500
Post Peak Stress (psi) N/A 19.6 N/A N/A N/A

Deflection at Residual (in) N/A 0.2820 N/A N/A N/A

Comments

Reviewed By
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Direct Shear Strength of Rock
ASTM D 5607

Johnson County Section 202 Study Project Number
Shale, gray, soft Lab ID
205-ADC Date Received

Depth (ft.) 92.3'
Direct shear of intact specimen Diameter (in)

Initial Moisture Condition As received, moist Angle of Dip (deg)
Test Moisture Condition Soaked at least 12 hours prior to test. Area(in2)

Joint Roughness 2
Date Prepared

Normal Stress (psi) 34.72 Date Tested

Shear Rate to Peak (in/min) 0.003

Encapsulation Material Hydro-Stone

Comments

175529001
DS-951

08/06/2019

1.980
0.0
3.08

09/04/2019
09/05/2019

Project Name
Lithology

Hole Number

Test Type

Sketch
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)
0.0 1.0048 0.2061 0.2029 0.2056 0.2091 5 0.0000 0.0000 1.6
66.0 1.0028 0.2061 0.2030 0.2056 0.2093 8 0.0020 0.0001 2.6

110.0 1.0008 0.2061 0.2030 0.2057 0.2094 13 0.0040 0.0001 4.3
165.0 0.9988 0.2061 0.2030 0.2056 0.2096 15 0.0060 0.0001 4.9
204.0 0.9968 0.2061 0.2031 0.2054 0.2099 19 0.0080 0.0002 6.1
240.0 0.9948 0.2061 0.2031 0.2052 0.2101 25 0.0100 0.0002 8.1
274.0 0.9928 0.2062 0.2031 0.2050 0.2104 33 0.0120 0.0002 10.7
306.0 0.9908 0.2062 0.2031 0.2048 0.2106 41 0.0140 0.0002 13.3
338.0 0.9888 0.2062 0.2031 0.2046 0.2109 41 0.0160 0.0003 13.3
372.0 0.9868 0.2063 0.2032 0.2044 0.2112 48 0.0180 0.0003 15.6
392.0 0.9848 0.2064 0.2032 0.2042 0.2116 60 0.0200 0.0004 19.5
430.0 0.9828 0.2065 0.2034 0.2039 0.2121 75 0.0220 0.0005 24.2
479.0 0.9808 0.2066 0.2035 0.2036 0.2127 87 0.0240 0.0007 28.1
513.0 0.9788 0.2067 0.2037 0.2035 0.2132 90 0.0260 0.0008 29.1
548.0 0.9768 0.2069 0.2039 0.2033 0.2138 94 0.0280 0.0010 30.4
583.0 0.9748 0.2070 0.2041 0.2032 0.2143 101 0.0300 0.0012 32.8
618.0 0.9728 0.2072 0.2043 0.2031 0.2148 112 0.0320 0.0014 36.2
652.0 0.9708 0.2074 0.2045 0.2029 0.2153 120 0.0340 0.0016 39.1
688.0 0.9688 0.2077 0.2048 0.2029 0.2159 128 0.0360 0.0019 41.6
722.0 0.9668 0.2079 0.2051 0.2028 0.2166 132 0.0380 0.0022 42.8
756.0 0.9648 0.2082 0.2054 0.2027 0.2171 137 0.0400 0.0024 44.6
789.0 0.9628 0.2084 0.2057 0.2027 0.2177 141 0.0420 0.0027 45.7
821.0 0.9608 0.2086 0.2060 0.2027 0.2182 137 0.0440 0.0029 44.3
854.0 0.9588 0.2089 0.2064 0.2026 0.2189 141 0.0460 0.0033 45.8
886.0 0.9568 0.2091 0.2067 0.2026 0.2195 141 0.0480 0.0036 45.8
918.0 0.9548 0.2094 0.2071 0.2026 0.2201 144 0.0500 0.0039 46.8
950.0 0.9528 0.2097 0.2074 0.2026 0.2207 144 0.0520 0.0042 46.7
983.0 0.9508 0.2100 0.2078 0.2026 0.2214 139 0.0540 0.0045 45.2
1014.0 0.9488 0.2103 0.2082 0.2027 0.2220 139 0.0560 0.0049 45.0
1046.0 0.9468 0.2105 0.2086 0.2027 0.2226 137 0.0580 0.0052 44.5
1079.0 0.9448 0.2109 0.2090 0.2028 0.2232 134 0.0600 0.0056 43.5
1111.0 0.9428 0.2111 0.2093 0.2029 0.2237 130 0.0620 0.0058 42.2
1143.0 0.9408 0.2114 0.2097 0.2029 0.2243 126 0.0640 0.0061 41.1
1176.0 0.9388 0.2117 0.2100 0.2030 0.2248 123 0.0660 0.0064 39.9
1209.0 0.9368 0.2119 0.2104 0.2031 0.2253 119 0.0680 0.0067 38.8
1243.0 0.9348 0.2121 0.2108 0.2031 0.2259 118 0.0700 0.0070 38.2
1275.0 0.9328 0.2124 0.2111 0.2032 0.2263 115 0.0720 0.0073 37.4
1306.0 0.9308 0.2126 0.2114 0.2033 0.2268 113 0.0740 0.0076 36.5
1338.0 0.9288 0.2129 0.2117 0.2034 0.2272 112 0.0760 0.0079 36.3
1369.0 0.9268 0.2131 0.2120 0.2035 0.2277 108 0.0780 0.0081 35.0
1401.0 0.9248 0.2134 0.2123 0.2036 0.2281 107 0.0800 0.0084 34.8
1433.0 0.9228 0.2136 0.2126 0.2037 0.2285 106 0.0820 0.0087 34.5
1465.0 0.9208 0.2138 0.2129 0.2038 0.2289 106 0.0840 0.0089 34.3
1498.0 0.9188 0.2141 0.2132 0.2039 0.2293 104 0.0860 0.0092 33.8
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Direct Shear Strength of Rock
ASTM D 5607

Johnson County Section 202 Study Project Number
Shale, gray, soft Lab ID
205-ADC Date Received

Depth (ft.) 92.3'
Direct shear of intact specimen Diameter (in)

Initial Moisture Condition As received, moist Angle of Dip (deg)
Test Moisture Condition Soaked at least 12 hours prior to test. Area(in2)

Joint Roughness 2
Date Prepared

Normal Stress (psi) 34.72 Date Tested

Shear Rate to Peak (in/min) N/A

Encapsulation Material Hydro-Stone

Sketch

Comments

Test Type 1.980
0.0
3.08

09/04/2019
09/05/2019

Project Name 175529001
Lithology DS-951

Hole Number 08/06/2019
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Shear Deflection (in)

2nd Residual - Test B

Shear Stress Vertical Deflection
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)
103.0 0.9931 0.2007 0.2026 0.2021 0.2097 8 0.0000 0.0006 2.6
119.0 0.9911 0.2008 0.2027 0.2017 0.2102 11 0.0020 0.0006 3.6
139.0 0.9891 0.2009 0.2028 0.2014 0.2107 14 0.0040 0.0008 4.4
154.0 0.9871 0.2010 0.2028 0.2011 0.2111 16 0.0060 0.0008 5.3
168.0 0.9851 0.2011 0.2029 0.2007 0.2116 19 0.0080 0.0009 6.0
182.0 0.9830 0.2012 0.2029 0.2004 0.2122 22 0.0101 0.0010 7.1
196.0 0.9811 0.2013 0.2030 0.2001 0.2126 27 0.0120 0.0011 8.9
210.0 0.9791 0.2014 0.2030 0.1998 0.2130 33 0.0140 0.0011 10.7
224.0 0.9771 0.2014 0.2030 0.1994 0.2134 38 0.0160 0.0011 12.3
232.0 0.9751 0.2014 0.2031 0.1991 0.2138 44 0.0180 0.0011 14.2
245.0 0.9731 0.2014 0.2031 0.1988 0.2140 51 0.0200 0.0011 16.5
258.0 0.9711 0.2015 0.2031 0.1986 0.2143 56 0.0220 0.0012 18.2
276.0 0.9691 0.2015 0.2030 0.1984 0.2144 60 0.0240 0.0011 19.5
286.0 0.9671 0.2015 0.2030 0.1983 0.2145 61 0.0260 0.0011 19.7
296.0 0.9651 0.2015 0.2030 0.1983 0.2147 64 0.0280 0.0012 20.9
308.0 0.9631 0.2016 0.2030 0.1982 0.2148 68 0.0300 0.0012 22.1
320.0 0.9611 0.2017 0.2031 0.1981 0.2150 72 0.0320 0.0013 23.2
332.0 0.9591 0.2018 0.2032 0.1981 0.2153 75 0.0340 0.0014 24.5
345.0 0.9571 0.2020 0.2033 0.1981 0.2155 79 0.0360 0.0015 25.8
357.0 0.9551 0.2022 0.2034 0.1981 0.2158 82 0.0380 0.0017 26.8
369.0 0.9531 0.2024 0.2036 0.1982 0.2160 85 0.0400 0.0019 27.7
377.0 0.9511 0.2027 0.2038 0.1983 0.2163 87 0.0420 0.0021 28.2
390.0 0.9491 0.2030 0.2040 0.1985 0.2166 89 0.0440 0.0023 28.7
408.0 0.9471 0.2033 0.2042 0.1987 0.2169 90 0.0460 0.0026 29.1
421.0 0.9451 0.2036 0.2044 0.1990 0.2172 90 0.0480 0.0029 29.1
434.0 0.9431 0.2039 0.2047 0.1993 0.2175 90 0.0500 0.0032 29.1
446.0 0.9411 0.2043 0.2050 0.1996 0.2178 90 0.0520 0.0035 29.1
459.0 0.9391 0.2046 0.2053 0.1999 0.2181 89 0.0540 0.0038 28.9
472.0 0.9371 0.2049 0.2056 0.2002 0.2184 88 0.0560 0.0041 28.5
486.0 0.9351 0.2052 0.2059 0.2006 0.2187 87 0.0580 0.0044 28.2
498.0 0.9331 0.2055 0.2062 0.2009 0.2190 86 0.0600 0.0047 28.0
507.0 0.9311 0.2058 0.2064 0.2012 0.2193 88 0.0620 0.0050 28.5
518.0 0.9291 0.2061 0.2067 0.2015 0.2195 85 0.0640 0.0053 27.7
536.0 0.9271 0.2064 0.2070 0.2018 0.2198 85 0.0660 0.0056 27.5
549.0 0.9251 0.2067 0.2073 0.2021 0.2200 84 0.0680 0.0058 27.2
561.0 0.9231 0.2070 0.2076 0.2024 0.2203 84 0.0700 0.0061 27.2
574.0 0.9211 0.2073 0.2078 0.2027 0.2206 84 0.0720 0.0064 27.4
587.0 0.9191 0.2076 0.2081 0.2030 0.2208 85 0.0740 0.0067 27.6
599.0 0.9171 0.2079 0.2084 0.2033 0.2211 85 0.0760 0.0070 27.7
612.0 0.9151 0.2082 0.2086 0.2036 0.2214 86 0.0780 0.0073 27.8
624.0 0.9131 0.2084 0.2089 0.2038 0.2216 87 0.0800 0.0075 28.2
637.0 0.9111 0.2086 0.2091 0.2041 0.2219 88 0.0820 0.0077 28.6
644.0 0.9090 0.2089 0.2094 0.2044 0.2221 88 0.0841 0.0080 28.5
658.0 0.9071 0.2091 0.2097 0.2046 0.2223 86 0.0860 0.0082 28.0
674.0 0.9051 0.2093 0.2099 0.2049 0.2226 89 0.0880 0.0085 29.0
687.0 0.9031 0.2096 0.2102 0.2052 0.2229 89 0.0900 0.0088 28.8
699.0 0.9011 0.2099 0.2105 0.2055 0.2231 88 0.0920 0.0091 28.5
712.0 0.8991 0.2101 0.2108 0.2058 0.2234 86 0.0940 0.0093 27.9
724.0 0.8971 0.2104 0.2111 0.2061 0.2237 86 0.0960 0.0096 27.9
737.0 0.8951 0.2107 0.2113 0.2064 0.2239 85 0.0980 0.0099 27.7
750.0 0.8931 0.2109 0.2116 0.2066 0.2241 85 0.1000 0.0101 27.7
762.0 0.8911 0.2112 0.2118 0.2069 0.2243 86 0.1020 0.0104 27.9
774.0 0.8891 0.2114 0.2120 0.2071 0.2246 88 0.1040 0.0106 28.5
783.0 0.8871 0.2116 0.2123 0.2074 0.2248 87 0.1060 0.0108 28.2
800.0 0.8851 0.2119 0.2125 0.2076 0.2250 87 0.1080 0.0111 28.3
813.0 0.8831 0.2121 0.2127 0.2078 0.2253 87 0.1100 0.0113 28.4
826.0 0.8811 0.2124 0.2129 0.2081 0.2255 86 0.1120 0.0115 28.0
838.0 0.8791 0.2126 0.2132 0.2083 0.2257 86 0.1140 0.0118 28.0
850.0 0.8771 0.2129 0.2134 0.2086 0.2260 86 0.1160 0.0120 27.9
863.0 0.8751 0.2131 0.2136 0.2088 0.2262 85 0.1180 0.0122 27.7
875.0 0.8731 0.2134 0.2138 0.2091 0.2264 84 0.1200 0.0125 27.2
888.0 0.8710 0.2136 0.2141 0.2093 0.2266 82 0.1221 0.0127 26.7
900.0 0.8691 0.2139 0.2143 0.2096 0.2269 82 0.1240 0.0130 26.5
907.0 0.8671 0.2141 0.2145 0.2098 0.2271 81 0.1260 0.0132 26.2
925.0 0.8651 0.2144 0.2147 0.2100 0.2273 81 0.1280 0.0134 26.3
938.0 0.8630 0.2146 0.2149 0.2103 0.2275 81 0.1301 0.0136 26.3
951.0 0.8611 0.2149 0.2152 0.2105 0.2278 81 0.1320 0.0139 26.1
963.0 0.8591 0.2151 0.2154 0.2107 0.2280 81 0.1340 0.0141 26.2
976.0 0.8571 0.2153 0.2156 0.2110 0.2282 80 0.1360 0.0143 26.0
989.0 0.8551 0.2155 0.2159 0.2112 0.2284 79 0.1380 0.0146 25.5
1001.0 0.8531 0.2156 0.2161 0.2114 0.2286 79 0.1400 0.0147 25.5
1013.0 0.8511 0.2158 0.2163 0.2116 0.2287 78 0.1420 0.0149 25.4
1026.0 0.8491 0.2160 0.2165 0.2118 0.2290 78 0.1440 0.0151 25.3
1034.0 0.8471 0.2162 0.2168 0.2120 0.2292 78 0.1460 0.0154 25.2
1046.0 0.8451 0.2164 0.2170 0.2123 0.2293 76 0.1480 0.0156 24.7
1063.0 0.8431 0.2165 0.2172 0.2125 0.2295 74 0.1500 0.0157 24.2
1076.0 0.8411 0.2167 0.2174 0.2127 0.2297 73 0.1520 0.0159 23.8
1089.0 0.8391 0.2169 0.2176 0.2129 0.2298 73 0.1540 0.0161 23.6
1101.0 0.8371 0.2171 0.2178 0.2131 0.2300 72 0.1560 0.0163 23.4
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)

1113.0 0.8351 0.2172 0.2180 0.2133 0.2302 72 0.1580 0.0165 23.4
1126.0 0.8331 0.2174 0.2182 0.2135 0.2304 72 0.1600 0.0167 23.3
1138.0 0.8310 0.2176 0.2184 0.2137 0.2305 71 0.1621 0.0169 22.9
1150.0 0.8291 0.2178 0.2186 0.2139 0.2307 70 0.1640 0.0171 22.7
1161.0 0.8271 0.2179 0.2188 0.2141 0.2309 71 0.1660 0.0172 23.0
1170.0 0.8251 0.2181 0.2190 0.2143 0.2310 70 0.1680 0.0174 22.7
1188.0 0.8231 0.2182 0.2192 0.2144 0.2312 68 0.1700 0.0176 22.2
1201.0 0.8211 0.2184 0.2194 0.2146 0.2314 70 0.1720 0.0178 22.6
1214.0 0.8191 0.2186 0.2196 0.2148 0.2316 69 0.1740 0.0180 22.5
1227.0 0.8171 0.2188 0.2197 0.2150 0.2317 70 0.1760 0.0181 22.6
1239.0 0.8151 0.2189 0.2199 0.2152 0.2319 69 0.1780 0.0183 22.3
1251.0 0.8131 0.2191 0.2201 0.2154 0.2321 69 0.1800 0.0185 22.3
1264.0 0.8111 0.2193 0.2203 0.2155 0.2322 68 0.1820 0.0186 22.1
1276.0 0.8091 0.2194 0.2205 0.2157 0.2324 68 0.1840 0.0188 22.1
1289.0 0.8071 0.2196 0.2206 0.2159 0.2325 68 0.1860 0.0190 22.0
1295.0 0.8051 0.2198 0.2208 0.2160 0.2327 68 0.1880 0.0191 21.9
1308.0 0.8031 0.2199 0.2209 0.2161 0.2329 67 0.1900 0.0193 21.9
1327.0 0.8011 0.2201 0.2210 0.2163 0.2330 67 0.1920 0.0194 21.9
1339.0 0.7991 0.2203 0.2212 0.2164 0.2332 67 0.1940 0.0196 21.9
1351.0 0.7971 0.2205 0.2213 0.2166 0.2334 68 0.1960 0.0198 22.0
1364.0 0.7951 0.2206 0.2215 0.2167 0.2335 68 0.1980 0.0199 22.0
1377.0 0.7931 0.2208 0.2216 0.2169 0.2337 68 0.2000 0.0201 22.0
1389.0 0.7911 0.2210 0.2218 0.2171 0.2339 67 0.2020 0.0203 21.9
1401.0 0.7890 0.2212 0.2220 0.2172 0.2341 67 0.2041 0.0204 21.8
1414.0 0.7871 0.2214 0.2221 0.2174 0.2342 67 0.2060 0.0206 21.7
1422.0 0.7851 0.2215 0.2223 0.2176 0.2344 68 0.2080 0.0208 22.0
1433.0 0.7831 0.2217 0.2225 0.2178 0.2346 66 0.2100 0.0210 21.5
1451.0 0.7811 0.2219 0.2227 0.2179 0.2347 65 0.2120 0.0211 21.1
1464.0 0.7791 0.2220 0.2228 0.2181 0.2349 65 0.2140 0.0213 21.1
1477.0 0.7771 0.2222 0.2230 0.2183 0.2350 65 0.2160 0.0214 21.0
1490.0 0.7751 0.2223 0.2232 0.2184 0.2352 65 0.2180 0.0216 20.9
1503.0 0.7731 0.2225 0.2233 0.2186 0.2354 64 0.2200 0.0218 20.8
1515.0 0.7711 0.2227 0.2235 0.2188 0.2355 64 0.2220 0.0219 20.7
1527.0 0.7691 0.2228 0.2236 0.2189 0.2357 64 0.2240 0.0221 20.7
1540.0 0.7671 0.2230 0.2238 0.2191 0.2358 63 0.2260 0.0222 20.5
1551.0 0.7650 0.2231 0.2239 0.2192 0.2359 63 0.2281 0.0223 20.5
1559.0 0.7631 0.2232 0.2241 0.2194 0.2360 62 0.2300 0.0225 20.2
1572.0 0.7611 0.2233 0.2242 0.2195 0.2361 62 0.2320 0.0226 20.1
1589.0 0.7591 0.2234 0.2243 0.2197 0.2362 62 0.2340 0.0227 20.1
1602.0 0.7571 0.2236 0.2244 0.2198 0.2364 62 0.2360 0.0229 20.0
1615.0 0.7551 0.2237 0.2246 0.2199 0.2365 62 0.2380 0.0230 20.0
1627.0 0.7531 0.2239 0.2247 0.2200 0.2366 62 0.2400 0.0231 20.0
1640.0 0.7511 0.2240 0.2248 0.2202 0.2367 62 0.2420 0.0232 20.0
1652.0 0.7491 0.2242 0.2249 0.2203 0.2369 62 0.2440 0.0234 20.0
1665.0 0.7471 0.2243 0.2250 0.2204 0.2370 62 0.2460 0.0235 20.1
1678.0 0.7451 0.2244 0.2251 0.2205 0.2371 62 0.2480 0.0236 20.2
1684.0 0.7431 0.2246 0.2252 0.2206 0.2372 62 0.2500 0.0237 20.1
1697.0 0.7411 0.2247 0.2252 0.2207 0.2373 62 0.2520 0.0238 20.2
1715.0 0.7391 0.2248 0.2253 0.2207 0.2374 62 0.2540 0.0239 20.3
1728.0 0.7371 0.2250 0.2254 0.2209 0.2376 62 0.2560 0.0240 20.1
1741.0 0.7351 0.2252 0.2255 0.2210 0.2377 62 0.2580 0.0242 20.0
1753.0 0.7330 0.2253 0.2256 0.2211 0.2379 61 0.2601 0.0243 19.8
1765.0 0.7311 0.2255 0.2257 0.2212 0.2380 61 0.2620 0.0244 19.7
1777.0 0.7291 0.2256 0.2257 0.2213 0.2381 61 0.2640 0.0245 19.7
1790.0 0.7271 0.2257 0.2258 0.2214 0.2382 61 0.2660 0.0246 19.8
1803.0 0.7251 0.2258 0.2259 0.2214 0.2383 61 0.2680 0.0247 19.9
1812.0 0.7230 0.2260 0.2259 0.2215 0.2385 63 0.2701 0.0248 20.4
1822.0 0.7211 0.2261 0.2260 0.2216 0.2385 62 0.2720 0.0249 20.0
1835.0 0.7191 0.2262 0.2261 0.2216 0.2387 62 0.2740 0.0250 20.0
1853.0 0.7171 0.2264 0.2261 0.2217 0.2388 61 0.2760 0.0251 19.9
1865.0 0.7150 0.2265 0.2262 0.2218 0.2389 61 0.2781 0.0252 19.8
1878.0 0.7131 0.2266 0.2263 0.2219 0.2390 61 0.2800 0.0253 19.7
1889.0 0.7111 0.2268 0.2263 0.2220 0.2391 60 0.2820 0.0254 19.6
1902.0 0.7091 0.2269 0.2264 0.2220 0.2393 60 0.2840 0.0255 19.5
1914.0 0.7071 0.2270 0.2265 0.2221 0.2394 60 0.2860 0.0256 19.5
1927.0 0.7051 0.2271 0.2266 0.2222 0.2395 60 0.2880 0.0257 19.4
1939.0 0.7030 0.2272 0.2266 0.2223 0.2396 60 0.2901 0.0257 19.4
1946.0 0.7011 0.2274 0.2267 0.2224 0.2397 59 0.2920 0.0259 19.3
1959.0 0.6991 0.2275 0.2268 0.2224 0.2398 59 0.2940 0.0259 19.3
1977.0 0.6971 0.2274 0.2266 0.2224 0.2397 53 0.2960 0.0258 17.1
1989.0 0.6950 0.2275 0.2265 0.2223 0.2398 54 0.2981 0.0258 17.6
2002.0 0.6931 0.2275 0.2264 0.2222 0.2398 55 0.3000 0.0258 17.8
2015.0 0.6911 0.2275 0.2264 0.2221 0.2398 56 0.3020 0.0258 18.0
2028.0 0.6891 0.2275 0.2263 0.2220 0.2398 56 0.3040 0.0257 18.2
2040.0 0.6870 0.2276 0.2262 0.2219 0.2398 56 0.3061 0.0257 18.2
2052.0 0.6851 0.2276 0.2262 0.2219 0.2398 56 0.3080 0.0257 18.3
2065.0 0.6831 0.2276 0.2261 0.2218 0.2398 56 0.3100 0.0256 18.3
2074.0 0.6811 0.2276 0.2261 0.2218 0.2398 57 0.3120 0.0256 18.6
2084.0 0.6791 0.2276 0.2260 0.2217 0.2398 56 0.3140 0.0256 18.2
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)

2096.0 0.6771 0.2276 0.2259 0.2217 0.2398 56 0.3160 0.0256 18.3
2114.0 0.6751 0.2276 0.2259 0.2216 0.2398 56 0.3180 0.0255 18.3
2127.0 0.6731 0.2276 0.2258 0.2215 0.2398 56 0.3200 0.0255 18.3
2140.0 0.6711 0.2276 0.2258 0.2215 0.2398 57 0.3220 0.0255 18.3
2152.0 0.6691 0.2275 0.2257 0.2214 0.2398 56 0.3240 0.0254 18.2
2165.0 0.6671 0.2275 0.2257 0.2214 0.2397 56 0.3260 0.0254 18.3
2177.0 0.6651 0.2275 0.2257 0.2213 0.2397 57 0.3280 0.0254 18.4
2189.0 0.6631 0.2274 0.2256 0.2213 0.2397 57 0.3300 0.0253 18.4
2202.0 0.6611 0.2274 0.2256 0.2212 0.2397 57 0.3320 0.0253 18.5
2209.0 0.6591 0.2274 0.2256 0.2212 0.2397 57 0.3340 0.0253 18.4
2221.0 0.6571 0.2274 0.2255 0.2211 0.2397 57 0.3360 0.0252 18.6
2240.0 0.6551 0.2273 0.2255 0.2211 0.2396 58 0.3380 0.0252 18.7
2252.0 0.6531 0.2273 0.2255 0.2210 0.2396 57 0.3400 0.0252 18.6
2265.0 0.6511 0.2273 0.2255 0.2210 0.2396 58 0.3420 0.0252 18.7
2277.0 0.6491 0.2273 0.2255 0.2210 0.2396 58 0.3440 0.0252 18.7
2290.0 0.6471 0.2273 0.2255 0.2210 0.2396 58 0.3460 0.0252 18.8
2302.0 0.6451 0.2273 0.2254 0.2209 0.2396 58 0.3480 0.0251 18.9
2315.0 0.6431 0.2273 0.2254 0.2209 0.2397 58 0.3500 0.0251 18.9
2327.0 0.6411 0.2273 0.2254 0.2209 0.2397 59 0.3520 0.0251 19.0
2336.0 0.6390 0.2273 0.2254 0.2209 0.2397 60 0.3541 0.0251 19.5
2347.0 0.6371 0.2273 0.2254 0.2209 0.2397 58 0.3560 0.0251 19.0
2360.0 0.6351 0.2273 0.2254 0.2209 0.2397 59 0.3580 0.0251 19.0
2378.0 0.6331 0.2272 0.2254 0.2208 0.2397 59 0.3600 0.0251 19.1
2390.0 0.6311 0.2272 0.2254 0.2208 0.2397 59 0.3620 0.0251 19.2
2403.0 0.6291 0.2272 0.2254 0.2208 0.2397 59 0.3640 0.0251 19.3
2415.0 0.6271 0.2273 0.2254 0.2208 0.2397 59 0.3660 0.0251 19.3
2428.0 0.6251 0.2272 0.2254 0.2208 0.2397 60 0.3680 0.0251 19.3
2440.0 0.6231 0.2273 0.2254 0.2208 0.2397 60 0.3700 0.0251 19.4
2453.0 0.6211 0.2273 0.2254 0.2208 0.2398 60 0.3720 0.0251 19.5
2465.0 0.6191 0.2273 0.2254 0.2208 0.2398 61 0.3740 0.0251 19.8
2473.0 0.6171 0.2273 0.2254 0.2208 0.2398 60 0.3760 0.0251 19.5
2485.0 0.6151 0.2273 0.2254 0.2208 0.2399 60 0.3780 0.0252 19.6
2504.0 0.6131 0.2273 0.2254 0.2208 0.2399 60 0.3800 0.0252 19.6
2517.0 0.6111 0.2273 0.2254 0.2208 0.2399 61 0.3820 0.0252 19.6
2529.0 0.6091 0.2273 0.2254 0.2208 0.2399 61 0.3840 0.0252 19.7
2541.0 0.6071 0.2273 0.2254 0.2207 0.2400 61 0.3860 0.0252 19.7
2554.0 0.6051 0.2273 0.2254 0.2207 0.2400 61 0.3880 0.0252 19.7
2567.0 0.6031 0.2273 0.2254 0.2207 0.2401 61 0.3900 0.0252 19.6
2579.0 0.6011 0.2273 0.2254 0.2207 0.2401 60 0.3920 0.0252 19.6
2592.0 0.5991 0.2273 0.2254 0.2207 0.2401 60 0.3940 0.0252 19.5
2599.0 0.5971 0.2273 0.2255 0.2207 0.2402 60 0.3960 0.0252 19.4
2612.0 0.5951 0.2272 0.2255 0.2206 0.2402 60 0.3980 0.0252 19.4
2630.0 0.5931 0.2272 0.2255 0.2206 0.2401 60 0.4000 0.0252 19.3
2643.0 0.5911 0.2272 0.2255 0.2206 0.2402 60 0.4020 0.0252 19.4
2655.0 0.5891 0.2272 0.2256 0.2206 0.2402 60 0.4040 0.0252 19.4
2668.0 0.5871 0.2272 0.2256 0.2205 0.2402 60 0.4060 0.0252 19.3
2681.0 0.5851 0.2271 0.2256 0.2205 0.2403 59 0.4080 0.0252 19.2
2693.0 0.5831 0.2271 0.2257 0.2205 0.2403 59 0.4100 0.0252 19.1
2706.0 0.5811 0.2271 0.2257 0.2205 0.2403 59 0.4120 0.0252 19.0
2718.0 0.5791 0.2270 0.2257 0.2204 0.2403 59 0.4140 0.0252 19.1
2727.0 0.5771 0.2270 0.2257 0.2204 0.2404 60 0.4160 0.0252 19.5
2737.0 0.5751 0.2269 0.2258 0.2203 0.2404 59 0.4180 0.0252 19.0
2751.0 0.5731 0.2268 0.2258 0.2203 0.2404 59 0.4200 0.0251 19.0
2769.0 0.5711 0.2268 0.2258 0.2203 0.2404 58 0.4220 0.0251 18.7
2782.0 0.5691 0.2268 0.2258 0.2203 0.2404 57 0.4240 0.0251 18.6
2794.0 0.5671 0.2268 0.2259 0.2203 0.2405 57 0.4260 0.0252 18.4
2807.0 0.5651 0.2268 0.2259 0.2203 0.2405 56 0.4280 0.0252 18.3
2819.0 0.5631 0.2268 0.2260 0.2203 0.2405 56 0.4300 0.0252 18.2
2832.0 0.5611 0.2267 0.2260 0.2202 0.2405 56 0.4320 0.0252 18.2
2844.0 0.5591 0.2267 0.2260 0.2202 0.2405 56 0.4340 0.0252 18.2
2856.0 0.5570 0.2266 0.2260 0.2201 0.2405 57 0.4361 0.0251 18.5
2864.0 0.5551 0.2265 0.2260 0.2201 0.2405 56 0.4380 0.0251 18.1
2877.0 0.5531 0.2265 0.2260 0.2201 0.2405 56 0.4400 0.0251 18.0
2895.0 0.5511 0.2264 0.2260 0.2200 0.2405 55 0.4420 0.0250 17.9
2908.0 0.5491 0.2264 0.2261 0.2200 0.2406 55 0.4440 0.0251 17.8
2921.0 0.5471 0.2264 0.2261 0.2200 0.2406 55 0.4460 0.0251 17.7
2933.0 0.5451 0.2263 0.2261 0.2199 0.2406 54 0.4480 0.0250 17.6
2945.0 0.5431 0.2262 0.2262 0.2199 0.2406 54 0.4500 0.0250 17.5
2958.0 0.5411 0.2262 0.2262 0.2198 0.2406 54 0.4520 0.0250 17.5
2970.0 0.5391 0.2261 0.2262 0.2198 0.2406 54 0.4540 0.0250 17.5
2983.0 0.5371 0.2261 0.2262 0.2197 0.2406 54 0.4560 0.0250 17.5
2989.0 0.5351 0.2260 0.2263 0.2197 0.2407 54 0.4580 0.0250 17.4
3002.0 0.5331 0.2259 0.2263 0.2196 0.2406 54 0.4600 0.0249 17.4
3020.0 0.5311 0.2258 0.2263 0.2196 0.2406 53 0.4620 0.0249 17.1
3033.0 0.5291 0.2258 0.2263 0.2195 0.2406 53 0.4640 0.0249 17.2
3045.0 0.5271 0.2257 0.2262 0.2194 0.2405 53 0.4660 0.0248 17.1
3058.0 0.5250 0.2256 0.2262 0.2194 0.2405 52 0.4681 0.0247 17.0
3070.0 0.5231 0.2256 0.2262 0.2193 0.2405 52 0.4700 0.0247 16.9
3082.0 0.5211 0.2255 0.2261 0.2192 0.2404 52 0.4720 0.0246 16.8
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)

3094.0 0.5191 0.2254 0.2261 0.2192 0.2404 52 0.4740 0.0246 16.8
3107.0 0.5171 0.2253 0.2261 0.2191 0.2404 52 0.4760 0.0245 16.7
3116.0 0.5150 0.2252 0.2261 0.2190 0.2404 53 0.4781 0.0245 17.1
3126.0 0.5131 0.2251 0.2261 0.2189 0.2403 51 0.4800 0.0244 16.6
3139.0 0.5111 0.2250 0.2261 0.2189 0.2403 51 0.4820 0.0244 16.5
3158.0 0.5091 0.2249 0.2260 0.2187 0.2402 51 0.4840 0.0243 16.5
3170.0 0.5071 0.2248 0.2260 0.2187 0.2402 50 0.4860 0.0242 16.3
3182.0 0.5051 0.2247 0.2260 0.2186 0.2402 50 0.4880 0.0242 16.3
3195.0 0.5031 0.2245 0.2260 0.2185 0.2401 50 0.4900 0.0241 16.2
3208.0 0.5011 0.2244 0.2260 0.2184 0.2401 50 0.4920 0.0240 16.2
3220.0 0.4991 0.2243 0.2260 0.2183 0.2401 50 0.4940 0.0240 16.1
3233.0 0.4971 0.2242 0.2260 0.2182 0.2400 49 0.4960 0.0239 16.0
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, soft Lab ID DS-951

Hole Number 205-ADC Depth (ft.) 92.3'
Test Type Direct shear of intact specimen

As Received
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, soft Lab ID DS-951

Hole Number 205-ADC Depth (ft.) 92.3'
Test Type Direct shear of intact specimen

Post Test
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Direct Shear Strength of Rock
ASTM D 5607

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, moderately hard Lab ID DS-959

Hole Number 206-A Depth (ft.) 90.5' Date Received 08/06/2019
Test Type Direct shear of intact specimen

Diameter (in.) 1.979
Initial Moisture Condition As received, moist Angle of Dip (deg.) 0.0

At Test Moisture Condition Soaked at least 12 hours prior to test. Area (in2) 3.07
Roughness (JRC) 8

Test A Test B Test C Test D Test E
Normal Stress (psi) 34.7 34.7 N/A N/A N/A

Peak Shear Stress (psi) 182.9
Deflection at Peak (in) 0.0600
Post Peak Stress (psi) N/A 37.5 N/A N/A N/A

Deflection at Residual (in) N/A 0.2500 N/A N/A N/A

Comments The Test A (intact) shear plane extended slightly into the Hydro-stone encasement.  
Accordingly, Test B (post peak) was performed wherein the Hydro-Stone was chipped
away from the shear plane.
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Direct Shear Strength of Rock
ASTM D 5607

Johnson County Section 202 Study Project Number
Shale, gray, moderately hard Lab ID
206-A Date Received

Depth (ft.) 90.5'
Direct shear of intact specimen Diameter (in)

Initial Moisture Condition As received, moist Angle of Dip (deg)
Test Moisture Condition Soaked at least 12 hours prior to test. Area(in2)

Joint Roughness 8
Date Prepared

Normal Stress (psi) 34.72 Date Tested

Shear Rate to Peak (in/min) 0.003

Encapsulation Material Hydro-Stone

Comments

175529001
DS-959

08/06/2019

1.979
0.0
3.07

09/04/2015
09/06/2019

Project Name
Lithology

Hole Number

Test Type

Sketch
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)
0.0 1.0044 0.2065 0.2041 0.2050 0.2053 5 0.0000 0.0000 1.6
55.0 1.0024 0.2065 0.2041 0.2048 0.2055 5 0.0020 0.0000 1.6
87.0 1.0004 0.2065 0.2041 0.2047 0.2057 5 0.0040 0.0000 1.6

113.0 0.9984 0.2065 0.2041 0.2047 0.2057 5 0.0060 0.0000 1.8
148.0 0.9964 0.2065 0.2042 0.2046 0.2057 7 0.0080 0.0000 2.1
184.0 0.9944 0.2065 0.2042 0.2046 0.2057 8 0.0100 0.0000 2.6
236.0 0.9924 0.2065 0.2042 0.2046 0.2057 9 0.0120 0.0000 3.1
270.0 0.9904 0.2065 0.2042 0.2046 0.2057 10 0.0140 0.0000 3.2
303.0 0.9884 0.2065 0.2042 0.2046 0.2057 9 0.0160 0.0000 3.1
337.0 0.9864 0.2065 0.2042 0.2046 0.2057 9 0.0180 0.0000 3.0
372.0 0.9844 0.2065 0.2042 0.2046 0.2058 11 0.0200 0.0000 3.5
408.0 0.9824 0.2065 0.2041 0.2045 0.2058 15 0.0220 0.0000 4.8
443.0 0.9804 0.2064 0.2041 0.2045 0.2058 18 0.0240 0.0000 6.0
463.0 0.9784 0.2065 0.2041 0.2045 0.2058 21 0.0260 0.0000 6.9
500.0 0.9764 0.2065 0.2041 0.2045 0.2058 29 0.0280 0.0000 9.3
554.0 0.9744 0.2065 0.2041 0.2045 0.2059 41 0.0300 0.0000 13.4
592.0 0.9724 0.2065 0.2042 0.2043 0.2060 63 0.0320 0.0000 20.6
629.0 0.9704 0.2065 0.2042 0.2043 0.2062 88 0.0340 0.0001 28.5
670.0 0.9684 0.2068 0.2045 0.2041 0.2068 124 0.0360 0.0003 40.3
710.0 0.9664 0.2072 0.2049 0.2041 0.2077 157 0.0380 0.0008 51.2
750.0 0.9644 0.2078 0.2056 0.2041 0.2089 189 0.0400 0.0014 61.6
790.0 0.9624 0.2081 0.2061 0.2041 0.2098 227 0.0420 0.0018 73.9
831.0 0.9604 0.2083 0.2064 0.2040 0.2104 265 0.0440 0.0021 86.2
871.0 0.9584 0.2085 0.2067 0.2039 0.2110 302 0.0460 0.0023 98.1
910.0 0.9564 0.2088 0.2071 0.2038 0.2116 340 0.0480 0.0026 110.5
948.0 0.9544 0.2091 0.2076 0.2038 0.2126 379 0.0500 0.0031 123.3
987.0 0.9524 0.2097 0.2084 0.2036 0.2141 417 0.0520 0.0037 135.6
1026.0 0.9504 0.2104 0.2093 0.2035 0.2157 455 0.0540 0.0045 148.0
1063.0 0.9484 0.2112 0.2103 0.2033 0.2176 492 0.0560 0.0054 159.9
1101.0 0.9464 0.2121 0.2115 0.2032 0.2197 528 0.0580 0.0064 171.6
1139.0 0.9444 0.2130 0.2126 0.2031 0.2218 562 0.0600 0.0074 182.9
1173.0 0.9424 0.2139 0.2134 0.2031 0.2234 551 0.0620 0.0082 179.3
1196.0 0.9404 0.2138 0.2133 0.2032 0.2230 426 0.0640 0.0081 138.5
1220.0 0.9384 0.2132 0.2128 0.2033 0.2219 326 0.0660 0.0076 106.0
1253.0 0.9364 0.2133 0.2128 0.2034 0.2220 307 0.0680 0.0076 99.7
1287.0 0.9344 0.2137 0.2132 0.2034 0.2227 301 0.0700 0.0080 98.0
1320.0 0.9324 0.2142 0.2136 0.2035 0.2234 298 0.0720 0.0085 97.1
1352.0 0.9304 0.2147 0.2141 0.2035 0.2243 291 0.0740 0.0089 94.7
1385.0 0.9284 0.2151 0.2146 0.2036 0.2251 273 0.0760 0.0094 88.6
1417.0 0.9264 0.2156 0.2150 0.2038 0.2259 263 0.0780 0.0099 85.6
1450.0 0.9244 0.2161 0.2155 0.2039 0.2267 262 0.0800 0.0103 85.3
1483.0 0.9224 0.2165 0.2159 0.2040 0.2274 259 0.0820 0.0107 84.1
1512.0 0.9204 0.2161 0.2156 0.2040 0.2267 210 0.0840 0.0104 68.4
1546.0 0.9184 0.2165 0.2160 0.2041 0.2274 210 0.0860 0.0108 68.2
1578.0 0.9164 0.2170 0.2165 0.2043 0.2281 206 0.0880 0.0113 66.9
1612.0 0.9144 0.2174 0.2169 0.2045 0.2288 201 0.0900 0.0117 65.4
1645.0 0.9124 0.2178 0.2174 0.2047 0.2295 197 0.0920 0.0121 63.9
1679.0 0.9104 0.2182 0.2180 0.2049 0.2302 195 0.0940 0.0126 63.5
1712.0 0.9084 0.2186 0.2185 0.2052 0.2309 192 0.0960 0.0131 62.5
1746.0 0.9064 0.2190 0.2191 0.2055 0.2315 190 0.0980 0.0136 61.9
1779.0 0.9044 0.2194 0.2196 0.2058 0.2321 187 0.1000 0.0140 60.9
1813.0 0.9024 0.2198 0.2201 0.2061 0.2327 184 0.1020 0.0145 59.9
1846.0 0.9004 0.2201 0.2206 0.2064 0.2332 182 0.1040 0.0149 59.1
1879.0 0.8984 0.2205 0.2211 0.2068 0.2337 179 0.1060 0.0153 58.4
1914.0 0.8964 0.2209 0.2218 0.2072 0.2344 177 0.1080 0.0159 57.4
1948.0 0.8944 0.2213 0.2224 0.2076 0.2350 174 0.1100 0.0164 56.7
1982.0 0.8924 0.2218 0.2230 0.2080 0.2356 173 0.1120 0.0169 56.3
2016.0 0.8904 0.2222 0.2235 0.2084 0.2363 172 0.1140 0.0174 56.0
2050.0 0.8884 0.2226 0.2242 0.2088 0.2369 171 0.1160 0.0179 55.6
2084.0 0.8864 0.2230 0.2248 0.2092 0.2375 169 0.1180 0.0184 54.9
2117.0 0.8844 0.2234 0.2253 0.2096 0.2380 169 0.1200 0.0189 55.0
2152.0 0.8824 0.2237 0.2259 0.2099 0.2386 170 0.1220 0.0193 55.3
2186.0 0.8804 0.2241 0.2264 0.2103 0.2392 169 0.1240 0.0198 55.1
2219.0 0.8784 0.2246 0.2271 0.2107 0.2398 167 0.1260 0.0203 54.4
2252.0 0.8764 0.2250 0.2277 0.2112 0.2404 166 0.1280 0.0209 53.9
2286.0 0.8744 0.2254 0.2283 0.2116 0.2410 165 0.1300 0.0214 53.7
2320.0 0.8724 0.2258 0.2290 0.2121 0.2416 164 0.1320 0.0219 53.4
2354.0 0.8704 0.2262 0.2296 0.2125 0.2421 164 0.1340 0.0224 53.3
2388.0 0.8684 0.2266 0.2302 0.2129 0.2427 164 0.1360 0.0229 53.2
2422.0 0.8664 0.2270 0.2307 0.2133 0.2433 165 0.1380 0.0234 53.5
2457.0 0.8644 0.2274 0.2313 0.2136 0.2439 165 0.1400 0.0238 53.7
2491.0 0.8624 0.2278 0.2319 0.2141 0.2445 164 0.1420 0.0244 53.2
2525.0 0.8604 0.2282 0.2326 0.2146 0.2451 163 0.1440 0.0249 52.9
2560.0 0.8584 0.2287 0.2333 0.2151 0.2457 161 0.1460 0.0255 52.5
2594.0 0.8564 0.2291 0.2339 0.2156 0.2463 160 0.1480 0.0260 52.0
2628.0 0.8544 0.2295 0.2346 0.2161 0.2469 159 0.1500 0.0266 51.6
2662.0 0.8524 0.2299 0.2352 0.2165 0.2475 157 0.1520 0.0271 51.1
2696.0 0.8504 0.2303 0.2359 0.2170 0.2480 156 0.1540 0.0276 50.8
2731.0 0.8484 0.2308 0.2366 0.2176 0.2486 155 0.1560 0.0282 50.4
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)

2765.0 0.8464 0.2311 0.2372 0.2179 0.2492 155 0.1580 0.0286 50.5
2799.0 0.8444 0.2314 0.2377 0.2183 0.2497 156 0.1600 0.0291 50.9
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Direct Shear Strength of Rock
ASTM D 5607

Johnson County Section 202 Study Project Number
Shale, gray, moderately hard Lab ID
206-A Date Received

Depth (ft.) 90.5'
Direct shear of intact specimen Diameter (in)

Initial Moisture Condition As received, moist Angle of Dip (deg)
Test Moisture Condition Soaked at least 12 hours prior to test. Area(in2)

Joint Roughness 8
Date Prepared

Normal Stress (psi) 34.72 Date Tested

Shear Rate to Peak (in/min) N/A

Encapsulation Material Hydro-Stone

Post peak was performed wherein the Hydro-Stone was chipped away from the shear
zone.

Project Name 175529001
Lithology DS-959

Hole Number 08/06/2019

Sketch

Comments

Test Type 1.979
0.0
3.07

09/04/2015
09/06/2019
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2nd Residual - Test B

Shear Stress Vertical Deflection
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)
0.0 1.0023 0.2054 0.2029 0.2015 0.2022 4 0.0000 0.0000 1.3
25.0 1.0003 0.2053 0.2029 0.2011 0.2025 8 0.0020 -0.0001 2.4
33.0 0.9983 0.2053 0.2029 0.2009 0.2027 11 0.0040 -0.0001 3.7
46.0 0.9963 0.2053 0.2029 0.2008 0.2028 12 0.0060 -0.0001 3.9
60.0 0.9943 0.2052 0.2029 0.2006 0.2030 14 0.0080 -0.0001 4.6
75.0 0.9923 0.2052 0.2029 0.2004 0.2031 18 0.0100 -0.0001 5.7
94.0 0.9903 0.2051 0.2029 0.2003 0.2033 21 0.0120 -0.0001 6.9

106.0 0.9883 0.2051 0.2029 0.2002 0.2033 23 0.0140 -0.0001 7.6
120.0 0.9863 0.2051 0.2029 0.2000 0.2035 27 0.0160 -0.0001 8.9
132.0 0.9843 0.2050 0.2029 0.1998 0.2036 32 0.0180 -0.0002 10.4
145.0 0.9823 0.2050 0.2028 0.1997 0.2036 34 0.0200 -0.0002 11.2
157.0 0.9803 0.2050 0.2027 0.1994 0.2038 40 0.0220 -0.0003 13.1
170.0 0.9783 0.2049 0.2027 0.1992 0.2039 46 0.0240 -0.0003 14.9
181.0 0.9763 0.2048 0.2027 0.1989 0.2041 56 0.0260 -0.0004 18.2
188.0 0.9743 0.2047 0.2027 0.1986 0.2043 59 0.0280 -0.0004 19.3
201.0 0.9723 0.2046 0.2028 0.1983 0.2046 67 0.0300 -0.0004 21.6
221.0 0.9703 0.2045 0.2029 0.1980 0.2049 73 0.0320 -0.0004 23.7
234.0 0.9683 0.2044 0.2030 0.1977 0.2054 78 0.0340 -0.0004 25.3
248.0 0.9663 0.2044 0.2032 0.1975 0.2059 82 0.0360 -0.0003 26.8
261.0 0.9643 0.2044 0.2035 0.1973 0.2064 87 0.0380 -0.0001 28.4
275.0 0.9623 0.2046 0.2037 0.1972 0.2069 91 0.0400 0.0001 29.7
288.0 0.9603 0.2047 0.2040 0.1971 0.2074 95 0.0420 0.0003 31.0
301.0 0.9583 0.2050 0.2043 0.1971 0.2080 99 0.0440 0.0006 32.3
314.0 0.9563 0.2052 0.2046 0.1971 0.2085 103 0.0460 0.0008 33.5
327.0 0.9543 0.2055 0.2049 0.1972 0.2091 106 0.0480 0.0012 34.5
335.0 0.9523 0.2058 0.2052 0.1972 0.2096 109 0.0500 0.0015 35.5
353.0 0.9503 0.2061 0.2055 0.1973 0.2101 112 0.0520 0.0017 36.5
366.0 0.9483 0.2064 0.2058 0.1974 0.2106 115 0.0540 0.0021 37.5
380.0 0.9463 0.2068 0.2062 0.1976 0.2112 118 0.0560 0.0025 38.4
393.0 0.9443 0.2072 0.2066 0.1978 0.2118 120 0.0580 0.0028 39.1
406.0 0.9423 0.2076 0.2070 0.1980 0.2123 122 0.0600 0.0032 39.8
419.0 0.9403 0.2081 0.2074 0.1982 0.2129 124 0.0620 0.0036 40.3
432.0 0.9383 0.2085 0.2078 0.1984 0.2135 125 0.0640 0.0041 40.6
446.0 0.9363 0.2090 0.2083 0.1987 0.2141 127 0.0660 0.0045 41.2
459.0 0.9343 0.2095 0.2087 0.1991 0.2147 127 0.0680 0.0050 41.4
471.0 0.9323 0.2099 0.2092 0.1995 0.2152 129 0.0700 0.0055 41.9
485.0 0.9303 0.2104 0.2096 0.1998 0.2157 129 0.0720 0.0059 41.9
498.0 0.9283 0.2109 0.2101 0.2002 0.2162 130 0.0740 0.0063 42.1
511.0 0.9263 0.2113 0.2106 0.2005 0.2167 130 0.0760 0.0068 42.4
524.0 0.9243 0.2118 0.2110 0.2010 0.2172 131 0.0780 0.0072 42.6
537.0 0.9223 0.2123 0.2115 0.2014 0.2177 131 0.0800 0.0077 42.6
549.0 0.9203 0.2128 0.2120 0.2019 0.2182 131 0.0820 0.0082 42.5
562.0 0.9183 0.2133 0.2126 0.2024 0.2187 130 0.0840 0.0087 42.4
575.0 0.9163 0.2138 0.2131 0.2029 0.2193 130 0.0860 0.0093 42.2
587.0 0.9143 0.2143 0.2137 0.2035 0.2198 129 0.0880 0.0098 42.0
600.0 0.9123 0.2148 0.2142 0.2040 0.2203 127 0.0900 0.0103 41.4
611.0 0.9103 0.2154 0.2147 0.2046 0.2208 127 0.0920 0.0109 41.2
625.0 0.9083 0.2159 0.2153 0.2051 0.2213 126 0.0940 0.0114 40.9
638.0 0.9063 0.2164 0.2158 0.2057 0.2218 126 0.0960 0.0119 40.8
651.0 0.9043 0.2169 0.2163 0.2062 0.2223 125 0.0980 0.0124 40.6
664.0 0.9023 0.2174 0.2168 0.2067 0.2228 125 0.1000 0.0129 40.5
676.0 0.9003 0.2179 0.2173 0.2072 0.2233 124 0.1020 0.0134 40.5
689.0 0.8983 0.2184 0.2179 0.2078 0.2238 124 0.1040 0.0140 40.4
702.0 0.8963 0.2189 0.2184 0.2083 0.2243 124 0.1060 0.0145 40.3
715.0 0.8943 0.2194 0.2189 0.2088 0.2248 124 0.1080 0.0150 40.3
727.0 0.8923 0.2199 0.2194 0.2093 0.2253 123 0.1100 0.0155 40.0
740.0 0.8903 0.2204 0.2199 0.2099 0.2258 124 0.1120 0.0160 40.2
753.0 0.8883 0.2209 0.2205 0.2104 0.2263 123 0.1140 0.0165 40.0
766.0 0.8863 0.2214 0.2210 0.2109 0.2268 123 0.1160 0.0170 39.9
778.0 0.8843 0.2219 0.2215 0.2114 0.2273 123 0.1180 0.0175 39.9
791.0 0.8823 0.2223 0.2220 0.2119 0.2278 123 0.1200 0.0180 39.9
804.0 0.8803 0.2228 0.2225 0.2124 0.2283 122 0.1220 0.0185 39.8
816.0 0.8783 0.2233 0.2230 0.2129 0.2288 122 0.1240 0.0190 39.7
829.0 0.8763 0.2238 0.2234 0.2133 0.2293 123 0.1260 0.0195 40.0
841.0 0.8743 0.2242 0.2239 0.2138 0.2297 124 0.1280 0.0199 40.2
854.0 0.8723 0.2247 0.2244 0.2142 0.2302 124 0.1300 0.0204 40.4
867.0 0.8703 0.2251 0.2248 0.2146 0.2306 125 0.1320 0.0208 40.6
879.0 0.8683 0.2255 0.2252 0.2151 0.2311 126 0.1340 0.0212 40.9
892.0 0.8663 0.2260 0.2257 0.2155 0.2315 126 0.1360 0.0217 41.0
904.0 0.8643 0.2265 0.2261 0.2160 0.2320 126 0.1380 0.0222 41.0
918.0 0.8623 0.2271 0.2266 0.2165 0.2325 126 0.1400 0.0227 41.0
930.0 0.8603 0.2276 0.2271 0.2170 0.2331 126 0.1420 0.0232 41.0
943.0 0.8583 0.2281 0.2276 0.2175 0.2336 125 0.1440 0.0237 40.7
956.0 0.8563 0.2286 0.2281 0.2180 0.2341 124 0.1460 0.0242 40.4
968.0 0.8543 0.2292 0.2285 0.2185 0.2345 124 0.1480 0.0247 40.5
981.0 0.8523 0.2297 0.2290 0.2189 0.2350 124 0.1500 0.0252 40.5
994.0 0.8503 0.2302 0.2294 0.2194 0.2355 125 0.1520 0.0256 40.5
1006.0 0.8483 0.2307 0.2299 0.2199 0.2360 124 0.1540 0.0261 40.3
1019.0 0.8463 0.2312 0.2304 0.2204 0.2366 124 0.1560 0.0267 40.2
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)

1032.0 0.8443 0.2317 0.2308 0.2208 0.2371 124 0.1580 0.0271 40.3
1045.0 0.8423 0.2323 0.2313 0.2213 0.2376 124 0.1600 0.0276 40.3
1057.0 0.8403 0.2327 0.2318 0.2217 0.2381 124 0.1620 0.0281 40.2
1070.0 0.8383 0.2332 0.2323 0.2222 0.2386 123 0.1640 0.0286 40.1
1082.0 0.8363 0.2337 0.2327 0.2226 0.2391 124 0.1660 0.0290 40.2
1095.0 0.8343 0.2342 0.2332 0.2231 0.2396 121 0.1680 0.0295 39.4
1107.0 0.8323 0.2346 0.2337 0.2235 0.2401 120 0.1700 0.0300 39.1
1120.0 0.8303 0.2351 0.2341 0.2239 0.2406 121 0.1720 0.0304 39.3
1132.0 0.8283 0.2355 0.2345 0.2243 0.2410 121 0.1740 0.0308 39.4
1145.0 0.8263 0.2360 0.2349 0.2247 0.2415 122 0.1760 0.0313 39.6
1158.0 0.8243 0.2364 0.2354 0.2251 0.2420 122 0.1780 0.0317 39.6
1171.0 0.8223 0.2369 0.2358 0.2255 0.2424 122 0.1800 0.0322 39.7
1184.0 0.8203 0.2373 0.2363 0.2259 0.2429 123 0.1820 0.0326 39.9
1197.0 0.8183 0.2378 0.2367 0.2263 0.2433 124 0.1840 0.0330 40.3
1210.0 0.8163 0.2382 0.2371 0.2267 0.2438 125 0.1860 0.0335 40.6
1222.0 0.8143 0.2386 0.2375 0.2271 0.2442 126 0.1880 0.0339 40.8
1234.0 0.8123 0.2390 0.2379 0.2274 0.2446 126 0.1900 0.0342 41.0
1247.0 0.8103 0.2395 0.2383 0.2278 0.2451 126 0.1920 0.0347 41.0
1260.0 0.8083 0.2400 0.2387 0.2283 0.2456 125 0.1940 0.0352 40.8
1272.0 0.8063 0.2404 0.2391 0.2287 0.2460 125 0.1960 0.0356 40.6
1285.0 0.8043 0.2409 0.2396 0.2292 0.2465 124 0.1980 0.0361 40.4
1298.0 0.8023 0.2414 0.2400 0.2296 0.2469 124 0.2000 0.0365 40.2
1311.0 0.8003 0.2418 0.2405 0.2300 0.2474 123 0.2020 0.0369 40.0
1323.0 0.7983 0.2422 0.2409 0.2304 0.2478 122 0.2040 0.0373 39.6
1336.0 0.7963 0.2426 0.2413 0.2308 0.2482 120 0.2060 0.0377 39.0
1348.0 0.7943 0.2429 0.2417 0.2312 0.2485 119 0.2080 0.0381 38.7
1361.0 0.7923 0.2433 0.2421 0.2316 0.2489 118 0.2100 0.0385 38.4
1374.0 0.7903 0.2436 0.2425 0.2320 0.2493 118 0.2120 0.0389 38.2
1386.0 0.7883 0.2439 0.2429 0.2324 0.2496 117 0.2140 0.0392 38.1
1396.0 0.7863 0.2443 0.2432 0.2327 0.2500 118 0.2160 0.0396 38.2
1407.0 0.7843 0.2446 0.2435 0.2329 0.2504 116 0.2180 0.0399 37.8
1424.0 0.7823 0.2450 0.2438 0.2332 0.2507 116 0.2200 0.0402 37.8
1437.0 0.7803 0.2453 0.2442 0.2335 0.2511 117 0.2220 0.0405 37.9
1450.0 0.7783 0.2456 0.2445 0.2339 0.2515 116 0.2240 0.0409 37.7
1464.0 0.7763 0.2460 0.2449 0.2342 0.2518 115 0.2260 0.0412 37.4
1476.0 0.7743 0.2463 0.2453 0.2346 0.2522 115 0.2280 0.0416 37.3
1489.0 0.7723 0.2466 0.2457 0.2349 0.2526 115 0.2300 0.0420 37.3
1501.0 0.7703 0.2469 0.2460 0.2352 0.2529 114 0.2320 0.0423 37.1
1514.0 0.7683 0.2473 0.2464 0.2356 0.2533 114 0.2340 0.0427 37.0
1525.0 0.7663 0.2476 0.2467 0.2359 0.2536 115 0.2360 0.0430 37.3
1534.0 0.7643 0.2479 0.2471 0.2362 0.2540 114 0.2380 0.0433 37.0
1552.0 0.7623 0.2482 0.2474 0.2365 0.2543 114 0.2400 0.0436 37.2
1564.0 0.7603 0.2485 0.2477 0.2368 0.2546 115 0.2420 0.0439 37.5
1576.0 0.7583 0.2487 0.2481 0.2371 0.2549 116 0.2440 0.0442 37.6
1589.0 0.7563 0.2490 0.2484 0.2374 0.2552 116 0.2460 0.0445 37.8
1602.0 0.7543 0.2493 0.2487 0.2377 0.2556 116 0.2480 0.0448 37.7
1615.0 0.7523 0.2496 0.2491 0.2381 0.2559 115 0.2500 0.0452 37.5
1627.0 0.7503 0.2500 0.2495 0.2384 0.2562 115 0.2520 0.0455 37.4
1640.0 0.7483 0.2503 0.2499 0.2388 0.2566 115 0.2540 0.0459 37.3
1653.0 0.7463 0.2506 0.2502 0.2391 0.2569 114 0.2560 0.0462 37.2
1660.0 0.7443 0.2509 0.2506 0.2395 0.2573 114 0.2580 0.0466 37.1
1678.0 0.7423 0.2513 0.2509 0.2398 0.2576 114 0.2600 0.0469 37.0
1691.0 0.7403 0.2516 0.2512 0.2401 0.2580 114 0.2620 0.0472 37.1
1703.0 0.7383 0.2519 0.2516 0.2403 0.2583 114 0.2640 0.0475 37.0
1716.0 0.7363 0.2522 0.2519 0.2406 0.2587 114 0.2660 0.0479 37.0
1729.0 0.7343 0.2525 0.2522 0.2409 0.2590 114 0.2680 0.0482 37.1
1742.0 0.7323 0.2529 0.2526 0.2412 0.2594 114 0.2700 0.0485 37.1
1754.0 0.7303 0.2532 0.2529 0.2415 0.2598 114 0.2720 0.0489 37.1
1766.0 0.7283 0.2535 0.2532 0.2418 0.2601 114 0.2740 0.0492 37.2
1779.0 0.7263 0.2538 0.2536 0.2422 0.2605 114 0.2760 0.0495 37.2
1790.0 0.7243 0.2541 0.2539 0.2424 0.2608 116 0.2780 0.0498 37.6
1799.0 0.7223 0.2544 0.2542 0.2427 0.2612 115 0.2800 0.0501 37.2
1817.0 0.7203 0.2547 0.2546 0.2430 0.2615 114 0.2820 0.0505 37.2
1830.0 0.7183 0.2550 0.2549 0.2433 0.2619 115 0.2840 0.0508 37.3
1842.0 0.7163 0.2554 0.2552 0.2436 0.2622 115 0.2860 0.0511 37.3
1855.0 0.7143 0.2557 0.2555 0.2439 0.2625 115 0.2880 0.0514 37.3
1867.0 0.7123 0.2560 0.2558 0.2442 0.2629 115 0.2900 0.0517 37.3
1879.0 0.7103 0.2563 0.2561 0.2444 0.2632 114 0.2920 0.0520 37.0
1892.0 0.7083 0.2566 0.2563 0.2447 0.2635 115 0.2940 0.0523 37.2
1905.0 0.7063 0.2568 0.2566 0.2449 0.2638 115 0.2960 0.0525 37.4
1917.0 0.7043 0.2571 0.2569 0.2451 0.2641 116 0.2980 0.0528 37.6
1924.0 0.7023 0.2574 0.2572 0.2454 0.2644 116 0.3000 0.0531 37.8
1943.0 0.7003 0.2577 0.2575 0.2456 0.2647 117 0.3020 0.0534 37.9
1955.0 0.6983 0.2580 0.2578 0.2459 0.2650 117 0.3040 0.0537 37.9
1968.0 0.6963 0.2583 0.2581 0.2462 0.2653 116 0.3060 0.0540 37.8
1981.0 0.6943 0.2586 0.2584 0.2465 0.2657 116 0.3080 0.0543 37.7
1994.0 0.6923 0.2590 0.2587 0.2468 0.2660 116 0.3100 0.0546 37.7
2006.0 0.6903 0.2593 0.2590 0.2472 0.2664 116 0.3120 0.0550 37.8
2019.0 0.6883 0.2597 0.2594 0.2475 0.2668 116 0.3140 0.0554 37.8
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)

2031.0 0.6863 0.2600 0.2597 0.2478 0.2671 116 0.3160 0.0557 37.7
2044.0 0.6843 0.2603 0.2600 0.2481 0.2675 116 0.3180 0.0560 37.6
2055.0 0.6823 0.2607 0.2603 0.2484 0.2678 117 0.3200 0.0563 38.1
2064.0 0.6803 0.2610 0.2607 0.2487 0.2681 116 0.3220 0.0566 37.7
2081.0 0.6783 0.2613 0.2610 0.2490 0.2685 115 0.3240 0.0570 37.5
2094.0 0.6763 0.2616 0.2613 0.2493 0.2688 116 0.3260 0.0573 37.6
2107.0 0.6743 0.2620 0.2616 0.2497 0.2692 116 0.3280 0.0576 37.6
2119.0 0.6723 0.2623 0.2620 0.2500 0.2695 116 0.3300 0.0580 37.7
2132.0 0.6703 0.2627 0.2623 0.2503 0.2699 116 0.3320 0.0583 37.7
2144.0 0.6683 0.2630 0.2626 0.2506 0.2702 116 0.3340 0.0586 37.7
2157.0 0.6663 0.2633 0.2629 0.2509 0.2706 117 0.3360 0.0589 37.9
2169.0 0.6643 0.2637 0.2633 0.2512 0.2709 116 0.3380 0.0593 37.9
2182.0 0.6623 0.2640 0.2636 0.2515 0.2713 117 0.3400 0.0596 38.0
2190.0 0.6603 0.2644 0.2639 0.2518 0.2716 117 0.3420 0.0599 38.1
2207.0 0.6583 0.2647 0.2642 0.2522 0.2720 117 0.3440 0.0603 37.9
2220.0 0.6563 0.2650 0.2645 0.2524 0.2723 117 0.3460 0.0606 37.9
2233.0 0.6543 0.2653 0.2648 0.2527 0.2726 117 0.3480 0.0609 38.2
2245.0 0.6523 0.2657 0.2651 0.2530 0.2730 119 0.3500 0.0612 38.6
2258.0 0.6503 0.2660 0.2654 0.2532 0.2733 120 0.3520 0.0615 38.9
2270.0 0.6483 0.2662 0.2656 0.2535 0.2736 120 0.3540 0.0617 39.1
2283.0 0.6463 0.2665 0.2659 0.2537 0.2739 121 0.3560 0.0620 39.3
2296.0 0.6443 0.2668 0.2662 0.2540 0.2742 121 0.3580 0.0623 39.4
2308.0 0.6423 0.2672 0.2665 0.2543 0.2745 121 0.3600 0.0626 39.5
2320.0 0.6403 0.2675 0.2668 0.2546 0.2749 122 0.3620 0.0630 39.6
2333.0 0.6383 0.2678 0.2671 0.2549 0.2752 121 0.3640 0.0633 39.4
2346.0 0.6363 0.2682 0.2675 0.2553 0.2756 121 0.3660 0.0637 39.5
2358.0 0.6343 0.2685 0.2678 0.2556 0.2759 122 0.3680 0.0640 39.5
2371.0 0.6323 0.2688 0.2681 0.2559 0.2763 121 0.3700 0.0643 39.4
2383.0 0.6303 0.2692 0.2684 0.2562 0.2766 121 0.3720 0.0646 39.3
2396.0 0.6283 0.2695 0.2688 0.2565 0.2769 121 0.3740 0.0649 39.2
2408.0 0.6263 0.2698 0.2691 0.2568 0.2772 121 0.3760 0.0652 39.3
2421.0 0.6243 0.2701 0.2694 0.2572 0.2776 121 0.3780 0.0656 39.4
2433.0 0.6223 0.2704 0.2697 0.2575 0.2779 120 0.3800 0.0659 39.0
2446.0 0.6203 0.2708 0.2700 0.2578 0.2782 120 0.3820 0.0662 39.0
2454.0 0.6183 0.2711 0.2704 0.2581 0.2786 120 0.3840 0.0666 38.9
2472.0 0.6163 0.2715 0.2707 0.2585 0.2789 120 0.3860 0.0669 38.9
2485.0 0.6143 0.2718 0.2710 0.2588 0.2792 119 0.3880 0.0672 38.8
2498.0 0.6123 0.2721 0.2713 0.2591 0.2796 119 0.3900 0.0675 38.8
2510.0 0.6103 0.2724 0.2716 0.2594 0.2799 119 0.3920 0.0678 38.8
2522.0 0.6083 0.2727 0.2719 0.2597 0.2802 120 0.3940 0.0681 38.9
2535.0 0.6063 0.2730 0.2722 0.2600 0.2805 120 0.3960 0.0684 38.9
2547.0 0.6043 0.2733 0.2725 0.2603 0.2808 119 0.3980 0.0687 38.8
2560.0 0.6023 0.2736 0.2728 0.2606 0.2812 120 0.4000 0.0691 38.9
2573.0 0.6003 0.2739 0.2731 0.2609 0.2815 120 0.4020 0.0694 38.9
2583.0 0.5983 0.2742 0.2734 0.2612 0.2818 121 0.4040 0.0697 39.4
2599.0 0.5963 0.2745 0.2737 0.2614 0.2822 120 0.4060 0.0700 39.1
2611.0 0.5943 0.2748 0.2740 0.2616 0.2825 121 0.4080 0.0702 39.4
2624.0 0.5923 0.2750 0.2742 0.2618 0.2828 122 0.4100 0.0705 39.6
2637.0 0.5903 0.2753 0.2745 0.2620 0.2831 122 0.4120 0.0707 39.8
2650.0 0.5883 0.2755 0.2748 0.2622 0.2835 123 0.4140 0.0710 39.8
2662.0 0.5863 0.2758 0.2750 0.2624 0.2838 122 0.4160 0.0713 39.7
2675.0 0.5843 0.2761 0.2753 0.2627 0.2841 122 0.4180 0.0716 39.6
2687.0 0.5823 0.2765 0.2756 0.2629 0.2845 121 0.4200 0.0719 39.5
2700.0 0.5803 0.2768 0.2759 0.2632 0.2848 121 0.4220 0.0722 39.5
2713.0 0.5783 0.2771 0.2761 0.2634 0.2852 121 0.4240 0.0725 39.4
2722.0 0.5763 0.2774 0.2764 0.2636 0.2856 119 0.4260 0.0728 38.5
2739.0 0.5743 0.2777 0.2767 0.2639 0.2860 121 0.4280 0.0731 39.2
2752.0 0.5723 0.2781 0.2770 0.2641 0.2863 120 0.4300 0.0734 39.1
2765.0 0.5703 0.2784 0.2773 0.2643 0.2867 120 0.4320 0.0737 39.1
2777.0 0.5683 0.2787 0.2776 0.2646 0.2871 120 0.4340 0.0740 39.0
2790.0 0.5663 0.2790 0.2779 0.2648 0.2875 120 0.4360 0.0743 39.0
2802.0 0.5643 0.2793 0.2782 0.2650 0.2879 120 0.4380 0.0746 38.9
2815.0 0.5623 0.2796 0.2785 0.2653 0.2882 120 0.4400 0.0749 38.9
2827.0 0.5603 0.2800 0.2788 0.2655 0.2886 119 0.4420 0.0752 38.7
2840.0 0.5583 0.2803 0.2791 0.2658 0.2889 118 0.4440 0.0755 38.4
2848.0 0.5563 0.2807 0.2794 0.2661 0.2893 118 0.4460 0.0759 38.4
2865.0 0.5543 0.2810 0.2796 0.2663 0.2896 117 0.4480 0.0761 38.1
2878.0 0.5523 0.2813 0.2799 0.2665 0.2900 117 0.4500 0.0764 38.0
2891.0 0.5503 0.2816 0.2802 0.2667 0.2904 117 0.4520 0.0767 38.0
2904.0 0.5483 0.2819 0.2804 0.2669 0.2908 117 0.4540 0.0770 38.0
2916.0 0.5463 0.2822 0.2806 0.2671 0.2911 116 0.4560 0.0773 37.9
2929.0 0.5443 0.2825 0.2809 0.2672 0.2915 116 0.4580 0.0775 37.8
2941.0 0.5423 0.2828 0.2811 0.2674 0.2918 116 0.4600 0.0778 37.9
2954.0 0.5403 0.2831 0.2813 0.2675 0.2922 117 0.4620 0.0780 38.0
2966.0 0.5383 0.2834 0.2815 0.2676 0.2925 117 0.4640 0.0783 37.9
2976.0 0.5363 0.2837 0.2817 0.2678 0.2928 118 0.4660 0.0785 38.3
2992.0 0.5343 0.2839 0.2818 0.2678 0.2931 117 0.4680 0.0786 38.1
3004.0 0.5323 0.2842 0.2819 0.2680 0.2933 118 0.4700 0.0789 38.2
3017.0 0.5303 0.2845 0.2821 0.2681 0.2936 117 0.4720 0.0791 38.2
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)

3029.0 0.5283 0.2848 0.2823 0.2683 0.2939 117 0.4740 0.0793 38.1
3042.0 0.5263 0.2851 0.2825 0.2685 0.2942 117 0.4760 0.0796 37.9
3054.0 0.5243 0.2854 0.2826 0.2686 0.2945 117 0.4780 0.0798 37.9
3066.0 0.5223 0.2857 0.2828 0.2688 0.2948 116 0.4800 0.0800 37.7
3079.0 0.5203 0.2860 0.2830 0.2690 0.2951 116 0.4820 0.0803 37.6
3091.0 0.5183 0.2863 0.2832 0.2692 0.2954 115 0.4840 0.0805 37.4
3103.0 0.5163 0.2866 0.2834 0.2694 0.2957 116 0.4860 0.0808 37.6
3111.0 0.5143 0.2869 0.2835 0.2696 0.2960 115 0.4880 0.0810 37.4
3129.0 0.5123 0.2872 0.2837 0.2697 0.2963 115 0.4900 0.0812 37.3
3142.0 0.5103 0.2875 0.2839 0.2699 0.2966 115 0.4920 0.0815 37.3
3155.0 0.5083 0.2878 0.2841 0.2701 0.2970 114 0.4940 0.0818 37.1
3167.0 0.5063 0.2882 0.2843 0.2703 0.2972 114 0.4960 0.0820 37.0
3180.0 0.5043 0.2885 0.2845 0.2705 0.2975 114 0.4980 0.0823 37.0
3193.0 0.5023 0.2888 0.2847 0.2706 0.2979 114 0.5000 0.0825 37.0
3205.0 0.5003 0.2891 0.2848 0.2708 0.2982 113 0.5020 0.0827 36.9
3218.0 0.4983 0.2894 0.2850 0.2710 0.2985 113 0.5040 0.0830 36.8
3230.0 0.4963 0.2898 0.2852 0.2712 0.2988 113 0.5060 0.0833 36.8
3238.0 0.4943 0.2901 0.2854 0.2714 0.2991 113 0.5080 0.0835 36.8
3256.0 0.4923 0.2904 0.2855 0.2715 0.2994 113 0.5100 0.0837 36.7
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, moderately hard Lab ID DS-959

Hole Number 206-A Depth (ft.) 90.5'
Test Type Direct shear of intact specimen

As Received

Core Preparation
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, moderately hard Lab ID DS-959

Hole Number 206-A Depth (ft.) 90.5'
Test Type Direct shear of intact specimen

Post Test

Post Test
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Direct Shear Strength of Rock
ASTM D 5607

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, moderately hard Lab ID DS-971

Hole Number 207-ADC Depth (ft.) 59.7' Date Received 08/06/2019
Test Type Direct shear of intact specimen

Diameter (in.) 1.994
Initial Moisture Condition As received, moist Angle of Dip (deg.) 0.0

At Test Moisture Condition Soaked at least 12 hours prior to test. Area (in2) 3.12
Roughness (JRC) 6

Test A Test B Test C Test D Test E
Normal Stress (psi) 34.7 34.7 N/A N/A N/A

Peak Shear Stress (psi) 39.7
Deflection at Peak (in) 0.0300
Post Peak Stress (psi) N/A 16.1 N/A N/A N/A

Deflection at Residual (in) N/A 0.3480 N/A N/A N/A
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Direct Shear Strength of Rock
ASTM D 5607

Johnson County Section 202 Study Project Number
Shale, gray, moderately hard Lab ID
207-ADC Date Received

Depth (ft.) 59.7'
Direct shear of intact specimen Diameter (in)

Initial Moisture Condition As received, moist Angle of Dip (deg)
Test Moisture Condition Soaked at least 12 hours prior to test. Area(in2)

Joint Roughness 6
Date Prepared

Normal Stress (psi) 34.72 Date Tested

Shear Rate to Peak (in/min) 0.003

Encapsulation Material Hydro-Stone

Comments

175529001
DS-971

08/06/2019

1.994
0.0
3.12

09/04/2019
09/09/2019

Project Name
Lithology

Hole Number

Test Type
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)
0.0 1.0071 0.2067 0.2046 0.2035 0.2084 2 0.0000 0.0000 0.6
71.0 1.0051 0.2066 0.2046 0.2033 0.2085 7 0.0020 0.0000 2.1
93.0 1.0031 0.2066 0.2046 0.2032 0.2086 11 0.0040 0.0000 3.6

130.0 1.0011 0.2065 0.2047 0.2031 0.2088 14 0.0060 0.0000 4.5
168.0 0.9991 0.2064 0.2048 0.2029 0.2090 18 0.0080 0.0000 5.7
221.0 0.9971 0.2064 0.2049 0.2027 0.2092 26 0.0100 0.0000 8.3
259.0 0.9951 0.2065 0.2050 0.2025 0.2095 38 0.0120 0.0001 12.1
296.0 0.9931 0.2067 0.2051 0.2024 0.2099 50 0.0140 0.0002 16.1
331.0 0.9911 0.2069 0.2053 0.2022 0.2104 62 0.0160 0.0004 19.9
365.0 0.9891 0.2070 0.2055 0.2021 0.2109 71 0.0180 0.0006 22.6
398.0 0.9871 0.2072 0.2059 0.2020 0.2113 80 0.0200 0.0008 25.7
434.0 0.9851 0.2073 0.2061 0.2019 0.2118 89 0.0220 0.0010 28.5
467.0 0.9831 0.2076 0.2065 0.2019 0.2124 101 0.0240 0.0013 32.5
503.0 0.9811 0.2078 0.2067 0.2018 0.2129 109 0.0260 0.0015 34.8
536.0 0.9791 0.2082 0.2070 0.2017 0.2135 121 0.0280 0.0018 38.6
571.0 0.9771 0.2083 0.2072 0.2017 0.2138 124 0.0300 0.0019 39.7
607.0 0.9751 0.2082 0.2071 0.2017 0.2137 119 0.0320 0.0019 38.0
640.0 0.9731 0.2080 0.2070 0.2017 0.2134 110 0.0340 0.0017 35.3
673.0 0.9711 0.2077 0.2068 0.2017 0.2131 103 0.0360 0.0015 33.0
705.0 0.9691 0.2076 0.2067 0.2016 0.2129 99 0.0380 0.0014 31.6
738.0 0.9671 0.2074 0.2066 0.2016 0.2128 96 0.0400 0.0013 30.8
771.0 0.9651 0.2073 0.2066 0.2015 0.2127 94 0.0420 0.0012 30.1
803.0 0.9631 0.2073 0.2066 0.2016 0.2127 92 0.0440 0.0013 29.3
822.0 0.9611 0.2072 0.2066 0.2015 0.2126 89 0.0460 0.0012 28.6
867.0 0.9591 0.2072 0.2065 0.2015 0.2125 89 0.0480 0.0011 28.4
898.0 0.9571 0.2071 0.2065 0.2014 0.2125 89 0.0500 0.0011 28.4
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Direct Shear Strength of Rock
ASTM D 5607

Johnson County Section 202 Study Project Number
Shale, gray, moderately hard Lab ID
207-ADC Date Received

Depth (ft.) 59.7'
Direct shear of intact specimen Diameter (in)

Initial Moisture Condition As received, moist Angle of Dip (deg)
Test Moisture Condition Soaked at least 12 hours prior to test. Area(in2)

Joint Roughness 6
Date Prepared

Normal Stress (psi) 34.72 Date Tested

Shear Rate to Peak (in/min) N/A

Encapsulation Material Hydro-Stone

Sketch

Comments

Test Type 1.994
0.0
3.12

09/04/2019
09/09/2019

Project Name 175529001
Lithology DS-971

Hole Number 08/06/2019
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)
0.0 1.0012 0.2029 0.1996 0.2076 0.2026 2 0.0000 0.0000 0.8
32.0 0.9992 0.2028 0.1995 0.2073 0.2028 3 0.0020 -0.0001 1.0
48.0 0.9972 0.2028 0.1995 0.2070 0.2031 4 0.0040 -0.0001 1.2
66.0 0.9952 0.2027 0.1994 0.2066 0.2033 6 0.0060 -0.0002 1.8
88.0 0.9932 0.2026 0.1994 0.2062 0.2035 8 0.0080 -0.0002 2.6

102.0 0.9912 0.2025 0.1993 0.2060 0.2036 9 0.0100 -0.0003 2.9
115.0 0.9892 0.2025 0.1993 0.2059 0.2037 9 0.0120 -0.0003 2.9
129.0 0.9872 0.2024 0.1992 0.2058 0.2037 10 0.0140 -0.0004 3.0
142.0 0.9852 0.2024 0.1992 0.2056 0.2038 12 0.0160 -0.0004 3.7
156.0 0.9832 0.2023 0.1992 0.2054 0.2039 14 0.0180 -0.0005 4.4
166.0 0.9812 0.2023 0.1991 0.2051 0.2040 14 0.0200 -0.0005 4.6
181.0 0.9792 0.2022 0.1991 0.2049 0.2041 16 0.0220 -0.0006 5.2
197.0 0.9772 0.2021 0.1990 0.2047 0.2042 19 0.0240 -0.0007 6.2
216.0 0.9752 0.2020 0.1989 0.2043 0.2043 23 0.0260 -0.0008 7.2
228.0 0.9732 0.2020 0.1988 0.2041 0.2044 26 0.0280 -0.0008 8.3
239.0 0.9712 0.2019 0.1987 0.2038 0.2045 28 0.0300 -0.0010 9.0
250.0 0.9692 0.2018 0.1987 0.2037 0.2045 30 0.0320 -0.0010 9.6
260.0 0.9672 0.2018 0.1986 0.2035 0.2045 32 0.0340 -0.0011 10.2
269.0 0.9652 0.2017 0.1985 0.2033 0.2046 34 0.0360 -0.0011 10.9
278.0 0.9632 0.2017 0.1984 0.2031 0.2046 36 0.0380 -0.0012 11.6
289.0 0.9612 0.2016 0.1983 0.2029 0.2047 39 0.0400 -0.0013 12.6
299.0 0.9592 0.2015 0.1982 0.2026 0.2047 43 0.0420 -0.0014 13.9
304.0 0.9572 0.2015 0.1981 0.2024 0.2048 46 0.0440 -0.0015 14.6
314.0 0.9552 0.2013 0.1980 0.2021 0.2048 50 0.0460 -0.0016 15.9
326.0 0.9532 0.2012 0.1979 0.2019 0.2047 52 0.0480 -0.0018 16.8
344.0 0.9512 0.2010 0.1977 0.2016 0.2046 55 0.0500 -0.0019 17.6
356.0 0.9492 0.2008 0.1975 0.2013 0.2045 57 0.0520 -0.0021 18.1
368.0 0.9472 0.2006 0.1973 0.2011 0.2044 58 0.0540 -0.0023 18.5
381.0 0.9452 0.2005 0.1972 0.2009 0.2043 59 0.0560 -0.0024 18.8
394.0 0.9432 0.2004 0.1971 0.2008 0.2042 59 0.0580 -0.0026 19.0
407.0 0.9412 0.2004 0.1970 0.2007 0.2041 59 0.0600 -0.0026 19.0
419.0 0.9392 0.2003 0.1970 0.2007 0.2041 59 0.0620 -0.0026 18.9
432.0 0.9372 0.2003 0.1969 0.2006 0.2040 59 0.0640 -0.0027 19.0
439.0 0.9352 0.2002 0.1969 0.2005 0.2040 59 0.0660 -0.0028 18.9
452.0 0.9332 0.2002 0.1968 0.2005 0.2040 60 0.0680 -0.0028 19.1
471.0 0.9312 0.2002 0.1967 0.2004 0.2039 60 0.0700 -0.0029 19.2
483.0 0.9292 0.2001 0.1967 0.2004 0.2039 60 0.0720 -0.0029 19.2
496.0 0.9272 0.2001 0.1966 0.2003 0.2039 60 0.0740 -0.0030 19.1
509.0 0.9252 0.2001 0.1966 0.2003 0.2038 60 0.0760 -0.0030 19.2
521.0 0.9232 0.2000 0.1965 0.2002 0.2038 60 0.0780 -0.0031 19.2
534.0 0.9212 0.2000 0.1965 0.2002 0.2037 60 0.0800 -0.0031 19.2
547.0 0.9192 0.1999 0.1964 0.2001 0.2036 60 0.0820 -0.0032 19.3
559.0 0.9172 0.1999 0.1963 0.2000 0.2036 60 0.0840 -0.0032 19.3
579.0 0.9132 0.1998 0.1962 0.2000 0.2035 60 0.0880 -0.0033 19.3
592.0 0.9112 0.1998 0.1962 0.1999 0.2035 60 0.0900 -0.0033 19.1
609.0 0.9092 0.1998 0.1961 0.1999 0.2035 60 0.0920 -0.0033 19.1
622.0 0.9072 0.1998 0.1961 0.1999 0.2034 59 0.0940 -0.0034 19.0
635.0 0.9052 0.1998 0.1961 0.1999 0.2034 59 0.0960 -0.0034 18.9
647.0 0.9032 0.1998 0.1960 0.1999 0.2034 59 0.0980 -0.0034 18.8
659.0 0.9012 0.1998 0.1960 0.1999 0.2034 59 0.1000 -0.0034 18.8
672.0 0.8992 0.1998 0.1960 0.1998 0.2034 58 0.1020 -0.0034 18.7
685.0 0.8972 0.1998 0.1960 0.1998 0.2033 58 0.1040 -0.0034 18.6
698.0 0.8952 0.1998 0.1959 0.1998 0.2033 58 0.1060 -0.0035 18.5
704.0 0.8932 0.1998 0.1959 0.1998 0.2033 57 0.1080 -0.0035 18.4
717.0 0.8912 0.1998 0.1959 0.1998 0.2033 58 0.1100 -0.0035 18.4
736.0 0.8892 0.1997 0.1958 0.1998 0.2033 57 0.1120 -0.0035 18.4
748.0 0.8872 0.1997 0.1958 0.1997 0.2032 57 0.1140 -0.0036 18.3
760.0 0.8852 0.1997 0.1958 0.1997 0.2032 57 0.1160 -0.0036 18.3
773.0 0.8832 0.1997 0.1957 0.1997 0.2032 57 0.1180 -0.0036 18.3
786.0 0.8812 0.1997 0.1957 0.1997 0.2032 57 0.1200 -0.0036 18.3
798.0 0.8792 0.1997 0.1957 0.1997 0.2032 57 0.1220 -0.0036 18.2
810.0 0.8772 0.1997 0.1957 0.1997 0.2031 57 0.1240 -0.0036 18.2
823.0 0.8752 0.1997 0.1956 0.1996 0.2031 57 0.1260 -0.0037 18.2
842.0 0.8712 0.1997 0.1956 0.1996 0.2031 56 0.1300 -0.0037 18.0
873.0 0.8672 0.1997 0.1956 0.1996 0.2031 57 0.1340 -0.0037 18.1
885.0 0.8652 0.1997 0.1955 0.1996 0.2030 56 0.1360 -0.0037 18.0
898.0 0.8632 0.1997 0.1955 0.1996 0.2030 56 0.1380 -0.0037 18.0
911.0 0.8612 0.1997 0.1955 0.1996 0.2030 56 0.1400 -0.0037 18.0
923.0 0.8592 0.1997 0.1955 0.1996 0.2030 56 0.1420 -0.0037 18.0
936.0 0.8572 0.1997 0.1955 0.1996 0.2030 56 0.1440 -0.0037 18.0
948.0 0.8552 0.1997 0.1954 0.1996 0.2030 56 0.1460 -0.0037 18.0
960.0 0.8532 0.1997 0.1954 0.1996 0.2030 57 0.1480 -0.0037 18.1
967.0 0.8512 0.1997 0.1954 0.1996 0.2030 56 0.1500 -0.0037 17.8
980.0 0.8492 0.1997 0.1954 0.1996 0.2030 56 0.1520 -0.0037 17.8
998.0 0.8472 0.1997 0.1954 0.1995 0.2030 56 0.1540 -0.0038 17.8
1011.0 0.8452 0.1997 0.1954 0.1996 0.2030 55 0.1560 -0.0037 17.7
1023.0 0.8432 0.1997 0.1954 0.1995 0.2030 55 0.1580 -0.0038 17.6
1036.0 0.8412 0.1997 0.1953 0.1995 0.2030 55 0.1600 -0.0038 17.6
1048.0 0.8392 0.1997 0.1953 0.1995 0.2030 55 0.1620 -0.0038 17.6
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)

1060.0 0.8372 0.1997 0.1953 0.1995 0.2030 55 0.1640 -0.0038 17.6
1073.0 0.8352 0.1997 0.1953 0.1995 0.2030 55 0.1660 -0.0038 17.6
1085.0 0.8332 0.1997 0.1953 0.1995 0.2029 55 0.1680 -0.0038 17.5
1092.0 0.8312 0.1998 0.1953 0.1995 0.2030 54 0.1700 -0.0038 17.4
1104.0 0.8292 0.1998 0.1953 0.1995 0.2029 55 0.1720 -0.0038 17.5
1117.0 0.8272 0.1998 0.1952 0.1995 0.2029 55 0.1740 -0.0038 17.5
1135.0 0.8252 0.1998 0.1952 0.1995 0.2029 55 0.1760 -0.0038 17.6
1148.0 0.8232 0.1998 0.1952 0.1995 0.2029 55 0.1780 -0.0038 17.6
1160.0 0.8212 0.1998 0.1952 0.1995 0.2029 55 0.1800 -0.0038 17.6
1173.0 0.8192 0.1998 0.1951 0.1994 0.2029 55 0.1820 -0.0039 17.6
1186.0 0.8172 0.1997 0.1951 0.1994 0.2028 55 0.1840 -0.0039 17.7
1198.0 0.8152 0.1997 0.1950 0.1993 0.2028 56 0.1860 -0.0040 17.8
1210.0 0.8132 0.1997 0.1949 0.1993 0.2028 56 0.1880 -0.0040 17.9
1229.0 0.8092 0.1997 0.1949 0.1993 0.2028 56 0.1920 -0.0040 17.8
1242.0 0.8072 0.1997 0.1949 0.1993 0.2028 56 0.1940 -0.0040 17.8
1260.0 0.8052 0.1997 0.1948 0.1993 0.2027 56 0.1960 -0.0041 17.8
1273.0 0.8032 0.1998 0.1948 0.1993 0.2028 55 0.1980 -0.0040 17.7
1286.0 0.8012 0.1998 0.1948 0.1993 0.2028 55 0.2000 -0.0040 17.6
1298.0 0.7992 0.1998 0.1948 0.1993 0.2028 55 0.2020 -0.0040 17.6
1310.0 0.7972 0.1998 0.1948 0.1993 0.2028 55 0.2040 -0.0040 17.6
1322.0 0.7952 0.1999 0.1948 0.1993 0.2028 55 0.2060 -0.0040 17.5
1335.0 0.7932 0.1999 0.1948 0.1993 0.2028 55 0.2080 -0.0040 17.5
1348.0 0.7912 0.1999 0.1948 0.1993 0.2028 54 0.2100 -0.0040 17.4
1354.0 0.7892 0.2000 0.1948 0.1993 0.2028 54 0.2120 -0.0039 17.3
1367.0 0.7872 0.2000 0.1948 0.1994 0.2028 54 0.2140 -0.0039 17.3
1381.0 0.7852 0.2000 0.1948 0.1994 0.2028 54 0.2160 -0.0039 17.2
1398.0 0.7832 0.2000 0.1948 0.1994 0.2028 54 0.2180 -0.0039 17.3
1411.0 0.7812 0.2000 0.1947 0.1994 0.2028 54 0.2200 -0.0039 17.3
1424.0 0.7792 0.2001 0.1947 0.1994 0.2028 54 0.2220 -0.0039 17.3
1436.0 0.7772 0.2001 0.1947 0.1994 0.2029 54 0.2240 -0.0039 17.3
1449.0 0.7752 0.2001 0.1947 0.1994 0.2029 54 0.2260 -0.0039 17.2
1461.0 0.7732 0.2002 0.1947 0.1994 0.2029 54 0.2280 -0.0039 17.2
1473.0 0.7712 0.2002 0.1947 0.1994 0.2029 54 0.2300 -0.0039 17.1
1480.0 0.7692 0.2003 0.1948 0.1995 0.2029 53 0.2320 -0.0038 17.1
1492.0 0.7672 0.2003 0.1948 0.1995 0.2029 53 0.2340 -0.0038 17.1
1505.0 0.7652 0.2003 0.1947 0.1995 0.2029 53 0.2360 -0.0038 17.1
1523.0 0.7632 0.2003 0.1948 0.1995 0.2029 54 0.2380 -0.0038 17.2
1536.0 0.7612 0.2003 0.1947 0.1995 0.2029 53 0.2400 -0.0038 17.1
1548.0 0.7592 0.2004 0.1947 0.1995 0.2030 53 0.2420 -0.0038 17.1
1560.0 0.7572 0.2004 0.1947 0.1995 0.2030 53 0.2440 -0.0038 17.0
1572.0 0.7552 0.2004 0.1947 0.1995 0.2030 53 0.2460 -0.0038 16.9
1585.0 0.7532 0.2004 0.1947 0.1995 0.2030 53 0.2480 -0.0038 16.9
1597.0 0.7512 0.2005 0.1947 0.1995 0.2030 53 0.2500 -0.0037 16.8
1616.0 0.7472 0.2005 0.1947 0.1995 0.2030 52 0.2540 -0.0037 16.7
1629.0 0.7452 0.2005 0.1947 0.1995 0.2030 52 0.2560 -0.0037 16.7
1659.0 0.7412 0.2005 0.1947 0.1995 0.2030 52 0.2600 -0.0037 16.6
1672.0 0.7392 0.2006 0.1947 0.1995 0.2030 52 0.2620 -0.0037 16.6
1684.0 0.7372 0.2006 0.1947 0.1995 0.2031 52 0.2640 -0.0037 16.6
1697.0 0.7352 0.2006 0.1947 0.1995 0.2031 52 0.2660 -0.0037 16.5
1709.0 0.7332 0.2006 0.1947 0.1995 0.2031 52 0.2680 -0.0037 16.5
1721.0 0.7312 0.2006 0.1947 0.1995 0.2031 51 0.2700 -0.0037 16.5
1733.0 0.7292 0.2006 0.1947 0.1995 0.2031 51 0.2720 -0.0037 16.4
1739.0 0.7272 0.2007 0.1947 0.1995 0.2031 51 0.2740 -0.0037 16.3
1752.0 0.7252 0.2007 0.1947 0.1995 0.2031 51 0.2760 -0.0037 16.3
1765.0 0.7232 0.2007 0.1947 0.1995 0.2031 51 0.2780 -0.0037 16.3
1783.0 0.7212 0.2007 0.1947 0.1995 0.2031 51 0.2800 -0.0037 16.3
1795.0 0.7192 0.2007 0.1947 0.1995 0.2031 51 0.2820 -0.0037 16.2
1807.0 0.7172 0.2006 0.1946 0.1995 0.2031 51 0.2840 -0.0037 16.2
1820.0 0.7152 0.2006 0.1946 0.1994 0.2030 51 0.2860 -0.0038 16.3
1831.0 0.7132 0.2006 0.1945 0.1994 0.2030 51 0.2880 -0.0038 16.3
1843.0 0.7112 0.2005 0.1945 0.1993 0.2029 51 0.2900 -0.0039 16.3
1856.0 0.7092 0.2005 0.1944 0.1993 0.2029 51 0.2920 -0.0039 16.3
1874.0 0.7052 0.2005 0.1944 0.1993 0.2029 50 0.2960 -0.0039 16.1
1887.0 0.7032 0.2006 0.1944 0.1994 0.2029 50 0.2980 -0.0038 16.0
1918.0 0.6992 0.2006 0.1944 0.1993 0.2029 50 0.3020 -0.0039 16.0
1930.0 0.6972 0.2006 0.1944 0.1993 0.2029 50 0.3040 -0.0039 16.0
1942.0 0.6952 0.2006 0.1944 0.1993 0.2029 50 0.3060 -0.0039 16.0
1955.0 0.6932 0.2006 0.1944 0.1993 0.2029 50 0.3080 -0.0039 16.0
1968.0 0.6912 0.2006 0.1944 0.1993 0.2029 50 0.3100 -0.0039 16.0
1980.0 0.6892 0.2005 0.1943 0.1993 0.2029 50 0.3120 -0.0039 16.1
1992.0 0.6872 0.2005 0.1943 0.1992 0.2028 51 0.3140 -0.0040 16.2
1999.0 0.6852 0.2005 0.1943 0.1992 0.2028 50 0.3160 -0.0040 16.1
2011.0 0.6832 0.2004 0.1942 0.1991 0.2028 51 0.3180 -0.0041 16.3
2024.0 0.6812 0.2004 0.1942 0.1991 0.2028 51 0.3200 -0.0041 16.3
2041.0 0.6792 0.2004 0.1942 0.1991 0.2028 51 0.3220 -0.0041 16.4
2054.0 0.6772 0.2004 0.1942 0.1991 0.2028 51 0.3240 -0.0041 16.3
2066.0 0.6752 0.2004 0.1942 0.1991 0.2028 51 0.3260 -0.0041 16.3
2079.0 0.6732 0.2004 0.1941 0.1990 0.2028 51 0.3280 -0.0041 16.3
2091.0 0.6712 0.2004 0.1941 0.1990 0.2028 51 0.3300 -0.0041 16.3
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)

2103.0 0.6692 0.2004 0.1941 0.1990 0.2028 51 0.3320 -0.0041 16.2
2116.0 0.6672 0.2004 0.1941 0.1990 0.2028 51 0.3340 -0.0041 16.2
2134.0 0.6632 0.2005 0.1941 0.1991 0.2028 50 0.3380 -0.0041 16.1
2147.0 0.6612 0.2005 0.1941 0.1991 0.2028 50 0.3400 -0.0041 16.0
2165.0 0.6592 0.2005 0.1941 0.1990 0.2028 51 0.3420 -0.0041 16.2
2177.0 0.6572 0.2005 0.1941 0.1991 0.2028 50 0.3440 -0.0041 16.1
2190.0 0.6552 0.2005 0.1941 0.1991 0.2028 50 0.3460 -0.0041 16.1
2202.0 0.6532 0.2005 0.1941 0.1991 0.2028 50 0.3480 -0.0041 16.1
2215.0 0.6512 0.2005 0.1941 0.1991 0.2028 50 0.3500 -0.0041 16.1
2227.0 0.6492 0.2006 0.1941 0.1991 0.2028 50 0.3520 -0.0040 16.1
2239.0 0.6472 0.2006 0.1941 0.1991 0.2029 50 0.3540 -0.0040 16.0
2252.0 0.6452 0.2006 0.1941 0.1991 0.2029 50 0.3560 -0.0040 16.1
2259.0 0.6432 0.2006 0.1942 0.1991 0.2029 50 0.3580 -0.0040 16.0
2271.0 0.6412 0.2006 0.1941 0.1991 0.2029 50 0.3600 -0.0040 16.0
2284.0 0.6392 0.2006 0.1941 0.1991 0.2029 50 0.3620 -0.0040 16.0
2301.0 0.6372 0.2006 0.1941 0.1991 0.2029 50 0.3640 -0.0040 16.0
2314.0 0.6352 0.2007 0.1941 0.1991 0.2029 50 0.3660 -0.0040 16.0
2326.0 0.6332 0.2007 0.1941 0.1991 0.2029 50 0.3680 -0.0040 16.0
2338.0 0.6312 0.2007 0.1941 0.1991 0.2029 50 0.3700 -0.0040 16.0
2350.0 0.6292 0.2007 0.1941 0.1991 0.2029 50 0.3720 -0.0040 16.0
2363.0 0.6272 0.2007 0.1941 0.1991 0.2029 50 0.3740 -0.0040 15.9
2375.0 0.6252 0.2007 0.1941 0.1991 0.2029 50 0.3760 -0.0040 15.9
2394.0 0.6212 0.2008 0.1941 0.1991 0.2029 50 0.3800 -0.0039 15.9
2407.0 0.6192 0.2008 0.1941 0.1991 0.2029 49 0.3820 -0.0039 15.8
2425.0 0.6172 0.2007 0.1941 0.1991 0.2029 50 0.3840 -0.0040 15.9
2437.0 0.6152 0.2008 0.1941 0.1991 0.2029 49 0.3860 -0.0039 15.8
2450.0 0.6132 0.2008 0.1941 0.1991 0.2030 49 0.3880 -0.0039 15.8
2462.0 0.6112 0.2008 0.1941 0.1991 0.2030 49 0.3900 -0.0039 15.7
2474.0 0.6092 0.2008 0.1941 0.1991 0.2030 49 0.3920 -0.0039 15.6
2486.0 0.6072 0.2008 0.1941 0.1991 0.2030 49 0.3940 -0.0039 15.6
2499.0 0.6052 0.2008 0.1941 0.1991 0.2030 49 0.3960 -0.0039 15.6
2511.0 0.6032 0.2008 0.1941 0.1991 0.2030 49 0.3980 -0.0039 15.7
2518.0 0.6012 0.2008 0.1941 0.1991 0.2030 48 0.4000 -0.0039 15.4
2530.0 0.5992 0.2008 0.1941 0.1991 0.2030 48 0.4020 -0.0039 15.5
2544.0 0.5972 0.2009 0.1941 0.1991 0.2030 48 0.4040 -0.0039 15.4
2561.0 0.5952 0.2008 0.1941 0.1991 0.2030 48 0.4060 -0.0039 15.3
2574.0 0.5932 0.2009 0.1941 0.1991 0.2030 48 0.4080 -0.0039 15.3
2586.0 0.5912 0.2009 0.1941 0.1991 0.2030 48 0.4100 -0.0039 15.2
2598.0 0.5892 0.2009 0.1941 0.1991 0.2030 48 0.4120 -0.0039 15.2
2611.0 0.5872 0.2008 0.1941 0.1991 0.2030 48 0.4140 -0.0039 15.2
2623.0 0.5852 0.2008 0.1941 0.1990 0.2030 48 0.4160 -0.0039 15.3
2636.0 0.5832 0.2008 0.1940 0.1990 0.2030 48 0.4180 -0.0040 15.4
2643.0 0.5812 0.2008 0.1940 0.1990 0.2030 48 0.4200 -0.0040 15.3
2655.0 0.5792 0.2007 0.1940 0.1989 0.2030 48 0.4220 -0.0040 15.4
2668.0 0.5772 0.2007 0.1939 0.1989 0.2029 48 0.4240 -0.0041 15.4
2686.0 0.5752 0.2007 0.1939 0.1988 0.2029 48 0.4260 -0.0041 15.5
2699.0 0.5732 0.2007 0.1939 0.1988 0.2029 48 0.4280 -0.0041 15.4
2711.0 0.5712 0.2007 0.1939 0.1988 0.2029 48 0.4300 -0.0041 15.4
2724.0 0.5692 0.2007 0.1939 0.1988 0.2029 48 0.4320 -0.0041 15.4
2736.0 0.5672 0.2007 0.1939 0.1988 0.2029 48 0.4340 -0.0041 15.3
2749.0 0.5652 0.2007 0.1939 0.1988 0.2030 48 0.4360 -0.0041 15.3
2761.0 0.5632 0.2007 0.1939 0.1988 0.2030 48 0.4380 -0.0041 15.3
2779.0 0.5592 0.2007 0.1939 0.1988 0.2030 48 0.4420 -0.0041 15.2
2792.0 0.5572 0.2007 0.1939 0.1988 0.2030 47 0.4440 -0.0041 15.2
2810.0 0.5552 0.2007 0.1939 0.1988 0.2030 48 0.4460 -0.0041 15.2
2823.0 0.5532 0.2007 0.1939 0.1987 0.2030 47 0.4480 -0.0041 15.1
2835.0 0.5512 0.2007 0.1939 0.1987 0.2030 47 0.4500 -0.0041 15.1
2848.0 0.5492 0.2007 0.1939 0.1987 0.2030 47 0.4520 -0.0041 15.1
2860.0 0.5472 0.2007 0.1939 0.1987 0.2030 47 0.4540 -0.0041 15.1
2872.0 0.5452 0.2007 0.1939 0.1987 0.2030 47 0.4560 -0.0041 15.1
2884.0 0.5432 0.2007 0.1939 0.1986 0.2030 47 0.4580 -0.0041 15.1
2896.0 0.5412 0.2006 0.1938 0.1986 0.2030 47 0.4600 -0.0042 15.2
2903.0 0.5392 0.2006 0.1939 0.1986 0.2030 47 0.4620 -0.0041 15.1
2915.0 0.5372 0.2006 0.1939 0.1986 0.2030 47 0.4640 -0.0041 15.1
2928.0 0.5352 0.2006 0.1938 0.1986 0.2030 47 0.4660 -0.0042 15.1
2946.0 0.5332 0.2006 0.1938 0.1986 0.2030 47 0.4680 -0.0042 15.2
2958.0 0.5312 0.2006 0.1938 0.1985 0.2030 47 0.4700 -0.0042 15.1
2970.0 0.5292 0.2006 0.1938 0.1985 0.2030 47 0.4720 -0.0042 15.2
2983.0 0.5272 0.2006 0.1938 0.1985 0.2030 47 0.4740 -0.0042 15.2
2995.0 0.5252 0.2006 0.1938 0.1985 0.2030 47 0.4760 -0.0042 15.2
3007.0 0.5232 0.2005 0.1938 0.1984 0.2030 47 0.4780 -0.0042 15.2
3019.0 0.5212 0.2005 0.1938 0.1984 0.2030 47 0.4800 -0.0042 15.2
3038.0 0.5172 0.2005 0.1938 0.1984 0.2030 47 0.4840 -0.0042 15.2
3051.0 0.5152 0.2005 0.1938 0.1983 0.2030 47 0.4860 -0.0043 15.2
3069.0 0.5132 0.2004 0.1937 0.1983 0.2030 48 0.4880 -0.0043 15.3
3082.0 0.5112 0.2004 0.1937 0.1983 0.2030 47 0.4900 -0.0043 15.2
3095.0 0.5092 0.2004 0.1937 0.1982 0.2030 47 0.4920 -0.0043 15.1
3107.0 0.5072 0.2004 0.1937 0.1982 0.2030 47 0.4940 -0.0043 15.1
3119.0 0.5052 0.2004 0.1937 0.1982 0.2030 47 0.4960 -0.0043 15.1
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)

3132.0 0.5032 0.2004 0.1937 0.1982 0.2030 47 0.4980 -0.0043 15.1
3144.0 0.5012 0.2004 0.1937 0.1981 0.2030 47 0.5000 -0.0044 15.2
3156.0 0.4992 0.2004 0.1937 0.1981 0.2030 48 0.5020 -0.0044 15.4
3163.0 0.4972 0.2004 0.1937 0.1981 0.2030 47 0.5040 -0.0044 15.2
3176.0 0.4952 0.2003 0.1937 0.1980 0.2030 48 0.5060 -0.0044 15.2
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, moderately hard Lab ID DS-971

Hole Number 207-ADC Depth (ft.) 59.7'
Test Type Direct shear of intact specimen

As Received

Core Preparation
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, moderately hard Lab ID DS-971

Hole Number 207-ADC Depth (ft.) 59.7'
Test Type Direct shear of intact specimen

Post Test

Post Test
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Direct Shear Strength of Rock
ASTM D 5607

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, soft Lab ID DS-973

Hole Number 207-ADC Depth (ft.) 70.7'-70.8' Date Received 08/06/2019
Test Type Direct shear of intact specimen

Diameter (in.) 1.982
Initial Moisture Condition As received, moist Angle of Dip (deg.) 0.0

At Test Moisture Condition As prepared (specimen not soaked before test) Area (in2) 3.09
Roughness (JRC) 3

Test A Test B Test C Test D Test E
Normal Stress (psi) 34.7 34.7 N/A N/A N/A

Peak Shear Stress (psi) 38.5
Deflection at Peak (in) 0.0260
Post Peak Stress (psi) N/A 19.2 N/A N/A N/A

Deflection at Residual (in) N/A 0.2540 N/A N/A N/A

Comments

Reviewed By

0

5

10

15

20

25

30

35

40

45

0.0 0.1 0.2 0.3 0.4 0.5 0.6

Sh
ea

r S
tr

es
s 

(p
si

)

Shear Deflection (in)

Shear Stress vs. Deflection

Peak
Test A
Test B
Test C
Test D
Test E

Template: tmp_ds_input.xlsm
Version: 20170215
Approved By: RJ

Stantec Consulting Services Inc.
Lexington, Kentucky

Reported By: JW
Report Date: 09/13/2019

1065|Page Volume 2 Tab 2 Geotechnical



Page 2 of 10

Direct Shear Strength of Rock
ASTM D 5607

Johnson County Section 202 Study Project Number
Shale, gray, soft Lab ID
207-ADC Date Received

Depth (ft.) 70.7'-70.8'
Direct shear of intact specimen Diameter (in)

Initial Moisture Condition As received, moist Angle of Dip (deg)
Test Moisture Condition As prepared (specimen not soaked before test) Area(in2)

Joint Roughness 3
Date Prepared

Normal Stress (psi) 34.72 Date Tested

Shear Rate to Peak (in/min) 0.003

Encapsulation Material Hydro-Stone

Comments

175529001
DS-973

08/06/2019

1.982
0.0
3.09

09/04/2019
09/10/2019

Project Name
Lithology

Hole Number

Test Type
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)
0.0 1.0019 0.2082 0.2021 0.2061 0.2033 1 0.0000 0.0000 0.5
74.0 0.9999 0.2082 0.2020 0.2061 0.2034 3 0.0020 0.0000 0.9

104.0 0.9979 0.2082 0.2020 0.2060 0.2034 3 0.0040 0.0000 1.0
144.0 0.9959 0.2082 0.2020 0.2059 0.2035 6 0.0060 0.0000 1.9
200.0 0.9939 0.2082 0.2019 0.2057 0.2036 11 0.0080 -0.0001 3.4
240.0 0.9919 0.2082 0.2019 0.2055 0.2037 20 0.0100 -0.0001 6.4
275.0 0.9899 0.2083 0.2018 0.2054 0.2038 23 0.0120 -0.0001 7.4
309.0 0.9879 0.2083 0.2018 0.2053 0.2039 28 0.0140 -0.0001 9.1
344.0 0.9859 0.2083 0.2018 0.2052 0.2040 38 0.0160 -0.0001 12.2
385.0 0.9839 0.2082 0.2017 0.2050 0.2041 57 0.0180 -0.0002 18.5
435.0 0.9819 0.2081 0.2016 0.2048 0.2041 85 0.0200 -0.0003 27.4
478.0 0.9799 0.2080 0.2015 0.2046 0.2042 106 0.0220 -0.0004 34.4
519.0 0.9779 0.2079 0.2015 0.2044 0.2042 116 0.0240 -0.0004 37.6
556.0 0.9759 0.2079 0.2015 0.2043 0.2043 119 0.0260 -0.0004 38.5
591.0 0.9739 0.2078 0.2015 0.2043 0.2043 119 0.0280 -0.0005 38.5
624.0 0.9719 0.2078 0.2016 0.2043 0.2043 116 0.0300 -0.0004 37.7
658.0 0.9699 0.2077 0.2017 0.2043 0.2043 114 0.0320 -0.0004 37.1
691.0 0.9679 0.2077 0.2017 0.2043 0.2043 112 0.0340 -0.0004 36.2
724.0 0.9659 0.2076 0.2017 0.2043 0.2042 111 0.0360 -0.0005 35.9
756.0 0.9639 0.2076 0.2018 0.2043 0.2042 109 0.0380 -0.0005 35.2
789.0 0.9619 0.2076 0.2018 0.2043 0.2042 105 0.0400 -0.0005 33.9
822.0 0.9599 0.2076 0.2018 0.2043 0.2042 100 0.0420 -0.0005 32.4
854.0 0.9579 0.2076 0.2018 0.2043 0.2042 96 0.0440 -0.0005 31.2
887.0 0.9559 0.2076 0.2019 0.2043 0.2043 95 0.0460 -0.0004 30.6
919.0 0.9539 0.2076 0.2019 0.2044 0.2043 92 0.0480 -0.0004 29.8
952.0 0.9519 0.2076 0.2019 0.2044 0.2043 91 0.0500 -0.0004 29.3
984.0 0.9499 0.2076 0.2019 0.2044 0.2044 89 0.0520 -0.0004 28.8
1017.0 0.9479 0.2077 0.2020 0.2044 0.2044 88 0.0540 -0.0003 28.4
1050.0 0.9459 0.2077 0.2020 0.2044 0.2045 87 0.0560 -0.0003 28.1
1083.0 0.9439 0.2077 0.2021 0.2044 0.2046 86 0.0580 -0.0002 27.8
1115.0 0.9419 0.2077 0.2021 0.2044 0.2047 85 0.0600 -0.0002 27.5
1148.0 0.9399 0.2078 0.2022 0.2044 0.2047 84 0.0620 -0.0002 27.3
1167.0 0.9379 0.2078 0.2023 0.2045 0.2048 83 0.0640 -0.0001 26.8
1214.0 0.9359 0.2078 0.2023 0.2045 0.2049 81 0.0660 -0.0001 26.2
1247.0 0.9339 0.2079 0.2024 0.2045 0.2050 80 0.0680 0.0000 26.0
1279.0 0.9319 0.2079 0.2025 0.2045 0.2051 80 0.0700 0.0001 25.9
1312.0 0.9299 0.2080 0.2026 0.2045 0.2052 80 0.0720 0.0001 25.8
1345.0 0.9279 0.2081 0.2026 0.2046 0.2054 79 0.0740 0.0002 25.7
1377.0 0.9259 0.2081 0.2027 0.2046 0.2055 79 0.0760 0.0003 25.5
1409.0 0.9239 0.2082 0.2028 0.2046 0.2056 79 0.0780 0.0004 25.4
1441.0 0.9219 0.2083 0.2029 0.2046 0.2058 78 0.0800 0.0005 25.4
1474.0 0.9199 0.2083 0.2030 0.2046 0.2060 78 0.0820 0.0005 25.3
1494.0 0.9179 0.2085 0.2032 0.2047 0.2062 79 0.0840 0.0007 25.6
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Direct Shear Strength of Rock
ASTM D 5607

Johnson County Section 202 Study Project Number
Shale, gray, soft Lab ID
207-ADC Date Received

Depth (ft.) 70.7'-70.8'
Direct shear of intact specimen Diameter (in)

Initial Moisture Condition As received, moist Angle of Dip (deg)
Test Moisture Condition As prepared (specimen not soaked before test) Area(in2)

Joint Roughness 3
Date Prepared

Normal Stress (psi) 34.72 Date Tested

Shear Rate to Peak (in/min) N/A

Encapsulation Material Hydro-Stone

Sketch

Comments

Test Type 1.982
0.0
3.09

09/04/2019
09/10/2019

Project Name 175529001
Lithology DS-973

Hole Number 08/06/2019
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Shear Deflection (in)

2nd Residual - Test B

Shear Stress Vertical Deflection
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)
202.0 0.9775 0.2042 0.2053 0.2034 0.2054 9 0.0000 -0.0004 2.9
215.0 0.9755 0.2042 0.2053 0.2034 0.2054 9 0.0020 -0.0004 3.0
230.0 0.9735 0.2041 0.2053 0.2033 0.2055 10 0.0040 -0.0004 3.2
244.0 0.9715 0.2041 0.2052 0.2031 0.2055 11 0.0060 -0.0005 3.5
260.0 0.9695 0.2041 0.2052 0.2029 0.2057 14 0.0080 -0.0005 4.6
267.0 0.9675 0.2040 0.2052 0.2026 0.2059 19 0.0100 -0.0005 6.3
280.0 0.9655 0.2039 0.2051 0.2023 0.2060 26 0.0120 -0.0006 8.4
292.0 0.9635 0.2039 0.2050 0.2020 0.2062 34 0.0140 -0.0007 10.9
310.0 0.9615 0.2038 0.2049 0.2017 0.2062 42 0.0160 -0.0008 13.7
323.0 0.9595 0.2037 0.2047 0.2013 0.2063 50 0.0180 -0.0010 16.2
336.0 0.9575 0.2036 0.2045 0.2011 0.2063 55 0.0200 -0.0011 17.8
349.0 0.9555 0.2036 0.2044 0.2009 0.2063 58 0.0220 -0.0012 18.6
362.0 0.9535 0.2036 0.2044 0.2008 0.2064 59 0.0240 -0.0012 19.3
375.0 0.9515 0.2036 0.2043 0.2007 0.2064 61 0.0260 -0.0012 19.7
388.0 0.9495 0.2036 0.2043 0.2006 0.2065 63 0.0280 -0.0012 20.5
401.0 0.9475 0.2036 0.2043 0.2006 0.2065 66 0.0300 -0.0012 21.3
409.0 0.9455 0.2037 0.2043 0.2006 0.2066 67 0.0320 -0.0012 21.6
422.0 0.9435 0.2038 0.2043 0.2007 0.2066 67 0.0340 -0.0011 21.7
441.0 0.9415 0.2038 0.2044 0.2007 0.2067 67 0.0360 -0.0011 21.7
453.0 0.9395 0.2039 0.2044 0.2008 0.2068 67 0.0380 -0.0010 21.7
466.0 0.9375 0.2040 0.2045 0.2009 0.2069 67 0.0400 -0.0009 21.7
479.0 0.9355 0.2042 0.2046 0.2010 0.2070 67 0.0420 -0.0008 21.6
492.0 0.9335 0.2043 0.2047 0.2011 0.2071 67 0.0440 -0.0007 21.7
505.0 0.9315 0.2044 0.2048 0.2012 0.2072 67 0.0460 -0.0006 21.7
518.0 0.9295 0.2046 0.2049 0.2014 0.2073 68 0.0480 -0.0004 21.9
530.0 0.9275 0.2047 0.2050 0.2015 0.2074 68 0.0500 -0.0003 22.0
550.0 0.9235 0.2050 0.2053 0.2018 0.2077 68 0.0540 0.0000 22.0
569.0 0.9215 0.2052 0.2054 0.2019 0.2078 67 0.0560 0.0001 21.7
581.0 0.9195 0.2053 0.2055 0.2021 0.2079 67 0.0580 0.0002 21.7
594.0 0.9175 0.2055 0.2056 0.2022 0.2081 67 0.0600 0.0004 21.7
607.0 0.9155 0.2057 0.2057 0.2023 0.2082 67 0.0620 0.0005 21.8
619.0 0.9135 0.2058 0.2058 0.2025 0.2084 68 0.0640 0.0007 22.0
632.0 0.9115 0.2060 0.2060 0.2026 0.2085 68 0.0660 0.0008 22.1
644.0 0.9095 0.2061 0.2061 0.2028 0.2086 68 0.0680 0.0009 22.1
657.0 0.9075 0.2063 0.2062 0.2029 0.2088 66 0.0700 0.0011 21.4
670.0 0.9055 0.2065 0.2064 0.2031 0.2089 66 0.0720 0.0013 21.3
677.0 0.9035 0.2066 0.2065 0.2032 0.2091 65 0.0740 0.0014 21.0
690.0 0.9015 0.2068 0.2066 0.2033 0.2092 65 0.0760 0.0015 21.0
708.0 0.8995 0.2069 0.2067 0.2034 0.2094 65 0.0780 0.0016 20.9
721.0 0.8975 0.2071 0.2068 0.2035 0.2095 65 0.0800 0.0018 20.9
734.0 0.8955 0.2072 0.2069 0.2037 0.2097 65 0.0820 0.0019 20.9
747.0 0.8935 0.2074 0.2070 0.2037 0.2098 64 0.0840 0.0020 20.7
759.0 0.8915 0.2075 0.2071 0.2038 0.2099 64 0.0860 0.0021 20.7
772.0 0.8895 0.2076 0.2072 0.2039 0.2100 64 0.0880 0.0022 20.7
785.0 0.8875 0.2077 0.2072 0.2039 0.2101 64 0.0900 0.0023 20.8
797.0 0.8855 0.2078 0.2073 0.2040 0.2102 64 0.0920 0.0023 20.7
817.0 0.8815 0.2081 0.2076 0.2042 0.2106 63 0.0960 0.0027 20.5
835.0 0.8795 0.2083 0.2077 0.2044 0.2107 63 0.0980 0.0028 20.3
847.0 0.8775 0.2085 0.2078 0.2045 0.2109 63 0.1000 0.0030 20.3
860.0 0.8755 0.2086 0.2079 0.2046 0.2110 63 0.1020 0.0031 20.4
873.0 0.8735 0.2087 0.2080 0.2047 0.2111 63 0.1040 0.0032 20.5
885.0 0.8715 0.2088 0.2081 0.2047 0.2112 64 0.1060 0.0032 20.6
897.0 0.8695 0.2090 0.2081 0.2048 0.2114 64 0.1080 0.0034 20.6
910.0 0.8675 0.2091 0.2082 0.2049 0.2115 64 0.1100 0.0035 20.7
923.0 0.8655 0.2092 0.2083 0.2050 0.2116 64 0.1120 0.0036 20.7
935.0 0.8635 0.2094 0.2084 0.2051 0.2118 64 0.1140 0.0037 20.7
942.0 0.8615 0.2095 0.2086 0.2052 0.2120 64 0.1160 0.0038 20.6
955.0 0.8595 0.2097 0.2087 0.2053 0.2121 63 0.1180 0.0040 20.5
974.0 0.8575 0.2098 0.2087 0.2053 0.2122 63 0.1200 0.0040 20.4
986.0 0.8555 0.2099 0.2088 0.2054 0.2124 63 0.1220 0.0042 20.3
999.0 0.8535 0.2101 0.2089 0.2054 0.2125 63 0.1240 0.0043 20.3
1011.0 0.8515 0.2102 0.2090 0.2055 0.2127 63 0.1260 0.0044 20.3
1024.0 0.8495 0.2103 0.2091 0.2056 0.2128 62 0.1280 0.0045 20.2
1036.0 0.8475 0.2105 0.2092 0.2057 0.2130 62 0.1300 0.0046 20.2
1049.0 0.8455 0.2106 0.2093 0.2057 0.2131 62 0.1320 0.0047 20.1
1061.0 0.8435 0.2108 0.2094 0.2058 0.2133 62 0.1340 0.0048 20.0
1068.0 0.8415 0.2109 0.2095 0.2059 0.2134 62 0.1360 0.0050 20.2
1081.0 0.8395 0.2111 0.2096 0.2060 0.2136 62 0.1380 0.0051 19.9
1099.0 0.8375 0.2112 0.2097 0.2061 0.2137 61 0.1400 0.0052 19.9
1111.0 0.8355 0.2113 0.2098 0.2062 0.2138 61 0.1420 0.0053 19.8
1124.0 0.8335 0.2115 0.2099 0.2063 0.2140 61 0.1440 0.0055 19.7
1137.0 0.8315 0.2116 0.2100 0.2063 0.2141 61 0.1460 0.0055 19.7
1149.0 0.8295 0.2117 0.2101 0.2064 0.2143 60 0.1480 0.0057 19.5
1162.0 0.8275 0.2119 0.2101 0.2064 0.2144 60 0.1500 0.0057 19.6
1175.0 0.8255 0.2120 0.2102 0.2065 0.2145 60 0.1520 0.0058 19.6
1187.0 0.8235 0.2121 0.2103 0.2066 0.2147 60 0.1540 0.0060 19.6
1207.0 0.8195 0.2123 0.2105 0.2068 0.2148 58 0.1580 0.0061 18.8
1220.0 0.8175 0.2124 0.2106 0.2069 0.2149 58 0.1600 0.0062 18.8
1238.0 0.8155 0.2124 0.2107 0.2070 0.2149 58 0.1620 0.0063 18.9
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)

1250.0 0.8135 0.2125 0.2108 0.2071 0.2150 58 0.1640 0.0064 18.8
1263.0 0.8115 0.2126 0.2108 0.2072 0.2151 58 0.1660 0.0065 18.7
1276.0 0.8095 0.2126 0.2109 0.2072 0.2152 58 0.1680 0.0065 18.8
1288.0 0.8075 0.2127 0.2110 0.2073 0.2153 58 0.1700 0.0066 18.7
1301.0 0.8055 0.2128 0.2111 0.2074 0.2153 58 0.1720 0.0067 18.7
1313.0 0.8035 0.2129 0.2111 0.2075 0.2154 58 0.1740 0.0068 18.7
1326.0 0.8015 0.2130 0.2112 0.2076 0.2155 58 0.1760 0.0069 18.7
1333.0 0.7995 0.2131 0.2113 0.2077 0.2156 57 0.1780 0.0070 18.6
1345.0 0.7975 0.2132 0.2114 0.2077 0.2157 58 0.1800 0.0070 18.7
1363.0 0.7955 0.2133 0.2114 0.2078 0.2157 58 0.1820 0.0071 18.8
1376.0 0.7935 0.2133 0.2115 0.2079 0.2158 58 0.1840 0.0071 18.7
1389.0 0.7915 0.2134 0.2116 0.2079 0.2159 58 0.1860 0.0072 18.7
1402.0 0.7895 0.2135 0.2116 0.2080 0.2160 57 0.1880 0.0073 18.6
1415.0 0.7875 0.2136 0.2117 0.2080 0.2161 57 0.1900 0.0074 18.5
1428.0 0.7855 0.2136 0.2118 0.2081 0.2161 57 0.1920 0.0074 18.6
1440.0 0.7835 0.2137 0.2118 0.2081 0.2162 57 0.1940 0.0075 18.6
1453.0 0.7815 0.2138 0.2119 0.2082 0.2163 58 0.1960 0.0076 18.7
1460.0 0.7795 0.2138 0.2120 0.2083 0.2164 59 0.1980 0.0077 19.0
1472.0 0.7775 0.2139 0.2120 0.2083 0.2164 58 0.2000 0.0077 18.7
1491.0 0.7755 0.2139 0.2121 0.2084 0.2165 58 0.2020 0.0078 18.8
1504.0 0.7735 0.2140 0.2122 0.2084 0.2165 58 0.2040 0.0078 18.9
1516.0 0.7715 0.2140 0.2123 0.2085 0.2166 59 0.2060 0.0079 19.0
1529.0 0.7695 0.2141 0.2123 0.2085 0.2167 59 0.2080 0.0079 19.0
1541.0 0.7675 0.2141 0.2124 0.2086 0.2168 59 0.2100 0.0080 19.1
1554.0 0.7655 0.2142 0.2125 0.2086 0.2168 59 0.2120 0.0081 19.0
1567.0 0.7635 0.2142 0.2126 0.2087 0.2169 58 0.2140 0.0081 18.9
1579.0 0.7615 0.2143 0.2126 0.2087 0.2170 58 0.2160 0.0082 18.9
1591.0 0.7595 0.2144 0.2127 0.2087 0.2171 59 0.2180 0.0083 19.2
1599.0 0.7575 0.2144 0.2128 0.2088 0.2172 58 0.2200 0.0083 18.9
1611.0 0.7555 0.2145 0.2128 0.2088 0.2173 58 0.2220 0.0084 18.8
1629.0 0.7535 0.2145 0.2129 0.2088 0.2174 59 0.2240 0.0084 19.0
1642.0 0.7515 0.2146 0.2130 0.2089 0.2175 59 0.2260 0.0085 19.0
1655.0 0.7495 0.2147 0.2130 0.2089 0.2176 59 0.2280 0.0086 19.0
1667.0 0.7475 0.2147 0.2131 0.2089 0.2177 58 0.2300 0.0086 18.9
1680.0 0.7455 0.2148 0.2132 0.2090 0.2178 58 0.2320 0.0087 18.9
1692.0 0.7435 0.2149 0.2133 0.2090 0.2179 58 0.2340 0.0088 18.9
1705.0 0.7415 0.2150 0.2133 0.2091 0.2181 58 0.2360 0.0089 18.8
1717.0 0.7395 0.2151 0.2134 0.2091 0.2182 58 0.2380 0.0090 18.8
1724.0 0.7375 0.2151 0.2135 0.2091 0.2183 58 0.2400 0.0090 18.9
1737.0 0.7355 0.2152 0.2136 0.2091 0.2184 58 0.2420 0.0091 18.9
1755.0 0.7335 0.2152 0.2136 0.2091 0.2185 59 0.2440 0.0091 19.0
1768.0 0.7315 0.2153 0.2137 0.2091 0.2186 59 0.2460 0.0092 19.1
1780.0 0.7295 0.2153 0.2137 0.2091 0.2187 59 0.2480 0.0092 19.1
1792.0 0.7275 0.2154 0.2138 0.2091 0.2188 59 0.2500 0.0093 19.1
1805.0 0.7255 0.2155 0.2139 0.2091 0.2190 59 0.2520 0.0094 19.1
1818.0 0.7235 0.2155 0.2139 0.2091 0.2191 59 0.2540 0.0094 19.2
1830.0 0.7215 0.2156 0.2140 0.2091 0.2192 59 0.2560 0.0095 19.2
1843.0 0.7195 0.2157 0.2140 0.2091 0.2193 59 0.2580 0.0096 19.3
1862.0 0.7155 0.2158 0.2142 0.2091 0.2196 60 0.2620 0.0097 19.3
1875.0 0.7135 0.2159 0.2142 0.2091 0.2197 60 0.2640 0.0098 19.3
1892.0 0.7115 0.2159 0.2143 0.2091 0.2198 60 0.2660 0.0098 19.3
1905.0 0.7095 0.2160 0.2143 0.2091 0.2199 60 0.2680 0.0099 19.4
1918.0 0.7075 0.2161 0.2144 0.2091 0.2201 60 0.2700 0.0099 19.4
1930.0 0.7055 0.2161 0.2144 0.2091 0.2202 60 0.2720 0.0100 19.3
1943.0 0.7035 0.2162 0.2145 0.2092 0.2202 59 0.2740 0.0101 19.2
1955.0 0.7015 0.2162 0.2145 0.2092 0.2203 59 0.2760 0.0101 19.2
1968.0 0.6995 0.2163 0.2146 0.2092 0.2204 59 0.2780 0.0102 19.2
1981.0 0.6975 0.2163 0.2146 0.2092 0.2205 59 0.2800 0.0102 19.2
1987.0 0.6955 0.2164 0.2147 0.2092 0.2206 59 0.2820 0.0103 19.2
2000.0 0.6935 0.2165 0.2148 0.2092 0.2207 59 0.2840 0.0103 19.2
2019.0 0.6915 0.2165 0.2148 0.2092 0.2208 59 0.2860 0.0104 19.2
2032.0 0.6895 0.2166 0.2149 0.2093 0.2209 59 0.2880 0.0105 19.3
2044.0 0.6875 0.2166 0.2150 0.2092 0.2211 59 0.2900 0.0105 19.0
2057.0 0.6855 0.2167 0.2150 0.2091 0.2212 59 0.2920 0.0105 19.1
2069.0 0.6835 0.2167 0.2150 0.2091 0.2213 59 0.2940 0.0106 19.2
2081.0 0.6815 0.2167 0.2150 0.2090 0.2213 59 0.2960 0.0105 19.2
2094.0 0.6795 0.2167 0.2150 0.2089 0.2214 60 0.2980 0.0105 19.4
2106.0 0.6775 0.2167 0.2151 0.2089 0.2216 59 0.3000 0.0106 19.2
2116.0 0.6755 0.2168 0.2152 0.2089 0.2217 60 0.3020 0.0107 19.6
2126.0 0.6735 0.2169 0.2152 0.2089 0.2219 59 0.3040 0.0108 19.1
2139.0 0.6715 0.2170 0.2153 0.2089 0.2220 59 0.3060 0.0108 19.0
2157.0 0.6695 0.2170 0.2154 0.2089 0.2222 58 0.3080 0.0109 18.9
2170.0 0.6675 0.2171 0.2154 0.2089 0.2223 59 0.3100 0.0110 19.0
2182.0 0.6655 0.2171 0.2155 0.2088 0.2223 59 0.3120 0.0110 19.0
2195.0 0.6635 0.2171 0.2155 0.2088 0.2224 59 0.3140 0.0110 19.1
2207.0 0.6615 0.2171 0.2155 0.2088 0.2224 59 0.3160 0.0110 19.2
2220.0 0.6595 0.2171 0.2155 0.2088 0.2225 59 0.3180 0.0110 19.2
2233.0 0.6575 0.2171 0.2155 0.2088 0.2225 59 0.3200 0.0110 19.2
2245.0 0.6555 0.2172 0.2156 0.2088 0.2226 59 0.3220 0.0111 19.2
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)

2252.0 0.6535 0.2172 0.2157 0.2088 0.2227 59 0.3240 0.0111 19.1
2265.0 0.6515 0.2173 0.2157 0.2089 0.2227 59 0.3260 0.0112 19.1
2283.0 0.6495 0.2173 0.2158 0.2088 0.2228 59 0.3280 0.0112 19.0
2296.0 0.6475 0.2172 0.2158 0.2088 0.2228 58 0.3300 0.0112 18.7
2309.0 0.6455 0.2173 0.2158 0.2089 0.2228 58 0.3320 0.0112 18.6
2321.0 0.6435 0.2172 0.2159 0.2089 0.2228 57 0.3340 0.0112 18.6
2333.0 0.6415 0.2172 0.2159 0.2089 0.2228 57 0.3360 0.0112 18.5
2346.0 0.6395 0.2172 0.2159 0.2089 0.2229 57 0.3380 0.0113 18.5
2358.0 0.6375 0.2172 0.2160 0.2090 0.2229 57 0.3400 0.0113 18.5
2371.0 0.6355 0.2173 0.2160 0.2090 0.2229 56 0.3420 0.0113 18.3
2379.0 0.6334 0.2173 0.2161 0.2090 0.2229 57 0.3441 0.0114 18.6
2390.0 0.6315 0.2172 0.2161 0.2091 0.2229 56 0.3460 0.0114 18.2
2403.0 0.6295 0.2172 0.2161 0.2091 0.2229 56 0.3480 0.0114 18.2
2421.0 0.6275 0.2172 0.2162 0.2091 0.2229 56 0.3500 0.0114 18.1
2434.0 0.6255 0.2172 0.2162 0.2091 0.2229 56 0.3520 0.0114 18.1
2446.0 0.6235 0.2172 0.2162 0.2091 0.2229 56 0.3540 0.0114 18.1
2459.0 0.6215 0.2171 0.2163 0.2092 0.2229 56 0.3560 0.0114 18.1
2472.0 0.6195 0.2171 0.2163 0.2092 0.2229 56 0.3580 0.0114 18.1
2484.0 0.6175 0.2171 0.2164 0.2092 0.2229 56 0.3600 0.0114 18.2
2497.0 0.6155 0.2171 0.2164 0.2092 0.2229 56 0.3620 0.0114 18.2
2517.0 0.6115 0.2172 0.2165 0.2093 0.2230 56 0.3660 0.0115 18.1
2529.0 0.6095 0.2172 0.2166 0.2093 0.2230 56 0.3680 0.0116 18.1
2547.0 0.6075 0.2172 0.2166 0.2094 0.2231 56 0.3700 0.0116 18.1
2560.0 0.6055 0.2172 0.2166 0.2094 0.2231 56 0.3720 0.0116 18.0
2573.0 0.6035 0.2172 0.2167 0.2094 0.2231 55 0.3740 0.0116 17.9
2586.0 0.6015 0.2172 0.2167 0.2095 0.2231 55 0.3760 0.0117 17.8
2598.0 0.5995 0.2173 0.2168 0.2095 0.2232 55 0.3780 0.0117 17.9
2611.0 0.5975 0.2173 0.2168 0.2096 0.2232 55 0.3800 0.0118 17.8
2623.0 0.5955 0.2173 0.2169 0.2096 0.2233 55 0.3820 0.0118 17.7
2636.0 0.5935 0.2173 0.2169 0.2096 0.2233 55 0.3840 0.0118 17.7
2642.0 0.5915 0.2174 0.2170 0.2096 0.2234 55 0.3860 0.0119 17.7
2655.0 0.5895 0.2174 0.2170 0.2097 0.2234 54 0.3880 0.0119 17.6
2674.0 0.5875 0.2174 0.2171 0.2096 0.2235 54 0.3900 0.0119 17.4
2687.0 0.5855 0.2174 0.2171 0.2096 0.2235 53 0.3920 0.0119 17.3
2700.0 0.5835 0.2175 0.2172 0.2097 0.2236 53 0.3940 0.0120 17.1
2713.0 0.5815 0.2175 0.2172 0.2097 0.2237 53 0.3960 0.0121 17.1
2725.0 0.5795 0.2175 0.2173 0.2097 0.2237 53 0.3980 0.0121 17.0
2737.0 0.5775 0.2175 0.2173 0.2097 0.2238 53 0.4000 0.0121 17.0
2750.0 0.5755 0.2175 0.2173 0.2097 0.2238 52 0.4020 0.0121 17.0
2763.0 0.5735 0.2175 0.2174 0.2097 0.2238 52 0.4040 0.0121 17.0
2783.0 0.5695 0.2175 0.2175 0.2097 0.2240 52 0.4080 0.0122 17.0
2796.0 0.5675 0.2175 0.2176 0.2098 0.2240 52 0.4100 0.0123 16.9
2814.0 0.5655 0.2175 0.2176 0.2097 0.2240 52 0.4120 0.0122 16.9
2827.0 0.5635 0.2175 0.2176 0.2097 0.2241 52 0.4140 0.0123 16.9
2839.0 0.5615 0.2175 0.2177 0.2097 0.2241 52 0.4160 0.0123 16.9
2852.0 0.5595 0.2175 0.2177 0.2097 0.2242 52 0.4180 0.0123 16.9
2865.0 0.5575 0.2175 0.2178 0.2097 0.2243 52 0.4200 0.0124 16.9
2878.0 0.5555 0.2175 0.2178 0.2097 0.2243 52 0.4220 0.0124 17.0
2890.0 0.5535 0.2175 0.2179 0.2097 0.2243 52 0.4240 0.0124 17.0
2902.0 0.5515 0.2175 0.2179 0.2097 0.2244 53 0.4260 0.0124 17.0
2910.0 0.5495 0.2175 0.2180 0.2097 0.2245 52 0.4280 0.0125 17.0
2923.0 0.5475 0.2175 0.2180 0.2096 0.2245 53 0.4300 0.0124 17.0
2941.0 0.5455 0.2175 0.2180 0.2096 0.2246 52 0.4320 0.0125 16.8
2954.0 0.5435 0.2175 0.2180 0.2096 0.2246 52 0.4340 0.0125 16.9
2967.0 0.5415 0.2175 0.2181 0.2096 0.2247 52 0.4360 0.0125 16.9
2979.0 0.5395 0.2176 0.2181 0.2096 0.2247 52 0.4380 0.0125 16.8
2992.0 0.5375 0.2176 0.2181 0.2096 0.2248 52 0.4400 0.0126 16.9
3004.0 0.5355 0.2176 0.2182 0.2096 0.2248 52 0.4420 0.0126 16.9
3017.0 0.5335 0.2176 0.2182 0.2096 0.2248 52 0.4440 0.0126 16.9
3029.0 0.5315 0.2176 0.2182 0.2096 0.2248 52 0.4460 0.0126 17.0
3036.0 0.5295 0.2177 0.2183 0.2096 0.2249 53 0.4480 0.0127 17.1
3048.0 0.5275 0.2177 0.2183 0.2096 0.2249 52 0.4500 0.0127 16.9
3061.0 0.5255 0.2177 0.2183 0.2096 0.2250 52 0.4520 0.0127 16.9
3079.0 0.5235 0.2177 0.2183 0.2096 0.2250 52 0.4540 0.0127 16.9
3091.0 0.5215 0.2177 0.2183 0.2096 0.2250 52 0.4560 0.0127 16.9
3104.0 0.5195 0.2177 0.2183 0.2096 0.2251 52 0.4580 0.0127 17.0
3117.0 0.5175 0.2178 0.2184 0.2096 0.2251 52 0.4600 0.0128 17.0
3129.0 0.5155 0.2178 0.2184 0.2096 0.2251 53 0.4620 0.0128 17.0
3142.0 0.5135 0.2178 0.2184 0.2096 0.2252 53 0.4640 0.0128 17.0
3154.0 0.5115 0.2178 0.2184 0.2096 0.2252 53 0.4660 0.0128 17.1
3166.0 0.5095 0.2178 0.2184 0.2096 0.2253 53 0.4680 0.0128 17.2
3174.0 0.5075 0.2178 0.2185 0.2096 0.2253 52 0.4700 0.0128 17.0
3186.0 0.5055 0.2179 0.2185 0.2095 0.2253 52 0.4720 0.0128 17.0
3205.0 0.5035 0.2178 0.2185 0.2094 0.2254 52 0.4740 0.0128 16.9
3218.0 0.5015 0.2179 0.2185 0.2094 0.2255 52 0.4760 0.0129 16.9
3231.0 0.4995 0.2179 0.2185 0.2094 0.2255 52 0.4780 0.0129 16.9
3243.0 0.4975 0.2179 0.2186 0.2094 0.2256 52 0.4800 0.0129 17.0
3256.0 0.4955 0.2179 0.2186 0.2094 0.2257 52 0.4820 0.0129 16.9
3268.0 0.4935 0.2179 0.2186 0.2094 0.2257 52 0.4840 0.0129 16.8
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)

3281.0 0.4915 0.2180 0.2186 0.2094 0.2257 52 0.4860 0.0130 16.9
3293.0 0.4895 0.2180 0.2187 0.2094 0.2258 52 0.4880 0.0130 16.9
3301.0 0.4875 0.2180 0.2187 0.2095 0.2258 52 0.4900 0.0130 16.8
3313.0 0.4855 0.2180 0.2187 0.2095 0.2258 52 0.4920 0.0130 16.8
3332.0 0.4835 0.2181 0.2187 0.2095 0.2258 52 0.4940 0.0131 16.8
3344.0 0.4815 0.2181 0.2187 0.2095 0.2258 52 0.4960 0.0131 16.9
3357.0 0.4795 0.2181 0.2188 0.2095 0.2259 52 0.4980 0.0131 16.9
3370.0 0.4775 0.2181 0.2188 0.2095 0.2259 52 0.5000 0.0131 17.0
3382.0 0.4755 0.2182 0.2188 0.2095 0.2259 52 0.5020 0.0131 17.0
3395.0 0.4735 0.2181 0.2187 0.2094 0.2259 53 0.5040 0.0131 17.1
3408.0 0.4715 0.2181 0.2187 0.2094 0.2259 53 0.5060 0.0131 17.2
3421.0 0.4695 0.2181 0.2187 0.2093 0.2259 53 0.5080 0.0130 17.2
3440.0 0.4655 0.2182 0.2187 0.2094 0.2260 52 0.5120 0.0131 17.0
3454.0 0.4635 0.2183 0.2188 0.2094 0.2261 52 0.5140 0.0132 16.8
3472.0 0.4615 0.2183 0.2188 0.2094 0.2262 51 0.5160 0.0132 16.5
3484.0 0.4595 0.2183 0.2188 0.2094 0.2262 51 0.5180 0.0132 16.5
3497.0 0.4575 0.2183 0.2188 0.2094 0.2262 51 0.5200 0.0132 16.6
3510.0 0.4555 0.2183 0.2188 0.2093 0.2262 52 0.5220 0.0132 16.7
3522.0 0.4535 0.2183 0.2188 0.2093 0.2262 52 0.5240 0.0132 16.8
3535.0 0.4515 0.2183 0.2188 0.2093 0.2262 52 0.5260 0.0132 16.9
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, soft Lab ID DS-973

Hole Number 207-ADC Depth (ft.) 70.7'-70.8'
Test Type Direct shear of intact specimen

As Received
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, soft Lab ID DS-973

Hole Number 207-ADC Depth (ft.) 70.7'-70.8'
Test Type Direct shear of intact specimen

Post Test
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Direct Shear Strength of Rock
ASTM D 5607

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, moderately hard Lab ID DS-981

Hole Number 208-ADC Depth (ft.) 60.1' Date Received 08/06/2019
Test Type Direct shear of intact specimen

Diameter (in.) 1.980
Initial Moisture Condition As received, moist Angle of Dip (deg.) 0.0

At Test Moisture Condition As prepared (specimen not soaked before test) Area (in2) 3.08
Roughness (JRC) 9

Test A Test B Test C Test D Test E
Normal Stress (psi) 34.7 34.7 N/A N/A N/A

Peak Shear Stress (psi) 170.2
Deflection at Peak (in) 0.0420
Post Peak Stress (psi) N/A 21.7 N/A N/A N/A

Deflection at Residual (in) N/A 0.2600 N/A N/A N/A

Comments
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Direct Shear Strength of Rock
ASTM D 5607

Johnson County Section 202 Study Project Number
Shale, gray, moderately hard Lab ID
208-ADC Date Received

Depth (ft.) 60.1'
Direct shear of intact specimen Diameter (in)

Initial Moisture Condition As received, moist Angle of Dip (deg)
Test Moisture Condition As prepared (specimen not soaked before test) Area(in2)

Joint Roughness 9
Date Prepared

Normal Stress (psi) 34.72 Date Tested

Shear Rate to Peak (in/min) 0.003

Encapsulation Material Hydro-Stone

Comments

175529001
DS-981

08/06/2019

1.980
0.0
3.08

09/04/2019
09/11/2019

Project Name
Lithology

Hole Number

Test Type

Sketch
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)
0.0 1.0076 0.2075 0.2058 0.2037 0.2057 3 0.0000 0.0000 0.9
57.0 1.0056 0.2075 0.2057 0.2036 0.2058 8 0.0020 0.0000 2.7
99.0 1.0036 0.2075 0.2057 0.2035 0.2059 23 0.0040 0.0000 7.5

154.0 1.0016 0.2075 0.2057 0.2033 0.2062 35 0.0060 0.0000 11.3
194.0 0.9996 0.2076 0.2057 0.2031 0.2064 44 0.0080 0.0000 14.2
233.0 0.9976 0.2076 0.2058 0.2030 0.2065 51 0.0100 0.0001 16.7
269.0 0.9956 0.2076 0.2058 0.2028 0.2067 58 0.0120 0.0000 18.9
304.0 0.9936 0.2076 0.2058 0.2027 0.2069 61 0.0140 0.0001 19.8
340.0 0.9916 0.2076 0.2058 0.2026 0.2071 73 0.0160 0.0001 23.7
374.0 0.9896 0.2076 0.2059 0.2024 0.2073 90 0.0180 0.0001 29.4
411.0 0.9876 0.2076 0.2059 0.2022 0.2075 117 0.0200 0.0001 38.1
452.0 0.9856 0.2077 0.2060 0.2020 0.2079 163 0.0220 0.0002 53.0
494.0 0.9836 0.2077 0.2061 0.2018 0.2082 219 0.0240 0.0003 71.2
537.0 0.9816 0.2078 0.2062 0.2016 0.2087 275 0.0260 0.0004 89.3
576.0 0.9796 0.2081 0.2065 0.2015 0.2093 323 0.0280 0.0007 104.8
615.0 0.9776 0.2088 0.2071 0.2013 0.2106 363 0.0300 0.0013 117.9
654.0 0.9756 0.2098 0.2081 0.2011 0.2126 399 0.0320 0.0022 129.6
691.0 0.9736 0.2109 0.2093 0.2010 0.2148 434 0.0340 0.0033 141.0
726.0 0.9716 0.2124 0.2107 0.2012 0.2174 452 0.0360 0.0048 146.7
762.0 0.9696 0.2137 0.2120 0.2013 0.2196 483 0.0380 0.0060 156.9
799.0 0.9676 0.2151 0.2133 0.2015 0.2220 514 0.0400 0.0073 166.8
833.0 0.9656 0.2168 0.2147 0.2017 0.2247 524 0.0420 0.0088 170.2
839.0 0.9636 0.2147 0.2121 0.2022 0.2201 219 0.0440 0.0066 71.0
869.0 0.9616 0.2143 0.2118 0.2022 0.2194 182 0.0460 0.0063 59.2
901.0 0.9596 0.2145 0.2119 0.2022 0.2197 173 0.0480 0.0064 56.3
933.0 0.9576 0.2149 0.2122 0.2023 0.2201 161 0.0500 0.0067 52.3
965.0 0.9556 0.2152 0.2124 0.2024 0.2206 157 0.0520 0.0070 50.9
997.0 0.9536 0.2156 0.2128 0.2024 0.2211 154 0.0540 0.0073 50.0
1031.0 0.9516 0.2161 0.2131 0.2026 0.2217 149 0.0560 0.0077 48.4
1064.0 0.9496 0.2166 0.2134 0.2027 0.2223 143 0.0580 0.0081 46.5
1098.0 0.9476 0.2171 0.2137 0.2028 0.2229 140 0.0600 0.0084 45.4
1131.0 0.9456 0.2175 0.2140 0.2029 0.2235 135 0.0620 0.0088 43.9
1164.0 0.9436 0.2180 0.2142 0.2030 0.2240 131 0.0640 0.0091 42.5
1197.0 0.9416 0.2183 0.2144 0.2031 0.2244 127 0.0660 0.0094 41.3
1230.0 0.9396 0.2187 0.2147 0.2032 0.2249 125 0.0680 0.0097 40.6
1264.0 0.9376 0.2192 0.2150 0.2034 0.2256 123 0.0700 0.0101 39.8
1298.0 0.9356 0.2195 0.2151 0.2034 0.2260 117 0.0720 0.0103 38.1
1332.0 0.9336 0.2197 0.2152 0.2035 0.2261 116 0.0740 0.0105 37.6
1364.0 0.9316 0.2199 0.2153 0.2035 0.2264 115 0.0760 0.0106 37.5
1397.0 0.9296 0.2202 0.2155 0.2036 0.2268 115 0.0780 0.0109 37.4
1431.0 0.9276 0.2205 0.2157 0.2037 0.2272 114 0.0800 0.0111 36.9
1464.0 0.9256 0.2208 0.2158 0.2038 0.2275 113 0.0820 0.0113 36.7
1497.0 0.9236 0.2211 0.2160 0.2039 0.2279 113 0.0840 0.0116 36.6
1531.0 0.9216 0.2214 0.2162 0.2039 0.2283 109 0.0860 0.0118 35.4
1564.0 0.9196 0.2216 0.2164 0.2040 0.2287 108 0.0880 0.0120 34.9
1597.0 0.9176 0.2218 0.2166 0.2041 0.2290 107 0.0900 0.0122 34.9
1630.0 0.9156 0.2221 0.2168 0.2041 0.2294 107 0.0920 0.0124 34.8
1663.0 0.9136 0.2224 0.2170 0.2042 0.2298 106 0.0940 0.0127 34.3
1696.0 0.9116 0.2226 0.2172 0.2043 0.2302 106 0.0960 0.0129 34.3
1729.0 0.9096 0.2228 0.2174 0.2043 0.2306 105 0.0980 0.0131 34.1
1763.0 0.9076 0.2231 0.2176 0.2044 0.2309 105 0.1000 0.0133 34.0
1797.0 0.9056 0.2234 0.2178 0.2045 0.2313 103 0.1020 0.0136 33.6
1832.0 0.9036 0.2236 0.2180 0.2045 0.2317 103 0.1040 0.0138 33.5
1865.0 0.9016 0.2239 0.2181 0.2046 0.2321 103 0.1060 0.0140 33.3
1898.0 0.8996 0.2242 0.2183 0.2047 0.2325 102 0.1080 0.0143 33.1
1932.0 0.8976 0.2244 0.2185 0.2047 0.2329 102 0.1100 0.0145 33.0
1967.0 0.8956 0.2247 0.2187 0.2048 0.2333 101 0.1120 0.0147 32.9
2001.0 0.8936 0.2250 0.2189 0.2048 0.2337 101 0.1140 0.0149 32.9
2034.0 0.8916 0.2252 0.2191 0.2049 0.2341 101 0.1160 0.0152 32.9
2068.0 0.8896 0.2255 0.2193 0.2049 0.2345 101 0.1180 0.0154 32.9
2101.0 0.8876 0.2258 0.2195 0.2050 0.2349 102 0.1200 0.0156 33.0
2134.0 0.8856 0.2260 0.2197 0.2050 0.2353 102 0.1220 0.0158 33.0
2167.0 0.8836 0.2263 0.2199 0.2051 0.2357 102 0.1240 0.0161 33.1
2201.0 0.8816 0.2266 0.2201 0.2051 0.2361 102 0.1260 0.0163 33.1
2236.0 0.8796 0.2268 0.2204 0.2052 0.2365 102 0.1280 0.0166 33.1
2269.0 0.8776 0.2271 0.2206 0.2052 0.2369 102 0.1300 0.0168 33.1
2303.0 0.8756 0.2274 0.2208 0.2053 0.2373 101 0.1320 0.0170 32.8
2337.0 0.8736 0.2276 0.2210 0.2053 0.2377 101 0.1340 0.0172 32.6
2371.0 0.8716 0.2279 0.2212 0.2054 0.2381 99 0.1360 0.0175 32.2
2404.0 0.8696 0.2281 0.2213 0.2054 0.2384 99 0.1380 0.0176 32.0
2438.0 0.8676 0.2283 0.2215 0.2054 0.2388 98 0.1400 0.0178 31.9
2472.0 0.8656 0.2285 0.2216 0.2055 0.2390 94 0.1420 0.0180 30.5
2507.0 0.8636 0.2286 0.2216 0.2054 0.2392 95 0.1440 0.0180 30.8
2542.0 0.8616 0.2288 0.2218 0.2055 0.2395 93 0.1460 0.0182 30.3
2576.0 0.8596 0.2291 0.2219 0.2055 0.2398 92 0.1480 0.0184 29.7
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Direct Shear Strength of Rock
ASTM D 5607

Johnson County Section 202 Study Project Number
Shale, gray, moderately hard Lab ID
208-ADC Date Received

Depth (ft.) 60.1'
Direct shear of intact specimen Diameter (in)

Initial Moisture Condition As received, moist Angle of Dip (deg)
Test Moisture Condition As prepared (specimen not soaked before test) Area(in2)

Joint Roughness 9
Date Prepared

Normal Stress (psi) 34.72 Date Tested

Shear Rate to Peak (in/min) N/A

Encapsulation Material Hydro-Stone

Sketch

Comments

Test Type 1.980
0.0
3.08

09/04/2019
09/11/2019

Project Name 175529001
Lithology DS-981

Hole Number 08/06/2019
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2nd Residual - Test B

Shear Stress Vertical Deflection
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)
0.0 1.0045 0.2054 0.2035 0.2066 0.2064 3 0.0000 0.0000 0.9
22.0 1.0025 0.2054 0.2035 0.2063 0.2068 8 0.0020 0.0000 2.6
38.0 1.0005 0.2054 0.2035 0.2060 0.2072 12 0.0040 0.0001 3.9
53.0 0.9985 0.2054 0.2035 0.2057 0.2076 18 0.0060 0.0001 5.9
69.0 0.9964 0.2054 0.2035 0.2053 0.2080 27 0.0081 0.0001 8.6
89.0 0.9945 0.2054 0.2036 0.2049 0.2084 39 0.0100 0.0001 12.6

103.0 0.9925 0.2054 0.2036 0.2045 0.2088 51 0.0120 0.0001 16.7
116.0 0.9905 0.2054 0.2036 0.2042 0.2091 59 0.0140 0.0001 19.0
130.0 0.9885 0.2054 0.2036 0.2040 0.2093 63 0.0160 0.0001 20.4
143.0 0.9865 0.2055 0.2037 0.2039 0.2096 66 0.0180 0.0002 21.3
156.0 0.9845 0.2056 0.2038 0.2038 0.2099 68 0.0200 0.0003 22.1
170.0 0.9825 0.2057 0.2040 0.2037 0.2103 70 0.0220 0.0004 22.7
177.0 0.9805 0.2059 0.2042 0.2037 0.2106 71 0.0240 0.0006 23.1
190.0 0.9785 0.2060 0.2044 0.2037 0.2110 73 0.0260 0.0008 23.7
205.0 0.9765 0.2062 0.2046 0.2036 0.2113 75 0.0280 0.0010 24.2
224.0 0.9745 0.2064 0.2049 0.2036 0.2118 77 0.0300 0.0012 25.0
237.0 0.9725 0.2067 0.2051 0.2035 0.2122 79 0.0320 0.0014 25.5
250.0 0.9705 0.2069 0.2053 0.2035 0.2126 79 0.0340 0.0016 25.8
263.0 0.9685 0.2071 0.2055 0.2035 0.2130 80 0.0360 0.0018 25.9
276.0 0.9665 0.2073 0.2058 0.2035 0.2135 81 0.0380 0.0021 26.2
289.0 0.9645 0.2075 0.2060 0.2036 0.2139 81 0.0400 0.0023 26.4
302.0 0.9625 0.2078 0.2062 0.2036 0.2143 81 0.0420 0.0025 26.4
313.0 0.9604 0.2080 0.2065 0.2036 0.2147 82 0.0441 0.0027 26.8
322.0 0.9585 0.2082 0.2067 0.2037 0.2152 81 0.0460 0.0030 26.1
335.0 0.9565 0.2085 0.2069 0.2037 0.2156 80 0.0480 0.0032 26.1
348.0 0.9545 0.2087 0.2072 0.2038 0.2159 80 0.0500 0.0034 26.1
367.0 0.9525 0.2090 0.2074 0.2038 0.2164 81 0.0520 0.0037 26.2
380.0 0.9505 0.2092 0.2076 0.2039 0.2168 81 0.0540 0.0039 26.3
393.0 0.9485 0.2095 0.2079 0.2039 0.2172 81 0.0560 0.0042 26.3
406.0 0.9465 0.2097 0.2081 0.2039 0.2177 81 0.0580 0.0044 26.4
419.0 0.9445 0.2099 0.2084 0.2040 0.2181 82 0.0600 0.0046 26.5
432.0 0.9424 0.2102 0.2086 0.2040 0.2185 81 0.0621 0.0049 26.4
445.0 0.9405 0.2104 0.2088 0.2041 0.2189 82 0.0640 0.0051 26.7
452.0 0.9385 0.2107 0.2090 0.2041 0.2193 82 0.0660 0.0053 26.8
465.0 0.9365 0.2109 0.2092 0.2041 0.2196 83 0.0680 0.0055 27.1
479.0 0.9345 0.2111 0.2095 0.2042 0.2200 84 0.0700 0.0057 27.2
496.0 0.9325 0.2113 0.2097 0.2042 0.2204 84 0.0720 0.0059 27.3
509.0 0.9305 0.2116 0.2099 0.2044 0.2207 84 0.0740 0.0062 27.2
522.0 0.9285 0.2118 0.2101 0.2045 0.2211 84 0.0760 0.0064 27.2
535.0 0.9265 0.2121 0.2104 0.2046 0.2215 83 0.0780 0.0067 27.0
548.0 0.9244 0.2124 0.2106 0.2047 0.2219 83 0.0801 0.0069 26.8
561.0 0.9225 0.2126 0.2109 0.2048 0.2222 83 0.0820 0.0072 27.0
574.0 0.9205 0.2128 0.2111 0.2048 0.2226 84 0.0840 0.0074 27.2
584.0 0.9184 0.2131 0.2113 0.2049 0.2229 86 0.0861 0.0076 27.8
593.0 0.9165 0.2133 0.2115 0.2050 0.2232 84 0.0880 0.0078 27.2
606.0 0.9145 0.2135 0.2117 0.2051 0.2235 84 0.0900 0.0080 27.3
625.0 0.9124 0.2137 0.2119 0.2052 0.2238 84 0.0921 0.0082 27.4
637.0 0.9105 0.2139 0.2121 0.2053 0.2242 85 0.0940 0.0084 27.5
650.0 0.9085 0.2141 0.2123 0.2054 0.2245 85 0.0960 0.0086 27.6
663.0 0.9064 0.2144 0.2126 0.2055 0.2248 86 0.0981 0.0089 27.8
676.0 0.9045 0.2146 0.2128 0.2056 0.2252 86 0.1000 0.0091 27.8
689.0 0.9025 0.2148 0.2130 0.2058 0.2255 87 0.1020 0.0093 28.1
702.0 0.9005 0.2150 0.2132 0.2059 0.2258 87 0.1040 0.0095 28.3
714.0 0.8985 0.2153 0.2134 0.2060 0.2262 86 0.1060 0.0098 28.0
722.0 0.8965 0.2154 0.2137 0.2060 0.2265 86 0.1080 0.0099 28.0
735.0 0.8944 0.2156 0.2140 0.2062 0.2268 85 0.1101 0.0102 27.4
748.0 0.8925 0.2157 0.2142 0.2063 0.2271 84 0.1120 0.0104 27.2
766.0 0.8905 0.2159 0.2144 0.2065 0.2273 80 0.1140 0.0106 26.0
779.0 0.8885 0.2160 0.2145 0.2065 0.2275 78 0.1160 0.0107 25.4
792.0 0.8865 0.2162 0.2146 0.2065 0.2277 78 0.1180 0.0108 25.4
804.0 0.8845 0.2163 0.2147 0.2064 0.2280 78 0.1200 0.0109 25.3
817.0 0.8825 0.2164 0.2148 0.2064 0.2282 78 0.1220 0.0110 25.3
829.0 0.8805 0.2166 0.2149 0.2063 0.2285 78 0.1240 0.0111 25.4
842.0 0.8785 0.2167 0.2150 0.2063 0.2287 78 0.1260 0.0112 25.3
850.0 0.8764 0.2169 0.2150 0.2063 0.2290 78 0.1281 0.0113 25.2
861.0 0.8745 0.2171 0.2151 0.2063 0.2292 77 0.1300 0.0115 25.1
875.0 0.8725 0.2172 0.2152 0.2063 0.2294 78 0.1320 0.0116 25.3
893.0 0.8705 0.2173 0.2153 0.2063 0.2296 78 0.1340 0.0117 25.3
906.0 0.8685 0.2175 0.2154 0.2064 0.2298 78 0.1360 0.0118 25.4
919.0 0.8665 0.2176 0.2155 0.2064 0.2301 79 0.1380 0.0119 25.5
931.0 0.8645 0.2178 0.2156 0.2064 0.2303 78 0.1400 0.0121 25.4
944.0 0.8625 0.2179 0.2157 0.2064 0.2305 78 0.1420 0.0122 25.3
957.0 0.8605 0.2180 0.2158 0.2065 0.2307 78 0.1440 0.0123 25.4
970.0 0.8585 0.2182 0.2159 0.2065 0.2309 78 0.1460 0.0124 25.3
981.0 0.8564 0.2183 0.2161 0.2066 0.2311 76 0.1481 0.0126 24.7
989.0 0.8545 0.2184 0.2162 0.2066 0.2312 75 0.1500 0.0126 24.2
1002.0 0.8525 0.2185 0.2163 0.2066 0.2314 75 0.1520 0.0127 24.4
1021.0 0.8505 0.2186 0.2164 0.2066 0.2316 75 0.1540 0.0128 24.4
1034.0 0.8485 0.2187 0.2165 0.2066 0.2318 74 0.1560 0.0129 24.1
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)

1046.0 0.8465 0.2187 0.2166 0.2066 0.2319 74 0.1580 0.0130 23.9
1059.0 0.8445 0.2188 0.2166 0.2066 0.2321 73 0.1600 0.0131 23.8
1071.0 0.8425 0.2188 0.2167 0.2066 0.2322 74 0.1620 0.0131 24.0
1084.0 0.8405 0.2189 0.2168 0.2066 0.2324 74 0.1640 0.0132 24.0
1096.0 0.8385 0.2190 0.2169 0.2066 0.2325 73 0.1660 0.0133 23.8
1109.0 0.8365 0.2190 0.2170 0.2066 0.2327 73 0.1680 0.0134 23.7
1116.0 0.8345 0.2191 0.2171 0.2066 0.2329 73 0.1700 0.0135 23.8
1129.0 0.8325 0.2191 0.2172 0.2065 0.2331 74 0.1720 0.0135 23.9
1142.0 0.8305 0.2192 0.2173 0.2065 0.2333 73 0.1740 0.0136 23.8
1160.0 0.8285 0.2192 0.2174 0.2065 0.2334 73 0.1760 0.0137 23.7
1173.0 0.8265 0.2193 0.2175 0.2065 0.2336 73 0.1780 0.0138 23.7
1186.0 0.8245 0.2193 0.2176 0.2064 0.2338 73 0.1800 0.0138 23.6
1198.0 0.8225 0.2193 0.2177 0.2063 0.2340 72 0.1820 0.0139 23.5
1211.0 0.8205 0.2194 0.2178 0.2062 0.2342 72 0.1840 0.0139 23.5
1224.0 0.8185 0.2194 0.2179 0.2061 0.2344 73 0.1860 0.0140 23.5
1237.0 0.8165 0.2195 0.2180 0.2061 0.2347 73 0.1880 0.0141 23.7
1244.0 0.8144 0.2196 0.2181 0.2060 0.2349 74 0.1901 0.0142 24.1
1256.0 0.8125 0.2196 0.2182 0.2060 0.2351 73 0.1920 0.0143 23.6
1269.0 0.8105 0.2197 0.2182 0.2059 0.2352 73 0.1940 0.0143 23.6
1287.0 0.8085 0.2197 0.2183 0.2058 0.2355 73 0.1960 0.0144 23.7
1300.0 0.8065 0.2198 0.2184 0.2058 0.2356 72 0.1980 0.0144 23.4
1313.0 0.8045 0.2199 0.2185 0.2058 0.2357 72 0.2000 0.0145 23.5
1326.0 0.8025 0.2200 0.2186 0.2058 0.2359 73 0.2020 0.0146 23.5
1338.0 0.8005 0.2201 0.2186 0.2057 0.2361 73 0.2040 0.0147 23.7
1350.0 0.7985 0.2202 0.2187 0.2056 0.2364 73 0.2060 0.0148 23.7
1362.0 0.7965 0.2202 0.2188 0.2056 0.2365 73 0.2080 0.0148 23.6
1375.0 0.7945 0.2203 0.2188 0.2055 0.2367 73 0.2100 0.0149 23.8
1383.0 0.7925 0.2204 0.2189 0.2055 0.2370 73 0.2120 0.0150 23.7
1396.0 0.7905 0.2205 0.2190 0.2054 0.2372 73 0.2140 0.0151 23.8
1409.0 0.7885 0.2205 0.2191 0.2052 0.2375 73 0.2160 0.0151 23.8
1428.0 0.7865 0.2205 0.2191 0.2050 0.2378 73 0.2180 0.0151 23.6
1440.0 0.7845 0.2205 0.2191 0.2046 0.2382 71 0.2200 0.0151 23.1
1453.0 0.7825 0.2205 0.2191 0.2043 0.2384 70 0.2220 0.0151 22.7
1465.0 0.7805 0.2206 0.2191 0.2041 0.2387 70 0.2240 0.0152 22.8
1478.0 0.7785 0.2206 0.2191 0.2038 0.2390 70 0.2260 0.0152 22.8
1491.0 0.7765 0.2206 0.2192 0.2036 0.2393 70 0.2280 0.0152 22.7
1504.0 0.7745 0.2205 0.2192 0.2033 0.2395 69 0.2300 0.0152 22.5
1510.0 0.7725 0.2205 0.2192 0.2031 0.2398 69 0.2320 0.0152 22.3
1522.0 0.7705 0.2204 0.2193 0.2029 0.2400 68 0.2340 0.0152 22.2
1535.0 0.7685 0.2204 0.2193 0.2027 0.2402 68 0.2360 0.0152 22.1
1553.0 0.7665 0.2203 0.2194 0.2025 0.2404 67 0.2380 0.0152 21.7
1567.0 0.7645 0.2203 0.2194 0.2023 0.2406 67 0.2400 0.0152 21.8
1580.0 0.7625 0.2203 0.2195 0.2021 0.2408 67 0.2420 0.0152 21.8
1592.0 0.7605 0.2202 0.2196 0.2020 0.2410 67 0.2440 0.0152 21.6
1605.0 0.7585 0.2202 0.2196 0.2018 0.2412 67 0.2460 0.0152 21.7
1617.0 0.7565 0.2202 0.2196 0.2016 0.2413 67 0.2480 0.0152 21.7
1630.0 0.7545 0.2201 0.2197 0.2014 0.2415 67 0.2500 0.0152 21.6
1638.0 0.7525 0.2201 0.2197 0.2013 0.2417 68 0.2520 0.0152 22.1
1649.0 0.7505 0.2201 0.2198 0.2011 0.2419 67 0.2540 0.0153 21.7
1662.0 0.7485 0.2201 0.2198 0.2010 0.2421 67 0.2560 0.0153 21.7
1675.0 0.7464 0.2201 0.2199 0.2008 0.2423 67 0.2581 0.0153 21.6
1693.0 0.7445 0.2201 0.2199 0.2007 0.2425 67 0.2600 0.0153 21.7
1706.0 0.7425 0.2200 0.2199 0.2005 0.2427 67 0.2620 0.0153 21.8
1718.0 0.7405 0.2200 0.2200 0.2003 0.2428 67 0.2640 0.0153 21.8
1731.0 0.7385 0.2200 0.2200 0.2002 0.2430 68 0.2660 0.0153 21.9
1743.0 0.7365 0.2200 0.2200 0.2000 0.2432 67 0.2680 0.0153 21.9
1756.0 0.7345 0.2200 0.2201 0.1998 0.2433 68 0.2700 0.0153 22.0
1768.0 0.7325 0.2199 0.2201 0.1997 0.2435 69 0.2720 0.0153 22.3
1775.0 0.7305 0.2199 0.2201 0.1995 0.2437 69 0.2740 0.0153 22.2
1787.0 0.7285 0.2198 0.2202 0.1993 0.2438 69 0.2760 0.0153 22.3
1800.0 0.7265 0.2198 0.2202 0.1992 0.2440 69 0.2780 0.0153 22.2
1819.0 0.7245 0.2198 0.2203 0.1992 0.2442 68 0.2800 0.0154 22.1
1831.0 0.7225 0.2198 0.2204 0.1991 0.2444 68 0.2820 0.0155 22.1
1844.0 0.7205 0.2198 0.2205 0.1989 0.2445 68 0.2840 0.0155 22.1
1856.0 0.7185 0.2198 0.2205 0.1988 0.2447 68 0.2860 0.0155 22.1
1868.0 0.7165 0.2198 0.2205 0.1987 0.2448 68 0.2880 0.0155 22.1
1881.0 0.7145 0.2198 0.2206 0.1986 0.2449 69 0.2900 0.0155 22.3
1893.0 0.7125 0.2197 0.2206 0.1984 0.2450 69 0.2920 0.0155 22.5
1901.0 0.7104 0.2197 0.2206 0.1984 0.2452 71 0.2941 0.0155 23.1
1912.0 0.7085 0.2197 0.2207 0.1982 0.2454 68 0.2960 0.0155 22.2
1925.0 0.7065 0.2197 0.2207 0.1981 0.2455 68 0.2980 0.0155 22.1
1939.0 0.7045 0.2197 0.2208 0.1980 0.2456 67 0.3000 0.0156 21.9
1956.0 0.7025 0.2196 0.2208 0.1979 0.2457 68 0.3020 0.0155 22.0
1969.0 0.7005 0.2196 0.2209 0.1979 0.2458 66 0.3040 0.0156 21.6
1982.0 0.6985 0.2196 0.2209 0.1978 0.2458 66 0.3060 0.0156 21.4
1994.0 0.6965 0.2196 0.2209 0.1978 0.2459 66 0.3080 0.0156 21.3
2007.0 0.6945 0.2196 0.2209 0.1975 0.2461 65 0.3100 0.0156 21.0
2020.0 0.6925 0.2195 0.2209 0.1972 0.2463 65 0.3120 0.0155 21.0
2031.0 0.6905 0.2194 0.2209 0.1970 0.2464 65 0.3140 0.0155 21.1
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)

2039.0 0.6885 0.2193 0.2209 0.1966 0.2467 64 0.3160 0.0154 20.7
2051.0 0.6865 0.2193 0.2209 0.1964 0.2469 64 0.3180 0.0154 20.8
2065.0 0.6845 0.2193 0.2209 0.1963 0.2469 64 0.3200 0.0154 20.8
2083.0 0.6825 0.2192 0.2209 0.1958 0.2472 64 0.3220 0.0153 20.6
2095.0 0.6805 0.2191 0.2208 0.1957 0.2474 64 0.3240 0.0153 20.8
2107.0 0.6785 0.2191 0.2209 0.1956 0.2474 63 0.3260 0.0153 20.5
2120.0 0.6765 0.2191 0.2209 0.1955 0.2475 63 0.3280 0.0153 20.5
2133.0 0.6745 0.2190 0.2208 0.1951 0.2478 62 0.3300 0.0152 20.2
2145.0 0.6725 0.2190 0.2208 0.1950 0.2478 62 0.3320 0.0152 20.3
2158.0 0.6705 0.2189 0.2209 0.1949 0.2479 62 0.3340 0.0152 20.2
2165.0 0.6685 0.2189 0.2209 0.1949 0.2479 62 0.3360 0.0152 20.2
2177.0 0.6665 0.2189 0.2209 0.1949 0.2480 62 0.3380 0.0152 20.2
2190.0 0.6645 0.2189 0.2209 0.1948 0.2481 62 0.3400 0.0152 20.1
2208.0 0.6625 0.2188 0.2209 0.1943 0.2483 61 0.3420 0.0151 19.7
2221.0 0.6605 0.2187 0.2209 0.1942 0.2484 62 0.3440 0.0151 20.0
2234.0 0.6585 0.2187 0.2209 0.1941 0.2485 62 0.3460 0.0151 20.0
2246.0 0.6565 0.2186 0.2209 0.1937 0.2488 61 0.3480 0.0150 19.9
2259.0 0.6545 0.2186 0.2209 0.1935 0.2489 61 0.3500 0.0150 19.7
2272.0 0.6525 0.2185 0.2208 0.1932 0.2491 61 0.3520 0.0149 19.7
2272.0 0.6505 0.2184 0.2208 0.1929 0.2492 61 0.3540 0.0149 19.8
2272.0 0.6484 0.2184 0.2208 0.1928 0.2493 62 0.3561 0.0149 20.1
2272.0 0.6465 0.2183 0.2207 0.1924 0.2496 61 0.3580 0.0148 19.9
2272.0 0.6445 0.2182 0.2206 0.1919 0.2498 60 0.3600 0.0147 19.5
2272.0 0.6425 0.2181 0.2205 0.1915 0.2501 60 0.3620 0.0146 19.6
2272.0 0.6405 0.2179 0.2205 0.1911 0.2503 61 0.3640 0.0145 19.7
2272.0 0.6385 0.2178 0.2204 0.1906 0.2506 61 0.3660 0.0144 19.7
2272.0 0.6365 0.2177 0.2204 0.1901 0.2508 61 0.3680 0.0143 19.7
2272.0 0.6345 0.2176 0.2203 0.1897 0.2511 61 0.3700 0.0142 19.7
2272.0 0.6325 0.2174 0.2203 0.1892 0.2513 60 0.3720 0.0141 19.6
2272.0 0.6305 0.2172 0.2202 0.1886 0.2517 60 0.3740 0.0140 19.6
2272.0 0.6285 0.2171 0.2202 0.1881 0.2519 59 0.3760 0.0139 19.3
2272.0 0.6265 0.2169 0.2201 0.1876 0.2522 59 0.3780 0.0137 19.1
2272.0 0.6245 0.2168 0.2201 0.1872 0.2525 59 0.3800 0.0137 19.2
2272.0 0.6225 0.2166 0.2201 0.1867 0.2527 59 0.3820 0.0136 19.1
2272.0 0.6205 0.2165 0.2200 0.1862 0.2530 59 0.3840 0.0135 19.1
2272.0 0.6185 0.2163 0.2200 0.1858 0.2532 59 0.3860 0.0134 19.0
2272.0 0.6165 0.2162 0.2200 0.1855 0.2535 59 0.3880 0.0133 19.1
2272.0 0.6145 0.2161 0.2200 0.1851 0.2537 58 0.3900 0.0133 19.0
2272.0 0.6125 0.2160 0.2199 0.1847 0.2539 58 0.3920 0.0132 18.9
2272.0 0.6105 0.2159 0.2199 0.1843 0.2541 58 0.3940 0.0131 18.9
2272.0 0.6085 0.2158 0.2199 0.1840 0.2543 58 0.3960 0.0130 18.9
2272.0 0.6064 0.2157 0.2199 0.1838 0.2545 59 0.3981 0.0130 19.1
2272.0 0.6045 0.2156 0.2199 0.1834 0.2548 58 0.4000 0.0130 18.9
2272.0 0.6025 0.2155 0.2199 0.1831 0.2549 58 0.4020 0.0129 18.8
2272.0 0.6005 0.2155 0.2199 0.1828 0.2551 58 0.4040 0.0129 18.8
2272.0 0.5985 0.2154 0.2198 0.1825 0.2553 58 0.4060 0.0128 18.9
2272.0 0.5965 0.2153 0.2199 0.1822 0.2555 58 0.4080 0.0128 18.9
2272.0 0.5945 0.2153 0.2199 0.1820 0.2557 58 0.4100 0.0128 18.9
2272.0 0.5925 0.2152 0.2198 0.1817 0.2559 58 0.4120 0.0127 18.9
2272.0 0.5905 0.2151 0.2198 0.1815 0.2560 58 0.4140 0.0126 18.9
2272.0 0.5885 0.2151 0.2198 0.1813 0.2562 58 0.4160 0.0126 19.0
2272.0 0.5864 0.2151 0.2199 0.1811 0.2564 59 0.4181 0.0127 19.2
2272.0 0.5845 0.2150 0.2199 0.1808 0.2566 58 0.4200 0.0126 18.9
2272.0 0.5825 0.2150 0.2199 0.1806 0.2567 59 0.4220 0.0126 19.0
2272.0 0.5805 0.2149 0.2199 0.1804 0.2569 59 0.4240 0.0126 19.0
2272.0 0.5785 0.2149 0.2199 0.1802 0.2570 59 0.4260 0.0125 19.0
2272.0 0.5765 0.2149 0.2199 0.1800 0.2572 58 0.4280 0.0125 19.0
2272.0 0.5745 0.2148 0.2199 0.1798 0.2573 58 0.4300 0.0125 18.8
2272.0 0.5725 0.2148 0.2199 0.1796 0.2575 58 0.4320 0.0125 18.8
2272.0 0.5705 0.2148 0.2199 0.1794 0.2577 58 0.4340 0.0125 18.8
2272.0 0.5685 0.2147 0.2199 0.1793 0.2578 58 0.4360 0.0125 18.8
2272.0 0.5665 0.2147 0.2199 0.1791 0.2580 58 0.4380 0.0125 18.7
2272.0 0.5645 0.2147 0.2200 0.1789 0.2581 57 0.4400 0.0125 18.6
2272.0 0.5625 0.2146 0.2200 0.1787 0.2583 57 0.4420 0.0124 18.5
2272.0 0.5605 0.2146 0.2200 0.1786 0.2584 57 0.4440 0.0124 18.5
2272.0 0.5585 0.2145 0.2200 0.1784 0.2585 57 0.4460 0.0124 18.4
2272.0 0.5565 0.2145 0.2200 0.1783 0.2586 57 0.4480 0.0124 18.4
2272.0 0.5545 0.2144 0.2200 0.1780 0.2588 56 0.4500 0.0123 18.3
2272.0 0.5525 0.2144 0.2201 0.1779 0.2589 56 0.4520 0.0124 18.3
2272.0 0.5505 0.2144 0.2201 0.1777 0.2591 56 0.4540 0.0124 18.3
2272.0 0.5485 0.2143 0.2201 0.1776 0.2592 56 0.4560 0.0123 18.3
2272.0 0.5465 0.2143 0.2201 0.1774 0.2594 56 0.4580 0.0123 18.3
2272.0 0.5444 0.2143 0.2201 0.1773 0.2595 57 0.4601 0.0123 18.5
2272.0 0.5425 0.2142 0.2201 0.1770 0.2597 56 0.4620 0.0123 18.2
2272.0 0.5405 0.2142 0.2202 0.1769 0.2598 56 0.4640 0.0123 18.2
2272.0 0.5385 0.2141 0.2202 0.1767 0.2600 55 0.4660 0.0123 18.0
2272.0 0.5365 0.2141 0.2202 0.1765 0.2601 55 0.4680 0.0123 17.9
2272.0 0.5345 0.2141 0.2202 0.1764 0.2603 54 0.4700 0.0123 17.6
2272.0 0.5325 0.2140 0.2202 0.1761 0.2604 54 0.4720 0.0122 17.6
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Test Horiz. Vert. 1 Vert. 2 Vert. 3 Vert. 4 Shear Horiz. Avg. Vert. Shear
Time Reading Reading Reading Reading Reading Load Deflection Deflection Stress
(sec) (in) (in) (in) (in) (in) (lbf) (in) (in) (psi)

2272.0 0.5305 0.2139 0.2202 0.1760 0.2605 54 0.4740 0.0122 17.7
2272.0 0.5285 0.2138 0.2202 0.1758 0.2606 54 0.4760 0.0121 17.7
2272.0 0.5265 0.2138 0.2202 0.1756 0.2607 55 0.4780 0.0121 17.8
2272.0 0.5244 0.2137 0.2202 0.1754 0.2609 56 0.4801 0.0121 18.1
2272.0 0.5225 0.2137 0.2203 0.1752 0.2610 55 0.4820 0.0121 17.8
2272.0 0.5205 0.2136 0.2203 0.1750 0.2612 54 0.4840 0.0121 17.7
2272.0 0.5185 0.2136 0.2203 0.1749 0.2613 54 0.4860 0.0121 17.4
2272.0 0.5165 0.2135 0.2204 0.1747 0.2615 53 0.4880 0.0121 17.2
2272.0 0.5145 0.2135 0.2204 0.1746 0.2616 53 0.4900 0.0121 17.2
2272.0 0.5125 0.2134 0.2204 0.1744 0.2617 53 0.4920 0.0120 17.2
2272.0 0.5105 0.2133 0.2204 0.1742 0.2618 54 0.4940 0.0120 17.4
2272.0 0.5085 0.2132 0.2204 0.1739 0.2620 54 0.4960 0.0119 17.4
2272.0 0.5065 0.2131 0.2204 0.1737 0.2621 54 0.4980 0.0119 17.4
2272.0 0.5045 0.2130 0.2205 0.1736 0.2622 54 0.5000 0.0119 17.5
2272.0 0.5025 0.2129 0.2205 0.1734 0.2623 54 0.5020 0.0118 17.4
2272.0 0.5005 0.2128 0.2205 0.1731 0.2625 53 0.5040 0.0118 17.2
2272.0 0.4985 0.2127 0.2205 0.1729 0.2626 53 0.5060 0.0117 17.1
2272.0 0.4965 0.2127 0.2206 0.1727 0.2628 52 0.5080 0.0117 16.9
2272.0 0.4945 0.2126 0.2206 0.1725 0.2629 52 0.5100 0.0117 16.9
2272.0 0.4925 0.2125 0.2206 0.1724 0.2630 52 0.5120 0.0117 16.9
2272.0 0.4905 0.2124 0.2206 0.1722 0.2631 52 0.5140 0.0116 16.8
2272.0 0.4885 0.2124 0.2207 0.1721 0.2632 52 0.5160 0.0116 16.8
2272.0 0.4865 0.2123 0.2207 0.1719 0.2633 52 0.5180 0.0116 16.8
2272.0 0.4845 0.2122 0.2207 0.1717 0.2634 52 0.5200 0.0115 16.8
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, moderately hard Lab ID DS-981

Hole Number 208-ADC Depth (ft.) 60.1'
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 205-ADC Depth (ft) 88.9'-89.3' Lab ID EP-950

Material Shale, dark gray, soft Date Received 08/06/2019

Temperature (°C) 22 Moisture Condition Moist Date Tested 08/20/2019

Side Planeness N/A Height (in.) 4.858 Wet Unit Weight (pcf) 161
Perpendicularity N/A Diameter (in.) 1.984 Dry Unit Weight (pcf) N/A
End Planeness N/A Area(in2) 3.092 Moisture Content (%) N/A

Parallelism N/A

Elastic Moduli Results at 45% Unconfined Compressive Strength

Young's Modulus, Axial Tangent Modulus 0.16 x106 psi
Lateral Tangent Modulus -0.41 x106 psi

Poisson's Ratio 0.38

Unconfined Compressive Strength 2640 psi
45% Unconfined Compressive Strength 1190 psi

Load Rate 12 lbf/sec
Type of Failure Undetermined

Comments Fragile nature of specimen inhibited preparation, required capping of ends with Hydro-Stone.
Dimensional tolerances were not confirmed.
Did not use Lateral-1 strain gauge data in calculations.

Reviewed By
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 205-ADC Depth (ft) 88.9'-89.3' Lab ID EP-950

Material Shale, dark gray, soft Date Received 08/06/2019

Note 1:  A compression-positive sign convention is applied and consistently used throughout this application.
Note 2:  The tangent moduli slope is calculated using a linear regression technique.
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 205-ADC Depth (ft) 88.9'-89.3' Lab ID EP-950

Lithology Shale, dark gray, soft Date Received 08/06/2019

Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

0 9 158 124 -7 -6 141 -6 2.9 0.04
3 13 237 186 -10 -8 212 -8 4.2 0.04
6 21 370 295 -15 -12 333 -12 6.8 0.04

10 31 583 473 -25 -19 528 -19 10.0 0.04
13 42 822 673 -36 -26 748 -26 13.6 0.04
16 54 1080 882 -49 -35 981 -35 17.5 0.05
19 68 1347 1100 -64 -43 1224 -43 22.0 0.05
22 84 1652 1345 -81 -53 1499 -53 27.2 0.05
26 102 1995 1614 -102 -65 1805 -65 33.0 0.05
29 123 2366 1902 -127 -78 2134 -78 39.8 0.05
32 149 2757 2212 -156 -94 2485 -94 48.2 0.05
35 180 3164 2534 -189 -113 2849 -113 58.2 0.06
38 216 3576 2864 -225 -136 3220 -136 69.9 0.06
42 246 3916 3121 -257 -157 3519 -157 79.6 0.06
45 263 4116 3247 -277 -170 3682 -170 85.1 0.07
48 282 4296 3355 -294 -182 3826 -182 91.2 0.07
51 302 4467 3458 -311 -195 3963 -195 97.7 0.08
54 323 4635 3554 -328 -207 4095 -207 104.5 0.08
58 348 4807 3652 -347 -221 4230 -221 112.5 0.09
61 375 4984 3749 -366 -235 4367 -235 121.3 0.10
64 408 5172 3846 -387 -250 4509 -250 132.0 0.12
67 446 5363 3942 -410 -268 4653 -268 144.2 0.13
70 490 5549 4045 -436 -286 4797 -286 158.5 0.14
74 547 5732 4162 -465 -308 4947 -308 176.9 0.15
77 621 5911 4302 -500 -333 5107 -333 200.8 0.16
80 695 6052 4436 -536 -358 5244 -358 224.8 0.17
86 821 6239 4657 -595 -399 5448 -399 265.5 0.18
90 870 6301 4740 -619 -415 5521 -415 281.4 0.19
96 967 6412 4891 -664 -446 5652 -446 312.7 0.20
99 1015 6463 4963 -686 -461 5713 -461 328.3 0.22

106 1113 6565 5107 -730 -494 5836 -494 360.0 0.23
109 1157 6612 5173 -752 -509 5893 -509 374.2 0.24
115 1241 6698 5296 -794 -539 5997 -539 401.4 0.25
118 1279 6739 5352 -814 -553 6046 -553 413.6 0.26
125 1352 6820 5454 -852 -579 6137 -579 437.3 0.27
128 1384 6858 5502 -870 -591 6180 -591 447.6 0.28
134 1451 6940 5590 -906 -616 6265 -616 469.3 0.28
138 1486 6982 5635 -925 -629 6309 -629 480.6 0.28
144 1558 7071 5727 -964 -657 6399 -657 503.9 0.27
147 1588 7126 5756 -982 -672 6441 -672 513.6 0.26
154 1647 7233 5814 -1016 -698 6524 -698 532.7 0.25
157 1681 7284 5855 -1033 -711 6570 -711 543.7 0.25
163 1751 7366 5953 -1074 -740 6660 -740 566.3 0.24
166 1786 7410 6003 -1095 -755 6707 -755 577.6 0.23
173 1846 7494 6099 -1133 -782 6797 -782 597.0 0.22
176 1871 7541 6160 -1145 -792 6851 -792 605.1 0.22
182 1930 7658 6324 -1161 -802 6991 -802 624.2 0.21
186 1965 7716 6395 -1177 -811 7056 -811 635.5 0.21
192 2032 7829 6537 -1237 -828 7183 -828 657.2 0.21
195 2067 7884 6603 -1270 -840 7244 -840 668.5 0.21
202 2135 7988 6734 -1387 -863 7361 -863 690.5 0.22
205 2169 8042 6797 -1469 -874 7420 -874 701.5 0.22
211 2234 8145 6927 -1619 -901 7536 -901 722.5 0.23
214 2266 8193 6991 -1707 -915 7592 -915 732.8 0.24
221 2322 8283 7112 -1946 -941 7698 -941 751.0 0.25
224 2361 8334 7175 -2125 -956 7755 -956 763.6 0.26
230 2431 8433 7315 -2606 -989 7874 -989 786.2 0.27
234 2463 8472 7405 -2766 -1007 7939 -1007 796.6 0.28
240 2533 8572 7579 -3037 -1045 8076 -1045 819.2 0.30
243 2567 8624 7667 -3160 -1066 8146 -1066 830.2 0.30
250 2632 8723 7843 -3553 -1103 8283 -1103 851.2 0.31
253 2667 8774 7941 -3679 -1124 8358 -1124 862.5 0.32
259 2733 8883 8117 -3837 -1167 8500 -1167 883.9 0.33
262 2767 8940 8193 -3902 -1190 8567 -1190 894.9 0.33
269 2832 9052 8318 -4039 -1239 8685 -1239 915.9 0.34
272 2867 9109 8387 -4088 -1263 8748 -1263 927.2 0.35
278 2937 9224 8530 -4166 -1311 8877 -1311 949.9 0.35
282 2971 9280 8601 -4209 -1335 8941 -1335 960.9 0.35
288 3040 9395 8745 -4284 -1382 9070 -1382 983.2 0.36
291 3075 9452 8819 -4313 -1406 9136 -1406 994.5 0.36
298 3145 9570 8966 -4365 -1454 9268 -1454 1017.1 0.37

Axial Strain Lateral Strain Average Strain
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Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

Axial Strain Lateral Strain Average Strain

301 3180 9629 9039 -4389 -1478 9334 -1478 1028.4 0.37
307 3247 9747 9187 -4434 -1527 9467 -1527 1050.1 0.37
310 3282 9807 9260 -4454 -1551 9534 -1551 1061.4 0.37
317 3350 9929 9406 -4494 -1600 9668 -1600 1083.4 0.37
320 3384 9991 9479 -4513 -1625 9735 -1625 1094.4 0.37
326 3452 10116 9625 -4550 -1674 9871 -1674 1116.4 0.37
330 3486 10181 9696 -4568 -1699 9939 -1699 1127.4 0.37
336 3554 10309 9840 -4603 -1748 10075 -1748 1149.4 0.37
339 3588 10374 9912 -4620 -1772 10143 -1772 1160.4 0.37
346 3655 10505 10054 -4653 -1823 10280 -1823 1182.1 0.38
349 3688 10570 10126 -4671 -1848 10348 -1848 1192.7 0.38
355 3755 10702 10271 -4712 -1899 10487 -1899 1214.4 0.38
358 3789 10768 10344 -4733 -1925 10556 -1925 1225.4 0.39
365 3855 10903 10489 -4780 -1979 10696 -1979 1246.7 0.40
368 3889 10970 10561 -4805 -2006 10766 -2006 1257.7 0.40
374 3955 11107 10707 -4862 -2063 10907 -2063 1279.1 0.41
378 3988 11176 10783 -4894 -2092 10980 -2092 1289.8 0.42
384 4055 11314 10935 -4964 -2152 11125 -2152 1311.4 0.43
387 4089 11383 11013 -5006 -2181 11198 -2181 1322.4 0.44
394 4156 11519 11171 -5093 -2243 11345 -2243 1344.1 0.45
397 4189 11587 11250 -5137 -2275 11419 -2275 1354.8 0.46
403 4256 11722 11405 -5221 -2343 11564 -2343 1376.4 0.46
406 4290 11791 11485 -5264 -2378 11638 -2378 1387.4 0.47
413 4359 11928 11649 -5350 -2451 11789 -2451 1409.7 0.48
416 4393 11997 11733 -5393 -2489 11865 -2489 1420.7 0.48
422 4462 12139 11903 -5479 -2568 12021 -2568 1443.1 0.48
426 4497 12211 11988 -5521 -2609 12100 -2609 1454.4 0.48
432 4567 12358 12161 -5608 -2692 12260 -2692 1477.0 0.48
435 4602 12432 12250 -5656 -2734 12341 -2734 1488.3 0.48
442 4673 12583 12424 -5753 -2819 12504 -2819 1511.3 0.48
445 4709 12661 12512 -5804 -2860 12587 -2860 1522.9 0.47
451 4781 12820 12686 -5910 -2943 12753 -2943 1546.2 0.47
454 4818 12903 12774 -5965 -2983 12839 -2983 1558.2 0.46
461 4891 13072 12951 -6082 -3062 13012 -3062 1581.8 0.46
464 4927 13158 13038 -6146 -3100 13098 -3100 1593.4 0.46
470 5001 13334 13216 -6277 -3176 13275 -3176 1617.4 0.45
474 5039 13423 13304 -6342 -3213 13364 -3213 1629.7 0.45
480 5115 13604 13480 -6467 -3286 13542 -3286 1654.2 0.44
483 5154 13695 13567 -6530 -3322 13631 -3322 1666.9 0.43
490 5232 13878 13740 -6654 -3396 13809 -3396 1692.1 0.42
493 5271 13969 13826 -6714 -3432 13898 -3432 1704.7 0.42
499 5352 14154 13998 -6837 -3507 14076 -3507 1730.9 0.42
502 5392 14246 14083 -6898 -3546 14165 -3546 1743.8 0.42
509 5474 14426 14254 -7022 -3636 14340 -3636 1770.3 0.43
512 5517 14513 14339 -7092 -3677 14426 -3677 1784.3 0.43
518 5601 14676 14508 -7219 -3742 14592 -3742 1811.4 0.44
522 5644 14755 14592 -7282 -3769 14674 -3769 1825.3 0.44
528 5732 14911 14759 -7403 -3820 14835 -3820 1853.8 0.44
531 5776 14991 14842 -7457 -3843 14917 -3843 1868.0 0.45
538 5867 15150 15007 -7571 -3889 15079 -3889 1897.4 0.45
541 5912 15228 15090 -7722 -3913 15159 -3913 1912.0 0.44
547 6005 15382 15254 -7925 -4029 15318 -4029 1942.1 0.44
550 6053 15455 15336 -7996 -4101 15396 -4101 1957.6 0.44
557 6148 15597 15494 -8097 -4200 15546 -4200 1988.3 0.37
560 6196 15662 15568 -8156 -4249 15615 -4249 2003.9 0.25
566 6294 15764 15705 -8245 -4260 15735 -4260 2035.5 0.04
570 6344 15814 15772 -8326 -4261 15793 -4261 2051.7 -0.10
576 6444 15900 15903 -8406 -4305 15902 -4305 2084.1 -0.31
579 6495 15934 15965 -8432 -4341 15950 -4341 2100.5 -27.07
586 6598 15981 16077 -8523 -4339 16029 -4339 2133.9 0.30
589 6647 15992 16119 -8533 -4326 16056 -4326 2149.7 0.16
595 6752 16000 16137 -8506 -4290 16069 -4290 2183.7 0.12
598 6805 15995 16082 -8481 -4264 16039 -4264 2200.8 0.11
605 6913 15978 13660 -8420 -4199 14819 -4199 2235.7 0.11
608 6967 15973 12995 -8373 -4151 14484 -4151 2253.2 0.11
614 7077 15952 11049 -8235 -3980 13501 -3980 2288.8 0.12
618 7133 15941 10554 -8190 -3944 13248 -3944 2306.9 0.13
624 7244 15908 9179 -8158 -3889 12544 -3889 2342.8 0.14
627 7299 15885 6670 -8134 -3862 11278 -3862 2360.6 0.15
634 7414 15827 6180 -8088 -3816 11004 -3816 2397.8 0.16
637 7471 15648 6050 -7944 -3796 10849 -3796 2416.2 0.17
643 7585 15378 5879 -7151 -3764 10629 -3764 2453.1 0.19
646 7640 15262 5814 -7123 -3748 10538 -3748 2470.9 0.21
653 7742 15048 5704 -6928 -3645 10376 -3645 2503.8 0.24
656 7797 14760 5657 -6828 -3548 10209 -3548 2521.6 0.26
662 7906 13715 5578 -6680 -3356 9647 -3356 2556.9 0.28
666 7949 13412 5544 -6058 -3287 9478 -3287 2570.8 0.31
672 8032 12938 5485 -5480 -3168 9212 -3168 2597.6 0.34
675 8074 12706 5463 -5073 -3109 9085 -3109 2611.2 0.38
682 8150 12347 5415 -4754 -3003 8881 -3003 2635.8 0.38
683 8158 12285 5407 -4707 -2981 8846 -2981 2638.4 0.38
687 7861 11585 5374 -4213 -2872 8480 -2872 2542.3 0.37
691 7812 11165 5357 -2285 -2830 8261 -2830 2526.5 0.35
691 7809 11154 5356 -2274 -2828 8255 -2828 2525.5 0.30
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, dark gray, soft Lab ID EP-950

Hole Number 205-ADC Depth (ft) 88.9'-89.3'
Test Type Elastic Moduli of Intact Rock Core in Uniaxial Compression
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 206-A Depth (ft) 83.3'-83.6' Lab ID EP-957

Material Shale, brownish gray, soft, weathered Date Received 08/06/2019

Temperature (°C) 22 Moisture Condition Moist Date Tested 08/20/2019

Side Planeness N/A Height (in.) 4.060 Wet Unit Weight (pcf) 151
Perpendicularity N/A Diameter (in.) 1.989 Dry Unit Weight (pcf) N/A
End Planeness N/A Area(in2) 3.106 Moisture Content (%) N/A

Parallelism N/A

Elastic Moduli Results at 40% Unconfined Compressive Strength

Young's Modulus, Axial Tangent Modulus 0.02 x106 psi
Lateral Tangent Modulus -0.07 x106 psi

Poisson's Ratio 0.26

Unconfined Compressive Strength 170 psi
40% Unconfined Compressive Strength 70 psi

Load Rate 6 lbf/sec
Type of Failure Undetermined

Comments Fragile nature of specimen inhibited preparation, required capping of ends with Hydro-Stone.
Dimensional tolerances were not confirmed.
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 206-A Depth (ft) 83.3'-83.6' Lab ID EP-957

Material Shale, brownish gray, soft, weathered Date Received 08/06/2019

Note 1:  A compression-positive sign convention is applied and consistently used throughout this application.
Note 2:  The tangent moduli slope is calculated using a linear regression technique.
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 206-A Depth (ft) 83.3'-83.6' Lab ID EP-957

Lithology Shale, brownish gray, soft, weathered Date Received 08/06/2019

Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

0 4 50 57 2 -2 54 0 1.3 0.04
0 6 72 78 1 -4 75 -2 1.9 0.04
1 7 95 101 1 -5 98 -2 2.3 0.04
1 9 117 123 0 -7 120 -4 2.9 0.04
2 10 140 145 0 -8 143 -4 3.2 0.04
2 12 163 167 0 -9 165 -5 3.9 0.04
2 14 191 190 -1 -11 191 -6 4.5 0.04
3 16 224 214 -2 -12 219 -7 5.2 0.04
3 17 257 238 -3 -14 248 -9 5.5 0.04
4 19 290 262 -5 -15 276 -10 6.1 0.04
4 21 324 286 -6 -17 305 -12 6.8 0.05
4 22 358 309 -7 -18 334 -13 7.1 0.05
5 24 392 332 -7 -20 362 -14 7.7 0.05
5 26 427 356 -9 -21 392 -15 8.4 0.05
6 28 461 380 -10 -23 421 -17 9.0 0.05
6 29 495 404 -11 -24 450 -18 9.3 0.05
6 30 529 428 -12 -26 479 -19 9.7 0.05
7 32 563 452 -13 -28 508 -21 10.3 0.05
7 33 596 477 -14 -29 537 -22 10.6 0.05
8 35 630 502 -16 -31 566 -24 11.3 0.05
8 35 665 527 -17 -33 596 -25 11.3 0.05
8 37 699 552 -18 -35 626 -27 11.9 0.05
9 38 734 577 -20 -37 656 -29 12.2 0.05
9 40 768 602 -21 -39 685 -30 12.9 0.06

10 41 803 627 -22 -41 715 -32 13.2 0.06
10 42 839 653 -24 -43 746 -34 13.5 0.06
10 43 875 679 -25 -45 777 -35 13.8 0.06
11 44 911 706 -27 -48 809 -38 14.2 0.06
11 46 947 732 -28 -49 840 -39 14.8 0.06
12 47 983 759 -30 -52 871 -41 15.1 0.06
12 48 1019 785 -31 -54 902 -43 15.5 0.06
12 49 1055 812 -33 -56 934 -45 15.8 0.06
13 51 1091 838 -34 -58 965 -46 16.4 0.06
13 52 1127 865 -36 -61 996 -49 16.7 0.06
14 53 1163 892 -38 -63 1028 -51 17.1 0.06
14 54 1199 919 -39 -66 1059 -53 17.4 0.06
14 55 1235 946 -41 -68 1091 -55 17.7 0.06
15 56 1272 973 -42 -70 1123 -56 18.0 0.06
15 58 1308 1000 -44 -73 1154 -59 18.7 0.07
16 59 1343 1027 -45 -76 1185 -61 19.0 0.07
16 60 1380 1055 -47 -78 1218 -63 19.3 0.07
16 61 1416 1083 -49 -81 1250 -65 19.6 0.07
17 62 1452 1110 -50 -83 1281 -67 20.0 0.07
17 64 1488 1138 -52 -86 1313 -69 20.6 0.07
18 65 1524 1166 -54 -89 1345 -72 20.9 0.07
18 65 1560 1194 -55 -92 1377 -74 20.9 0.07
18 67 1596 1222 -57 -95 1409 -76 21.6 0.07
19 68 1632 1251 -59 -97 1442 -78 21.9 0.07
19 69 1668 1279 -60 -100 1474 -80 22.2 0.07
20 71 1704 1307 -62 -103 1506 -83 22.9 0.07
20 71 1740 1335 -63 -106 1538 -85 22.9 0.07
20 73 1778 1365 -65 -109 1572 -87 23.5 0.07
21 74 1815 1396 -67 -112 1606 -90 23.8 0.07
21 76 1853 1426 -69 -115 1640 -92 24.5 0.07
22 77 1891 1457 -71 -118 1674 -95 24.8 0.07
22 78 1929 1488 -73 -121 1709 -97 25.1 0.07
22 79 1968 1520 -75 -125 1744 -100 25.4 0.08
23 81 2009 1553 -77 -128 1781 -103 26.1 0.08
23 82 2049 1587 -79 -132 1818 -106 26.4 0.08
24 84 2089 1620 -81 -135 1855 -108 27.0 0.08
24 85 2130 1654 -83 -139 1892 -111 27.4 0.08
24 86 2170 1688 -85 -142 1929 -114 27.7 0.08
25 88 2210 1723 -88 -146 1967 -117 28.3 0.08
25 90 2251 1758 -90 -150 2005 -120 29.0 0.08
26 90 2292 1793 -92 -153 2043 -123 29.0 0.08
26 92 2333 1829 -95 -157 2081 -126 29.6 0.08
26 93 2374 1864 -97 -161 2119 -129 29.9 0.08
27 95 2415 1901 -99 -165 2158 -132 30.6 0.08
27 96 2457 1937 -102 -169 2197 -136 30.9 0.09
28 98 2498 1974 -104 -173 2236 -139 31.6 0.09
28 99 2541 2012 -107 -178 2277 -143 31.9 0.09

Axial Strain Lateral Strain Average Strain
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Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

Axial Strain Lateral Strain Average Strain

28 101 2583 2049 -110 -182 2316 -146 32.5 0.09
29 102 2624 2087 -112 -186 2356 -149 32.8 0.09
29 104 2667 2125 -114 -191 2396 -153 33.5 0.09
30 105 2710 2163 -117 -195 2437 -156 33.8 0.09
30 108 2797 2241 -123 -204 2519 -164 34.8 0.10
31 112 2887 2321 -128 -214 2604 -171 36.1 0.10
32 115 2976 2402 -134 -224 2689 -179 37.0 0.10
33 119 3068 2484 -141 -234 2776 -188 38.3 0.10
34 122 3160 2567 -147 -245 2864 -196 39.3 0.11
34 126 3253 2651 -154 -256 2952 -205 40.6 0.11
35 129 3347 2736 -161 -268 3042 -215 41.5 0.11
36 133 3442 2822 -169 -279 3132 -224 42.8 0.12
37 137 3537 2910 -177 -292 3224 -235 44.1 0.12
38 141 3635 2998 -185 -305 3317 -245 45.4 0.12
38 144 3735 3088 -193 -318 3412 -256 46.4 0.13
39 149 3835 3178 -203 -333 3507 -268 48.0 0.13
40 153 3936 3269 -213 -347 3603 -280 49.3 0.14
41 157 4039 3360 -224 -363 3700 -294 50.6 0.15
42 163 4143 3452 -235 -379 3798 -307 52.5 0.15
42 167 4247 3544 -246 -397 3896 -322 53.8 0.16
43 172 4353 3635 -259 -415 3994 -337 55.4 0.17
44 176 4461 3728 -272 -434 4095 -353 56.7 0.18
45 181 4571 3821 -285 -455 4196 -370 58.3 0.18
46 187 4681 3913 -300 -476 4297 -388 60.2 0.19
46 192 4793 4004 -315 -500 4399 -408 61.8 0.20
47 198 4906 4095 -331 -525 4501 -428 63.8 0.21
48 203 5020 4184 -348 -551 4602 -450 65.4 0.22
49 209 5135 4272 -366 -578 4704 -472 67.3 0.23
50 215 5250 4358 -384 -607 4804 -496 69.2 0.25
50 221 5365 4442 -403 -638 4904 -521 71.2 0.26
51 227 5479 4524 -422 -670 5002 -546 73.1 0.27
52 233 5591 4602 -442 -704 5097 -573 75.0 0.29
53 238 5696 4670 -460 -738 5183 -599 76.6 0.30
54 242 5788 4727 -476 -771 5258 -624 77.9 0.32
54 246 5877 4778 -492 -803 5328 -648 79.2 0.33
55 251 5967 4829 -506 -838 5398 -672 80.8 0.35
56 255 6058 4878 -522 -874 5468 -698 82.1 0.38
57 260 6150 4925 -538 -911 5538 -725 83.7 0.40
58 266 6242 4970 -554 -950 5606 -752 85.7 0.44
58 270 6334 5012 -570 -990 5673 -780 86.9 0.48
59 275 6427 5054 -587 -1031 5741 -809 88.6 0.52
60 280 6520 5093 -604 -1077 5807 -841 90.2 0.57
61 285 6612 5129 -622 -1123 5871 -873 91.8 0.62
62 291 6703 5159 -640 -1170 5931 -905 93.7 0.66
62 296 6793 5182 -660 -1219 5988 -940 95.3 0.63
63 302 6878 5178 -681 -1269 6028 -975 97.2 0.45
64 308 6957 5143 -702 -1321 6050 -1012 99.2 0.15
65 314 7030 5097 -724 -1374 6064 -1049 101.1 -0.14
66 320 7096 5048 -746 -1445 6072 -1096 103.0 -0.32
66 325 7126 4997 -769 -1505 6062 -1137 104.7 -0.40
67 331 7102 4926 -794 -1554 6014 -1174 106.6 -0.43
68 337 7071 4848 -821 -1599 5960 -1210 108.5 -0.42
69 343 7071 4756 -846 -1638 5914 -1242 110.4 -0.40
70 347 7089 4595 -869 -1671 5842 -1270 111.7 -0.37
70 343 7169 4079 -894 -1703 5624 -1299 110.4 -0.35
71 347 7227 3736 -920 -1719 5482 -1320 111.7 -0.32
72 356 7222 3513 -942 -1741 5368 -1342 114.6 -0.29
73 363 7193 3340 -965 -1770 5267 -1368 116.9 -0.27
74 371 7170 3183 -991 -1801 5177 -1396 119.5 -0.24
74 378 7140 3010 -1018 -1841 5075 -1430 121.7 -0.20
75 385 7097 2835 -1045 -1877 4966 -1461 124.0 -0.18
76 393 7034 2684 -1073 -1908 4859 -1491 126.5 -0.15
77 399 6989 2546 -1100 -1929 4768 -1515 128.5 -0.13
78 407 6920 2415 -1128 -1942 4668 -1535 131.1 -0.11
78 414 6773 2297 -1155 -1950 4535 -1553 133.3 -0.10
79 422 6645 2198 -1182 -1946 4422 -1564 135.9 -0.09
80 429 6549 2108 -1205 -1941 4329 -1573 138.1 -0.08
81 436 6317 2015 -1226 -1936 4166 -1581 140.4 -0.08
82 443 5804 1922 -1241 -1934 3863 -1588 142.6 -0.09
82 449 4976 1837 -1253 -1942 3407 -1598 144.6 -0.21
83 457 4591 1758 -1263 -1946 3175 -1605 147.2 0.27
84 464 3652 1685 -1266 -1945 2669 -1606 149.4 0.11
85 471 3310 1614 -1259 -1939 2462 -1599 151.7 0.10
86 478 3129 1547 -1246 -1931 2338 -1589 153.9 0.10
86 485 3012 1484 -1230 -1919 2248 -1575 156.2 0.10
87 493 2922 1423 -1212 -1903 2173 -1558 158.7 0.11
88 501 2849 1352 -1191 -1885 2101 -1538 161.3 0.11
89 507 2773 1277 -1166 -1863 2025 -1515 163.3 0.13
90 515 2710 1204 -1138 -1840 1957 -1489 165.8 0.15
90 522 2662 1129 -1105 -1812 1896 -1459 168.1 0.19
91 529 2623 1049 -1072 -1779 1836 -1426 170.3 0.23
92 536 2589 958 -1041 -1736 1774 -1389 172.6 0.33
93 542 2560 858 -1009 -1673 1709 -1341 174.5 0.38
93 543 2557 846 -1005 -1663 1702 -1334 174.8 0.43
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 206-A Depth (ft) 93.6'-94.0' Lab ID EP-960

Material Shale, dark gray, soft Date Received 08/06/2019

Temperature (°C) 22 Moisture Condition Moist Date Tested 08/20/2019

Side Planeness N/A Height (in.) 4.548 Wet Unit Weight (pcf) 162
Perpendicularity N/A Diameter (in.) 1.983 Dry Unit Weight (pcf) N/A
End Planeness N/A Area(in2) 3.089 Moisture Content (%) N/A

Parallelism N/A

Elastic Moduli Results at 50% Unconfined Compressive Strength

Young's Modulus, Axial Tangent Modulus 0.12 x106 psi
Lateral Tangent Modulus -0.18 x106 psi

Poisson's Ratio 0.67

Unconfined Compressive Strength 2430 psi
50% Unconfined Compressive Strength 1210 psi

Load Rate 10 lbf/sec
Type of Failure Shear

Comments Fragile nature of specimen inhibited preparation, required capping of ends with Hydro-Stone.
Dimensional tolerances were not confirmed.
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 206-A Depth (ft) 93.6'-94.0' Lab ID EP-960

Material Shale, dark gray, soft Date Received 08/06/2019

Note 1:  A compression-positive sign convention is applied and consistently used throughout this application.
Note 2:  The tangent moduli slope is calculated using a linear regression technique.
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 206-A Depth (ft) 93.6'-94.0' Lab ID EP-960

Lithology Shale, dark gray, soft Date Received 08/06/2019

Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

0 3 90 55 -10 -7 73 -9 1.0 0.05
3 4 149 81 -12 -8 115 -10 1.3 0.05
6 7 231 120 -15 -10 176 -13 2.3 0.06

10 10 348 180 -20 -13 264 -17 3.2 0.06
13 16 541 287 -28 -18 414 -23 5.2 0.06
16 23 756 420 -37 -24 588 -31 7.4 0.06
19 32 1029 608 -50 -33 819 -42 10.4 0.07
22 41 1358 850 -69 -45 1104 -57 13.3 0.07
26 51 1697 1106 -89 -59 1402 -74 16.5 0.07
29 62 2070 1409 -112 -75 1740 -94 20.1 0.07
32 74 2465 1751 -138 -93 2108 -116 24.0 0.07
35 88 2874 2126 -167 -113 2500 -140 28.5 0.07
38 104 3276 2521 -199 -137 2899 -168 33.7 0.08
42 123 3716 2960 -237 -165 3338 -201 39.8 0.08
45 146 4168 3406 -278 -198 3787 -238 47.3 0.08
48 180 4657 3890 -325 -241 4274 -283 58.3 0.08
51 223 5085 4344 -373 -287 4715 -330 72.2 0.09
54 248 5285 4562 -399 -314 4924 -357 80.3 0.09
58 263 5362 4633 -410 -327 4998 -369 85.1 0.09
61 279 5425 4692 -418 -339 5059 -379 90.3 0.10
64 298 5483 4750 -427 -350 5117 -389 96.5 0.10
67 320 5537 4807 -435 -363 5172 -399 103.6 0.11
70 345 5589 4866 -445 -375 5228 -410 111.7 0.13
74 375 5640 4924 -454 -389 5282 -422 121.4 0.15
77 410 5695 4980 -465 -405 5338 -435 132.7 0.18
80 453 5758 5041 -477 -423 5400 -450 146.7 0.23
83 507 5829 5106 -493 -444 5468 -469 164.1 0.27
86 576 5912 5179 -513 -470 5546 -492 186.5 0.30
90 663 6013 5261 -542 -500 5637 -521 214.6 0.31
93 741 6103 5324 -569 -529 5714 -549 239.9 0.33
96 801 6169 5370 -591 -551 5770 -571 259.3 0.34
99 834 6208 5393 -605 -565 5801 -585 270.0 0.35

102 870 6243 5415 -617 -578 5829 -598 281.7 0.37
106 908 6281 5438 -629 -591 5860 -610 294.0 0.39
109 950 6320 5461 -643 -605 5891 -624 307.5 0.40
112 989 6357 5485 -656 -619 5921 -638 320.2 0.42
115 1032 6396 5509 -671 -634 5953 -653 334.1 0.43
118 1079 6440 5538 -686 -650 5989 -668 349.3 0.44
122 1128 6487 5569 -704 -668 6028 -686 365.2 0.45
125 1174 6533 5599 -720 -686 6066 -703 380.1 0.46
128 1223 6579 5629 -737 -705 6104 -721 395.9 0.46
131 1273 6628 5661 -755 -724 6145 -740 412.1 0.46
134 1322 6675 5693 -773 -744 6184 -759 428.0 0.46
138 1373 6723 5726 -792 -764 6225 -778 444.5 0.46
141 1420 6770 5760 -809 -784 6265 -797 459.7 0.46
144 1463 6810 5796 -823 -806 6303 -815 473.6 0.45
147 1509 6855 5828 -840 -827 6342 -834 488.5 0.45
150 1554 6899 5859 -856 -846 6379 -851 503.1 0.44
154 1590 6940 5891 -871 -866 6416 -869 514.7 0.43
157 1625 6974 5926 -882 -886 6450 -884 526.1 0.43
160 1668 7012 5961 -896 -907 6487 -902 540.0 0.43
163 1708 7055 6000 -912 -927 6528 -920 552.9 0.43
166 1748 7104 6053 -927 -948 6579 -938 565.9 0.43
170 1787 7153 6095 -943 -968 6624 -956 578.5 0.42
173 1824 7203 6146 -955 -1001 6675 -978 590.5 0.41
176 1859 7250 6203 -961 -1036 6727 -999 601.8 0.39
179 1892 7304 6259 -965 -1062 6782 -1014 612.5 0.38
182 1927 7357 6312 -969 -1102 6835 -1036 623.8 0.38
186 1946 7436 6366 -990 -1129 6901 -1060 630.0 0.38
189 1984 7492 6412 -1022 -1168 6952 -1095 642.3 0.39
192 2021 7544 6459 -1041 -1207 7002 -1124 654.3 0.40
195 2057 7592 6502 -1062 -1237 7047 -1150 665.9 0.43
198 2092 7636 6540 -1084 -1222 7088 -1153 677.3 0.46
205 2149 7712 6577 -1095 -1174 7145 -1135 695.7 0.49
211 2208 7798 6642 -1113 -1186 7220 -1150 714.8 0.53
218 2273 7873 6713 -1157 -1201 7293 -1179 735.9 0.55
224 2339 7951 6790 -1212 -1222 7371 -1217 757.2 0.58
230 2402 8036 6875 -1284 -1244 7456 -1264 777.6 0.60
237 2464 8112 6954 -1354 -1268 7533 -1311 797.7 0.62
243 2527 8188 7036 -1422 -1294 7612 -1358 818.1 0.63
250 2586 8260 7115 -1513 -1319 7688 -1416 837.2 0.64

Axial Strain Lateral Strain Average Strain
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Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

Axial Strain Lateral Strain Average Strain

256 2646 8330 7195 -1642 -1346 7763 -1494 856.6 0.65
262 2704 8408 7275 -1761 -1374 7842 -1568 875.4 0.66
269 2761 8495 7360 -1864 -1403 7928 -1634 893.8 0.67
275 2818 8594 7444 -1951 -1435 8019 -1693 912.3 0.67
282 2874 8689 7531 -2030 -1469 8110 -1750 930.4 0.66
288 2923 8763 7621 -2103 -1505 8192 -1804 946.3 0.66
294 2978 8857 7715 -2176 -1545 8286 -1861 964.1 0.65
301 3034 8954 7810 -2252 -1588 8382 -1920 982.2 0.64
307 3088 9060 7907 -2325 -1634 8484 -1980 999.7 0.63
314 3138 9172 7992 -2399 -1685 8582 -2042 1015.9 0.62
320 3189 9285 8079 -2471 -1734 8682 -2103 1032.4 0.61
326 3240 9402 8174 -2540 -1793 8788 -2167 1048.9 0.60
333 3292 9522 8278 -2609 -1853 8900 -2231 1065.7 0.60
339 3343 9641 8386 -2679 -1913 9014 -2296 1082.3 0.60
346 3391 9757 8480 -2753 -1975 9119 -2364 1097.8 0.61
352 3440 9874 8579 -2825 -2037 9227 -2431 1113.7 0.61
358 3492 9997 8693 -2898 -2100 9345 -2499 1130.5 0.62
365 3544 10123 8813 -2974 -2166 9468 -2570 1147.3 0.62
371 3596 10254 8939 -3053 -2235 9597 -2644 1164.2 0.63
378 3647 10388 9067 -3139 -2306 9728 -2723 1180.7 0.64
384 3700 10525 9200 -3229 -2380 9863 -2805 1197.8 0.65
390 3752 10663 9337 -3325 -2458 10000 -2892 1214.7 0.66
397 3803 10807 9478 -3430 -2536 10143 -2983 1231.2 0.67
403 3854 10954 9624 -3548 -2616 10289 -3082 1247.7 0.68
410 3905 11103 9775 -3673 -2693 10439 -3183 1264.2 0.69
416 3957 11253 9930 -3802 -2772 10592 -3287 1281.0 0.70
422 4009 11405 10084 -3935 -2856 10745 -3396 1297.9 0.72
429 4063 11559 10241 -4075 -2943 10900 -3509 1315.3 0.73
435 4115 11713 10401 -4220 -3034 11057 -3627 1332.2 0.74
442 4169 11866 10559 -4372 -3125 11213 -3749 1349.7 0.76
448 4223 12020 10714 -4530 -3216 11367 -3873 1367.1 0.77
454 4277 12173 10868 -4669 -3306 11521 -3988 1384.6 0.78
461 4332 12323 11020 -4799 -3396 11672 -4098 1402.4 0.79
467 4387 12471 11170 -4936 -3487 11821 -4212 1420.2 0.81
474 4443 12614 11317 -5078 -3579 11966 -4329 1438.4 0.82
480 4499 12754 11460 -5225 -3672 12107 -4449 1456.5 0.83
486 4556 12890 11600 -5372 -3764 12245 -4568 1474.9 0.84
493 4614 13024 11730 -5518 -3857 12377 -4688 1493.7 0.86
499 4671 13155 11856 -5663 -3948 12506 -4806 1512.2 0.87
506 4730 13288 11975 -5806 -4035 12632 -4921 1531.3 0.87
512 4790 13420 12089 -5942 -4122 12755 -5032 1550.7 0.88
518 4850 13549 12198 -6075 -4208 12874 -5142 1570.1 0.89
525 4911 13675 12306 -6206 -4292 12991 -5249 1589.9 0.89
531 4972 13799 12414 -6332 -4377 13107 -5355 1609.6 0.89
538 5034 13922 12518 -6460 -4462 13220 -5461 1629.7 0.88
544 5097 14040 12624 -6584 -4550 13332 -5567 1650.1 0.88
550 5161 14160 12728 -6703 -4638 13444 -5671 1670.8 0.87
557 5226 14275 12831 -6815 -4722 13553 -5769 1691.8 0.86
563 5292 14389 12934 -6919 -4801 13662 -5860 1713.2 0.85
570 5358 14501 13036 -7017 -4874 13769 -5946 1734.6 0.84
576 5424 14612 13135 -7105 -4945 13874 -6025 1755.9 0.83
582 5492 14718 13233 -7185 -5019 13976 -6102 1778.0 0.82
589 5560 14820 13329 -7261 -5093 14075 -6177 1800.0 0.80
595 5629 14917 13423 -7329 -5161 14170 -6245 1822.3 0.79
602 5700 15013 13517 -7389 -5225 14265 -6307 1845.3 0.78
608 5770 15097 13606 -7443 -5299 14352 -6371 1868.0 0.77
614 5841 15174 13688 -7490 -5387 14431 -6439 1890.9 0.76
621 5914 15243 13768 -7530 -5465 14506 -6498 1914.6 0.75
627 5987 15294 13851 -7564 -5536 14573 -6550 1938.2 0.75
634 6060 15328 13935 -7596 -5593 14632 -6595 1961.8 0.75
640 6135 15356 14015 -7620 -5669 14686 -6645 1986.1 0.76
646 6210 15383 14097 -7645 -5720 14740 -6683 2010.4 0.76
653 6284 15400 14179 -7656 -5761 14790 -6709 2034.4 0.77
659 6359 15411 14251 -7659 -5799 14831 -6729 2058.6 0.77
666 6435 15419 14317 -7676 -5823 14868 -6750 2083.2 0.78
672 6511 15424 14376 -7724 -5840 14900 -6782 2107.8 0.76
678 6587 15427 14422 -7748 -5851 14925 -6800 2132.5 0.67
685 6666 15436 14457 -7764 -5872 14947 -6818 2158.0 0.47
691 6745 15445 14466 -7753 -5980 14956 -6867 2183.6 0.16
698 6825 15454 14448 -7727 -6068 14951 -6898 2209.5 -0.50
704 6905 15456 14422 -7679 -6056 14939 -6868 2235.4 3.03
710 6984 15452 14399 -7633 -6036 14926 -6835 2261.0 1.42
717 7063 15447 14377 -7590 -6047 14912 -6819 2286.6 1.30
723 7142 15443 14350 -7551 -6084 14897 -6818 2312.1 1.21
730 7221 15432 14331 -7507 -6184 14882 -6846 2337.7 1.14
736 7298 15412 14240 -7459 -6210 14826 -6835 2362.6 1.09
742 7373 15386 14072 -7390 -6216 14729 -6803 2386.9 1.06
749 7431 15354 13926 -7293 -6241 14640 -6767 2405.7 1.04
755 7479 15318 13796 -7042 -6258 14557 -6650 2421.2 1.03
761 7505 15242 13693 -6966 -6198 14468 -6582 2429.6 1.06
766 7481 15106 13594 -6937 -6035 14350 -6486 2421.9 1.14
773 7336 15002 13453 -6884 -5549 14228 -6217 2374.9 1.24
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 207-ADC Depth (ft) 72.3'-72.8' Lab ID EP-974

Material Shale, dark gray, soft Date Received 08/06/2019

Temperature (°C) 21 Moisture Condition Moist Date Tested 09/04/2019

Side Planeness N/A Height (in.) 4.904 Wet Unit Weight (pcf) 160
Perpendicularity N/A Diameter (in.) 1.986 Dry Unit Weight (pcf) N/A
End Planeness N/A Area(in2) 3.098 Moisture Content (%) N/A

Parallelism N/A

Elastic Moduli Results at 25% Unconfined Compressive Strength

Young's Modulus, Axial Tangent Modulus 0.12 x106 psi
Lateral Tangent Modulus -0.34 x106 psi

Poisson's Ratio 0.34

Unconfined Compressive Strength 1290 psi
25% Unconfined Compressive Strength 320 psi

Load Rate 7 lbf/sec
Type of Failure Undetermined

Comments Fragile nature of specimen inhibited preparation, required capping of ends with Hydro-Stone.
Dimensional tolerances were not confirmed.

Reviewed By
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 207-ADC Depth (ft) 72.3'-72.8' Lab ID EP-974

Material Shale, dark gray, soft Date Received 08/06/2019

Note 1:  A compression-positive sign convention is applied and consistently used throughout this application.
Note 2:  The tangent moduli slope is calculated using a linear regression technique.
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 207-ADC Depth (ft) 72.3'-72.8' Lab ID EP-974

Lithology Shale, dark gray, soft Date Received 08/06/2019

Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

0 3 45 82 4 5 64 5 1.0 0.05
3 4 56 112 2 5 84 4 1.3 0.05
6 6 76 169 0 5 123 3 1.9 0.05

10 12 145 288 -5 2 217 -2 3.9 0.05
13 18 240 422 -12 0 331 -6 5.8 0.05
16 26 363 578 -20 -4 471 -12 8.4 0.05
19 34 499 735 -31 -7 617 -19 11.0 0.05
22 41 643 897 -42 -12 770 -27 13.2 0.06
26 48 795 1061 -55 -16 928 -36 15.5 0.06
29 56 952 1230 -68 -20 1091 -44 18.1 0.06
32 63 1112 1401 -81 -24 1257 -53 20.3 0.06
35 71 1277 1578 -95 -29 1428 -62 22.9 0.06
38 78 1461 1768 -111 -34 1615 -73 25.2 0.07
42 87 1669 1981 -130 -41 1825 -86 28.1 0.07
45 96 1891 2207 -151 -48 2049 -100 31.0 0.08
48 107 2124 2445 -174 -55 2285 -115 34.5 0.08
51 118 2372 2704 -200 -64 2538 -132 38.1 0.08
54 131 2644 2992 -230 -73 2818 -152 42.3 0.08
58 145 2946 3314 -267 -85 3130 -176 46.8 0.09
61 161 3256 3657 -307 -98 3457 -203 52.0 0.09
64 178 3577 4024 -353 -113 3801 -233 57.5 0.09
67 198 3910 4421 -406 -129 4166 -268 63.9 0.10
70 219 4236 4836 -464 -146 4536 -305 70.7 0.10
74 240 4521 5222 -521 -164 4872 -343 77.5 0.10
80 269 4859 5705 -592 -187 5282 -390 86.8 0.11
83 285 4995 5912 -623 -199 5454 -411 92.0 0.12
86 302 5116 6102 -652 -209 5609 -431 97.5 0.12
90 322 5229 6279 -680 -220 5754 -450 103.9 0.13
93 344 5338 6447 -708 -231 5893 -470 111.0 0.14
99 395 5553 6762 -767 -255 6158 -511 127.5 0.16

102 427 5664 6918 -800 -269 6291 -535 137.8 0.17
106 463 5780 7073 -836 -285 6427 -561 149.4 0.19
109 507 5901 7234 -877 -304 6568 -591 163.6 0.21
112 561 6042 7414 -927 -328 6728 -628 181.1 0.23
118 659 6294 7728 -1026 -377 7011 -702 212.7 0.25
122 699 6394 7851 -1066 -400 7123 -733 225.6 0.26
125 741 6494 7975 -1107 -423 7235 -765 239.2 0.27
128 781 6590 8094 -1147 -447 7342 -797 252.1 0.29
131 821 6686 8211 -1188 -471 7449 -830 265.0 0.30
138 901 6875 8441 -1271 -523 7658 -897 290.8 0.31
141 946 6978 8565 -1317 -553 7772 -935 305.3 0.32
144 990 7084 8690 -1365 -585 7887 -975 319.5 0.33
147 1034 7189 8816 -1413 -618 8003 -1016 333.7 0.34
150 1078 7295 8941 -1462 -652 8118 -1057 347.9 0.35
157 1164 7511 9195 -1563 -724 8353 -1144 375.7 0.36
160 1206 7621 9323 -1614 -761 8472 -1188 389.2 0.36
163 1244 7724 9451 -1661 -800 8588 -1231 401.5 0.36
166 1280 7822 9578 -1703 -838 8700 -1271 413.1 0.36
170 1319 7921 9704 -1748 -877 8813 -1313 425.7 0.36
176 1390 8115 9953 -1833 -956 9034 -1395 448.6 0.36
179 1425 8217 10076 -1877 -995 9147 -1436 459.9 0.35
182 1462 8322 10197 -1923 -1035 9260 -1479 471.9 0.35
186 1497 8431 10315 -1970 -1076 9373 -1523 483.2 0.35
189 1532 8543 10430 -2017 -1117 9487 -1567 494.5 0.34
195 1595 8779 10654 -2100 -1196 9717 -1648 514.8 0.34
198 1626 8910 10764 -2134 -1233 9837 -1684 524.8 0.34
202 1659 9038 10872 -2172 -1270 9955 -1721 535.5 0.33
205 1690 9170 10982 -2208 -1308 10076 -1758 545.5 0.33
208 1722 9303 11091 -2243 -1346 10197 -1795 555.8 0.32
214 1780 9567 11294 -2312 -1421 10431 -1867 574.5 0.32
218 1808 9696 11387 -2345 -1456 10542 -1901 583.5 0.31
221 1834 9825 11476 -2379 -1491 10651 -1935 591.9 0.31
224 1860 9952 11560 -2412 -1525 10756 -1969 600.3 0.31
227 1879 10066 11631 -2440 -1554 10849 -1997 606.5 0.31
234 1923 10303 11778 -2497 -1613 11041 -2055 620.7 0.31
237 1944 10419 11850 -2522 -1642 11135 -2082 627.4 0.31
240 1964 10535 11921 -2547 -1670 11228 -2109 633.9 0.31
243 1984 10649 11994 -2572 -1698 11322 -2135 640.4 0.32
246 2005 10761 12068 -2596 -1727 11415 -2162 647.1 0.33
253 2044 10982 12218 -2648 -1785 11600 -2217 659.7 0.35
256 2064 11091 12295 -2676 -1814 11693 -2245 666.2 0.36

Axial Strain Lateral Strain Average Strain
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Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

Axial Strain Lateral Strain Average Strain

259 2083 11197 12372 -2704 -1844 11785 -2274 672.3 0.38
262 2102 11300 12449 -2735 -1875 11875 -2305 678.4 0.40
266 2121 11397 12526 -2766 -1908 11962 -2337 684.6 0.42
272 2156 11583 12675 -2835 -1976 12129 -2406 695.9 0.45
275 2173 11673 12747 -2872 -2011 12210 -2442 701.4 0.48
278 2190 11762 12817 -2912 -2048 12290 -2480 706.8 0.51
282 2207 11847 12881 -2955 -2086 12364 -2521 712.3 0.54
285 2220 11930 12944 -2998 -2125 12437 -2562 716.5 0.57
291 2253 12108 13071 -3093 -2211 12590 -2652 727.2 0.61
294 2270 12203 13138 -3145 -2260 12671 -2703 732.7 0.65
298 2287 12299 13209 -3200 -2313 12754 -2757 738.2 0.68
301 2304 12396 13283 -3257 -2369 12840 -2813 743.6 0.72
304 2320 12492 13360 -3314 -2430 12926 -2872 748.8 0.76
310 2354 12665 13516 -3435 -2558 13091 -2997 759.8 0.80
314 2372 12756 13594 -3498 -2624 13175 -3061 765.6 0.86
317 2389 12852 13672 -3563 -2692 13262 -3128 771.1 0.78
320 2406 12949 13743 -3630 -2760 13346 -3195 776.6 0.52
323 2423 13044 13811 -3700 -2830 13428 -3265 782.0 0.18
330 2458 13225 13946 -3850 -2978 13586 -3414 793.3 -0.09
333 2474 13303 14000 -3930 -3071 13652 -3501 798.5 -0.25
336 2491 13380 14061 -4013 -3156 13721 -3585 804.0 -0.51
339 2507 13444 14124 -4097 -3239 13784 -3668 809.2 -1.92
342 2524 13503 14186 -4179 -3319 13845 -3749 814.6 1.68
349 2556 13579 14270 -4331 -3454 13925 -3893 825.0 0.65
352 2570 13510 13598 -4385 -3491 13554 -3938 829.5 0.48
355 2579 13359 12070 -4392 -3367 12715 -3880 832.4 0.42
358 2592 13175 11369 -4376 -3017 12272 -3697 836.6 0.42
362 2608 12972 10541 -4371 -2895 11757 -3633 841.8 0.44
368 2642 12411 9290 -4422 -2334 10851 -3378 852.7 0.47
371 2660 12121 8756 -4467 -1054 10439 -2761 858.5 0.49
374 2679 11815 8349 -4521 -694 10082 -2608 864.7 0.51
378 2698 11456 8029 -4534 -509 9743 -2522 870.8 0.53
381 2717 11004 7734 -4527 -370 9369 -2449 876.9 0.54
387 2758 10439 7245 -4360 -200 8842 -2280 890.2 0.56
390 2779 10198 7014 -4181 -122 8606 -2152 896.9 0.58
394 2800 9932 6794 -3627 -47 8363 -1837 903.7 0.61
397 2819 9270 6573 -2644 2 7922 -1321 909.9 0.62
400 2840 8595 6373 -1609 36 7484 -787 916.6 0.62
406 2886 8007 5975 -920 87 6991 -417 931.5 0.62
410 2908 7761 5809 -647 109 6785 -269 938.6 0.60
413 2931 7484 5671 -493 126 6578 -184 946.0 0.60
416 2954 6925 5545 -413 137 6235 -138 953.4 0.60
419 2978 6218 5421 -360 148 5820 -106 961.2 0.60
426 3026 5712 5152 -291 169 5432 -61 976.7 0.59
429 3051 5559 5017 -294 177 5288 -59 984.7 0.55
432 3077 5424 4874 -284 185 5149 -50 993.1 0.48
435 3102 5266 4710 -284 193 4988 -46 1001.2 0.35
438 3127 4756 4500 -283 203 4628 -40 1009.3 0.22
445 3179 4502 4222 -282 217 4362 -33 1026.1 0.12
448 3205 4440 4127 -277 223 4284 -27 1034.4 0.08
451 3230 4390 4052 -274 227 4221 -24 1042.5 0.07
454 3258 4347 3998 -271 231 4173 -20 1051.5 0.06
458 3284 4312 3955 -263 235 4134 -14 1059.9 0.06
464 3338 4252 3879 -253 247 4066 -3 1077.4 0.06
467 3366 4227 3846 -248 255 4037 4 1086.4 0.07
470 3394 4204 3819 -247 259 4012 6 1095.4 0.08
474 3422 4182 3790 -242 264 3986 11 1104.5 0.10
477 3449 4163 3763 -239 267 3963 14 1113.2 0.14
483 3501 4130 3718 -230 273 3924 22 1130.0 0.17
486 3533 4114 3695 -225 278 3905 27 1140.3 0.19
490 3562 4098 3674 -221 286 3886 33 1149.7 0.20
493 3592 4083 3655 -216 292 3869 38 1159.4 0.21
496 3622 4069 3635 -215 298 3852 42 1169.0 0.22
502 3681 4046 3599 -207 302 3823 48 1188.1 0.23
506 3711 4033 3582 -203 304 3808 51 1197.8 0.23
509 3741 4019 3564 -197 308 3792 56 1207.4 0.24
512 3772 4006 3547 -190 312 3777 61 1217.4 0.24
515 3802 3994 3532 -186 313 3763 64 1227.1 0.25
522 3859 3973 3501 -174 314 3737 70 1245.5 0.25
525 3888 3963 3485 -171 315 3724 72 1254.9 0.24
528 3916 3954 3472 -165 316 3713 76 1263.9 0.24
531 3944 3943 3458 -159 317 3701 79 1273.0 0.24
534 3965 3934 3443 -158 322 3689 82 1279.7 0.24
540 4003 3920 3423 -154 322 3672 84 1292.0 0.24
542 3981 3914 3415 -152 319 3665 84 1284.9 0.24
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 208-ADC Depth (ft) 61.2'-61.6' Lab ID EP-982

Material Shale, gray, moderately hard Date Received 08/06/2019

Temperature (°C) 21 Moisture Condition Moist Date Tested 09/04/2019

Side Planeness N/A Height (in.) 4.515 Wet Unit Weight (pcf) 162
Perpendicularity N/A Diameter (in.) 1.984 Dry Unit Weight (pcf) N/A
End Planeness N/A Area(in2) 3.091 Moisture Content (%) N/A

Parallelism N/A

Elastic Moduli Results at 50% Unconfined Compressive Strength

Young's Modulus, Axial Tangent Modulus 0.06 x106 psi
Lateral Tangent Modulus -0.19 x106 psi

Poisson's Ratio 0.34

Unconfined Compressive Strength 2210 psi
50% Unconfined Compressive Strength 1100 psi

Load Rate 11 lbf/sec
Type of Failure Undetermined

Comments Fragile nature of specimen inhibited preparation. Dimensional tolerances were not confirmed
as allowed by the ASTM to avoid sample disturbance prior to testing.

Reviewed By
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 208-ADC Depth (ft) 61.2'-61.6' Lab ID EP-982

Material Shale, gray, moderately hard Date Received 08/06/2019

Note 1:  A compression-positive sign convention is applied and consistently used throughout this application.
Note 2:  The tangent moduli slope is calculated using a linear regression technique.
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 208-ADC Depth (ft) 61.2'-61.6' Lab ID EP-982

Lithology Shale, gray, moderately hard Date Received 08/06/2019

Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

0 1 32 45 2 1 39 2 0.3 0.01
1 4 62 65 2 1 64 2 1.3 0.01
2 7 85 90 2 0 88 1 2.3 0.01
3 10 113 130 2 0 122 1 3.2 0.01
4 14 145 175 2 -1 160 1 4.5 0.01
5 17 182 222 2 -2 202 0 5.5 0.01
6 22 233 290 2 -3 262 -1 7.1 0.01
7 29 300 370 2 -4 335 -1 9.4 0.01
8 38 385 476 1 -5 431 -2 12.3 0.01
9 49 491 603 0 -6 547 -3 15.9 0.02

10 60 600 732 -1 -7 666 -4 19.4 0.02
11 71 706 855 -3 -7 781 -5 23.0 0.02
12 82 803 959 -5 -8 881 -7 26.5 0.02
13 91 893 1051 -7 -10 972 -9 29.4 0.02
14 103 977 1135 -9 -11 1056 -10 33.3 0.02
15 115 1057 1210 -12 -13 1134 -13 37.2 0.03
16 129 1132 1278 -15 -14 1205 -15 41.7 0.03
17 144 1202 1339 -18 -16 1271 -17 46.6 0.03
18 161 1270 1395 -21 -18 1333 -20 52.1 0.03
19 178 1336 1445 -25 -21 1391 -23 57.6 0.04
20 196 1401 1490 -29 -23 1446 -26 63.4 0.04
21 215 1459 1530 -33 -25 1495 -29 69.6 0.05
22 231 1510 1565 -37 -28 1538 -33 74.7 0.05
23 239 1544 1585 -38 -29 1565 -34 77.3 0.05
24 245 1570 1602 -39 -31 1586 -35 79.3 0.06
25 251 1592 1616 -40 -32 1604 -36 81.2 0.06
26 258 1613 1630 -41 -34 1622 -38 83.5 0.07
27 264 1633 1643 -42 -35 1638 -39 85.4 0.07
28 271 1652 1654 -43 -36 1653 -40 87.7 0.08
29 278 1672 1666 -45 -38 1669 -42 89.9 0.08
30 284 1692 1677 -46 -40 1685 -43 91.9 0.09
31 292 1710 1689 -47 -41 1700 -44 94.5 0.09
32 299 1728 1702 -48 -43 1715 -46 96.7 0.10
33 307 1746 1714 -49 -44 1730 -47 99.3 0.11
34 315 1763 1726 -51 -46 1745 -49 101.9 0.11
35 323 1780 1738 -53 -48 1759 -51 104.5 0.12
36 332 1798 1750 -54 -50 1774 -52 107.4 0.12
37 341 1815 1762 -56 -51 1789 -54 110.3 0.13
38 351 1833 1775 -58 -54 1804 -56 113.6 0.13
39 360 1852 1788 -60 -56 1820 -58 116.5 0.14
40 370 1870 1801 -62 -58 1836 -60 119.7 0.15
41 381 1890 1814 -64 -60 1852 -62 123.3 0.15
42 393 1910 1828 -67 -63 1869 -65 127.1 0.16
43 406 1932 1843 -70 -65 1888 -68 131.3 0.16
44 420 1954 1859 -73 -68 1907 -71 135.9 0.17
45 433 1976 1873 -77 -71 1925 -74 140.1 0.18
46 446 1997 1887 -80 -74 1942 -77 144.3 0.18
47 459 2018 1902 -83 -77 1960 -80 148.5 0.19
48 472 2039 1917 -87 -80 1978 -84 152.7 0.19
49 486 2061 1932 -91 -84 1997 -88 157.2 0.20
50 501 2085 1948 -96 -87 2017 -92 162.1 0.20
51 518 2109 1966 -100 -91 2038 -96 167.6 0.21
52 534 2133 1983 -105 -95 2058 -100 172.8 0.21
53 550 2157 2000 -110 -98 2079 -104 177.9 0.22
54 565 2180 2017 -115 -102 2099 -109 182.8 0.22
55 580 2203 2034 -120 -106 2119 -113 187.6 0.23
56 597 2228 2052 -125 -111 2140 -118 193.1 0.23
57 614 2252 2071 -131 -115 2162 -123 198.6 0.24
58 632 2277 2091 -137 -119 2184 -128 204.5 0.24
59 649 2303 2110 -144 -125 2207 -135 210.0 0.25
60 667 2328 2130 -150 -129 2229 -140 215.8 0.25
61 685 2353 2150 -157 -134 2252 -146 221.6 0.26
62 704 2379 2171 -163 -139 2275 -151 227.8 0.26
63 723 2405 2193 -171 -145 2299 -158 233.9 0.27
64 742 2432 2215 -178 -150 2324 -164 240.1 0.27
65 762 2460 2237 -186 -156 2349 -171 246.5 0.28
66 782 2489 2260 -194 -162 2375 -178 253.0 0.28
67 803 2518 2284 -202 -169 2401 -186 259.8 0.29
68 824 2547 2308 -211 -175 2428 -193 266.6 0.29
69 844 2575 2332 -220 -182 2454 -201 273.1 0.29
70 865 2604 2356 -229 -189 2480 -209 279.8 0.30

Axial Strain Lateral Strain Average Strain
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Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

Axial Strain Lateral Strain Average Strain

71 885 2633 2380 -238 -196 2507 -217 286.3 0.30
72 905 2661 2404 -246 -203 2533 -225 292.8 0.31
73 925 2690 2428 -255 -210 2559 -233 299.3 0.31
74 945 2718 2453 -264 -217 2586 -241 305.7 0.31
75 966 2747 2477 -274 -225 2612 -250 312.5 0.32
76 987 2777 2503 -284 -233 2640 -259 319.3 0.32
77 1008 2807 2529 -294 -241 2668 -268 326.1 0.33
78 1030 2836 2556 -304 -248 2696 -276 333.2 0.33
79 1051 2866 2582 -314 -257 2724 -286 340.0 0.33
80 1072 2895 2608 -324 -265 2752 -295 346.8 0.34
81 1092 2923 2635 -335 -273 2779 -304 353.3 0.34
82 1113 2951 2661 -346 -282 2806 -314 360.1 0.34
83 1134 2980 2688 -357 -290 2834 -324 366.9 0.35
84 1155 3010 2715 -368 -299 2863 -334 373.7 0.35
85 1176 3038 2742 -379 -308 2890 -344 380.5 0.35
86 1195 3066 2767 -390 -316 2917 -353 386.6 0.35
87 1214 3095 2793 -400 -325 2944 -363 392.8 0.35
88 1235 3123 2820 -412 -334 2972 -373 399.5 0.35
89 1250 3148 2843 -422 -341 2996 -382 404.4 0.34
90 1262 3170 2865 -431 -348 3018 -390 408.3 0.33
91 1275 3191 2886 -440 -354 3039 -397 412.5 0.32
92 1289 3213 2907 -448 -360 3060 -404 417.0 0.30
93 1304 3235 2928 -457 -366 3082 -412 421.9 0.28
94 1320 3258 2950 -466 -373 3104 -420 427.0 0.25
95 1334 3280 2972 -475 -380 3126 -428 431.6 0.22
96 1343 3300 2990 -485 -383 3145 -434 434.5 0.20
97 1356 3322 3010 -493 -388 3166 -441 438.7 0.18
98 1356 3345 3033 -501 -382 3189 -442 438.7 0.16
99 1361 3373 3061 -507 -378 3217 -443 440.3 0.14

100 1368 3394 3090 -508 -379 3242 -444 442.6 0.12
101 1376 3411 3117 -509 -383 3264 -446 445.2 0.11
102 1379 3426 3147 -506 -386 3287 -446 446.1 0.11
103 1384 3453 3183 -506 -384 3318 -445 447.8 0.10
104 1384 3498 3235 -496 -381 3367 -439 447.8 0.11
105 1397 3528 3271 -499 -382 3400 -441 452.0 0.12
106 1412 3556 3303 -504 -384 3430 -444 456.8 0.13
107 1425 3583 3336 -511 -386 3460 -449 461.0 0.15
108 1439 3610 3371 -519 -388 3491 -454 465.5 0.16
109 1454 3638 3403 -528 -391 3521 -460 470.4 0.18
110 1467 3669 3440 -538 -390 3555 -464 474.6 0.19
111 1481 3697 3475 -550 -393 3586 -472 479.1 0.21
112 1495 3725 3507 -562 -396 3616 -479 483.7 0.22
113 1510 3752 3538 -579 -399 3645 -489 488.5 0.24
114 1525 3778 3568 -594 -403 3673 -499 493.4 0.26
115 1540 3805 3597 -607 -406 3701 -507 498.2 0.27
116 1553 3838 3632 -618 -411 3735 -515 502.4 0.27
117 1565 3872 3666 -628 -419 3769 -524 506.3 0.28
118 1579 3903 3698 -641 -425 3801 -533 510.8 0.28
119 1594 3931 3728 -653 -430 3830 -542 515.7 0.29
120 1607 3960 3757 -664 -435 3859 -550 519.9 0.29
121 1622 3988 3785 -675 -440 3887 -558 524.7 0.29
122 1635 4016 3814 -684 -448 3915 -566 529.0 0.28
123 1649 4046 3843 -690 -461 3945 -576 533.5 0.28
124 1663 4075 3872 -696 -474 3974 -585 538.0 0.27
125 1676 4103 3906 -700 -488 4005 -594 542.2 0.27
126 1689 4133 3935 -704 -502 4034 -603 546.4 0.27
127 1703 4161 3965 -706 -517 4063 -612 551.0 0.27
128 1717 4190 3993 -704 -533 4092 -619 555.5 0.27
129 1730 4217 4021 -701 -549 4119 -625 559.7 0.28
130 1745 4245 4049 -699 -563 4147 -631 564.5 0.27
131 1757 4272 4078 -693 -577 4175 -635 568.4 0.27
132 1770 4300 4106 -686 -594 4203 -640 572.6 0.27
133 1784 4327 4133 -680 -614 4230 -647 577.2 0.27
134 1792 4356 4159 -674 -635 4258 -655 579.7 0.27
135 1801 4384 4186 -669 -657 4285 -663 582.7 0.27
136 1815 4411 4213 -664 -679 4312 -672 587.2 0.28
137 1826 4439 4238 -663 -704 4339 -684 590.7 0.29
138 1836 4466 4270 -668 -725 4368 -697 594.0 0.30
139 1845 4491 4293 -659 -751 4392 -705 596.9 0.31
140 1856 4511 4304 -631 -764 4408 -698 600.5 0.32
141 1867 4533 4321 -623 -780 4427 -702 604.0 0.33
142 1879 4554 4338 -619 -798 4446 -709 607.9 0.33
143 1892 4577 4356 -616 -817 4467 -717 612.1 0.33
144 1905 4601 4375 -614 -837 4488 -726 616.3 0.33
145 1918 4624 4393 -612 -857 4509 -735 620.5 0.33
146 1930 4647 4412 -611 -877 4530 -744 624.4 0.33
147 1942 4670 4430 -608 -896 4550 -752 628.3 0.33
148 1955 4694 4450 -608 -915 4572 -762 632.5 0.33
149 1958 4712 4464 -605 -928 4588 -767 633.5 0.33
150 1972 4734 4482 -604 -941 4608 -773 638.0 0.34
151 1985 4758 4501 -603 -954 4630 -779 642.2 0.33
152 1997 4782 4520 -603 -966 4651 -785 646.1 0.33
153 2008 4808 4533 -603 -977 4671 -790 649.6 0.33
154 2019 4833 4547 -604 -987 4690 -796 653.2 0.32
155 2029 4859 4562 -604 -996 4711 -800 656.4 0.33

Template: tmp_ep_input.xlsm
Version: 20170215
Approved By: RJ

Stantec Consulting Services Inc.
Lexington, Kentucky

Reported By: JW
Report Date: 09/13/2019

1116|Page Volume 2 Tab 2 Geotechnical
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Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

Axial Strain Lateral Strain Average Strain

156 2040 4885 4575 -605 -1005 4730 -805 660.0 0.33
157 2047 4912 4582 -607 -1013 4747 -810 662.2 0.34
158 2058 4938 4594 -610 -1022 4766 -816 665.8 0.35
159 2068 4963 4603 -613 -1032 4783 -823 669.0 0.36
160 2078 4989 4615 -617 -1043 4802 -830 672.3 0.37
161 2090 5014 4630 -621 -1053 4822 -837 676.2 0.39
162 2102 5040 4647 -625 -1066 4844 -846 680.0 0.40
163 2113 5065 4661 -630 -1078 4863 -854 683.6 0.41
164 2125 5091 4678 -635 -1091 4885 -863 687.5 0.42
165 2136 5117 4695 -640 -1104 4906 -872 691.0 0.43
166 2147 5142 4712 -646 -1117 4927 -882 694.6 0.43
167 2159 5168 4730 -652 -1132 4949 -892 698.5 0.44
168 2171 5193 4749 -658 -1146 4971 -902 702.4 0.44
169 2182 5218 4770 -664 -1160 4994 -912 705.9 0.44
170 2194 5244 4790 -671 -1175 5017 -923 709.8 0.44
171 2206 5270 4813 -678 -1189 5042 -934 713.7 0.44
172 2218 5296 4835 -685 -1204 5066 -945 717.6 0.44
173 2230 5323 4857 -693 -1218 5090 -956 721.4 0.44
174 2242 5349 4881 -701 -1232 5115 -967 725.3 0.44
175 2253 5376 4905 -709 -1246 5141 -978 728.9 0.44
176 2265 5403 4929 -717 -1260 5166 -989 732.8 0.44
177 2276 5430 4953 -726 -1274 5192 -1000 736.3 0.44
178 2288 5457 4978 -734 -1288 5218 -1011 740.2 0.44
179 2299 5485 5003 -744 -1301 5244 -1023 743.8 0.44
180 2311 5512 5029 -753 -1315 5271 -1034 747.7 0.44
181 2323 5539 5054 -763 -1328 5297 -1046 751.5 0.44
182 2334 5566 5080 -773 -1341 5323 -1057 755.1 0.44
183 2346 5594 5105 -783 -1355 5350 -1069 759.0 0.45
184 2357 5621 5132 -793 -1369 5377 -1081 762.5 0.45
185 2369 5648 5158 -804 -1382 5403 -1093 766.4 0.45
186 2380 5675 5184 -814 -1396 5430 -1105 770.0 0.45
187 2391 5703 5211 -825 -1409 5457 -1117 773.5 0.45
188 2403 5730 5238 -837 -1423 5484 -1130 777.4 0.46
189 2414 5758 5265 -848 -1437 5512 -1143 781.0 0.46
190 2425 5786 5292 -860 -1450 5539 -1155 784.5 0.46
191 2437 5814 5320 -871 -1464 5567 -1168 788.4 0.46
192 2448 5842 5347 -883 -1478 5595 -1181 792.0 0.46
193 2459 5870 5374 -895 -1492 5622 -1194 795.5 0.47
194 2471 5898 5402 -908 -1506 5650 -1207 799.4 0.47
195 2482 5926 5429 -920 -1519 5678 -1220 803.0 0.47
196 2493 5954 5457 -932 -1533 5706 -1233 806.5 0.47
197 2505 5982 5485 -945 -1547 5734 -1246 810.4 0.47
198 2516 6011 5513 -958 -1561 5762 -1260 814.0 0.47
199 2527 6039 5541 -971 -1575 5790 -1273 817.5 0.47
200 2538 6068 5569 -984 -1588 5819 -1286 821.1 0.47
201 2549 6096 5597 -997 -1603 5847 -1300 824.6 0.47
202 2560 6125 5625 -1010 -1617 5875 -1314 828.2 0.47
203 2571 6154 5653 -1023 -1631 5904 -1327 831.8 0.47
204 2582 6183 5682 -1036 -1645 5933 -1341 835.3 0.47
205 2593 6212 5710 -1050 -1659 5961 -1355 838.9 0.47
206 2604 6241 5738 -1063 -1673 5990 -1368 842.4 0.47
207 2615 6271 5767 -1077 -1686 6019 -1382 846.0 0.47
208 2625 6300 5796 -1090 -1700 6048 -1395 849.2 0.47
209 2636 6330 5824 -1103 -1714 6077 -1409 852.8 0.47
210 2647 6360 5853 -1117 -1728 6107 -1423 856.4 0.47
211 2659 6390 5882 -1130 -1741 6136 -1436 860.2 0.47
212 2669 6420 5911 -1144 -1756 6166 -1450 863.5 0.46
213 2680 6450 5939 -1158 -1769 6195 -1464 867.0 0.46
214 2690 6480 5968 -1171 -1783 6224 -1477 870.3 0.46
215 2700 6510 5997 -1185 -1797 6254 -1491 873.5 0.46
216 2711 6541 6026 -1199 -1811 6284 -1505 877.1 0.46
217 2721 6571 6056 -1213 -1825 6314 -1519 880.3 0.46
218 2732 6602 6085 -1227 -1838 6344 -1533 883.9 0.46
219 2743 6633 6114 -1241 -1851 6374 -1546 887.4 0.46
220 2753 6664 6143 -1254 -1865 6404 -1560 890.6 0.45
221 2763 6695 6173 -1268 -1879 6434 -1574 893.9 0.45
222 2773 6727 6202 -1282 -1892 6465 -1587 897.1 0.45
223 2784 6758 6232 -1296 -1905 6495 -1601 900.7 0.45
224 2794 6789 6261 -1310 -1918 6525 -1614 903.9 0.45
225 2804 6821 6291 -1324 -1932 6556 -1628 907.1 0.44
226 2814 6853 6320 -1338 -1945 6587 -1642 910.4 0.44
227 2824 6885 6349 -1352 -1958 6617 -1655 913.6 0.44
228 2835 6917 6379 -1367 -1971 6648 -1669 917.2 0.44
229 2845 6950 6408 -1381 -1984 6679 -1683 920.4 0.44
230 2854 6983 6438 -1395 -1997 6711 -1696 923.3 0.43
231 2864 7015 6468 -1410 -2009 6742 -1710 926.6 0.43
232 2874 7049 6498 -1424 -2022 6774 -1723 929.8 0.43
233 2884 7081 6528 -1438 -2035 6805 -1737 933.0 0.43
234 2894 7114 6558 -1453 -2048 6836 -1751 936.3 0.43
235 2903 7148 6588 -1467 -2060 6868 -1764 939.2 0.42
236 2913 7181 6618 -1482 -2073 6900 -1778 942.4 0.42
237 2923 7215 6648 -1496 -2085 6932 -1791 945.6 0.42
238 2932 7249 6679 -1510 -2097 6964 -1804 948.6 0.42
239 2942 7283 6709 -1525 -2110 6996 -1818 951.8 0.42
240 2951 7318 6739 -1539 -2122 7029 -1831 954.7 0.41
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Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

Axial Strain Lateral Strain Average Strain

241 2960 7352 6769 -1553 -2135 7061 -1844 957.6 0.41
242 2970 7387 6800 -1568 -2147 7094 -1858 960.9 0.41
243 2979 7422 6830 -1582 -2160 7126 -1871 963.8 0.41
244 2988 7457 6860 -1596 -2172 7159 -1884 966.7 0.41
245 2998 7493 6891 -1611 -2185 7192 -1898 969.9 0.41
246 3006 7529 6922 -1625 -2198 7226 -1912 972.5 0.41
247 3016 7564 6952 -1639 -2210 7258 -1925 975.7 0.41
248 3025 7600 6983 -1654 -2222 7292 -1938 978.6 0.41
249 3033 7637 7014 -1668 -2236 7326 -1952 981.2 0.41
250 3043 7673 7044 -1682 -2248 7359 -1965 984.5 0.41
251 3051 7710 7075 -1697 -2261 7393 -1979 987.1 0.40
252 3061 7746 7105 -1711 -2274 7426 -1993 990.3 0.40
253 3069 7783 7136 -1725 -2288 7460 -2007 992.9 0.40
254 3078 7819 7167 -1739 -2301 7493 -2020 995.8 0.40
255 3087 7856 7198 -1754 -2314 7527 -2034 998.7 0.40
256 3095 7892 7229 -1768 -2327 7561 -2048 1001.3 0.39
257 3104 7928 7260 -1782 -2340 7594 -2061 1004.2 0.39
258 3112 7965 7292 -1796 -2352 7629 -2074 1006.8 0.39
259 3121 8001 7323 -1811 -2364 7662 -2088 1009.7 0.39
260 3129 8038 7355 -1825 -2377 7697 -2101 1012.3 0.38
261 3138 8076 7386 -1838 -2389 7731 -2114 1015.2 0.38
262 3146 8113 7418 -1852 -2401 7766 -2127 1017.8 0.38
263 3155 8151 7450 -1866 -2413 7801 -2140 1020.7 0.37
264 3163 8189 7482 -1880 -2425 7836 -2153 1023.3 0.37
265 3172 8227 7514 -1894 -2437 7871 -2166 1026.2 0.37
266 3180 8266 7546 -1908 -2448 7906 -2178 1028.8 0.37
267 3188 8304 7579 -1922 -2460 7942 -2191 1031.4 0.36
268 3197 8343 7612 -1936 -2472 7978 -2204 1034.3 0.36
269 3204 8382 7644 -1950 -2483 8013 -2217 1036.6 0.36
270 3213 8421 7677 -1964 -2495 8049 -2230 1039.5 0.36
271 3221 8460 7709 -1978 -2507 8085 -2243 1042.1 0.36
272 3229 8500 7743 -1991 -2519 8122 -2255 1044.6 0.36
273 3237 8539 7776 -2005 -2531 8158 -2268 1047.2 0.35
274 3245 8580 7809 -2019 -2543 8195 -2281 1049.8 0.35
275 3253 8620 7843 -2032 -2556 8232 -2294 1052.4 0.35
276 3261 8660 7876 -2046 -2568 8268 -2307 1055.0 0.35
277 3269 8700 7910 -2059 -2580 8305 -2320 1057.6 0.35
278 3277 8740 7944 -2072 -2593 8342 -2333 1060.2 0.35
279 3285 8781 7978 -2086 -2606 8380 -2346 1062.8 0.35
280 3292 8821 8013 -2099 -2619 8417 -2359 1065.0 0.35
281 3300 8862 8047 -2113 -2632 8455 -2373 1067.6 0.35
282 3309 8903 8081 -2126 -2645 8492 -2386 1070.5 0.35
283 3316 8943 8116 -2139 -2658 8530 -2399 1072.8 0.35
284 3324 8984 8151 -2152 -2671 8568 -2412 1075.4 0.35
285 3332 9025 8186 -2165 -2686 8606 -2426 1078.0 0.35
286 3339 9067 8221 -2179 -2699 8644 -2439 1080.2 0.35
287 3348 9108 8256 -2192 -2713 8682 -2453 1083.1 0.35
288 3355 9150 8291 -2205 -2727 8721 -2466 1085.4 0.35
289 3363 9192 8326 -2218 -2741 8759 -2480 1088.0 0.35
290 3371 9234 8362 -2230 -2754 8798 -2492 1090.6 0.34
291 3378 9276 8398 -2244 -2769 8837 -2507 1092.8 0.34
292 3387 9319 8434 -2256 -2782 8877 -2519 1095.8 0.34
293 3394 9362 8470 -2269 -2796 8916 -2533 1098.0 0.34
294 3402 9404 8506 -2282 -2810 8955 -2546 1100.6 0.34
295 3410 9447 8542 -2294 -2824 8995 -2559 1103.2 0.34
296 3417 9490 8579 -2307 -2838 9035 -2573 1105.5 0.34
297 3426 9533 8616 -2319 -2853 9075 -2586 1108.4 0.34
298 3433 9575 8653 -2332 -2868 9114 -2600 1110.6 0.34
299 3441 9618 8690 -2344 -2883 9154 -2614 1113.2 0.34
300 3449 9661 8727 -2356 -2898 9194 -2627 1115.8 0.34
301 3456 9704 8764 -2369 -2913 9234 -2641 1118.1 0.34
302 3464 9747 8801 -2381 -2929 9274 -2655 1120.7 0.34
303 3472 9790 8839 -2393 -2945 9315 -2669 1123.3 0.34
304 3480 9833 8877 -2406 -2961 9355 -2684 1125.8 0.34
305 3488 9876 8915 -2418 -2977 9396 -2698 1128.4 0.34
306 3495 9919 8953 -2430 -2993 9436 -2712 1130.7 0.34
307 3503 9961 8992 -2442 -3008 9477 -2725 1133.3 0.34
308 3511 10004 9030 -2454 -3024 9517 -2739 1135.9 0.34
309 3518 10047 9069 -2466 -3040 9558 -2753 1138.1 0.34
310 3526 10090 9109 -2478 -3055 9600 -2767 1140.7 0.33
311 3534 10133 9149 -2490 -3070 9641 -2780 1143.3 0.33
312 3541 10175 9189 -2502 -3085 9682 -2794 1145.6 0.33
313 3549 10217 9229 -2514 -3101 9723 -2808 1148.2 0.33
314 3556 10259 9270 -2525 -3116 9765 -2821 1150.4 0.33
315 3564 10301 9310 -2537 -3132 9806 -2835 1153.0 0.33
316 3572 10343 9351 -2549 -3147 9847 -2848 1155.6 0.33
317 3579 10384 9392 -2561 -3162 9888 -2862 1157.9 0.33
318 3587 10426 9433 -2573 -3175 9930 -2874 1160.5 0.33
319 3595 10467 9474 -2585 -3190 9971 -2888 1163.1 0.33
320 3602 10508 9515 -2597 -3205 10012 -2901 1165.3 0.33
321 3611 10549 9557 -2609 -3220 10053 -2915 1168.2 0.33
322 3618 10589 9599 -2621 -3235 10094 -2928 1170.5 0.33
323 3626 10630 9640 -2633 -3250 10135 -2942 1173.1 0.34
324 3634 10670 9682 -2646 -3266 10176 -2956 1175.7 0.34
325 3642 10710 9724 -2658 -3281 10217 -2970 1178.3 0.34
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Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

Axial Strain Lateral Strain Average Strain

326 3650 10749 9767 -2670 -3297 10258 -2984 1180.8 0.34
327 3657 10789 9810 -2682 -3313 10300 -2998 1183.1 0.35
328 3666 10828 9857 -2695 -3330 10343 -3013 1186.0 0.35
329 3674 10868 9905 -2707 -3347 10387 -3027 1188.6 0.36
330 3681 10907 9951 -2719 -3365 10429 -3042 1190.9 0.36
331 3690 10946 9993 -2731 -3382 10470 -3057 1193.8 0.37
332 3697 10985 10032 -2743 -3400 10509 -3072 1196.0 0.37
333 3706 11024 10071 -2755 -3418 10548 -3087 1199.0 0.38
334 3714 11062 10109 -2767 -3435 10586 -3101 1201.5 0.38
335 3722 11101 10148 -2780 -3452 10625 -3116 1204.1 0.39
336 3730 11140 10185 -2792 -3469 10663 -3131 1206.7 0.39
337 3738 11178 10220 -2804 -3487 10699 -3146 1209.3 0.40
338 3747 11216 10253 -2815 -3504 10735 -3160 1212.2 0.40
339 3755 11255 10285 -2828 -3521 10770 -3175 1214.8 0.41
340 3763 11292 10317 -2840 -3539 10805 -3190 1217.4 0.41
341 3771 11330 10348 -2852 -3556 10839 -3204 1220.0 0.42
342 3780 11368 10379 -2863 -3573 10874 -3218 1222.9 0.43
343 3788 11405 10411 -2875 -3590 10908 -3233 1225.5 0.43
344 3796 11442 10442 -2887 -3606 10942 -3247 1228.1 0.44
345 3804 11479 10474 -2898 -3624 10977 -3261 1230.7 0.44
346 3813 11516 10506 -2910 -3643 11011 -3277 1233.6 0.45
347 3821 11552 10539 -2922 -3662 11046 -3292 1236.2 0.46
348 3830 11588 10571 -2935 -3681 11080 -3308 1239.1 0.46
349 3838 11624 10604 -2949 -3700 11114 -3325 1241.7 0.47
350 3847 11660 10636 -2963 -3720 11148 -3342 1244.6 0.47
351 3855 11696 10668 -2976 -3738 11182 -3357 1247.2 0.48
352 3864 11732 10700 -2990 -3758 11216 -3374 1250.1 0.49
353 3872 11768 10731 -3003 -3777 11250 -3390 1252.7 0.49
354 3881 11804 10762 -3017 -3795 11283 -3406 1255.6 0.50
355 3889 11840 10792 -3031 -3815 11316 -3423 1258.2 0.50
356 3898 11875 10822 -3045 -3834 11349 -3440 1261.1 0.51
357 3907 11909 10851 -3059 -3853 11380 -3456 1264.0 0.51
358 3915 11943 10880 -3073 -3873 11412 -3473 1266.6 0.51
359 3924 11977 10909 -3087 -3892 11443 -3490 1269.5 0.51
360 3933 12010 10938 -3101 -3911 11474 -3506 1272.4 0.51
361 3942 12043 10966 -3115 -3930 11505 -3523 1275.3 0.50
362 3951 12075 10995 -3129 -3949 11535 -3539 1278.2 0.50
363 3959 12107 11023 -3143 -3966 11565 -3555 1280.8 0.49
364 3968 12140 11051 -3156 -3982 11596 -3569 1283.7 0.49
365 3977 12173 11079 -3170 -3998 11626 -3584 1286.6 0.48
366 3986 12205 11107 -3184 -4014 11656 -3599 1289.5 0.47
367 3994 12237 11137 -3198 -4029 11687 -3614 1292.1 0.46
368 4003 12268 11167 -3212 -4043 11718 -3628 1295.0 0.45
369 4013 12300 11199 -3226 -4056 11750 -3641 1298.3 0.44
370 4021 12331 11231 -3240 -4069 11781 -3655 1300.9 0.43
371 4031 12363 11264 -3253 -4082 11814 -3668 1304.1 0.42
372 4039 12394 11297 -3267 -4094 11846 -3681 1306.7 0.41
373 4048 12425 11331 -3281 -4106 11878 -3694 1309.6 0.40
374 4058 12456 11364 -3296 -4116 11910 -3706 1312.8 0.40
375 4067 12487 11399 -3310 -4126 11943 -3718 1315.8 0.39
376 4076 12518 11432 -3324 -4136 11975 -3730 1318.7 0.38
377 4085 12549 11466 -3338 -4146 12008 -3742 1321.6 0.38
378 4094 12579 11499 -3352 -4155 12039 -3754 1324.5 0.38
379 4104 12610 11533 -3366 -4165 12072 -3766 1327.7 0.38
380 4112 12640 11566 -3380 -4174 12103 -3777 1330.3 0.38
381 4121 12671 11599 -3394 -4184 12135 -3789 1333.2 0.38
382 4131 12701 11631 -3408 -4193 12166 -3801 1336.5 0.37
383 4140 12731 11664 -3421 -4202 12198 -3812 1339.4 0.37
384 4149 12761 11697 -3435 -4211 12229 -3823 1342.3 0.38
385 4159 12791 11729 -3449 -4221 12260 -3835 1345.5 0.38
386 4168 12820 11761 -3463 -4231 12291 -3847 1348.4 0.38
387 4177 12850 11793 -3477 -4242 12322 -3860 1351.3 0.38
388 4186 12879 11824 -3491 -4251 12352 -3871 1354.3 0.38
389 4195 12908 11855 -3505 -4260 12382 -3883 1357.2 0.39
390 4204 12937 11886 -3519 -4269 12412 -3894 1360.1 0.39
391 4214 12967 11916 -3532 -4277 12442 -3905 1363.3 0.40
392 4223 12996 11946 -3546 -4286 12471 -3916 1366.2 0.40
393 4232 13025 11975 -3560 -4294 12500 -3927 1369.1 0.41
394 4242 13054 12004 -3574 -4302 12529 -3938 1372.4 0.42
395 4251 13083 12032 -3588 -4311 12558 -3950 1375.3 0.44
396 4260 13112 12058 -3601 -4319 12585 -3960 1378.2 0.37
397 4270 13140 12081 -3615 -4327 12611 -3971 1381.4 0.20
398 4279 13168 12087 -3629 -4336 12628 -3983 1384.3 0.05
399 4288 13197 12103 -3642 -4345 12650 -3994 1387.2 -0.06
400 4298 13225 12119 -3655 -4353 12672 -4004 1390.5 -0.13
401 4308 13253 12135 -3669 -4362 12694 -4016 1393.7 -0.18
402 4317 13281 12149 -3682 -4370 12715 -4026 1396.6 -0.20
403 4326 13310 12157 -3695 -4378 12734 -4037 1399.5 -0.22
404 4336 13337 12116 -3708 -4386 12727 -4047 1402.8 -0.22
405 4345 13364 11841 -3722 -4396 12603 -4059 1405.7 -0.23
406 4354 13390 11364 -3735 -4406 12377 -4071 1408.6 -0.23
407 4363 13416 11080 -3748 -4415 12248 -4082 1411.5 -0.22
408 4373 13441 10976 -3762 -4422 12209 -4092 1414.7 -0.22
409 4382 13467 10900 -3775 -4429 12184 -4102 1417.7 -0.22
410 4392 13492 10836 -3789 -4435 12164 -4112 1420.9 -0.22
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Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

Axial Strain Lateral Strain Average Strain

411 4402 13517 10786 -3803 -4442 12152 -4123 1424.1 -0.21
412 4411 13541 10743 -3816 -4448 12142 -4132 1427.0 -0.22
413 4420 13565 10703 -3830 -4454 12134 -4142 1430.0 -0.22
414 4431 13586 10668 -3843 -4460 12127 -4152 1433.5 -0.25
415 4440 13608 10635 -3855 -4466 12122 -4161 1436.4 -0.34
416 4450 13629 10605 -3868 -4472 12117 -4170 1439.7 -0.55
417 4459 13650 10577 -3880 -4477 12114 -4179 1442.6 -0.59
418 4470 13672 10568 -3893 -4483 12120 -4188 1446.1 -0.49
419 4480 13692 10548 -3905 -4488 12120 -4197 1449.4 -0.39
420 4489 13712 10528 -3916 -4493 12120 -4205 1452.3 -0.32
421 4499 13722 10509 -3928 -4495 12116 -4212 1455.5 -0.27
422 4509 13721 10490 -3939 -4496 12106 -4218 1458.7 -0.21
423 4519 13663 10470 -3951 -4498 12067 -4225 1462.0 -0.16
424 4529 13596 10451 -3962 -4499 12024 -4231 1465.2 -0.12
425 4539 13559 10433 -3973 -4500 11996 -4237 1468.5 -0.11
426 4549 13495 10416 -3983 -4500 11956 -4242 1471.7 -0.09
427 4559 13407 10399 -3993 -4500 11903 -4247 1474.9 -0.08
428 4569 13326 10384 -4003 -4499 11855 -4251 1478.2 -0.07
429 4579 13199 10369 -4013 -4498 11784 -4256 1481.4 -0.07
430 4589 13100 10355 -4024 -4497 11728 -4261 1484.6 -0.06
431 4599 13015 10341 -4035 -4495 11678 -4265 1487.9 -0.06
432 4609 12702 10327 -4046 -4494 11515 -4270 1491.1 -0.06
433 4620 12313 10313 -4056 -4491 11313 -4274 1494.7 -0.05
434 4629 12117 10299 -4067 -4490 11208 -4279 1497.6 -0.05
435 4640 11993 10281 -4078 -4489 11137 -4284 1501.1 -0.05
436 4650 11891 10255 -4088 -4488 11073 -4288 1504.4 -0.05
437 4660 11791 10207 -4099 -4487 10999 -4293 1507.6 -0.05
438 4670 11694 10141 -4110 -4486 10918 -4298 1510.8 -0.05
439 4681 11600 10079 -4120 -4486 10840 -4303 1514.4 -0.05
440 4691 11459 10029 -4130 -4485 10744 -4308 1517.6 -0.05
441 4702 11204 9987 -4140 -4485 10596 -4313 1521.2 -0.06
442 4712 11024 9954 -4149 -4485 10489 -4317 1524.4 -0.06
443 4722 10869 9925 -4159 -4485 10397 -4322 1527.7 -0.06
444 4733 10737 9898 -4169 -4485 10318 -4327 1531.2 -0.07
445 4743 10619 9873 -4178 -4485 10246 -4332 1534.5 -0.07
446 4753 10514 9849 -4188 -4488 10182 -4338 1537.7 -0.07
447 4764 10420 9824 -4198 -4491 10122 -4345 1541.2 -0.07
448 4775 10337 9796 -4207 -4494 10067 -4351 1544.8 -0.07
449 4786 10260 9763 -4217 -4495 10012 -4356 1548.4 -0.07
450 4796 10184 9729 -4226 -4495 9957 -4361 1551.6 -0.07
451 4807 10107 9692 -4235 -4495 9900 -4365 1555.2 -0.07
452 4818 10029 9653 -4244 -4495 9841 -4370 1558.7 -0.07
453 4828 9954 9612 -4253 -4495 9783 -4374 1561.9 -0.07
454 4839 9883 9567 -4262 -4495 9725 -4379 1565.5 -0.07
455 4850 9814 9519 -4271 -4496 9667 -4384 1569.1 -0.06
456 4860 9745 9465 -4280 -4495 9605 -4388 1572.3 -0.06
457 4871 9671 9402 -4289 -4493 9537 -4391 1575.9 -0.05
458 4882 9570 9335 -4297 -4493 9453 -4395 1579.4 -0.05
459 4893 9465 9269 -4306 -4492 9367 -4399 1583.0 -0.05
460 4903 9364 9194 -4314 -4491 9279 -4403 1586.2 -0.05
461 4914 9263 9110 -4322 -4490 9187 -4406 1589.8 -0.05
462 4925 9155 9036 -4330 -4488 9096 -4409 1593.3 -0.04
463 4936 9064 8973 -4338 -4487 9019 -4413 1596.9 -0.04
464 4947 8985 8916 -4346 -4485 8951 -4416 1600.4 -0.04
465 4958 8803 8864 -4353 -4482 8834 -4418 1604.0 -0.05
466 4969 8703 8816 -4360 -4480 8760 -4420 1607.6 -0.05
467 4980 8630 8770 -4367 -4477 8700 -4422 1611.1 -0.05
468 4991 8567 8727 -4374 -4476 8647 -4425 1614.7 -0.05
469 5003 8515 8685 -4381 -4475 8600 -4428 1618.6 -0.05
470 5014 8470 8643 -4388 -4474 8557 -4431 1622.1 -0.05
471 5025 8431 8601 -4395 -4475 8516 -4435 1625.7 -0.05
472 5037 8397 8560 -4402 -4476 8479 -4439 1629.6 -0.05
473 5048 8365 8519 -4409 -4477 8442 -4443 1633.1 -0.05
474 5060 8337 8477 -4416 -4476 8407 -4446 1637.0 -0.05
475 5071 8310 8432 -4423 -4474 8371 -4449 1640.6 -0.05
476 5083 8284 8375 -4431 -4471 8330 -4451 1644.4 -0.05
477 5094 8258 8019 -4439 -4466 8139 -4453 1648.0 -0.06
478 5105 8235 7832 -4447 -4460 8034 -4454 1651.6 -0.06
479 5116 8213 7701 -4455 -4467 7957 -4461 1655.1 -0.06
480 5127 8192 7590 -4464 -4467 7891 -4466 1658.7 -0.06
481 5139 8172 7486 -4472 -4467 7829 -4470 1662.6 -0.06
482 5150 8153 7386 -4481 -4467 7770 -4474 1666.1 -0.06
483 5162 8133 7291 -4490 -4467 7712 -4479 1670.0 -0.06
484 5174 8116 7198 -4499 -4467 7657 -4483 1673.9 -0.06
485 5186 8099 7107 -4507 -4467 7603 -4487 1677.8 -0.07
486 5197 8082 7021 -4516 -4467 7552 -4492 1681.3 -0.07
487 5209 8067 6938 -4525 -4468 7503 -4497 1685.2 -0.07
488 5221 8051 6854 -4534 -4468 7453 -4501 1689.1 -0.06
489 5232 8037 6765 -4543 -4467 7401 -4505 1692.7 -0.06
490 5243 8022 6670 -4552 -4468 7346 -4510 1696.2 -0.06
491 5255 8008 6570 -4561 -4467 7289 -4514 1700.1 -0.06
492 5267 7995 6459 -4571 -4465 7227 -4518 1704.0 -0.05
493 5278 7981 6320 -4582 -4461 7151 -4522 1707.5 -0.05
494 5290 7967 6145 -4592 -4457 7056 -4525 1711.4 -0.05
495 5302 7953 5962 -4602 -4453 6958 -4528 1715.3 -0.05
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Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

Axial Strain Lateral Strain Average Strain

496 5314 7940 5825 -4611 -4447 6883 -4529 1719.2 -0.05
497 5325 7926 5710 -4620 -4424 6818 -4522 1722.7 -0.05
498 5337 7910 5609 -4609 -4415 6760 -4512 1726.6 -0.05
499 5349 7889 5517 -4611 -4408 6703 -4510 1730.5 -0.05
500 5361 7868 5433 -4617 -4403 6651 -4510 1734.4 -0.05
501 5373 7847 5361 -4625 -4398 6604 -4512 1738.3 -0.05
502 5385 7829 5290 -4633 -4394 6560 -4514 1742.1 -0.06
503 5397 7809 5223 -4640 -4391 6516 -4516 1746.0 -0.06
504 5408 7784 5158 -4648 -4388 6471 -4518 1749.6 -0.06
505 5421 7757 5100 -4655 -4386 6429 -4521 1753.8 -0.06
506 5433 7733 5045 -4663 -4384 6389 -4524 1757.7 -0.06
507 5445 7707 5001 -4672 -4382 6354 -4527 1761.6 -0.06
508 5457 7682 4965 -4684 -4380 6324 -4532 1765.4 -0.06
509 5468 7656 4956 -4692 -4379 6306 -4536 1769.0 -0.05
510 5480 7632 4957 -4698 -4377 6295 -4538 1772.9 -0.05
511 5492 7608 4927 -4703 -4376 6268 -4540 1776.8 -0.05
512 5504 7585 4885 -4708 -4375 6235 -4542 1780.6 -0.04
513 5517 7561 4837 -4713 -4374 6199 -4544 1784.9 -0.04
514 5529 7535 4775 -4717 -4373 6155 -4545 1788.7 -0.03
515 5540 7506 4714 -4721 -4372 6110 -4547 1792.3 -0.03
516 5553 7478 4644 -4723 -4372 6061 -4548 1796.5 -0.02
517 5565 7448 4545 -4724 -4371 5997 -4548 1800.4 -0.02
518 5577 7417 4179 -4723 -4369 5798 -4546 1804.3 -0.01
519 5589 7384 4083 -4722 -4367 5734 -4545 1808.1 -0.01
520 5601 7347 3993 -4722 -4366 5670 -4544 1812.0 -0.01
521 5613 7308 3934 -4722 -4366 5621 -4544 1815.9 -0.01
522 5626 7264 3883 -4723 -4366 5574 -4545 1820.1 -0.01
523 5638 7202 3848 -4723 -4366 5525 -4545 1824.0 -0.01
524 5650 6930 3817 -4723 -4365 5374 -4544 1827.9 -0.01
525 5663 6790 3789 -4724 -4365 5290 -4545 1832.1 -0.01
526 5676 6680 3763 -4724 -4367 5222 -4546 1836.3 -0.01
527 5687 6594 3739 -4725 -4369 5167 -4547 1839.9 -0.02
528 5700 6516 3717 -4725 -4371 5117 -4548 1844.1 -0.02
529 5713 6447 3697 -4725 -4374 5072 -4550 1848.3 -0.01
530 5725 6384 3678 -4724 -4376 5031 -4550 1852.1 -0.01
531 5737 6327 3661 -4724 -4379 4994 -4552 1856.0 -0.01
532 5749 6272 3644 -4723 -4383 4958 -4553 1859.9 -0.01
533 5762 6218 3628 -4722 -4386 4923 -4554 1864.1 -0.01
534 5774 6161 3614 -4722 -4389 4888 -4556 1868.0 -0.01
535 5786 6087 3600 -4722 -4393 4844 -4558 1871.9 -0.02
536 5797 5998 3586 -4721 -4396 4792 -4559 1875.4 -0.09
537 5809 5892 3573 -4720 -4400 4733 -4560 1879.3 0.06
538 5820 5204 3561 -4716 -4402 4383 -4559 1882.9 0.05
539 5831 4874 3548 -4712 -4403 4211 -4558 1886.4 0.05
540 5844 4781 3535 -4706 -4407 4158 -4557 1890.6 0.06
541 5857 4719 3523 -4700 -4412 4121 -4556 1894.9 0.07
542 5868 4664 3513 -4693 -4418 4089 -4556 1898.4 0.09
543 5881 4619 3502 -4684 -4424 4061 -4554 1902.6 0.11
544 5894 4587 3491 -4673 -4430 4039 -4552 1906.8 0.13
545 5906 4562 3481 -4660 -4434 4022 -4547 1910.7 0.15
546 5919 4538 3471 -4645 -4433 4005 -4539 1914.9 0.19
547 5932 4515 3461 -4625 -4433 3988 -4529 1919.1 0.25
548 5945 4494 3452 -4599 -4431 3973 -4515 1923.3 0.44
549 5957 4474 3443 -4573 -4431 3959 -4502 1927.2 0.61
550 5970 4456 3435 -4545 -4429 3946 -4487 1931.4 0.70
551 5983 4440 3427 -4516 -4428 3934 -4472 1935.6 0.77
552 5995 4424 3418 -4486 -4427 3921 -4457 1939.5 0.84
553 6008 4408 3408 -4445 -4427 3908 -4436 1943.7 0.88
554 6021 4393 3401 -4423 -4427 3897 -4425 1947.9 0.91
555 6033 4379 3393 -4405 -4429 3886 -4417 1951.8 0.91
556 6047 4365 3386 -4388 -4429 3876 -4409 1956.3 0.90
557 6059 4351 3379 -4373 -4430 3865 -4402 1960.2 0.87
558 6073 4338 3372 -4359 -4431 3855 -4395 1964.7 0.83
559 6086 4326 3365 -4345 -4433 3846 -4389 1968.9 0.77
560 6099 4315 3357 -4331 -4434 3836 -4383 1973.1 0.70
561 6113 4303 3351 -4319 -4435 3827 -4377 1977.7 0.63
562 6125 4292 3345 -4306 -4438 3819 -4372 1981.6 0.56
563 6139 4281 3336 -4295 -4441 3809 -4368 1986.1 0.49
564 6152 4270 3329 -4285 -4444 3800 -4365 1990.3 0.44
565 6166 4259 3322 -4276 -4448 3791 -4362 1994.8 0.40
566 6179 4248 3315 -4268 -4451 3782 -4360 1999.0 0.36
567 6192 4238 3307 -4262 -4456 3773 -4359 2003.2 0.33
568 6206 4227 3300 -4255 -4460 3764 -4358 2007.8 0.31
569 6219 4218 3294 -4248 -4465 3756 -4357 2012.0 0.29
570 6233 4209 3288 -4241 -4469 3749 -4355 2016.5 0.31
571 6245 4200 3281 -4235 -4474 3741 -4355 2020.4 0.39
572 6259 4190 3275 -4229 -4478 3733 -4354 2024.9 0.51
573 6272 4181 3269 -4223 -4483 3725 -4353 2029.1 0.66
574 6286 4173 3263 -4218 -4488 3718 -4353 2033.6 0.84
575 6299 4164 3256 -4213 -4490 3710 -4352 2037.8 0.99
576 6311 4155 3250 -4205 -4489 3703 -4347 2041.7 1.12
577 6323 4146 3244 -4195 -4485 3695 -4340 2045.6 1.22
578 6336 4138 3238 -4187 -4485 3688 -4336 2049.8 1.30
579 6348 4129 3233 -4177 -4484 3681 -4331 2053.7 1.37
580 6360 4122 3227 -4167 -4474 3675 -4321 2057.6 1.43
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Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

Axial Strain Lateral Strain Average Strain

581 6372 4115 3223 -4150 -4457 3669 -4304 2061.5 1.49
582 6384 4108 3218 -4131 -4443 3663 -4287 2065.3 1.56
583 6396 4101 3212 -4107 -4433 3657 -4270 2069.2 1.66
584 6406 4094 3207 -4072 -4424 3651 -4248 2072.5 1.92
585 6418 4086 3202 -4058 -4418 3644 -4238 2076.3 16.85
586 6430 4078 3197 -4045 -4414 3638 -4230 2080.2 21.00
587 6442 4070 3192 -4035 -4411 3631 -4223 2084.1 23.22
588 6455 4061 3187 -4026 -4409 3624 -4218 2088.3 24.63
589 6468 4055 3182 -4017 -4407 3619 -4212 2092.5 25.70
590 6481 4049 3176 -4007 -4404 3613 -4206 2096.7 26.34
591 6494 4044 3171 -3996 -4398 3608 -4197 2100.9 26.60
592 6507 4038 3166 -3986 -4383 3602 -4185 2105.1 26.69
593 6520 4031 3161 -3974 -4340 3596 -4157 2109.3 26.64
594 6533 4024 3157 -3958 -4221 3591 -4090 2113.5 26.56
595 6544 4019 3152 -3939 -1386 3586 -2663 2117.1 26.45
596 6556 4014 3148 -3922 -1227 3581 -2575 2121.0 26.31
597 6569 4008 3143 -3905 -1133 3576 -2519 2125.2 26.23
598 6582 4000 3138 -3885 -1066 3569 -2476 2129.4 26.12
599 6593 3994 3132 -3861 -1011 3563 -2436 2133.0 25.89
600 6606 3987 3122 -3834 -966 3555 -2400 2137.2 25.58
601 6619 3980 3111 -3811 -929 3546 -2370 2141.4 25.03
602 6631 3972 3104 -3790 -895 3538 -2343 2145.3 24.09
603 6643 3965 3097 -3769 -865 3531 -2317 2149.1 22.17
604 6656 3959 3092 -3750 -838 3526 -2294 2153.3 17.72
605 6668 3953 3087 -3731 -814 3520 -2273 2157.2 4.92
606 6680 3947 3083 -3713 -791 3515 -2252 2161.1 4.61
607 6691 3945 3079 -3694 -770 3512 -2232 2164.7 4.65
608 6703 3940 3076 -3674 -752 3508 -2213 2168.5 5.26
609 6715 3935 3072 -3656 -735 3504 -2196 2172.4 6.39
610 6727 3932 3068 -3637 -719 3500 -2178 2176.3 7.94
611 6738 3929 3064 -3615 -704 3497 -2160 2179.9 9.95
612 6749 3926 3061 -3585 -690 3494 -2138 2183.4 12.34
613 6760 3923 3058 -3561 -678 3491 -2120 2187.0 14.45
614 6770 3918 3054 -3539 -665 3486 -2102 2190.2 16.18
615 6779 3912 3050 -3515 -654 3481 -2085 2193.1 17.55
616 6788 3910 3048 -3475 -641 3479 -2058 2196.0 18.66
617 6797 3906 3044 -3358 -627 3475 -1993 2199.0 19.52
618 6803 3902 3041 -3127 -614 3472 -1871 2200.9 20.04
619 6809 3897 3038 -2932 -602 3468 -1767 2202.8 19.96
620 6812 3892 3035 -2768 -590 3464 -1679 2203.8 19.19
621 6815 3888 3033 -2552 -582 3461 -1567 2204.8 17.24
622 6815 3885 3031 -2323 -573 3458 -1448 2204.8 11.94
623 6818 3880 3028 -2195 -566 3454 -1381 2205.8 -38.36
624 6821 3877 3026 -2104 -559 3452 -1332 2206.7 38.68
625 6822 3873 3023 -2026 -552 3448 -1289 2207.0 27.25
626 6818 3869 3021 -1947 -542 3445 -1245 2205.8 22.48
627 6812 3865 3019 -1875 -533 3442 -1204 2203.8 20.26
628 6796 3858 3017 -1812 -524 3438 -1168 2198.6 17.85
629 6784 3851 3015 -1757 -514 3433 -1136 2194.8 15.89
630 6774 3847 3012 -1707 -505 3430 -1106 2191.5 14.05
631 6768 3842 3010 -1658 -498 3426 -1078 2189.6 12.01
632 6764 3838 3007 -1612 -490 3423 -1051 2188.3 10.42
633 6761 3834 3005 -1569 -484 3420 -1027 2187.3 9.70
634 6756 3830 3003 -1525 -480 3417 -1003 2185.7 9.17
635 6745 3826 3001 -1458 -474 3414 -966 2182.1 8.83
636 6732 3824 2998 -1409 -468 3411 -939 2177.9 8.51
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, moderately hard Lab ID EP-982

Hole Number 208-ADC Depth (ft) 61.2'-61.6'
Test Type Elastic Moduli of Intact Rock Core in Uniaxial Compression
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Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, moderately hard Lab ID EP-982

Hole Number 208-ADC Depth (ft) 61.2'-61.6'
Test Type Elastic Moduli of Intact Rock Core in Uniaxial Compression
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, gray, moderately hard Lab ID EP-982

Hole Number 208-ADC Depth (ft) 61.2'-61.6'
Test Type Elastic Moduli of Intact Rock Core in Uniaxial Compression
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 304-ADC Depth (ft) 67.0'-67.4' Lab ID EP-1011

Material Shale, dark gray, soft Date Received 08/06/2019

Temperature (°C) 21 Moisture Condition Moist Date Tested 09/04/2019

Side Planeness N/A Height (in.) 4.946 Wet Unit Weight (pcf) 156
Perpendicularity N/A Diameter (in.) 1.986 Dry Unit Weight (pcf) N/A
End Planeness N/A Area(in2) 3.097 Moisture Content (%) N/A

Parallelism N/A

Elastic Moduli Results at 40% Unconfined Compressive Strength

Young's Modulus, Axial Tangent Modulus 0.09 x106 psi
Lateral Tangent Modulus -0.23 x106 psi

Poisson's Ratio 0.41

Unconfined Compressive Strength 580 psi
40% Unconfined Compressive Strength 230 psi

Load Rate 8 lbf/sec
Type of Failure Undetermined

Comments Fragile nature of specimen inhibited preparation, required capping of ends with Hydro-Stone.
Dimensional tolerances were not confirmed.

Reviewed By
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 304-ADC Depth (ft) 67.0'-67.4' Lab ID EP-1011

Material Shale, dark gray, soft Date Received 08/06/2019

Note 1:  A compression-positive sign convention is applied and consistently used throughout this application.
Note 2:  The tangent moduli slope is calculated using a linear regression technique.
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Elastic Moduli of Intact Rock Core Specimens
in Uniaxial Compression

ASTM D 7012, Method D

Project Name Johnson County Section 202 Study Project Number 175529001
Hole Number 304-ADC Depth (ft) 67.0'-67.4' Lab ID EP-1011

Lithology Shale, dark gray, soft Date Received 08/06/2019

Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

0 7 58 77 3 -3 68 0 2.3 0.09
1 10 88 120 1 -8 104 -4 3.2 0.09
2 14 122 167 -1 -14 145 -8 4.5 0.09
3 18 161 220 -4 -20 191 -12 5.8 0.09
4 22 209 277 -7 -27 243 -17 7.1 0.09
5 27 265 334 -10 -33 300 -22 8.7 0.09
6 31 327 390 -14 -40 359 -27 10.0 0.09
7 35 391 447 -19 -47 419 -33 11.3 0.09
8 40 461 509 -23 -54 485 -39 12.9 0.09
9 44 532 574 -28 -62 553 -45 14.2 0.09

10 48 606 641 -33 -69 624 -51 15.5 0.10
11 53 682 709 -38 -78 696 -58 17.1 0.10
12 57 762 781 -44 -86 772 -65 18.4 0.10
13 61 845 857 -50 -96 851 -73 19.7 0.10
14 65 931 934 -56 -105 933 -81 21.0 0.10
15 70 1018 1012 -63 -115 1015 -89 22.6 0.10
16 74 1107 1092 -69 -125 1100 -97 23.9 0.10
17 79 1197 1175 -76 -135 1186 -106 25.5 0.10
18 84 1291 1261 -84 -146 1276 -115 27.1 0.10
19 89 1388 1350 -91 -158 1369 -125 28.7 0.11
20 94 1487 1442 -99 -169 1465 -134 30.3 0.11
21 99 1589 1536 -108 -182 1563 -145 32.0 0.11
22 104 1691 1632 -116 -194 1662 -155 33.6 0.11
23 110 1795 1730 -125 -208 1763 -167 35.5 0.11
24 115 1899 1828 -134 -221 1864 -178 37.1 0.11
25 120 2002 1923 -143 -235 1963 -189 38.7 0.12
26 126 2109 2023 -152 -249 2066 -201 40.7 0.12
27 133 2223 2129 -163 -264 2176 -214 42.9 0.12
28 139 2337 2236 -173 -280 2287 -227 44.9 0.12
29 146 2454 2344 -185 -296 2399 -241 47.1 0.13
30 153 2573 2453 -196 -313 2513 -255 49.4 0.13
31 160 2693 2564 -208 -330 2629 -269 51.7 0.13
32 168 2815 2675 -221 -348 2745 -285 54.2 0.14
33 175 2939 2788 -234 -367 2864 -301 56.5 0.14
34 183 3064 2903 -248 -387 2984 -318 59.1 0.14
35 191 3191 3018 -262 -407 3105 -335 61.7 0.14
36 199 3320 3135 -277 -428 3228 -353 64.3 0.15
37 208 3449 3252 -293 -449 3351 -371 67.2 0.15
38 217 3578 3369 -308 -470 3474 -389 70.1 0.15
39 226 3708 3486 -324 -493 3597 -409 73.0 0.15
40 235 3835 3601 -341 -515 3718 -428 75.9 0.16
41 242 3951 3702 -355 -535 3827 -445 78.1 0.16
42 248 4051 3783 -367 -553 3917 -460 80.1 0.16
43 253 4143 3854 -378 -569 3999 -474 81.7 0.16
44 260 4234 3924 -388 -585 4079 -487 83.9 0.17
45 266 4322 3991 -399 -601 4157 -500 85.9 0.17
46 272 4411 4058 -409 -617 4235 -513 87.8 0.17
47 279 4498 4122 -419 -634 4310 -527 90.1 0.18
48 287 4584 4185 -429 -650 4385 -540 92.7 0.18
49 294 4671 4246 -440 -667 4459 -554 94.9 0.19
50 302 4754 4307 -450 -684 4531 -567 97.5 0.19
51 310 4837 4369 -461 -702 4603 -582 100.1 0.20
52 319 4919 4430 -471 -719 4675 -595 103.0 0.20
53 327 4998 4490 -482 -737 4744 -610 105.6 0.21
54 336 5077 4550 -493 -755 4814 -624 108.5 0.22
55 345 5155 4608 -503 -772 4882 -638 111.4 0.23
56 356 5233 4665 -515 -790 4949 -653 114.9 0.23
57 366 5309 4722 -526 -809 5016 -668 118.2 0.24
58 376 5384 4778 -538 -827 5081 -683 121.4 0.25
59 387 5459 4832 -550 -846 5146 -698 124.9 0.26
60 399 5535 4885 -562 -865 5210 -714 128.8 0.27
62 424 5684 4993 -588 -904 5339 -746 136.9 0.28
64 452 5831 5101 -615 -945 5466 -780 145.9 0.29
66 478 5961 5200 -642 -983 5581 -813 154.3 0.30
68 507 6087 5298 -669 -1022 5693 -846 163.7 0.31
70 537 6211 5398 -698 -1062 5805 -880 173.4 0.32
72 567 6333 5498 -728 -1103 5916 -916 183.1 0.33
74 600 6455 5600 -760 -1146 6028 -953 193.7 0.35
76 633 6576 5702 -793 -1189 6139 -991 204.4 0.36
78 665 6694 5802 -827 -1233 6248 -1030 214.7 0.38
80 698 6810 5900 -861 -1278 6355 -1070 225.4 0.39

Axial Strain Lateral Strain Average Strain
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Time Load (x10-6 strain) (x10-6 strain) (x10-6 strain) Stress Poisson's
(sec) (lbf) Axial1 Axial2 Lateral1 Lateral2 Axial Lateral (psi) Ratio

Axial Strain Lateral Strain Average Strain

82 730 6928 6001 -896 -1324 6465 -1110 235.7 0.41
84 764 7045 6102 -934 -1372 6574 -1153 246.7 0.42
86 796 7159 6202 -973 -1421 6681 -1197 257.0 0.44
88 829 7270 6302 -1014 -1472 6786 -1243 267.7 0.45
90 859 7367 6399 -1056 -1524 6883 -1290 277.3 0.47
92 885 7434 6492 -1098 -1578 6963 -1338 285.7 0.48
94 913 7477 6586 -1141 -1636 7032 -1389 294.8 0.49
96 940 7554 6686 -1179 -1693 7120 -1436 303.5 0.50
98 966 7652 6787 -1218 -1752 7220 -1485 311.9 0.50

100 990 7758 6891 -1267 -1813 7325 -1540 319.6 0.50
102 1015 7872 6999 -1301 -1875 7436 -1588 327.7 0.50
104 1040 7989 7105 -1337 -1940 7547 -1639 335.8 0.49
106 1063 8099 7211 -1376 -2011 7655 -1694 343.2 0.49
108 1085 8203 7318 -1419 -2086 7761 -1753 350.3 0.50
110 1108 8312 7427 -1464 -2164 7870 -1814 357.7 0.50
112 1129 8425 7536 -1513 -2238 7981 -1876 364.5 0.51
114 1148 8542 7656 -1584 -2318 8099 -1951 370.7 0.52
116 1162 8681 7835 -1634 -2386 8258 -2010 375.2 0.54
118 1182 8854 7978 -1675 -2446 8416 -2061 381.6 0.56
120 1200 8987 8087 -1723 -2490 8537 -2107 387.4 0.58
122 1217 9103 8184 -1774 -2543 8644 -2159 392.9 0.60
124 1233 9215 8276 -1827 -2598 8746 -2213 398.1 0.62
126 1247 9323 8355 -1881 -2659 8839 -2270 402.6 0.64
128 1257 9421 8375 -1939 -2730 8898 -2335 405.8 0.67
130 1271 9513 8413 -1996 -2810 8963 -2403 410.4 0.70
132 1284 9603 8469 -2052 -2890 9036 -2471 414.6 0.73
134 1297 9689 8526 -2105 -2972 9108 -2539 418.8 0.77
136 1308 9771 8582 -2153 -3052 9177 -2603 422.3 0.81
138 1317 9850 8639 -2194 -3131 9245 -2663 425.2 0.84
140 1326 9925 8693 -2232 -3207 9309 -2720 428.1 0.86
142 1336 10000 8746 -2266 -3284 9373 -2775 431.4 0.88
144 1346 10073 8796 -2299 -3361 9435 -2830 434.6 0.89
146 1356 10147 8849 -2327 -3442 9498 -2885 437.8 0.89
148 1367 10222 8904 -2352 -3537 9563 -2945 441.4 0.90
150 1377 10293 8960 -2374 -3625 9627 -3000 444.6 0.90
152 1388 10363 9020 -2395 -3713 9692 -3054 448.1 0.91
154 1398 10435 9081 -2410 -3801 9758 -3106 451.4 0.91
156 1408 10502 9139 -2420 -3891 9821 -3156 454.6 0.92
158 1419 10571 9196 -2426 -3985 9884 -3206 458.1 0.92
160 1430 10637 9248 -2432 -4082 9943 -3257 461.7 0.92
162 1439 10693 9295 -2439 -4196 9994 -3318 464.6 0.93
164 1449 10738 9337 -2446 -4300 10038 -3373 467.8 0.93
166 1461 10787 9384 -2454 -4407 10086 -3431 471.7 0.93
168 1473 10843 9435 -2463 -4514 10139 -3489 475.6 0.94
170 1484 10898 9484 -2470 -4609 10191 -3540 479.1 0.95
172 1495 10956 9529 -2477 -4690 10243 -3584 482.7 0.97
174 1507 11010 9568 -2483 -4762 10289 -3623 486.6 0.98
176 1519 11062 9603 -2490 -4823 10333 -3657 490.4 0.98
178 1530 11110 9631 -2493 -4872 10371 -3683 494.0 0.98
180 1541 11154 9657 -2493 -4924 10406 -3709 497.5 0.97
182 1553 11187 9683 -2490 -4979 10435 -3735 501.4 0.93
184 1565 11214 9705 -2483 -5038 10460 -3761 505.3 0.85
186 1577 11237 9722 -2471 -5102 10480 -3787 509.2 0.71
188 1589 11251 9731 -2452 -5169 10491 -3811 513.0 0.46
190 1600 11253 9736 -2426 -5235 10495 -3831 516.6 0.07
192 1610 11245 9734 -2395 -5292 10490 -3844 519.8 -0.69
194 1621 11236 9724 -2326 -5322 10480 -3824 523.4 4.05
196 1633 11221 9711 -2255 -5347 10466 -3801 527.2 1.08
198 1646 11192 9686 -2196 -5375 10439 -3786 531.4 0.83
200 1658 11154 9655 -2147 -5400 10405 -3774 535.3 0.78
202 1670 11121 9625 -2109 -5423 10373 -3766 539.2 0.76
204 1682 11090 9589 -2076 -5445 10340 -3761 543.1 0.73
206 1693 11063 9544 -2042 -5467 10304 -3755 546.6 0.69
208 1706 11040 9491 -2011 -5479 10266 -3745 550.8 0.64
210 1717 11013 9415 -1983 -5415 10214 -3699 554.4 0.58
212 1727 10967 9299 -1956 -5295 10133 -3626 557.6 0.52
214 1735 10897 9189 -1928 -5162 10043 -3545 560.2 0.46
216 1746 10823 9088 -1900 -5054 9956 -3477 563.7 0.41
218 1756 10754 8977 -1876 -4944 9866 -3410 567.0 0.37
220 1765 10676 8846 -1851 -4772 9761 -3312 569.9 0.33
222 1773 10552 8703 -1822 -4622 9628 -3222 572.4 0.25
224 1779 10406 8549 -1791 -4508 9478 -3150 574.4 -0.34
226 1781 10224 8361 -1754 -4418 9293 -3086 575.0 0.58
228 1780 10001 8172 -1711 -4355 9087 -3033 574.7 0.43
230 1775 9725 7955 -1669 -4298 8840 -2984 573.1 0.40
232 1769 9389 7771 -1626 -4245 8580 -2936 571.2 0.37
234 1765 9083 7578 -1576 -4184 8331 -2880 569.9 0.35
236 1761 8759 7393 -1508 -4108 8076 -2808 568.6 0.34
238 1745 8426 7180 -1424 -3979 7803 -2702 563.4 0.32
240 1727 8102 6966 -1360 -3850 7534 -2605 557.6 0.31
242 1691 7875 6740 -1316 -3704 7308 -2510 546.0 0.31
244 1658 7699 6483 -1268 -3585 7091 -2427 535.3 0.31
246 1616 7548 6207 -1219 -3413 6878 -2316 521.8 0.32
247 1554 7462 6045 -1188 -3124 6754 -2156 501.7 0.34
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Photo Report

Project Name Johnson County Section 202 Study Project Number 175529001
Lithology Shale, dark gray, soft Lab ID EP-1011
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Slake Durability Index
ASTM D 4644

Project Name Johnson County Section 202 Study Project Number

Temp Temp Initial Initial Final
Lab Fragment MC Testing Range Avg. Wet Wt. Dry Wt. Dry Wt. SDI
ID Source Depth Material Description Description (%) Dates (°C) (°C) (g) (g) (g) (%)

949 205-ADC 84.5'-86.2' Shale, dark gray, soft Type II - Large and small 
fragments. 2.7 08/22/2019 - 

08/27/2019 20.9-21.5 21.2 536.10 522.13 470.49 90.1

950 205-ADC 87.1'-88.2' Shale, dark gray, soft Type II - Large and small 
fragments. 3.2 08/22/2019 - 

08/27/2019 20.7-21.3 21.0 516.90 500.87 453.54 90.6

957 206-A 84.0'-85.0' Shale, dark gray, soft Type II - Large and small 
fragments. 5.7 08/22/2019 - 

08/27/2019 21-21.5 21.2 527.90 499.49 418.22 83.7

959 206-A 90.7'-92.2' Shale, dark gray, soft Type II - Large and small 
fragments. 2.6 08/22/2019 - 

08/27/2019 20.8-21.3 21.1 555.40 541.34 500.88 92.5

971 207-ADC 59.9'-61.0' Shale, dark gray, soft Type II - Large and small 
fragments. 5.8 08/22/2019 - 

08/27/2019 20.7-21.3 21.0 521.40 492.66 328.33 66.6

981 208-ADC 58.3'-59.9' Shale, brownish gray, soft Type II - Large and small 
fragments. 6.6 08/22/2019 - 

08/27/2019 20.8-21.5 21.2 507.90 476.41 371.61 78.0

984 208-ADC 67.2'-68.1' Shale, dark gray, soft, sandy Type II - Large and small 
fragments. 2.7 08/22/2019 - 

08/27/2019 20.8-21.3 21.1 501.80 488.37 463.58 94.9

1000 303-ADC 67.7'-70.0' Shale dark gray, soft Type II - Large and small 
fragments. 4.1 08/22/2019 - 

08/27/2019 21.3-21.4 21.3 508.60 488.57 438.63 89.8

1010 304-ADC 65.5'-67.0' Shale, dark gray, soft Type III - Exclusively small 
fragments. 9.9 08/22/2019 - 

08/27/2019 20.8-21.5 21.2 524.00 476.82 211.72 44.4

Comments
Reviewed By

175529001

Template: tmp_sdi_input.xlsm
Version: 20170215
Approved By: RJ

Stantec Consulting Services Inc.
Lexington, Kentucky

Reported By: RJ
Report Date: 08/30/2019
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S&ME, Inc. | 2020 Liberty Road, Suite 105 | Lexington, KY 40505 | p 859.293.5518 | www.smeinc.com 

July 3, 2018 

Summit Engineering Inc. 
465 Hambley Boulevard 
Pikeville, KY 41501 

Attention: Mr. Mike Hill, PE 

Reference: Report of Geotechnical Services

Carter Lane Mitigation Project

Paintsville, KY 
S&ME Project No. 1183-17-018 

Dear Mr. Hill: 

S&ME, Inc. has completed the geotechnical exploration, laboratory testing, and stability analyses for the Carter 
Lane Mitigation Project in Paintsville, Kentucky. Our services were performed in general accordance with our 
proposal 11-1700047 dated March 8, 2017 as authorized by you on March 8, 2017. Our proposal outlined three 
workscope options for the project with Option B being the authorized scope of services. 

The purpose of the exploration and testing program was to obtain subsurface data of the slides for development 
of landslide repair plans. This report explains our understanding of the project, documents our findings, presents 
our laboratory testing results, and summarizes our stability analysis of the planned regrading for the slope.   

S&ME appreciates the opportunity to be of service to you on this project. We look forward to helping you through 
project completion. If you have any questions, please call our office at 859-293-5518. 

Sincerely, 

S&ME, Inc.  

Andrew M. Fiehler, PE Craig S. Lee, PE 
Project Engineer Senior Engineer / Vice President 
KY License 23,977 
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1.0 Introduction 
S&ME, Inc. has completed the geotechnical exploration, laboratory testing, and stability analyses for the Carter 
Lane Mitigation Project in Paintsville, Kentucky. Our services were performed in general accordance with our 
proposal 11-1700047 dated March 8, 2017 as authorized by you on March 8, 2017. Our proposal outlined three 
workscope options for the project with Option B being the authorized scope of services. 

The purpose of the exploration and testing program was to obtain subsurface data of the slides for development 
of landslide repair plans. This report explains our understanding of the project, documents our findings, presents 
our laboratory testing results, and summarizes our stability analysis of the planned regrading for the slope.   

2.0 Background 
A landslide located to the north of 5th Street has affected or is threatening to affect eight separate residential 

properties as well as a section of Carter Lane.  A preliminary report prepared by Keene Mining Consultants, Inc. 

dated June 13, 2015 outlined observations of the impacted properties and provided a budget estimate for 

purchase of numerous properties, demolition of houses, removal of the slide materials, and other associated costs. 

S&ME was also provided with a drawing titled “Slide Exhibit A – Prepared by Bocook Engineering Inc.” dated 

6/11/2015. This drawing shows the limits of the slide area as defined in the Keen report and is included in 

Appendix I. 

Summit Engineering, Inc. (Summit) requested S&ME provide geotechnical services to assist Summit in estimating 

a quantity of material to be removed from the slope and assistance in developing an economical solution to 

stabilize the slope with the safety of the community in mind, both during and after construction.   

Upon completion of our field exploration, laboratory testing, and preliminary stability analyses, we met with 

Summit to discuss possible regrading options for the project. Our exploration indicated bedrock in the lower 

portion of the site to be greater than 75 feet deep making the preliminary approach of completely removing the 

soil from the hillside impractical as well as potentially creating additional unstable areas. 

Through several iterations of regrading plan development and the associated stability analyses of each iteration, a 

final grading plan has been developed. The final plan consists of removing the unstable portion of the lower 

section of the hillside to construct a stable slope. Also included in the final grading plan is a series of ditches and a 

detention basin to help control surface stormwater runoff from the hillside. 

3.0 Field Exploration and Laboratory Testing 

3.1 Field Exploration 

In May 2017, S&ME began drilling operations at the site. A total of 12 borings were drilled at the site. Five of the 
borings included rock coring and installation of a slope inclinometer in the borehole. In five separate borings we 
also installed temporary piezometers to measure the groundwater levels at the site. The locations of the borings 
were selected in the field by Mr. Andrew Fiehler, PE with S&ME to obtain representative samples of the subsurface 
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for the purposes of modeling the existing slope and proposed regrade. Upon completion of drilling, Summit 
surveyors located the borings and provided S&ME with the locations and elevations of each. The location of the 
borings/inclinometer/piezometers are shown on the Boring Location Plan in Appendix I. 

S&ME returned to the site three additional times to measure the groundwater levels in the piezometers and 
measure the profile of the inclinometers. Summaries of the groundwater measurements and the inclinometer 
measurements are included in Appendix II. 

Soil samples were obtained using Standard Penetration Test (SPT) methods and Shelby tubes using direct push 
methods. Wireline coring was used to recover bedrock core samples. The recovered samples were visually 
classified in the field by an S&ME geologist who returned them to our laboratory for testing and additional 
classification. 

3.2 Laboratory Testing  

In the laboratory, representative soil samples were subjected to natural moisture contents testing, Atterberg Limits 
testing, percent fines testing, and triaxial shear strength testing.  A summary of the laboratory test results can be 
found in Appendix III of this report. 

4.0 General Subsurface Conditions 
Our borings encountered varying conditions across the hillside. In general the soil depth increased between the 
upper portion of the slope (above Carter Lane) and the base of the hillside (5th Street). The borings on the upper 
portion of the hillside (B-1 and B-2) encountered less than five feet of soil overlying weathered shale bedrock. The 
two borings drilled in Carter Lane (B-3 and B-4) encountered 14 to 24 feet of soil overlying shale and sandstone 
bedrock. The borings drilled in a flatter bench just below Carter Lane (B-5 and B-7) encountered 45 to 50 feet of 
soil overlying bedrock. Boring B-8 (drilled in 5th Street) was terminated at a depth of 75 feet without encountering 
bedrock. 

The soil composition also varied across the hillside. The soils on the upper portion of the slope appeared to be 
residual clay while the soils on the majority of the hillside (from Carter Lane to 5th Street) were colluvium - a 
mixture of clay with weathered shale and sandstone fragments. The soil stiffness was variable, both vertically 
within individual borings and laterally between adjacent borings. 

Test Boring Records of the soil test borings are included in the Appendix and include more detailed descriptions 
of the individual exploration findings. 
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5.0 Geotechnical Discussion 

5.1 Causes of the Slide 

When evaluating landslides we compile our field observations, information/observations from property owners, 
topographic mapping, geologic mapping, our exploration field data and lab testing data, and model the 
subsurface conditions.  

In our opinion, groundwater is the leading cause of instability of the hillside. Groundwater has several negative 
impacts to slope instability including decreasing the strength of the soil, reducing friction between soil particles 
that resist sliding, and adding weight to the slope. In the field we observed several groundwater seeps on the 
hillside. We also measured varying depths to water in our piezometers. When modeling the subsurface conditions, 
introducing groundwater into the subgrade resulted in a significant decrease in the Factor of Safety against 
sliding. Whether the source of the groundwater is naturally occurring or a result of other activities is difficult to 
determine and was beyond our workscope. 

The second major factor in the instability of the hillside is its steepness in conjunction with the soil shear strength 
properties. The angle of repose of the tested soils, the steepest angle at which a slope of a particular loose soil is 
stable, is less than the inclination of the existing hillside. As the soil becomes saturated, the soil slides down the 
hillside. 

The topography and soil sampling suggests that existing topography and subsurface conditions are the result of a 
pre-existing slide. The variable nature of the soil (stiffness, composition, and depth) is common with previous 
slides as the soils become disturbed from their natural state during slope movement. While the topography of the 
hillside has been altered some by development, given the age of the houses located just below Carter Lane, we 
doubt the bench where three of the houses are situated is the result of significant earthwork activities to construct 
the bench. More likely the bench is a remnant of an ancient pre-existing slide.  

Previous slides are more prone to movement than undisturbed hillsides. The disturbance of the soil from its 
natural state results in a weaker, less compacted soil structure. When groundwater enters the loose, already 
weakened soil, re-initiation of the slope movement occurs. 

5.2 Shear Strength Parameters  

Slope stability analyses for static conditions were performed to assess the factor of safety against failures for the 
embankment using drained soil strength parameters consistent with a long-term (effective stress) condition.   

A back analysis of the existing conditions was performed using the slope geometry from the site topographic 
survey, soil shear strength measurements made from the exploration and laboratory testing, water level 
measurements obtained from the piezometers, and locations of failure surfaces from measurements of the 
inclinometers.  

The laboratory testing results for this exploration were used to develop shear strength parameters for the 
representative soil conditions encountered in our borings.  In addition to index testing, consolidated undrained 
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(CU) triaxial tests were performed on the undisturbed samples.  The shear strength parameters of the overburden 
layers were selected based on the results of the CU tests, correlations to laboratory index test results, and back 
analysis of the failed slope to assess the shear strength parameters at failure.   

Based on the results of our laboratory testing and back analysis we used the following soil parameters in our 
stability analysis: 

Effective Stress Condition Total Stress Condition 
Internal Angle of Friction 34 degrees 25 degrees 

Cohesion 10 psf 10 psf 
Total Wet Unit Weight 135 pcf 135 pcf 

5.3 Slope Stability Methodology 

The stability analyses of the existing slope as well as the conceptual improvements were performed with the aid of 
the computer program Slide™ (Version 8.01), developed by Rocscience, Inc, which utilizes 2-D limit equilibrium 
slope stability analyses.  

Static slope stability analyses were performed on the slope cross-section using multiple methodologies including 
Spencer’s, Bishop’s, and Janbu’s methods with a deterministic approach.  Each method resulted in nearly identical 
results.  This approach provides solutions for given cross sections based on limit equilibrium theory.  The hillside 
profile was analyzed for the static loading condition.  Rapid drawdown analyses was not performed as the slope is 
not subjected to flooding.  S&ME considers a minimum acceptable factor of safety against failure of 1.4 for steady 
state (also known as the effective stress) condition and 1.2 for the short term (also known as the total stress) 
condition. The graphical results, and input data of the stability analysis for a static, steady-state condition are 
presented in Appendix IV of this report.   

5.4 Slope Mitigation Discussion 

As discussed, numerous iterations of slope regrading scenarios were evaluated. Based on our evaluations, to 
achieve a Factor of Safety of 1.4 or greater for long term stability, the regraded slope will require excavating a 3:1 
H:V slope up the hill from the back of the planned ditch line to intersect the bedrock surface and removing the 
soil uphill from this intersection. We observed bedrock outcropping uphill of the projected soil slope/bedrock 
intersection. We anticipate that the additional soil removal will be limited to the two smaller valleys above Carter 
Lane as bedrock outcroppings were observed on either side of these smaller valleys and the small ridgeline 
dividing the two valleys. Borings B-1 and B-2 are located within these smaller valleys and are separated by the 
small ridge. 

As mentioned above, subsurface water is a major driving force in slope instability. Removing the surface water 
from the hillside as quickly as possible to help minimize infiltration will be key to the long term stability of the 
slope. Establishing vegetation on the slope will help control erosion and help stabilize the near surface soils. 
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We recommend that the excavation occur from the upper portion of the hillside and continue downhill. If the toe 
of the slope is excavated without removing the upper portion of the slope first, a catastrophic failure could occur 
with the removal of the slope toe. Positive site drainage should also be maintained during the earthwork 
operations. Water should not be allowed to pond on the slope face as it will reduce the stability of the hillside. 

A waste area for the excavated soils has not yet been identified; however, we anticipate the excavated soils will 
have to be trucked off-site. 

We understand that the remediated area will be considered a green space. The above analysis and 
recommendations did not consider any development such as a new roadway or new structures. We recommend 
that the area be noted on city documents/plats as green space only and not suitable for future development 
without additional remediation to address the stability of the slope under the proposed development plan. 
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Geotechnical-Engineering Report

Geotechnical Services Are Performed for 
Specific Purposes, Persons, and Projects
Geotechnical engineers structure their services to meet the 
specific needs of their clients. A geotechnical-engineering 
study conducted for a civil engineer may not fulfill the needs of 
a constructor  — a construction contractor — or even another 
civil engineer. Because each geotechnical- engineering study 
is unique, each geotechnical-engineering report is unique, 
prepared solely for the client. No one except you should rely on 
this geotechnical-engineering report without first conferring 
with the geotechnical engineer who prepared it. And no one 
 — not even you — should apply this report for any purpose or 
project except the one originally contemplated.

Read the Full Report
Serious problems have occurred because those relying on  
a geotechnical-engineering report did not read it all. Do  
not rely on an executive summary. Do not read selected 
elements only.

Geotechnical Engineers Base Each Report on  
a Unique Set of Project-Specific Factors
Geotechnical engineers consider many unique, project-specific 
factors when establishing the scope of a study. Typical factors 
include: the client’s goals, objectives, and risk-management 
preferences; the general nature of the structure involved, its 
size, and configuration; the location of the structure on the 
site; and other planned or existing site improvements, such as 
access roads, parking lots, and underground utilities. Unless 
the geotechnical engineer who conducted the study specifically 
indicates otherwise, do not rely on a geotechnical-engineering 
report that was:
• not prepared for you;
• not prepared for your project;
• not prepared for the specific site explored; or
• completed before important project changes were made.

Typical changes that can erode the reliability of an existing 
geotechnical-engineering report include those that affect: 
• the function of the proposed structure, as when it’s changed 

from a parking garage to an office building, or from a light-
industrial plant to a refrigerated warehouse;

• the elevation, configuration, location, orientation, or weight 
of the proposed structure;

• the composition of the design team; or
• project ownership.

As a general rule, always inform your geotechnical engineer 
of project changes—even minor ones—and request an 

assessment of their impact. Geotechnical engineers cannot 
accept responsibility or liability for problems that occur because 
their reports do not consider developments of which they were 
not informed.

Subsurface Conditions Can Change
A geotechnical-engineering report is based on conditions that 
existed at the time the geotechnical engineer performed the 
study. Do not rely on a geotechnical-engineering report whose 
adequacy may have been affected by: the passage of time; 
man-made events, such as construction on or adjacent to the 
site; or natural events, such as floods, droughts, earthquakes, 
or groundwater fluctuations. Contact the geotechnical engineer 
before applying this report to determine if it is still reliable. A 
minor amount of additional testing or analysis could prevent 
major problems.

Most Geotechnical Findings Are Professional 
Opinions
Site exploration identifies subsurface conditions only at those 
points where subsurface tests are conducted or samples are 
taken. Geotechnical engineers review field and laboratory 
data and then apply their professional judgment to render 
an opinion about subsurface conditions throughout the 
site. Actual subsurface conditions may differ — sometimes 
significantly — from those indicated in your report. Retaining 
the geotechnical engineer who developed your report to 
provide geotechnical-construction observation is the most 
effective method of managing the risks associated with 
unanticipated conditions.

A Report’s Recommendations Are Not Final
Do not overrely on the confirmation-dependent 
recommendations included in your report. Confirmation-
dependent recommendations are not final, because 
geotechnical engineers develop them principally from 
judgment and opinion. Geotechnical engineers can finalize 
their recommendations only by observing actual subsurface 
conditions revealed during construction. The geotechnical 
engineer who developed your report cannot assume 
responsibility or liability for the report’s confirmation-dependent 
recommendations if that engineer does not perform the 
geotechnical-construction observation required to confirm the 
recommendations’ applicability.

A Geotechnical-Engineering Report Is Subject 
to Misinterpretation
Other design-team members’ misinterpretation of 
geotechnical-engineering reports has resulted in costly 

Important Information about This

Subsurface problems are a principal cause of construction delays, cost overruns, claims, and disputes. 

While you cannot eliminate all such risks, you can manage them. The following information is provided to help.
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problems. Confront that risk by having your geo technical 
engineer confer with appropriate members of the design team 
after submitting the report. Also retain your geotechnical 
engineer to review pertinent elements of the design team’s 
plans and specifications. Constructors can also misinterpret 
a geotechnical-engineering report. Confront that risk by 
having your geotechnical engineer participate in prebid and 
preconstruction conferences, and by providing geotechnical 
construction observation.

Do Not Redraw the Engineer’s Logs
Geotechnical engineers prepare final boring and testing logs 
based upon their interpretation of field logs and laboratory 
data. To prevent errors or omissions, the logs included in a 
geotechnical-engineering report should never be redrawn 
for inclusion in architectural or other design drawings. Only 
photographic or electronic reproduction is acceptable, but 
recognize that separating logs from the report can elevate risk.

Give Constructors a Complete Report and 
Guidance
Some owners and design professionals mistakenly believe they 
can make constructors liable for unanticipated subsurface 
conditions by limiting what they provide for bid preparation. 
To help prevent costly problems, give constructors the 
complete geotechnical-engineering report, but preface it with 
a clearly written letter of transmittal. In that letter, advise 
constructors that the report was not prepared for purposes 
of bid development and that the report’s accuracy is limited; 
encourage them to confer with the geotechnical engineer 
who prepared the report (a modest fee may be required) and/
or to conduct additional study to obtain the specific types of 
information they need or prefer. A prebid conference can also 
be valuable. Be sure constructors have sufficient time to perform 
additional study. Only then might you be in a position to 
give constructors the best information available to you, 
while requiring them to at least share some of the financial 
responsibilities stemming from unanticipated conditions.

Read Responsibility Provisions Closely
Some clients, design professionals, and constructors fail to 
recognize that geotechnical engineering is far less exact than 
other engineering disciplines. This lack of understanding 
has created unrealistic expectations that have led to 
disappointments, claims, and disputes. To help reduce the risk 
of such outcomes, geotechnical engineers commonly include 
a variety of explanatory provisions in their reports. Sometimes 
labeled “limitations,” many of these provisions indicate where 
geotechnical engineers’ responsibilities begin and end, to help 

others recognize their own responsibilities and risks. Read 
these provisions closely. Ask questions. Your geotechnical 
engineer should respond fully and frankly.

Environmental Concerns Are Not Covered 
The equipment, techniques, and personnel used to perform 
an environmental study differ significantly from those used to 
perform a geotechnical study. For that reason, a geotechnical-
engineering report does not usually relate any environmental 
findings, conclusions, or recommendations; e.g., about 
the likelihood of encountering underground storage tanks 
or regulated contaminants. Unanticipated environmental 
problems have led to numerous project failures. If you have not 
yet obtained your own environmental information,  
ask your geotechnical consultant for risk-management 
guidance. Do not rely on an environmental report prepared for 
someone else.

Obtain Professional Assistance To Deal  
with Mold
Diverse strategies can be applied during building design, 
construction, operation, and maintenance to prevent 
significant amounts of mold from growing on indoor surfaces. 
To be effective, all such strategies should be devised for 
the express purpose of mold prevention, integrated into a 
comprehensive plan, and executed with diligent oversight by a 
professional mold-prevention consultant. Because just a small 
amount of water or moisture can lead to the development of 
severe mold infestations, many mold- prevention strategies 
focus on keeping building surfaces dry. While groundwater, 
water infiltration, and similar issues may have been addressed 
as part of the geotechnical- engineering study whose findings 
are conveyed in this report, the geotechnical engineer in 
charge of this project is not a mold prevention consultant; 
none of the services performed in connection with the 
geotechnical engineer’s study were designed or conducted for 
the purpose of mold prevention. Proper implementation of the 
recommendations conveyed in this report will not of itself be 
sufficient to prevent mold from growing in or on the structure 
involved. 

Rely, on Your GBC-Member Geotechnical Engineer 
for Additional Assistance
Membership in the Geotechnical Business Council of the 
Geoprofessional Business Association exposes geotechnical 
engineers to a wide array of risk-confrontation techniques 
that can be of genuine benefit for everyone involved with 
a construction project. Confer with you GBC-Member 
geotechnical engineer for more information.

8811 Colesville Road/Suite G106, Silver Spring, MD  20910
Telephone: 301/565-2733    Facsimile: 301/589-2017

e-mail: info@geoprofessional.org    www.geoprofessional.org

Copyright 2015 by Geoprofessional Business Association (GBA). Duplication, reproduction, or copying of this document, or its contents, in whole or in part,  
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Appendix I – Site Location / Boring Location Plan 
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Appendix II – Field Data 

Test Boring Records 

Inclinometer Output Plots 
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     Core Diameter       Inches 
            BQ                   1-7/16 
            NQ                   1-7/8 
            HQ                   2-1/2 

TEST BORING RECORD LEGEND 

FINE AND COARSE GRAINED SOIL INFORMATION 

COARSE GRAINED SOILS 
(SANDS & GRAVELS) 

FINE GRAINED SOILS 
(SILTS & CLAYS) 

            PARTICLE SIZE 

N Relative Density N Consistency 
Qu, KSF 

Estimated 
Boulders Greater than 300 mm (12 in) 

 

0-4 Very Loose 0-1 Very Soft 0-0.5 Cobbles 75 mm to 300 mm (3 to 12 in) 

5-10 Loose 2-4 Soft 0.5-1 Gravel 4.74 mm to 75 mm (3/16 to 3 in) 

11-20 Firm 5-8 Firm 1-2 Coarse Sand 2 mm to 4.75 mm 

21-30 Very Firm 9-15 Stiff 2-4 Medium Sand 0.425 mm to 2 mm 

31-50 Dense 16-30 Very Stiff 4-8 Fine Sand 0.075 mm to 0.425 mm 

Over 50 Very Dense Over 31 Hard 8+ Silts & Clays Less than 0.075 mm 

The STANDARD PENETRATION TEST as defined by ASTM D 1586 is a method to obtain a disturbed soil sample for examination and testing and to 
obtain relative density and consistency information.  A standard 1.4-inch I.D./2-inch O.D. split-barrel sampler is driven three 6-inch increments with a 
140 lb. hammer falling 30 inches.  The hammer can either be of a trip, free-fall design, or actuated by a rope and cathead.  The blow counts required to 
drive the sampler the final two increments are added together and designate the N-value defined in the above tables. 

ROCK PROPERTIES 

ROCK QUALITY DESIGNATION (RQD) ROCK HARDNESS 

Percent RQD Quality  Very Hard: Rock can be broken by heavy hammer blows. 

0-25 

25-50 

50-75 

75-90 

90-100 

Very Poor 

Poor 

Fair 

Good 

Excellent 

 
Hard: Rock cannot be broken by thumb pressure, but can be broken by 

moderate hammer blows. 

Moderately 
Hard: 

Small pieces can be broken off along sharp edges by considerable 
hard thumb pressure; can be broken with light hammer blows. 

Soft: Rock is coherent but breaks very easily with thumb pressure at 
sharp edges and crumbles with firm hand pressure. 

Very Soft: Rock disintegrates or easily compresses when touched; can be 
hard to very hard soil. 

 

 

Recovery =  

Length of Rock Core Recovered 
Length of Core Run 

X100 
63 REC 
NQ 
43 RQD 

RQD =  Sum of 4 in. and longer Rock Pieces Recovered 
Length of Core Run 

X100 

SYMBOLS 

KEY TO MATERIAL TYPES SOIL PROPERTY SYMBOLS 

 

 

N: Standard Penetration, BPF 

M: Moisture Content, % 

LL: Liquid Limit, % 

PI: Plasticity Index, % 

Qp: Pocket Penetrometer Value, TSF 

Qu: Unconfined Compressive Strength 
Estimated Qu, TSF 

γ
D: 

Dry Unit Weight, PCF 

F: Fines Content 

SAMPLING SYMBOLS 
 

Topsoil 
 
 
Asphalt 
 

Crushed 
Limestone 
 

Fill Material 
 

Shot-rock  
Fill 

Low Plasticity 
Inorganic Silt 

High Plasticity 
Inorganic Silt 

Low Plasticity 
Inorganic Clay 

High Plasticity 
Inorganic Clay 

Low Plasticity 
Inorganic Silt or 
Clay 

High Plasticity 
Inorganic Silt or 
Clay 

Organic 
Silts/Clays 
 
Well-Graded 
Gravel 
 
Poorly-Graded 
Gravel 
 
Silty Gravel 
 
 
Clayey Gravel 
 
Well-Graded  
Sand 
 
Poorly-Graded 
Sand 
 
Silty Sand 
 
 
Clayey Sand 

Peat 
 
 
Limestone 
 
 
Sandstone 
 
 
Siltstone 
 

Claystone 
 

Weathered 
Rock 
 
Dolomite 
 

Granite 
 
 
Gneiss 
 

Schist 

Amphibolite 

 

Metagraywacke 

Phylite 

Undisturbed 
Sample 
 

Split-Spoon 
Sample 
 
 
Rock Core 
Sample 
 

Auger or 
Bag Sample 

No Sample 
Recovery 
 
 

Water Level 
After Drilling 
 
 

Extended 
Time Reading 

Core Diameter Inches 
      BQ  1-7/16 
      NQ  1-7/8 
      HQ  2-1/2 
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722.4

719.0

Lean Clay (CL), with shale fragments, VERY
STIFF to HARD, brown to reddish brown, moist

Weathered Shale

Auger refusal encountered at 8.9 feet

12 - 50/2

9 - 8 - 13

50/5

50/5

6

10

5

5

0

5

10

15

20

5/9/2017

4BORING DIAMETER (IN):

REPORT NO:

RIG TYPE:

1

4" HSA

BORING NO:

DEPTH
(FT.)

BORING COMPLETED:

SHEET

DRILLING METHOD:

BORING STARTED:

1183-17-018

OF

TEST BORING RECORD

Remarks:

PROJECT LOCATION:

ELEVATION:

HAMMER:

Carter Lane Mitigation

Automatic

JOB NO:PROJECT:

G
ro

un
dw

at
er

727.9

1

5/9/2017

MATERIAL DESCRIPTION

Paintsville, KY

ELEV.
(FT.)

D-50

Dry upon completion of soil augeringGROUNDWATER (ft):

B-1

727.9

S
&

M
E

 N
E

W
 L

O
G

O
  1

18
3

-1
7

-0
18

 C
A

R
T

E
R

 L
A

N
E

 M
IT

IG
A

T
IO

N
.G

P
J 

 Q
O

R
_C

O
R

P
.G

D
T

  7
/3

/1
8

300R
ec

ov
er

y 
(in

)

Li
th

ol
og

y

S
am

pl
e 

T
yp

e

STANDARD PENETRATION
RESISTANCE (N)

40 5010R
Q

D
 (

%
)

BLOWS
/6"

20

Qu

1179|Page Volume 2 Tab 2 Geotechnical



727.3

725.0

719.8

Lean clay (CL), with sandstone and shale
fragments, VERY SOFT, brown to gray, moist

Lean clay (CL), with sandstone and shale
fragments, FIRM, brown to gray, moist

Weathered shale

Auger refusal encountered at 9 feet

2 - 1 -
WOH

2 - 2 - 3

50/2

50/2

10

10

13

1

2

0

5

10

15

20

5/9/2017

4BORING DIAMETER (IN):

REPORT NO:

RIG TYPE:

1

4" HSA

BORING NO:

DEPTH
(FT.)

BORING COMPLETED:

SHEET

DRILLING METHOD:

BORING STARTED:

1183-17-018

OF

TEST BORING RECORD

Remarks:

PROJECT LOCATION:

ELEVATION:

HAMMER:

Carter Lane Mitigation

Automatic

JOB NO:PROJECT:

G
ro

un
dw

at
er

Installed inclinometer at 8.0 feet

728.8

1

5/9/2017

MATERIAL DESCRIPTION

Paintsville, KY

ELEV.
(FT.)

D-50

Dry upon completion of soil augeringGROUNDWATER (ft):

B-2

728.8

S
&

M
E

 N
E

W
 L

O
G

O
  1

18
3

-1
7

-0
18

 C
A

R
T

E
R

 L
A

N
E

 M
IT

IG
A

T
IO

N
.G

P
J 

 Q
O

R
_C

O
R

P
.G

D
T

  7
/3

/1
8

300R
ec

ov
er

y 
(in

)

Li
th

ol
og

y

S
am

pl
e 

T
yp

e

STANDARD PENETRATION
RESISTANCE (N)

40 5010R
Q

D
 (

%
)

BLOWS
/6"

20

Qu

1180|Page Volume 2 Tab 2 Geotechnical



719.9

Sounding to install Piezometer -No soil
samples obtained

Auger refusal encountered at 8 feet
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659.2

656.7

646.0

643.6

Concrete 6 inches
Gravel with boulder

Lean clay (CL), with silt and sandstone
fragments, VERY STIFF, brown with gray
mottling, moist

Weathered shale

Auger refusal encountered at 16.1 feet
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691.6
690.8

689.3

683.3

668.8

667.3

662.3

Asphalt 18 inches
Sandstone/gravel base
Lean clay (CL), with silt and sandstone and
shale fragments, FIRM, brown, moist
Lean clay (CL), with silt and sandstone and
shale fragments, VERY STIFF, brown, moist

Weathered shale with some Lean clay (CL),
with silt, with sandstone and shale fragments,
VERY STIFF, brown, moist

Weathered sandstone

Auger  refusal encountered at 25.0 feet - Begin
rock coring

Sandstone, moderately weathered, fine to
medium grained, gray to brown, moderately
fractured, with coal stringers throughout
Coring terminated at 30 feet
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7 - 7 - 11

17 - 15 -
14

12 - 11 -
18

9 - 9 - 10

50/5

8

10

19

16

18

18

18

18/18

42/42

0

71

0

5

10

15

20

25

30

35

40

5/10/2017

4BORING DIAMETER (IN):

REPORT NO:

RIG TYPE:

1

4" HSA

BORING NO:

DEPTH
(FT.)

BORING COMPLETED:

SHEET

DRILLING METHOD:

BORING STARTED:

1183-17-018

OF

TEST BORING RECORD

Remarks:

PROJECT LOCATION:

ELEVATION:

HAMMER:

Carter Lane Mitigation

Automatic

JOB NO:PROJECT:

G
ro

un
dw

at
er

Installed inclinometer at 30.0 feet

692.3

1

5/10/2017

MATERIAL DESCRIPTION

Paintsville, KY
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598.2

573.2

Sounding - augering only

Weathered shale

Boring terminated at 56.8 feet in shale
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Paintsville, KY
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653.8
653.2

651.6

638.1

630.1

622.1

617.1

Asphalt 3 inches
Gravel 8 inches
Lean clay (CL), with sandstone fragments,
SOFT, brown, moist
Lean clay (CL), with sandstone fragments,
sand, shale, and coal fragments, FIRM to
STIFF, brown to reddish brown, moist

Lean clay (CL), with sandstone fragments,
sand, shale, and coal fragments, VERY STIFF,
brown to reddish brown, moist

Lean clay (CL), with sandstone fragments and
sand, VERY STIFF to STIFF, gray, moist

Lean clay (CL), with sandstone fragments and
sand, FIRM, gray, moist

Lean clay (CL), with sandstone fragments and
sand, VERY STIFF, gray, moist to wet
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607.1

603.1

601.0

596.0

Lean clay (CL), with sandstone fragments and
sand, VERY STIFF, gray, moist to
wet(Continued)

Weathered shale

Auger refusal encountered at 51.0 feet - Begin
rock coring

Sandstone, slightly weathered to fresh, fine
grained, gray, slightly fractured, with shale
partings
Shale, fresh, dark gray, slightly fractured

Coring terminated at 58.1 feet
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604.9

Sounding to install Piezometer - No soil
samples obtained

Auger refusal encountered at 51.8 feet
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Remarks:

PROJECT LOCATION:

ELEVATION:

HAMMER:

Carter Lane Mitigation

Automatic

JOB NO:PROJECT:
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Installed piezometer at 51.8 feet
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5/10/2017

MATERIAL DESCRIPTION

Paintsville, KY

ELEV.
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Dry upon completion of soil augeringGROUNDWATER (ft):
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663.1

651.3

646.3

631.3

Topsoil 2 inches
Lean clay (CL), with sandstone fragments and
sand, FIRM to STIFF, brown to reddish brown,
moist

Lean clay (CL), with weathered sandstone and
sand, VERY STIFF, brown to reddish brown,
moist

Lean clay (CL), with sandstone fragments,
VERY STIFF, brown to reddish brown, moist

Lean clay (CL), with sandstone and shale
fragments, VERY STIFF to STIFF, gray, moist

2 - 2 - 3

3 - 6 - 6

6 - 6 - 7

5 - 7 - 10
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7 - 7 - 7
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4BORING DIAMETER (IN):

REPORT NO:

RIG TYPE:

2

4" HSA

BORING NO:

DEPTH
(FT.)

BORING COMPLETED:

SHEET

DRILLING METHOD:

BORING STARTED:

1183-17-018

OF

TEST BORING RECORD

Remarks:

PROJECT LOCATION:

ELEVATION:

HAMMER:

Carter Lane Mitigation

Automatic

JOB NO:PROJECT:

G
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dw

at
er

Inclinometer installed at 75.0 feet

663.3

1

5/12/2017

MATERIAL DESCRIPTION

Paintsville, KY

ELEV.
(FT.)

D-50

Dry upon completion of soil augeringGROUNDWATER (ft):

B-7
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611.3

594.7
594.3

588.3

Lean clay (CL), with sandstone and shale
fragments, VERY STIFF to STIFF, gray,
moist(Continued)

Very weathered shale with weathered
sandstone, sampled as HARD to VERY STIFF
soil, gray, moist

Weathered sandstone
Auger refusal encountered at 69.0 feet - Begin
rock coring

Shale, slightly weathered, moderately hard,
gray, slightly fractured to intact

Coring terminated at 75.0 feet
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11 - 11 -
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4BORING DIAMETER (IN):

REPORT NO:

RIG TYPE:
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4" HSA

BORING NO:

DEPTH
(FT.)

BORING COMPLETED:

SHEET

DRILLING METHOD:

BORING STARTED:

1183-17-018
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TEST BORING RECORD

Remarks:

PROJECT LOCATION:

ELEVATION:

HAMMER:

Carter Lane Mitigation

Automatic

JOB NO:PROJECT:
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er

Inclinometer installed at 75.0 feet

663.3

2

5/12/2017

MATERIAL DESCRIPTION

Paintsville, KY

ELEV.
(FT.)

D-50

Dry upon completion of soil augeringGROUNDWATER (ft):
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594.7

Sounding to install Piezometer - No soil
samples obtained

Auger refusal encountered at 68.5 feet
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4BORING DIAMETER (IN):

REPORT NO:

RIG TYPE:
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4" HSA

BORING NO:

DEPTH
(FT.)

BORING COMPLETED:
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DRILLING METHOD:

BORING STARTED:

1183-17-018
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Remarks:

PROJECT LOCATION:

ELEVATION:

HAMMER:

Carter Lane Mitigation

Automatic

JOB NO:PROJECT:
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er

Installed piezometer at 68.5 feet

663.2
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5/12/2017

MATERIAL DESCRIPTION

Paintsville, KY

ELEV.
(FT.)

D-50

Dry upon completion of soil augeringGROUNDWATER (ft):

B-7A

663.2
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624.7
624.3
623.1

617.9

610.1

598.9

Asphalt 2 inches
Concrete 5 inches
FILL - topsoil with clay
FILL - lean clay (CL), with sand and sandstone
fragments, VERY STIFF, brown mixed with
gray, moist to dry

Lean clay (CL), with silt and sandstone
fragments, STIFF, brown with gray mottling,
moist

Lean clay (CL), with silt, sand, and sandstone
fragments, STIFF to FIRM, gray, moist to wet

Lean clay (CL), with silt, sand, and sandstone
fragments, STIFF to VERY STIFF, gray, moist
to wet

3 - 4 - 4

11 - 12 -
10

5 - 6 - 8

3 - 8 - 7

4 - 3 - 5

4 - 4 - 6

2 - 11 -
10

3 - 4 - 11

3 - 5 - 6
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4BORING DIAMETER (IN):

REPORT NO:

RIG TYPE:

2

4" HSA

BORING NO:

DEPTH
(FT.)

BORING COMPLETED:

SHEET

DRILLING METHOD:

BORING STARTED:

1183-17-018

OF

TEST BORING RECORD

Remarks:

PROJECT LOCATION:

ELEVATION:

HAMMER:

Carter Lane Mitigation

Automatic

JOB NO:PROJECT:

G
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un
dw

at
er

Inclinometer installed at 75.0 feet

624.9

1

5/16/2017

MATERIAL DESCRIPTION

Paintsville, KY

ELEV.
(FT.)

D-50

Water at 20.0 feetGROUNDWATER (ft):

B-8

624.9

S
&

M
E

 N
E

W
 L

O
G

O
  1

18
3

-1
7

-0
18

 C
A

R
T

E
R

 L
A

N
E

 M
IT

IG
A

T
IO

N
.G

P
J 

 Q
O

R
_C

O
R

P
.G

D
T

  7
/3

/1
8

300R
ec

ov
er

y 
(in

)

Li
th

ol
og

y

S
am

pl
e 

T
yp

e

STANDARD PENETRATION
RESISTANCE (N)

40 5010R
Q

D
 (

%
)

BLOWS
/6"

20

Qu

1191|Page Volume 2 Tab 2 Geotechnical



549.9

Lean clay (CL), with silt, sand, and sandstone
fragments, STIFF to VERY STIFF, gray, moist
to wet(Continued)

Boring terminated at 75.0 feet
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4BORING DIAMETER (IN):

REPORT NO:

RIG TYPE:

2

4" HSA

BORING NO:

DEPTH
(FT.)

BORING COMPLETED:

SHEET

DRILLING METHOD:

BORING STARTED:

1183-17-018

OF

TEST BORING RECORD

Remarks:

PROJECT LOCATION:

ELEVATION:

HAMMER:

Carter Lane Mitigation

Automatic

JOB NO:PROJECT:

G
ro

un
dw

at
er

Inclinometer installed at 75.0 feet

624.9
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5/16/2017

MATERIAL DESCRIPTION

Paintsville, KY

ELEV.
(FT.)

D-50

Water at 20.0 feetGROUNDWATER (ft):
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589.3

Sounding to install Piezometer - No soil
samples obtained

Sounding terminated at 35.0 feet
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4BORING DIAMETER (IN):

REPORT NO:

RIG TYPE:

1

4" HSA

BORING NO:

DEPTH
(FT.)

BORING COMPLETED:

SHEET

DRILLING METHOD:

BORING STARTED:

1183-17-018

OF

TEST BORING RECORD

Remarks:

PROJECT LOCATION:

ELEVATION:

HAMMER:

Carter Lane Mitigation

Automatic

JOB NO:PROJECT:

G
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er

Installed piezometer at 35.0 feet

624.3
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5/16/2017

MATERIAL DESCRIPTION

Paintsville, KY

ELEV.
(FT.)

D-50

Dry upon completion of soil augeringGROUNDWATER (ft):
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FIELD TESTING PROCEDURES 
 

Field Operations:  The general field procedures employed by S&ME, Inc. are summarized in ASTM D 420 which is entitled "Investigating and 

Sampling Soils and Rocks for Engineering Purposes."  This recommended practice lists recognized methods for determining soil and rock 

distribution and ground water conditions.  These methods include geophysical and in situ methods as well as borings. 

 

Borings are drilled to obtain subsurface samples using one of several alternate techniques depending upon the subsurface conditions.  These 

techniques are: 

a. Continuous 2-1/2 or 3-1/4 inch I.D. hollow stem augers; 

b. Wash borings using roller cone or drag bits (mud or water); 

c. Continuous flight augers (ASTM D 1425). 

These drilling methods are not capable of penetrating through material designated as "refusal materials." Refusal, thus indicated, may result from 

hard cemented soil, soft weathered rock, coarse gravel or boulders, thin rock seams, or the upper surface of sound continuous rock.  Core drilling 

procedures are required to determine the character and continuity of refusal materials. 

 

The subsurface conditions encountered during drilling are reported on a field test boring record by a field engineer who is on site to direct the 

drilling operations and log the recovered samples. The record contains information concerning the boring method, samples attempted and 

recovered, indications of the presence of various materials such as coarse gravel, cobbles, etc., and observations between samples.  Therefore, 

these boring records contain both factual and interpretive information.  The field boring records are on file in our office. 

 

The soil and rock samples plus the field boring records are reviewed by a geotechnical engineer.  The engineer classifies the soils in general 

accordance with the procedures outlined in ASTM D 2488 and prepares the final boring records that are the basis for all evaluations and 

recommendations. 

 

The final boring records represent our interpretation of the contents of the field records based on the results of the engineering examinations and 

tests of the field samples.  These records depict subsurface conditions at the specific locations and at the particular time when drilled.  Soil 

conditions at other locations may differ from conditions occurring at these boring locations.  Also, the passage of time may result in a change in the 

subsurface soil and ground water conditions at these boring locations.  The lines designating the interface between soil or refusal materials on the 

records and on profiles represent approximate boundaries.  The transition between materials may be gradual.  The final boring records are 

included with this report.  The detailed data collection methods using during this study are discussed on the following pages. 

 

Soil Test Borings:  Soil test borings were made at the site at locations shown on the attached Boring Plan.  Soil sampling and penetration testing 

were performed in accordance with ASTM D 1586. 

 

The borings were made by mechanically twisting a 5-5/8” outer diameter auger into the soil.  At regular intervals, the drilling tools were removed 

and samples obtained with a standard 1.4 inch I.D., 2 inch O.D., split tube sampler.  The sampler was first seated 6 inches to penetrate any loose 

cuttings, then driven an additional foot with blows of a 140-pound hammer falling 30 inches.  The number of hammer blows required to drive the 

sampler the final foot was recorded and is designated the "penetration resistance”. 

 

Representative portions of the samples, thus obtained, were placed in glass jars and transported to the laboratory.  In the laboratory, the samples 

were examined to verify the driller's field classifications.  Test Boring Records are attached which graphically show the soil descriptions and 

penetration resistances. 

 

Soil Auger Soundings: Soil auger soundings were made at the site at the locations shown on the attached Boring Location Plan.  The soundings were 
performed by mechanically twisting a steel auger into the soil.  However, unlike the soil test borings, a smaller diameter solid stem auger was used and 
no split-spoon samples were obtained.  The driller provided a general description of the soil encountered by observing the soils brought to the surface 
by the twisting auger.  The auger was advanced until refusal materials were encountered and the refusal depth was noted by the driller.  The auger is 
then withdrawn and the depths to water or caved materials are then measured and recorded by the driller.   
 
Soil auger soundings provide a rapid, economical method of obtaining the approximate bedrock depth, groundwater depth, and general soil conditions 

at locations where detailed soil testing and sampling is not required. 

 

Water Level Readings:  Water table readings are normally taken in conjunction with borings and are recorded on the "Test Boring Records".  

These readings indicate the approximate location of the hydrostatic water table at the time of our field investigation.  Where impervious soils are 

encountered (clayey soils) the amount of water seepage into the boring is small, and it is generally not possible to establish the location of the 

hydrostatic water table through water level readings.  The ground water table may also be dependent upon the amount of precipitation at the site 

during a particular period of time.  Fluctuations in the water table should be expected with variations in precipitation, surface run-off, evaporation 

and other factors. 

 

The time of boring water level reported on the boring records is determined by field crews as the drilling tools are advanced.  The time of boring 

water level is detected by changes in the drilling rate, soil samples obtained, etc.  Additional water table readings are generally obtained at least 

24 hours after the borings are completed.  The time lag of at least 24 hours is used to permit stabilization of the ground water table which has 

been disrupted by the drilling operations.  The readings are taken by dropping a weighted line down the boring or using an electrical probe to 

detect the water level surface. Occasionally the borings will cave-in, preventing water level readings from being obtained or trapping drilling water 

above the caved-in zone.  The cave-in depth is also measured and recorded on the boring records. 
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Report Date:

L.L. P.L. P. I.

B-2 1.5 - 3.0 SPT 16 †

B-2 3.0 - 4.0 UD CL 19.5 47 26 21 <5 99.7

B-3 1.0 - 2.5 SPT 16 †

B-3 3.5 - 5.0 SPT 13.1

B-3 7.0 - 8.5 SPT 11.8

B-3 8.5 - 10.0 SPT 12.2

B-4 1.5 - 3.0 SPT 14.7 *

B-4 3.0 - 4.5 UD

B-4 4.5 - 6.0 SPT 10.6 *

B-4 8.5 - 9.0 SPT 9.1 *

B-6 1.0 - 2.5 SPT 15 †

B-6 3.0 - 5.0 UD SC-SM 13.2 23 16 7 15 24.2

B-6 5.0 - 6.5 SPT 12 †

B-6 8.5 - 10.0 SPT 14 †

ATT. LIMITS

APPROX. 

% 

RET.ON 

#40

NATURAL 

MOISTURE 

CONTENT,%

131 Summit Drive, Suite 201, Pikeville, KY 41501

MAX DRY DENSITY, 

PCF @ OPT MC %

 (STD. PROCTOR)

WET UNIT 

WEIGHT, 

PCF

APPROX ROCK 

UNCONFINED 

COMPRESSIVE 

STRENGTH, PSI

SOIL UNCONFINED 

COMPRESSIVE 

STRENGTH, PSF

Project Name:

Project No.:

Summit Engineering 

Carter Lane Mitigation Project 

1183-17-018

Client Address:

SAMPLE 

DEPTH, FT.

INTER-

POLATED AT 

95% CBR, %

DRY UNIT 

WEIGHT, 

PCF

Client Name:

Notes: * - Gravel excluded. † - Gravel significant portion of sample and was included in MC.  **Gravelly material, low recovery, insufficient for mc test.

06/05/17

This report shall not be reproduced, except in full, without the written approval of S&ME, Inc.

Date

Senior Engineering Technician
Position

Chisa Puckett
Technical Responsibility

Signature on file
Signature

% FINER 

THAN NO. 

200

Form No. TR-2370-LEX-SUM-1

Revision Date: 01/04/17

S&ME, Inc - Lexington    2020 Liberty Road, Suite 105, Lexington, KY 40505

Revision No. : 2
Lab Summary

06/02/17

BORING 

NO.

SAMPLE 

TYPE USCS
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Report Date:

L.L. P.L. P. I.

ATT. LIMITS

APPROX. 

% 

RET.ON 

#40

NATURAL 

MOISTURE 

CONTENT,%

131 Summit Drive, Suite 201, Pikeville, KY 41501

MAX DRY DENSITY, 

PCF @ OPT MC %

 (STD. PROCTOR)

WET UNIT 

WEIGHT, 

PCF

APPROX ROCK 

UNCONFINED 

COMPRESSIVE 

STRENGTH, PSI

SOIL UNCONFINED 

COMPRESSIVE 

STRENGTH, PSF

Project Name:

Project No.:

Summit Engineering 

Carter Lane Mitigation Project 

1183-17-018

Client Address:

SAMPLE 

DEPTH, FT.

INTER-

POLATED AT 

95% CBR, %

DRY UNIT 

WEIGHT, 

PCF

Client Name:

% FINER 

THAN NO. 

200

Form No. TR-2370-LEX-SUM-1

Revision Date: 01/04/17

S&ME, Inc - Lexington    2020 Liberty Road, Suite 105, Lexington, KY 40505

Revision No. : 2
Lab Summary

06/02/17

BORING 

NO.

SAMPLE 

TYPE USCS

B-6 13.5 - 15.0 SPT 13.2 *

B-6 18.5 - 20.0 SPT 12.2 *

B-6 23.5 - 25.0 SPT 13.2

B-6 28.5 - 30.0 SPT 10.8 *

B-6 33.5 - 35.0 SPT 12 †

B-6 38.5 - 40.0 SPT 13 †

B-6 43.5 - 45.0 SPT 13 †

B-7 0.0 - 1.5 SPT 15 †

B-7 3.5 - 5.0 SPT 13.1 *

B-7 7.0 - 8.5 SPT 13.3 *

B-7 8.5 - 10.0 SPT 11 †

B-7 13.5 - 15.0 SPT 5 †

B-7 18.5 - 20.0 SPT 11 †

B-7 22.0 - 23.5 SPT 12 †

B-7 28.5 - 30.0 SPT 12 †

B-7 33.5 - 35.0 SPT 12 †

B-7 38.5 - 40.0 SPT 12.0

B-7 43.5 - 45.0 SPT 12 †

B-7 48.5 - 50.0 SPT 13 †

B-7 53.5 - 55.0 SPT 10 †

B-7 58.5 - 60.0 SPT 10.6

Page 2 of 3
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Report Date:

L.L. P.L. P. I.

ATT. LIMITS

APPROX. 

% 

RET.ON 

#40

NATURAL 

MOISTURE 

CONTENT,%

131 Summit Drive, Suite 201, Pikeville, KY 41501

MAX DRY DENSITY, 

PCF @ OPT MC %

 (STD. PROCTOR)

WET UNIT 

WEIGHT, 

PCF

APPROX ROCK 

UNCONFINED 

COMPRESSIVE 

STRENGTH, PSI

SOIL UNCONFINED 

COMPRESSIVE 

STRENGTH, PSF

Project Name:

Project No.:

Summit Engineering 

Carter Lane Mitigation Project 

1183-17-018

Client Address:

SAMPLE 

DEPTH, FT.

INTER-

POLATED AT 

95% CBR, %

DRY UNIT 

WEIGHT, 

PCF

Client Name:

% FINER 

THAN NO. 

200

Form No. TR-2370-LEX-SUM-1

Revision Date: 01/04/17

S&ME, Inc - Lexington    2020 Liberty Road, Suite 105, Lexington, KY 40505

Revision No. : 2
Lab Summary

06/02/17

BORING 

NO.

SAMPLE 

TYPE USCS

B-7 63.5 - 65.0 SPT 12 †

B-8 1.8 - 2.5 SPT 14.2 *

B-8 3.0 - 5.0 UD SC-SM 13.6 21 16 5 25 42.5

B-8 5.0 - 6.5 SPT 12 †

B-8 8.5 - 10.0 SPT 17 †

B-8 13.5 - 15.0 SPT 21.4

B-8 18.5 - 20.0 SPT 23.0 *

B-8 23.5 - 25.0 SPT 26.9 *

B-8 28.5 - 30.0 SPT 20.3 *

B-8 33.5 - 35.0 SPT 18 †

B-8 38.5 - 40.0 SPT 21.0

B-8 43.5 - 45.0 SPT 17.9

B-8 48.5 - 50.0 SPT 13 †

B-8 53.5 - 55.0 SPT 13 †

B-8 58.5 - 60.0 SPT 13.3 *

B-8 63.5 - 65.0 SPT 11 †

B-8 68.5 - 70.0 SPT 12 †

B-8 73.5 - 75.0 SPT 16.8 *

Page 3 of 3
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Tested By: J. Folsom Checked By: S. Bennett
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TRIAXIAL SHEAR TEST REPORT

S&ME, Inc.
Lexington, Kentucky

Client: Summit Engineering

Project: Carter Lane Mitigation Project

Source of Sample: B-4/B-8

Proj. No.: 1183-17-018 Date Sampled: 05/09-18/17

Type of Test: 
CU with Pore Pressures

Sample Type: Intact specimen

Description: Dark yellowish brown Sandy silty

clay

LL= 21 PI= 5PL= 16

Assumed Specific Gravity= 2.71

Remarks: Failure criterion displayed is peak pore

pressure. Total and effective tangent line fit

through (0,0). Specimen #2 had an oversized

particle. The h:d ratio is less than 2:1.

Figure 1

Sample No.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Strain, %

Strain, %

Excess Pore Pr., psi

Excess Pore Pr., psi

Strain rate, %/min.
Eff. Cell Pressure, psi
Fail. Stress, psi

Ult. Stress, psi

s1  Failure, psi
s3  Failure, psi

In
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a
l
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t T

e
st

1

14.0
120.3

93.3
0.4068

2.862
5.612

13.6
123.6
100.0

0.3684
2.868
5.435

0.31

0.8

29.80
46.99
12.90

98.03
-7.20
15.0

16.90
63.89

2

12.0
119.3

77.8
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5.074

14.3
122.0
100.0

0.3867
2.843
5.013

0.31

1.4
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33.93
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Tested By: J. Folsom Checked By: S. Bennett
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Client: Summit Engineering

Project: Carter Lane Mitigation Project

Source of Sample: B-4/B-8

Project No.: 1183-17-018 Figure 2 S&ME, Inc.

q
, 
p

si

0

30

60

90

p, psi

Stress Paths:  Total   Effective 

0 30 60 90 120 150 180

Peak Strength

Total Effective

a=

a=

tan a=

0.000 psi

23.0 deg

0.42

0.000 psi

30.0 deg

0.58

E
xc

e
ss

 P
o

re
 P

re
ss

u
re

  
D

e
vi

a
to

r 
S

tr
e

ss
 

p
si

-40

0

40

80

120

160

0% 8% 16%

1

E
xc

e
ss

 P
o

re
 P

re
ss

u
re

  
D

e
vi

a
to

r 
S

tr
e

ss
 

p
si

-40

0

40

80

120

160

0% 8% 16%

3

E
xc

e
ss

 P
o

re
 P

re
ss

u
re

  
D

e
vi

a
to

r 
S

tr
e

ss
 

p
si

-40

0

40

80

120

160

0% 8% 16%

2

E
xc

e
ss

 P
o

re
 P

re
ss

u
re

  
D

e
vi

a
to

r 
S

tr
e

ss
 

p
si

-40

0

40

80

120

160

0% 8% 16%

4

1205|Page Volume 2 Tab 2 Geotechnical



Tested By: J. Folsom Checked By: S. Bennett
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TRIAXIAL SHEAR TEST REPORT

S&ME, Inc.
Lexington, Kentucky

Client: Summit Engineering

Project: Carter Lane Mitigation Project

Source of Sample: B-8 Depth: 4.0 - 4.5 ft

Proj. No.: 1183-17-018 Date Sampled: 05/09-18/17

Type of Test: 
CU with Pore Pressures

Sample Type: Intact specimen

Description: Dark yellowish brown Sandy silty

clay

LL= 21 PI= 5PL= 16

Assumed Specific Gravity= 2.71

Remarks: Failue criterion displayed is peak pore

pressure. Multistage testing.

Figure 1

Sample No.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Strain, %

Strain, %

Excess Pore Pr., psi

Excess Pore Pr., psi

Strain rate, %/min.
Eff. Cell Pressure, psi
Fail. Stress, psi

Ult. Stress, psi

s1  Failure, psi
s3  Failure, psi

In
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1

14.0
120.3

93.3
0.4068

2.862
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119.8
100.0
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2.877
5.573

0.31
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4.00

1.7

5.60
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36.81
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11.00
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93.3
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2.862
5.612

13.6
123.6
100.0

0.3684
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0.31
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29.80
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12.90

96.99
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 C, psi

 f, deg

 Tan(f)
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0.68
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Tested By: J. Folsom Checked By: S. Bennett
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Client: Summit Engineering

Project: Carter Lane Mitigation Project

Source of Sample: B-8 Depth: 4.0 - 4.5 ft

Project No.: 1183-17-018 Figure 2 S&ME, Inc.
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LABORATORY TESTING PROCEDURES 
 

Soil Classification:  Soil classifications provide a general guide to the engineering properties of various soil types and enable the engineer to apply 

past experience to current problems.  In our investigations, samples obtained during drilling operations are examined in our laboratory and visually 

classified by an engineer.  The soils are classified according to consistency (based on number of blows from standard penetration tests), color and 

texture.  These classification descriptions are included on our "Test Boring Records." 

 

The classification system discussed above is primarily qualitative and for detailed soil classification two laboratory tests are necessary: grain size 

tests and plasticity tests.  Using these test results the soil can be classified according to the AASHTO or Unified Classification Systems (ASTM D 

2487).  Each of these classification systems and the in-place physical soil properties provides an index for estimating the soil's behavior.  The soil 

classification and physical properties obtained are presented in this report. 

 

Compaction Tests:  Compaction tests are run on representative soil samples to determine the dry density obtained by a uniform compactive effort 

at varying moisture contents.  The results of the test are used to determine the moisture content and unit weight desired in the field for similar 

soils.  Proper field compaction is necessary to decrease future settlements, increase the shear strength of the soil and decrease the permeability 

of the soil. 

 

The two most commonly used compaction tests are the Standard Proctor test and the Modified Proctor test.  They are performed in accordance 

with ASTM D 698 and D 1557, respectively.  Generally, the Standard Proctor compaction test is run on samples from building or parking areas 

where small compaction equipment is anticipated.  The Modified compaction test is generally performed for heavy structures, highways, and other 

areas where large compaction equipment is expected.  In both tests a representative soil sample is placed in a mold and compacted with a 

compaction hammer.  Both tests have four alternate methods. 

 

Test Method Hammer Wt./Fall Mold Diam. Run on Matl. Finer 

Than 

No. of 

Layers 

No. of 

Blows/Lay

er 

Standard A 5.5 lb./12" 4" No. 4 sieve 3 25 

D 698 B 5.5 lb./12" 4" 3/8" sieve 3 25 

 C 5.5 lb./12" 6" 3/4" sieve 3 56 

 

 

Test Method Hammer Wt./Fall Mold Diam. Run on Matl. Finer 

Than 

No. of 

Layers 

No. of 

Blows/Lay

er 

Modified A 10 lb./18" 4" No. 4 sieve 5 25 

D 1557 B 10 lb./18" 4" 3/8" sieve 5 25 

 C 10 lb./18" 6" 3/4" sieve 5 56 

 

The moisture content and unit weight of each compacted sample is determined.  Usually 4 to 5 such tests are run at different moisture contents.  

Test results are presented in the form of a dry unit weight versus moisture content curve.  The compaction method used and any deviations from 

the recommended procedures are noted in this report. 

 

Atterberg Limits:  Portions of the samples are taken for Atterberg Limits testing to determine the plasticity characteristics of the soil.  The plasticity 

index (PI) is the range of moisture content over which the soil deforms as a plastic material.  It is bracketed by the liquid limit (LL) and the plastic 

limit (PL).  The liquid limit is the moisture content at which the soil becomes sufficiently "wet" to flow as a heavy viscous fluid.  The plastic limit is 

the lowest moisture content at which the soil is sufficiently plastic to be manually rolled into tiny threads.  The liquid limit and plastic limit are 

determined in accordance with ASTM D 4318. 

 

Moisture Content:  The Moisture Content is determined according to ASTM D 2216. 
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Project: Johnson County - Section 202 Prepared By: S. Schardein Date: 09/23/19
Subject: Summary of Assumed Soil & Rock Parameters Checked By: M. Jones Date: 09/27/19

Status: DPR Report

Summary of Assumed Soil & Rock Parameters1, 2

Conservative Average Conservative Average Conservative Average Conservative Average Conservative Average Conservative Average

w % 25 25 25 25 25 25 15 15 25 25 -- --
ws % 30 30 30 30 30 30 30 30 30 30 -- --

CBR -- -- -- -- -- -- -- -- -- 3 4 -- --
% % 4.0 3.0 4.0 3.0 4.0 3.0 3.0 2.5 4.0 3.0 -- --
pH moles/liter 4.75 5.75 4.75 5.75 4.75 5.75 7.5 7.5 4.25 4.5 -- --
R ohmꞏcm 3,000 4,500 3,000 4,500 3,000 4,500 3,000 4,500 5,500 11,800 -- --

SO4 ppm 150 100 150 100 150 100 150 100 150 100 -- --

Cl ppm 400 150 400 150 400 150 400 150 400 150 -- --
 pcf 120 125 120 125 120 125 115 120 125 125 155 160
-- % 1.70 1.70 1.70 1.70 1.70 1.70 < 1.0 < 1.0 1.70 1.70 -- --
k cm/s 1 X 10-6 3 X 10-7 1 X 10-6 3 X 10-7 1 X 10-5 3 X 10-7 1 X 10-4 6 X 10-5 1 X 10-6 3 X 10-7 -- --
qu psf 1,000 1,500 1,000 1,500 1,000 1,500 -- -- 2,000 1,500 138,240 216,000

c psf 400 600 400 600 400 600 0 0 100 100 -- --
 degrees 15 17 15 17 15 17 30 37 19 20 -- --
c' psf 100 200 100 200 100 200 0 0 100 100 -- --
' degrees 25 33 25 33 25 33 30 37 28 28 -- --
e0 -- 0.948 0.784 0.948 0.784 0.948 0.784 -- -- 0.794 0.646 -- --
'p psf 2,800 3,200 2,800 3,200 2,800 3,200 -- -- 4,000 4,000 -- --
Cc -- 0.457 0.370 0.457 0.370 0.457 0.370 -- -- 0.369 0.303 -- --
Cr -- 0.094 0.072 0.094 0.072 0.094 0.072 -- -- 0.086 0.072 -- --

Notes:

Preconsolidation Pressure
Compression Index
Recompression Index

Total Cohesion
Total Friction Angle
Effective Cohesion
Effective Friction Angle
Void Ratio

1.  The assumed soil and rock parameters provided in this summary are strictly for the specific analysis conducted for the purposes of this report.  Other values may be more appropriate for other analyses.  The values provided in 
this table should not be used for other purposes or by others without proper engineering judgment being applied. 

4.  The controlled fill is assumed to be comprised of properly processed and compacted non-durable weathered shale or material.  The values provided are also consistent with those associated with compacted clay fill from the 
project region.

2.  The assumed "conservative" soil and rock parameters generally were based on the average value minus one standard deviation (which captures approximately 68 percent of all test values) while "average" soil and rock 
parameters generally were based on the average value.  Both the conservative and average values were corrected, when and if deemed appropriate, for values judged to be outliers, as well as engineering judgment based on the 
types of analyses being conducted.
3.  The existing uncontrolled fill was variable both in composition and consistency (i.e., stiffness).  Debris pockets and obstructions were encountered.  In general, the existing uncontrolled fill was assumed to behave overall like a 
clay-like material for the analyses conducted for the purposes of this report (similar to the natural undisturbed clays encountered).  However, it is important to note that the existing uncontrolled fill may include layers and zones of 
different materials that may impact or control its assumed behavior.  It is important that appropriate engineering judgment and consideration is given to this fact should these values be used by others or for other purposes.

Residual Moisture Content (%)
Saturated Moisture Content (%)

CBR

Hydrogen Ion Concentration in Soil
Resistivity
Concentration in Soil

Concentration in Soil

Organic Content (%)

Moist Unit Weight
Swell
Permeability
Unconfined Compressive Strength

Unweathered Intact 
Shale

Parameter Symbol Units Comments

Existing Uncontrolled 
Fill3 Silt/Clay Interbedded Layer Controlled Fill4Silty Sand

Page 1 of 1
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Levisa Fork 10’ T-Wall, Sta. 14+50
Seepage Analysis
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Levisa Fork < 3’ I-Wall, Sta. 23+50
Seepage Analysis
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Levisa Fork 25’ T-Wall, Sta. 11+50
Seepage Analysis
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Euclid Ave. 10’ T-Wall, Sta. 10+00
Seepage Analysis
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Euclid Ave. 20’ T-Wall, Sta. 11+50
Seepage Analysis
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Courthouse, Sta. 9+00
Slope Stability- Steady State
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Courthouse, Sta. 9+00
Slope Stability- Rapid Drawdown
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Courthouse, Sta. 9+00
Slope Stability- End of Construction
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Courthouse, Sta. 9+00
Slope Stability- Earthquake
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State St., Sta. 6+00
Slope Stability- Steady State
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State St., Sta. 6+00
Slope Stability- Rapid Drawdown
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State St., Sta. 6+00
Slope Stability- End of Construction

1223|Page Volume 2 Tab 2 Geotechnical



State St., Sta. 6+00
Slope Stability- Earthquake
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Blackberry Branch, Sta. 0+80
Slope Stability- Steady State
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Blackberry Branch, Sta. 0+80
Slope Stability- Earthquake
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Blackberry Branch, Sta. 0+80
Slope Stability- End of Construction
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Blackberry Branch, Sta. 0+80
Slope Stability- Rapid Drawdown
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Euclid Ave., Sta. 21+50
Slope Stability- Steady State
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Euclid Ave., Sta. 21+50
Slope Stability- Earthquake
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Euclid Ave., Sta. 21+50
Slope Stability- Rapid Drawdown
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Euclid Ave., Sta. 38+00
Slope Stability- Steady State
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Euclid Ave., Sta. 38+00
Slope Stability- Rapid Drawdown
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Euclid Ave., Sta. 38+00
Slope Stability- Earthquake
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Euclid Ave., Sta. 38+00
Slope Stability- End of Construction
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Project: Prepared By: Date:
Subject: Checked By: Date:

Status:

Bearing Capacity of Soil-Supported Shallow Foundations: Comparison of Bearing Capacity Models
Ref: EM 1110-1-1905, Bearing Capacity of Soils , 30 October 1992.

Foundation Dimensions Soil Parameters for Overburden

Foundation Width, B feet Embedment Depth, D feet
Foundation Length, L feet Wet Unit Weight, wet,D pcf
Reduction Factor, r = 1-0.25ꞏlog(B/6) (for B  6) Saturated Unit Weight, sat,D pcf

Slope of Ground away from Base,  (Downward = Positive) deg
Layer-Weighted Soil Parameters within Effective Shear Depth of Interest

USCS Soil Classification CL
Layer Thickness, h (feet) 10.0 h (Must Equal H) feet
Angle of Internal Friction,  (deg) 0 Angle of Internal Friction,  deg
Cohesion Interept, c (psf) 500 Cohesion Interept, c psf
Wet Unit Weight, wet,H (pcf) 125 Wet Unit Weight, wet,H pcf
Saturated Unit Weight, sat,H (pcf) 125 Saturated Unit Weight, sat,H pcf

Effective Shear Depth of Interest Effect of Water Table on Bearing Capacity

Effective Shear Depth of Interest, H = 0.5ꞏBꞏtan(45 + /2) feet Depth to Water Table from Ground Surface, DGWT feet
Kp = (0.435-0.00716ꞏ)(-1/0.383) eff,D = wet,D - wꞏ(D - DGWT)/D (for 0 < DGWT  D) pcf
N = tan2(45 + /2) eff,H = ′H + wꞏ(D - DGWT)/H (for D < DGWT  D + H) pcf

k = D/B for D/B  1, else k = tan-1(D/B)

Bearing Capacity Summary Factor of Safety, FS

Nq Nc N sc sq s dc dq d sc sq s
1.00 5.14 0.00 1.00 NA 1.00 NA NA NA NA NA NA
1.00 5.14 0.00 1.00 1.00 1.00 1.04 1.00 1.00 NA NA NA
1.00 5.14 0.00 0.00 1.00 0.99 0.08 1.00 1.00 0.00 1.00 1.00
1.00 5.14 0.00 0.00 1.00 0.99 0.08 1.00 1.00 0.00 1.00 1.00

Recommended Maximum Net Allowable Bearing Pressure psf
(based on bearing, not settlement, considerations)

     Using an Average Value for cohesion, Net Allowable Bearing Pressure psf1,280

Johnson County Section 202 M. Jones 27 Sep 2019
Paintsville, Kentucky S. Schardein 30 Sep 2019

Clay Layer Bearing Pressure

20.0 4.0
1,000.0 125.0

0.87 125.0
0.0

10.0
0

500
125.0
125.0

10.0 40.0

8.77 125.0

1.00 125.0

0.20

3.0

Method of 
Analysis

B. C. Factors Shape Factors Depth Factors Ground Factors Bearing Capacity (psf)
Gross qult Gross qa Net qult Net qa

Terzaghi 3,071 1,024 2,571 857
Meyerhof 3,184 1,061 2,684 895
Hansen 500 167 0 0
Vesić 500 167 0 0

1,000
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Project: Prepared By: Date:
Subject: Checked By: Date:

Status:

Bearing Capacity of Soil-Supported Shallow Foundations: Comparison of Bearing Capacity Models
Ref: EM 1110-1-1905, Bearing Capacity of Soils , 30 October 1992.

Foundation Dimensions Soil Parameters for Overburden

Foundation Width, B feet Embedment Depth, D feet
Foundation Length, L feet Wet Unit Weight, wet,D pcf
Reduction Factor, r = 1-0.25ꞏlog(B/6) (for B  6) Saturated Unit Weight, sat,D pcf

Slope of Ground away from Base,  (Downward = Positive) deg
Layer-Weighted Soil Parameters within Effective Shear Depth of Interest

USCS Soil Classification SM
Layer Thickness, h (feet) 10.0 h (Must Equal H) feet
Angle of Internal Friction,  (deg) 30 Angle of Internal Friction,  deg
Cohesion Interept, c (psf) 0 Cohesion Interept, c psf
Wet Unit Weight, wet,H (pcf) 115 Wet Unit Weight, wet,H pcf
Saturated Unit Weight, sat,H (pcf) 115 Saturated Unit Weight, sat,H pcf

Effective Shear Depth of Interest Effect of Water Table on Bearing Capacity

Effective Shear Depth of Interest, H = 0.5ꞏBꞏtan(45 + /2) feet Depth to Water Table from Ground Surface, DGWT feet
Kp = (0.435-0.00716ꞏ)(-1/0.383) eff,D = wet,D - wꞏ(D - DGWT)/D (for 0 < DGWT  D) pcf
N = tan2(45 + /2) eff,H = ′H + wꞏ(D - DGWT)/H (for D < DGWT  D + H) pcf

k = D/B for D/B  1, else k = tan-1(D/B)

Bearing Capacity Summary Factor of Safety, FS

Nq Nc N sc sq s dc dq d sc sq s
22.46 37.16 19.64 1.00 NA 1.00 NA NA NA NA NA NA
18.40 30.14 15.67 1.01 1.01 1.01 1.07 1.03 1.03 NA NA NA
18.40 30.14 15.07 1.01 1.01 0.99 1.08 1.06 1.00 1.00 1.00 1.00
18.40 30.14 22.40 1.01 1.01 0.99 1.08 1.06 1.00 1.00 1.00 1.00

Recommended Maximum Net Allowable Bearing Pressure psf
(based on bearing, not settlement, considerations)

27 Sep 2019
Paintsville, Kentucky S. Schardein 30 Sep 2019
Johnson County Section 202 M.Jones

10,520

8,460

Sand Layer Bearing Pressure

10,68732,060

17.3

0.87

115.0
115.0

8,096

Net qaGross qa

30,860
Gross qult

8,26324,788

3.00

0.20

Hansen
Vesić

Method of 
Analysis
Terzaghi

B. C. Factors

Meyerhof

3.0

10,287

Shape Factors Depth Factors
Net qult

30,360 10,120

Ground Factors

115.0

4.0
125.0

125.0

40.0

30
0

125.0

10.0

0.0

1,000

31,560

Bearing Capacity (psf)

20.0

25,379
24,288

1,000.0

25,879 8,626

51.77
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U.S. Department of Transportation Publication No. FHWA-NHI-16-009
Federal Highway Administration FHWA GEC 012 – Volume I 

July 2016

NHI Courses No. 132021 and 132022

Design and Construction of
Driven Pile Foundations – Volume I 

Developed following:
AASHTO LRFD Bridge Design Specifications, 7th Edition, 2014,with 2015 Interim.

AASHTO LRFD Bridge Construction Specifications, 3rd Edition, 2010, with ‘11, ‘12, ’13, ‘14, and ‘15 
Interims.
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7.2.1.4 Nominal Resistance of Single Piles to Rock

Pile foundations on rock are normally designed to carry large loads.  For pile 
foundations driven to rock, which include steel H-piles, pipe piles or precast concrete 
piles, the exact area in contact with the rock, the depth of penetration into rock, as 
well as the quality of rock in the immediate pile contact area are largely unknown.  
Pile installation can also alter the characteristics of the rock formation, further 
complicating design procedures.

The distinction between soft rock and hard rock is not well defined. The AASHTO 
definition of soft and hard rock for driven pile foundation design is limited.  In 
general, soft rock is defined as rock that can be penetrated by pile driving and hard 
rock is defined as rock that cannot be penetrated.  Hence, piles are driven into soft 
rock and driven to hard rock.  In many intact rock classification systems, the 
transition between soft rock and hard rock occurs between an unconfined 
compression strength of 200 and 1000 ksf.  Kulhawy (1991) proposed 400 ksf as the 
an unconfined compression strength denoting the transition between weak and 
moderate rock.  AASHTO notes that a definition of hard rock based on measureable 
rock characteristics has not been widely accepted.

Likins and Goble (1978) reported on the results of an Ohio DOT and FHWA 
sponsored research study on HP 10x42 H-piles driven to shallow bedrock with 
multiple, similarly sized pile hammers.  Static and dynamic load tests were 
conducted at the two sites, one with hard rock and one with soft rock.  The H-piles 
were driven to a penetration resistance of 20 blows per inch on rock at both sites.  At 
the hard rock site, hard limestone with an unconfined compression strength of up to 
1094 ksf was encountered around 22 feet.  At the soft rock site, weathered shale 
with unconfined compressive strength of 172 to 316 ksf was encountered around 15 
feet.  The A-36 steel H-piles at the hard limestone site were statically load tested to 
as high as 0.93Fy without reaching the Davisson load test failure criteria which is 
described in Chapter 9.  At the weathered shale site, significantly lower nominal 
resistances were achieved with failure occurring between 0.28 to 0.71Fy. Relaxation 
occurred on the H-piles driven at the weathered shale site and higher nominal 
resistances were observed on piles that penetrated deeper into the shale.  This 
study, even though it was performed with smaller hammers and piles then commonly 
used today, demonstrates that geotechnical aspects control soft rock design and 
structural aspects control hard rock design.

Tomlinson and Woodward (2015) state that piles driven to rock can create very high 
concentrated loads on the rock beneath the pile toe.  The ability of the rock to 

The distinction between soft rock and hard rock is not well defined.

In many intact rock classification systems, the 
transition between soft rock and hard rock occurs between an unconfined 
compression strength of 200 and 1000 ksf.  Kulhawy (1991) proposed 400 ksf as the
an unconfined compression strength denoting the transition between weak and 
moderate rock.  AASHTO notes that a definition of hard rock based on measureable 
rock characteristics has not been widely accepted.

Based on the available information, the shale encountered on-site 
would be considered soft rock.

 This 
study, even though it was performed with smaller hammers and piles then commonly
used today, demonstrates that geotechnical aspects control soft rock design and
structural aspects control hard rock design.
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support the concentrated load depends in part on the compressive strength of the 
rock, the frequency of fissures and joints in the rock mass, and whether the fissures 
and joints are tightly closed or are open and filled with weathered material.  They 
further note that very high loads can be supported if the rock is strong and has 
closed joints or joints on a shallow angle to horizontal.  Conversely, steeply inclined 
and open joints may provide little resistance as the rock beneath the pile toe slides 
until the joints are closed or the rock mass becomes locked together.  The driving of 
piles through weak or broken rock to hard rock can shatter weak rock such that shaft 
resistance is significantly reduced or eliminated.  The resulting concentrated load 
may be acceptable for strong intact rock but it may be excessive for a strong but 
closely jointed rock mass.

Published results as well as empirical values for nominal shaft resistances are 
presented in Table 7-13.  These results may be used for preliminary estimating 
purposes or as a check of values obtained from field tests.  However, they are not 
intended to be used as final design values without the user determining the 
applicability of the underlying method or the suitability of a reported nominal 
resistance value to a given site or geologic formation.

Table 7-13 Published Nominal Shaft Resistance Values in Weak Rock Materials
Rock Description Pile Type Nominal Unit Shaft 

Resistance (ksf)
Source

Moderately strong, slightly weathered, 
Slaty Mudstone

H-pile 0.6 1.

Moderately strong, slightly weathered, 
Slaty Mudstone

H-pile 3.3 1.

Faintly to moderately weathered , 
moderately strong to strong, Mudstone Pipe Pile 2.6 2.

Very weak, closely fissured argillaceous 
Siltstone (Mercia Mudstone)

Precast 
Concrete

2.7 3.

Very weak, coral detrital Limestone
(carbonate sandstone/siltstone)

Pipe pile 0.9 2.

Limestone H-pile 24.0 4.

Weak calcareous Sandstone Pipe Pile 0.9 2.

Sandstone H-pile 20.0 4.

Shale H-pile 12.0 4.

Information sources: 1) George et al. (1976)
2) Tomlinson and Woodward (2015)
3) Leach and Mallard (1980)
4) Illinois DOT Geotechnical Pile Design Guide, AGMU 10.2 (2011)

Table 7-13 Published Nominal Shaft Resistance Values in Weak Rock Materials

Shale H-pile 12.0 4.

4) Illinois DOT Geotechnical Pile Design Guide, AGMU 10.2 (2011)
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Published results and recommended empirical values for nominal toe resistances 
are presented in Table 7-14.  Once again these values may be used for preliminary 
estimating purposes or as a check of values obtained from field tests.  However, 
they are not intended to be used as final design values without the user determining 
the applicability of the underlying method or the suitability of a reported nominal 
resistance value to a given site or geologic formation.

Table 7-14 Published Nominal Toe Resistance Values in Weak Rock Materials
Rock Description Pile Type Nominal Unit Toe

Resistance (ksf)
Source

Weak carbonate Siltstone/Sandstone 
(coral detrital limestone)

N.A. 106.7 1.

Limestone H-pile 240.0 2.

Weak calcareous Sandstone Pipe Pile 62.6 1.

Sandstone H-pile 200.0 2.

Shale H-pile 120.0 2.

Information sources:  1) Tomlinson and Woodward (2015)
2) Illinois DOT Geotechnical Pile Design Guide, AGMU 10.2 (2011)

Based on the above discussion and information, the determination of nominal shaft 
and toe resistances of piles driven into or on rock is best made on the basis of static 
or dynamic load tests in conjunction with pile driving observations and local
experience.  In general, the design of small diameter piles supported on fair to 
excellent quality rock will be controlled by their nominal structural resistance as 
described in Chapter 8.  A pile on hard intact rock will fail structurally before hard 
intact rock failure. Piles supported in soft, weakly laminated or weathered rock
should be designed based on the results of static or dynamic load tests.

7.2.1.4.1 Piles Driven into Soft and Weak Rock

Tomlinson and Woodward (2015) note that the shaft resistance on piles driven into 
weak weathered rocks cannot always be calculated from the results of laboratory 
tests on rock cores.  Factors such as degradation of the weak rock, reduction in 
shaft resistance due to shattering of the rock structure from driving adjacent piles, 
and formation of an enlarged hole around the pile hamper analytical methods.

The design of axial loaded piles in soft rock should be performed using the same 
procedures and methods used for piles in soil as presented in Section 7.2.2.  Static 
and dynamic tests are recommended for design verification until local correlations 

Table 7-14 Published Nominal Toe Resistance Values in Weak Rock Materials

Shale H-pile 120.0 2.

2) Illinois DOT Geotechnical Pile Design Guide, AGMU 10.2 (2011)

Bearing Capacity HP14X73 = Toe Resistance X Area of Pile X Load Resistance Factor for Bedrock (= 0.70) 
                                              = 120 ksf X (14.60 in X 13.60 in)/144 si/sf X 0.70 
                                              = 116 kips 
                                              = 58 tons   
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and design methods are available.  The empirical values provided above for H-piles 
in shale, sandstone, and limestone were developed by Illinois DOT for their practice 
and have been found to yield reasonable estimates of pile length and nominal 
resistance in the regional geology.

The nominal toe resistance of piles in soft and hard rocks can also be computed 
according to Equation 7-34 in Section 7.2.1.4.2 below.  For this calculation, the rock 
friction angle, undrained shear resistance, and effective density are needed from 
laboratory tests.

It is recommended that unit resistance values calculated from this equation be 
compared to values obtained from static or dynamic tests and that these 
comparisons be compiled in a local or regional database.  This will assist and 
improve foundation design procedures in soft and weak rocks. Piles driven into soft 
rock may not require pile toe protection (i.e. driving shoe).

7.2.1.4.2 Piles Driven to Hard Rock

For piles driven to hard rock, the nominal resistance is generally controlled by the 
structural limit state.  In hard rock designs, the nominal structural resistance will 
generally be less than the nominal geotechnical resistance of hard rock.

Where laboratory tests can be made on undisturbed samples of weak or hard rock 
and the undrained shear strength, su, and the rock friction angle, , can be obtained, 
the nominal unit toe resistance, qp, in ksf can be calculated using Equation 7-34.

2
bN

PDNNsPq tqcusp Eq. 7-34

Where:
su =  undrained shear resistance of the rock (ksf). 

= effective density of the rock mass (kcf). 
D = pile penetration below the rock surface (ft).
b = pile width or diameter (ft).
Ps =  pile toe shape factor of 1.25 for square pile or 1.2 for a circular pile.

 Pt =  pile base factor of 0.8 for a square pile or 0.7 for a circular pile.
Nc, Nq, and N are bearing capacity factors from Figure 7-22. 

Equation 7-34 represents wedge failure below a foundation modified with shape 
factors and it should not be confused with Terzaghi’s equation for a spread footing 

The nominal toe resistance of piles in soft and hard rocks can also be computed 
according to Equation 7-34 in Section 7.2.1.4.2 below. 

= 1/2 * 960 psi = 480 psi = 69 ksf

= 155 pcf = 0.155 kcf

= 0
= 13.61 in = 1.13 ft

= 1.25

= 0.8

= 30, 30, 70 for friction 
angle of 45 degrees

= 1.25 * 69 * 30 + 0.155 * 0 * 30 + 0.8 * 0.155 * 1.13 * 70 / 2 
= 2587.5 ksf + 0 ksf + 4.9 ksf = 2,592 ksf / FS = 3 = 862 ksf  >> 120 ksf

To achieve a pile capacity of 180 kips = 90 tons, qp = 187 ksf, which 
exceeds the 120 ksf recommended in Table 7-14, but is well below the 
862 ksf calculated below.
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foundation. Tomlinson and Woodward (2015) added the recommended correction 
factors Ps and Pt for driven pile shapes.

Figure 7-22 Bearing capacity factors for foundations on rock 
(modified from Pells and Turner 1980).

Data from Kulhawy and Goodman (1980; 1987) showed that the unit toe resistance, 
qp, can also be estimated from the Rock Quality Designation (RQD) value of the 
intact rock mass and the unconfined compression strength of the rock, qu.  RQD was 
described previously in Chapter 4.  For RQD values of 0 to 70%, the nominal unit toe 
resistance can be estimated as 0.33qu.  For RQD values of 70 to 100%, the nominal 
unit toe resistance can be linearly interpolated from 0.33qu at an RQD value of 70% 
to 0.80qu at an RQD value of 100%.  In hard rock cases, pile toe protection should 
be considered in the design.

A static analysis resistance factor, stat, for any of the above nominal resistance 
calculation methods for rock is not available.  Therefore, the calculated nominal 
resistance should be verified during construction using a nominal resistance field 
verification method and its associated resistance factor, dyn. 
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Project: Prepared By: Date:
Subject: Checked By: Date:

Reviewed By: Date:
Approved By: Date:

Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 1.5 3.0 9 A 125.0 2.25 615.8 1.50 281 0 281 1.64 0.75 20 615.8 2.2
Unit Weight of Ground Water pcf 3.0 4.5 3 A 125.0 3.75 614.3 1.50 469 0 469 1.53 0.75 6 614.3 2.1
Borehole Diameter inches 4.5 6.0 3 B 125.0 5.25 612.8 1.50 656 0 656 1.44 0.80 6 612.8 2.1

6.0 7.5 2 B 125.0 6.75 611.3 1.50 844 0 844 1.36 0.80 4 611.3 2.0
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 7.5 9.0 7 B 125.0 8.25 609.8 1.50 1,031 0 1,031 1.28 0.85 14 609.8 2.0

9.0 10.5 7 B 125.0 9.75 608.3 1.50 1,219 0 1,219 1.22 0.85 13 608.3 1.9
Overburden Pressure, CN 10.5 12.0 6 B 125.0 11.25 606.8 1.50 1,406 0 1,406 1.16 0.85 11 606.8 1.8

CN = 2.2 / (1.2 + ′vo/2000) 12.0 13.5 4 B 125.0 12.75 605.3 1.50 1,594 0 1,594 1.10 0.85 7 605.3 1.7
Energy Ratio, CE 13.5 15.0 2 B 125.0 14.25 603.8 1.50 1,781 0 1,781 1.05 0.85 3 603.8 1.6

CE = 0.5-1.0 (donut hammer); 15.0 16.5 3 B 125.0 15.75 602.3 1.50 1,969 0 1,969 1.01 0.95 5 602.3 1.7
CE = 0.7-1.2 (safety hammer); 16.5 18.0 1 B 125.0 17.25 600.8 1.50 2,156 0 2,156 0.97 0.95 2 600.8 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 18.0 19.5 4 G 115.0 18.75 599.3 1.50 2,336 0 2,336 0.93 0.95 6 599.3 1.6

Borehole Diameter, CB 19.5 21.0 4 F 120.0 20.25 597.8 1.50 2,513 0 2,513 0.90 0.95 6 597.8 1.5
CB = 1.0 (65-115 mm); 21.0 22.5 2 F 120.0 21.75 596.3 1.50 2,693 0 2,693 0.86 0.95 3 596.3 1.5
CB = 1.05 (150 mm); 22.5 24.0 3 C 130.0 23.25 594.8 1.50 2,880 0 2,880 0.83 0.95 4 594.8 1.4
CB = 1.15 (200 mm) 24.0 25.5 2 C 130.0 24.75 593.3 1.50 3,075 0 3,075 0.80 0.95 3 593.3 1.4

Rod Length, CR 25.5 27.0 2 C 130.0 26.25 591.8 1.50 3,270 0 3,270 0.78 0.95 3 591.8 1.3
Assumed Rod Stickup feet 27.0 28.5 3 B 125.0 27.75 590.3 1.50 3,461 0 3,461 0.75 0.95 4 590.3 1.3
CR = 0.75 (< 3 m); 0.8 (3-4 m); 28.5 30.0 2 B 125.0 29.25 588.8 1.50 3,649 0 3,649 0.73 1.00 3 588.8 1.3
CR = 0.85 (4-6 m); 0.95 (6-10 m); 30.0 31.5 6 F 120.0 30.75 587.3 1.50 3,833 0 3,833 0.71 1.00 8 587.3 1.3
CR = 1.0 (10-30 m) 31.5 33.0 2 F 120.0 32.25 585.8 1.50 4,013 0 4,013 0.69 1.00 2 585.8 1.2

Sampling Method, CS 33.0 34.5 4 D 125.0 33.75 584.3 1.50 4,196 0 4,196 0.67 1.00 5 584.3 1.2
CS = 1.0 (standard sampler); 34.5 36.0 7 D 125.0 35.25 582.8 1.50 4,384 0 4,384 0.65 1.00 8 582.8 1.2
CS = 1.1-1.3 (sampler without liners) 36.0 37.5 19 H 115.0 36.75 581.3 1.50 4,564 0 4,564 0.63 1.00 22 581.3 1.1

37.5 39.0 24 H 115.0 38.25 579.8 1.50 4,736 0 4,736 0.62 1.00 27 579.8 1.1
39.0 40.5 18 H 115.0 39.75 578.3 1.50 4,909 0 4,909 0.60 1.00 20 578.3 1.1
40.5 42.0 24 H 115.0 41.25 576.8 1.50 5,081 0 5,081 0.59 1.00 26 576.8 1.1
42.5 44.0 17 H 115.0 43.25 574.8 1.50 5,311 0 5,311 0.57 1.00 18 574.8 1.0
45.0 46.5 9 H 115.0 45.75 572.3 1.50 5,599 122 5,477 0.56 1.00 9 572.3 1.0
47.5 49.0 5 D 125.0 48.25 569.8 1.50 5,894 278 5,616 0.55 1.00 5 569.8 1.0
50.0 51.5 11 D 125.0 50.75 567.3 1.50 6,206 434 5,773 0.54 1.00 11 567.3 1.0
52.5 54.0 9 G 115.0 53.25 564.8 1.50 6,511 590 5,922 0.53 1.00 9 564.8 1.0
55.0 56.5 8 H 115.0 55.75 562.3 1.50 6,799 746 6,053 0.52 1.00 8 562.3 0.9
57.5 59.0 15 H 115.0 58.25 559.8 1.50 7,086 902 6,185 0.51 1.00 14 559.8 0.9
60.0 61.5 19 F 120.0 60.75 557.3 1.50 7,378 1,058 6,320 0.50 1.00 17 557.3 0.9
65.0 66.5 9 F 120.0 65.75 552.3 1.50 7,978 1,370 6,608 0.49 1.00 8 552.3 0.9
70.0 71.5 5 D 125.0 70.75 547.3 1.50 8,581 1,682 6,900 0.47 1.00 4 547.3 0.9
75.0 76.5 8 F 120.0 75.75 542.3 1.50 9,203 1,994 7,209 0.46 1.00 7 542.3 0.8
80.0 81.4 50/0.4 M 160.0 80.70 537.3 1.40 9,825 2,303 7,522 0.44 1.00 537.3

H
(feet)

6.875

ELmid

(ft)

1.10

1.10

5.0

(N1)60

(bpf)
CR

u
(psf)

CN
′vo

(psf)
vo

(psf)
ztop

(feet)

1.50

574.200

See Table
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Project: Prepared By: Date:
Subject: Checked By: Date:

Reviewed By: Date:
Approved By: Date:

Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 1.5 3.0 7 A 125.0 2.25 615.8 1.50 281 0 281 1.64 0.75 16 615.8 2.2
Unit Weight of Ground Water pcf 3.0 4.5 7 A 125.0 3.75 614.3 1.50 469 0 469 1.53 0.75 15 614.3 2.1
Borehole Diameter inches 4.5 6.0 9 C 130.0 5.25 612.8 1.50 660 0 660 1.44 0.80 19 612.8 2.1

6.0 7.5 12 F 120.0 6.75 611.3 1.50 848 0 848 1.35 0.80 24 611.3 2.0
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 7.5 9.0 12 B 125.0 8.25 609.8 1.50 1,031 0 1,031 1.28 0.85 24 609.8 2.0

9.0 10.5 11 B 125.0 9.75 608.3 1.50 1,219 0 1,219 1.22 0.85 21 608.3 1.9
Overburden Pressure, CN 10.5 12.0 8 H 115.0 11.25 606.8 1.50 1,399 0 1,399 1.16 0.85 14 606.8 1.8

CN = 2.2 / (1.2 + ′vo/2000) 12.0 13.5 6 F 120.0 12.75 605.3 1.50 1,575 0 1,575 1.11 0.85 10 605.3 1.7
Energy Ratio, CE 13.5 15.0 3 F 120.0 14.25 603.8 1.50 1,755 0 1,755 1.06 0.85 5 603.8 1.6

CE = 0.5-1.0 (donut hammer); 15.0 16.5 3 B 125.0 15.75 602.3 1.50 1,939 0 1,939 1.01 0.95 5 602.3 1.7
CE = 0.7-1.2 (safety hammer); 16.5 18.0 5 D 125.0 17.25 600.8 1.50 2,126 0 2,126 0.97 0.95 8 600.8 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 18.0 19.5 4 D 125.0 18.75 599.3 1.50 2,314 0 2,314 0.93 0.95 6 599.3 1.6

Borehole Diameter, CB 19.5 21.0 4 D 125.0 20.25 597.8 1.50 2,501 0 2,501 0.90 0.95 6 597.8 1.5
CB = 1.0 (65-115 mm); 21.0 22.5 7 F 120.0 21.75 596.3 1.50 2,685 0 2,685 0.87 0.95 10 596.3 1.5
CB = 1.05 (150 mm); 22.5 24.0 2 F 120.0 23.25 594.8 1.50 2,865 0 2,865 0.84 0.95 3 594.8 1.4
CB = 1.15 (200 mm) 24.0 25.5 3 F 120.0 24.75 593.3 1.50 3,045 0 3,045 0.81 0.95 4 593.3 1.4

Rod Length, CR 25.5 27.0 4 F 120.0 26.25 591.8 1.50 3,225 0 3,225 0.78 0.95 5 591.8 1.3
Assumed Rod Stickup feet 27.0 28.5 7 G 115.0 27.75 590.3 1.50 3,401 0 3,401 0.76 0.95 9 590.3 1.3
CR = 0.75 (< 3 m); 0.8 (3-4 m); 28.5 30.0 5 G 115.0 29.25 588.8 1.50 3,574 0 3,574 0.74 1.00 7 588.8 1.3
CR = 0.85 (4-6 m); 0.95 (6-10 m); 30.0 31.5 6 F 120.0 30.75 587.3 1.50 3,750 0 3,750 0.72 1.00 8 587.3 1.3
CR = 1.0 (10-30 m) 31.5 33.0 8 G 115.0 32.25 585.8 1.50 3,926 0 3,926 0.70 1.00 10 585.8 1.3

Sampling Method, CS 33.0 34.5 7 G 115.0 33.75 584.3 1.50 4,099 0 4,099 0.68 1.00 9 584.3 1.2
CS = 1.0 (standard sampler); 34.5 36.0 4 F 120.0 35.25 582.8 1.50 4,275 0 4,275 0.66 1.00 5 582.8 1.2
CS = 1.1-1.3 (sampler without liners) 36.0 37.5 8 F 120.0 36.75 581.3 1.50 4,455 0 4,455 0.64 1.00 9 581.3 1.2

37.5 39.0 11 H 115.0 38.25 579.8 1.50 4,631 0 4,631 0.63 1.00 12 579.8 1.1
39.0 40.5 5 F 120.0 39.75 578.3 1.50 4,808 0 4,808 0.61 1.00 6 578.3 1.1
40.5 42.0 12 E 130.0 41.25 576.8 1.50 4,995 0 4,995 0.59 1.00 13 576.8 1.1
42.5 44.0 9 H 115.0 43.25 574.8 1.50 5,244 0 5,244 0.58 1.00 9 574.8 1.0
45.0 46.5 12 H 115.0 45.75 572.3 1.50 5,531 9 5,522 0.56 1.00 12 572.3 1.0
47.5 49.0 15 I 125.0 48.25 569.8 1.50 5,826 165 5,661 0.55 1.00 15 569.8 1.0
50.0 51.5 11 E 130.0 50.75 567.3 1.50 6,143 321 5,821 0.54 1.00 11 567.3 1.0
52.5 54.0 13 I 125.0 53.25 564.8 1.50 6,464 477 5,986 0.52 1.00 12 564.8 1.0
55.0 56.5 15 H 115.0 55.75 562.3 1.50 6,769 633 6,135 0.52 1.00 14 562.3 0.9
57.5 59.0 14 H 115.0 58.25 559.8 1.50 7,056 789 6,267 0.51 1.00 13 559.8 0.9
60.0 61.5 12 H 115.0 60.75 557.3 1.50 7,344 945 6,398 0.50 1.00 11 557.3 0.9
65.0 66.5 49 I 125.0 65.75 552.3 1.50 7,926 1,257 6,669 0.49 1.00 43 552.3 0.9
70.0 71.5 10 E 130.0 70.75 547.3 1.50 8,555 1,569 6,986 0.47 1.00 9 547.3 0.9
75.0 76.5 34 E 130.0 75.75 542.3 1.50 9,205 1,881 7,324 0.45 1.00 28 542.3 0.8
80.0 81.5 14 I 125.0 80.75 537.3 1.50 9,851 2,193 7,658 0.44 1.00 11 537.3 0.8

6.875

See Table

1.50

1.10
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Project: Prepared By: Date:
Subject: Checked By: Date:

Reviewed By: Date:
Approved By: Date:

Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 1.5 3.0 9 A 125.0 2.25 613.8 1.50 281 0 281 1.64 0.75 20 613.8 2.2
Unit Weight of Ground Water pcf 3.0 4.5 3 A 125.0 3.75 612.3 1.50 469 0 469 1.53 0.75 6 612.3 2.1
Borehole Diameter inches 4.5 6.0 3 A 125.0 5.25 610.8 1.50 656 0 656 1.44 0.80 6 610.8 2.1

6.0 7.5 6 B 125.0 6.75 609.3 1.50 844 0 844 1.36 0.80 12 609.3 2.0
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 7.5 9.0 6 B 125.0 8.25 607.8 1.50 1,031 0 1,031 1.28 0.85 12 607.8 2.0

9.0 10.5 8 B 125.0 9.75 606.3 1.50 1,219 0 1,219 1.22 0.85 15 606.3 1.9
Overburden Pressure, CN 10.5 12.0 6 B 125.0 11.25 604.8 1.50 1,406 0 1,406 1.16 0.85 11 604.8 1.8

CN = 2.2 / (1.2 + ′vo/2000) 12.0 13.5 5 B 125.0 12.75 603.3 1.50 1,594 0 1,594 1.10 0.85 8 603.3 1.7
Energy Ratio, CE 13.5 15.0 3 B 125.0 14.25 601.8 1.50 1,781 0 1,781 1.05 0.85 5 601.8 1.6

CE = 0.5-1.0 (donut hammer); 15.0 16.5 3 B 125.0 15.75 600.3 1.50 1,969 0 1,969 1.01 0.95 5 600.3 1.7
CE = 0.7-1.2 (safety hammer); 16.5 18.0 2 B 125.0 17.25 598.8 1.50 2,156 0 2,156 0.97 0.95 3 598.8 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 18.0 19.5 0 B 125.0 18.75 597.3 1.50 2,344 0 2,344 0.93 0.95 0 597.3 --

Borehole Diameter, CB 19.5 21.0 0 B 125.0 20.25 595.8 1.50 2,531 0 2,531 0.89 0.95 0 595.8 --
CB = 1.0 (65-115 mm); 21.0 22.5 0 B 125.0 21.75 594.3 1.50 2,719 0 2,719 0.86 0.95 0 594.3 --
CB = 1.05 (150 mm); 22.5 24.0 1 C 130.0 23.25 592.8 1.50 2,910 0 2,910 0.83 0.95 1 592.8 1.4
CB = 1.15 (200 mm) 24.0 25.5 2 C 130.0 24.75 591.3 1.50 3,105 0 3,105 0.80 0.95 3 591.3 1.4

Rod Length, CR 25.5 27.0 1 C 130.0 26.25 589.8 1.50 3,300 0 3,300 0.77 0.95 1 589.8 1.3
Assumed Rod Stickup feet 27.0 28.5 4 C 130.0 27.75 588.3 1.50 3,495 0 3,495 0.75 0.95 5 588.3 1.3
CR = 0.75 (< 3 m); 0.8 (3-4 m); 28.5 30.0 2 C 130.0 29.25 586.8 1.50 3,690 0 3,690 0.72 1.00 3 586.8 1.3
CR = 0.85 (4-6 m); 0.95 (6-10 m); 30.0 31.5 4 C 130.0 30.75 585.3 1.50 3,885 0 3,885 0.70 1.00 5 585.3 1.3
CR = 1.0 (10-30 m) 31.5 33.0 5 C 130.0 32.25 583.8 1.50 4,080 0 4,080 0.68 1.00 6 583.8 1.2

Sampling Method, CS 33.0 34.5 5 C 130.0 33.75 582.3 1.50 4,275 0 4,275 0.66 1.00 6 582.3 1.2
CS = 1.0 (standard sampler); 34.5 36.0 7 C 130.0 35.25 580.8 1.50 4,470 0 4,470 0.64 1.00 8 580.8 1.2
CS = 1.1-1.3 (sampler without liners) 36.0 37.5 2 C 130.0 36.75 579.3 1.50 4,665 0 4,665 0.62 1.00 2 579.3 1.1

37.5 39.0 3 C 130.0 38.25 577.8 1.50 4,860 0 4,860 0.61 1.00 3 577.8 1.1
39.0 40.5 3 D 125.0 39.75 576.3 1.50 5,051 0 5,051 0.59 1.00 3 576.3 1.1
40.5 42.0 5 D 125.0 41.25 574.8 1.50 5,239 0 5,239 0.58 1.00 5 574.8 1.0
42.5 44.0 23 L 125.0 43.25 572.8 1.50 5,489 0 5,489 0.56 1.00 23 572.8 1.0
45.0 46.5 14 L 125.0 45.75 570.3 1.50 5,801 103 5,698 0.54 1.00 14 570.3 1.0
47.5 49.0 19 I 125.0 48.25 567.8 1.50 6,114 259 5,855 0.53 1.00 18 567.8 1.0
50.0 51.5 12 G 115.0 50.75 565.3 1.50 6,419 415 6,004 0.52 1.00 11 565.3 1.0
52.5 54.0 13 G 115.0 53.25 562.8 1.50 6,706 571 6,135 0.52 1.00 12 562.8 0.9
55.0 56.5 8 G 115.0 55.75 560.3 1.50 6,994 727 6,267 0.51 1.00 7 560.3 0.9
57.5 59.0 12 G 115.0 58.25 557.8 1.50 7,281 883 6,398 0.50 1.00 11 557.8 0.9
60.0 61.5 9 H 115.0 60.75 555.3 1.50 7,569 1,039 6,530 0.49 1.00 8 555.3 0.9
65.0 66.5 16 H 115.0 65.75 550.3 1.50 8,144 1,351 6,793 0.48 1.00 14 550.3 0.9
70.0 71.5 5 F 120.0 70.75 545.3 1.50 8,723 1,663 7,060 0.47 1.00 4 545.3 0.8
75.0 76.5 13 F 120.0 75.75 540.3 1.50 9,323 1,975 7,348 0.45 1.00 11 540.3 0.8
80.0 81.5 37 M 160.0 80.75 535.3 1.50 9,953 2,287 7,666 0.44 1.00 29 535.3 0.8
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Project: Prepared By: Date:
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Reviewed By: Date:
Approved By: Date:

Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 4 A 125.0 0.75 607.3 1.50 94 0 94 1.76 0.75 10 607.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 2 A 125.0 2.25 605.8 1.50 281 0 281 1.64 0.75 4 605.8 2.2
Borehole Diameter inches 3.0 4.5 4 A 125.0 3.75 604.3 1.50 469 0 469 1.53 0.75 8 604.3 2.1

4.5 6.0 4 A 125.0 5.25 602.8 1.50 656 0 656 1.44 0.80 8 602.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 4 A 125.0 6.75 601.3 1.50 844 0 844 1.36 0.80 8 601.3 2.0

7.5 9.0 5 A 125.0 8.25 599.8 1.50 1,031 0 1,031 1.28 0.85 10 599.8 2.0
Overburden Pressure, CN 9.0 10.5 5 D 125.0 9.75 598.3 1.50 1,219 0 1,219 1.22 0.85 9 598.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 3 B 125.0 11.25 596.8 1.50 1,406 0 1,406 1.16 0.85 5 596.8 1.8
Energy Ratio, CE 12.0 13.5 3 B 125.0 12.75 595.3 1.50 1,594 0 1,594 1.10 0.85 5 595.3 1.7

CE = 0.5-1.0 (donut hammer); 13.5 15.0 2 B 125.0 14.25 593.8 1.50 1,781 0 1,781 1.05 0.85 3 593.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 3 B 125.0 15.75 592.3 1.50 1,969 0 1,969 1.01 0.95 5 592.3 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 2 E 130.0 17.25 590.8 1.50 2,160 0 2,160 0.96 0.95 3 590.8 1.7

Borehole Diameter, CB 18.0 19.5 4 E 130.0 18.75 589.3 1.50 2,355 0 2,355 0.93 0.95 6 589.3 1.6
CB = 1.0 (65-115 mm); 19.5 21.0 5 F 120.0 20.25 587.8 1.50 2,543 0 2,543 0.89 0.95 8 587.8 1.5
CB = 1.05 (150 mm); 21.0 22.5 2 F 120.0 21.75 586.3 1.50 2,723 0 2,723 0.86 0.95 3 586.3 1.5
CB = 1.15 (200 mm) 22.5 24.0 3 F 120.0 23.25 584.8 1.50 2,903 0 2,903 0.83 0.95 4 584.8 1.4

Rod Length, CR 24.0 25.5 4 F 120.0 24.75 583.3 1.50 3,083 0 3,083 0.80 0.95 6 583.3 1.4
Assumed Rod Stickup feet 25.5 27.0 3 F 120.0 26.25 581.8 1.50 3,263 0 3,263 0.78 0.95 4 581.8 1.3
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 4 B 125.0 27.75 580.3 1.50 3,446 0 3,446 0.75 0.95 5 580.3 1.3
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 3 F 120.0 29.25 578.8 1.50 3,630 0 3,630 0.73 1.00 4 578.8 1.3
CR = 1.0 (10-30 m) 30.0 31.5 5 F 120.0 30.75 577.3 1.50 3,810 0 3,810 0.71 1.00 6 577.3 1.3

Sampling Method, CS 31.5 33.0 5 F 120.0 32.25 575.8 1.50 3,990 0 3,990 0.69 1.00 6 575.8 1.2
CS = 1.0 (standard sampler); 33.0 34.5 4 F 120.0 33.75 574.3 1.50 4,170 0 4,170 0.67 1.00 5 574.3 1.2
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 8 B 125.0 35.25 572.8 1.50 4,354 0 4,354 0.65 1.00 9 572.8 1.2

36.0 37.5 3 B 125.0 36.75 571.3 1.50 4,541 0 4,541 0.63 1.00 3 571.3 1.2
37.5 39.0 6 D 125.0 38.25 569.8 1.50 4,729 0 4,729 0.62 1.00 7 569.8 1.1
39.0 40.5 54 I 125.0 39.75 568.3 1.50 4,916 59 4,857 0.61 1.00 59 568.3 1.1
40.5 42.0 17 I 125.0 41.25 566.8 1.50 5,104 153 4,951 0.60 1.00 18 566.8 1.1
42.5 44.0 6 I 125.0 43.25 564.8 1.50 5,354 278 5,076 0.59 1.00 6 564.8 1.1
45.0 46.5 5 I 125.0 45.75 562.3 1.50 5,666 434 5,233 0.58 1.00 5 562.3 1.0
47.5 49.0 4 I 125.0 48.25 559.8 1.50 5,979 590 5,389 0.56 1.00 4 559.8 1.0
50.0 51.5 11 I 125.0 50.75 557.3 1.50 6,291 746 5,546 0.55 1.00 11 557.3 1.0
52.5 54.0 7 I 125.0 53.25 554.8 1.50 6,604 902 5,702 0.54 1.00 7 554.8 1.0
55.0 56.5 7 I 125.0 55.75 552.3 1.50 6,916 1,058 5,859 0.53 1.00 7 552.3 1.0
57.5 59.0 6 I 125.0 58.25 549.8 1.50 7,229 1,214 6,015 0.52 1.00 6 549.8 0.9
60.0 61.5 5 H 115.0 60.75 547.3 1.50 7,534 1,370 6,164 0.51 1.00 5 547.3 0.9
62.5 64.0 12 H 115.0 63.25 544.8 1.50 7,821 1,526 6,296 0.51 1.00 11 544.8 0.9
65.0 66.5 11 H 115.0 65.75 542.3 1.50 8,109 1,682 6,427 0.50 1.00 10 542.3 0.9
67.5 69.0 9 H 115.0 68.25 539.8 1.50 8,396 1,838 6,559 0.49 1.00 8 539.8 0.9
70.0 71.5 37 I 125.0 70.75 537.3 1.50 8,691 1,994 6,698 0.48 1.00 32 537.3 0.9
72.5 74.0 39 I 125.0 73.25 534.8 1.50 9,004 2,150 6,854 0.48 1.00 34 534.8 0.9
75.0 76.5 25 I 125.0 75.75 532.3 1.50 9,316 2,306 7,011 0.47 1.00 21 532.3 0.8
77.5 78.6 50/0.1 M 160.0 78.05 530.0 1.10 9,623 2,449 7,174 0.46 1.00 530.0

6.875

See Table
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 1.5 3.0 5 A 125.0 2.25 618.8 1.50 281 0 281 1.64 0.75 11 618.8 2.2
Unit Weight of Ground Water pcf 3.0 4.5 3 A 125.0 3.75 617.3 1.50 469 0 469 1.53 0.75 6 617.3 2.1
Borehole Diameter inches 4.5 6.0 2 A 125.0 5.25 615.8 1.50 656 0 656 1.44 0.80 4 615.8 2.1

6.0 7.5 2 A 125.0 6.75 614.3 1.50 844 0 844 1.36 0.80 4 614.3 2.0
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 7.5 9.0 4 A 125.0 8.25 612.8 1.50 1,031 0 1,031 1.28 0.85 8 612.8 2.0

9.0 10.5 3 A 125.0 9.75 611.3 1.50 1,219 0 1,219 1.22 0.85 6 611.3 1.9
Overburden Pressure, CN 10.5 12.0 2 A 125.0 11.25 609.8 1.50 1,406 0 1,406 1.16 0.85 4 609.8 1.8

CN = 2.2 / (1.2 + ′vo/2000) 12.0 13.5 1 A 125.0 12.75 608.3 1.50 1,594 0 1,594 1.10 0.85 2 608.3 1.7
Energy Ratio, CE 13.5 15.0 1 A 125.0 14.25 606.8 1.50 1,781 0 1,781 1.05 0.85 2 606.8 1.6

CE = 0.5-1.0 (donut hammer); 15.0 16.5 1 A 125.0 15.75 605.3 1.50 1,969 0 1,969 1.01 0.95 2 605.3 1.7
CE = 0.7-1.2 (safety hammer); 16.5 18.0 0 A 125.0 17.25 603.8 1.50 2,156 0 2,156 0.97 0.95 0 603.8 --
CE = 0.8-1.3 (automatic-trip donut-type hammer) 18.0 19.5 1 A 125.0 18.75 602.3 1.50 2,344 0 2,344 0.93 0.95 2 602.3 1.6

Borehole Diameter, CB 19.5 21.0 11 A 125.0 20.25 600.8 1.50 2,531 0 2,531 0.89 0.95 17 600.8 1.5
CB = 1.0 (65-115 mm); 21.0 22.5 4 A 125.0 21.75 599.3 1.50 2,719 0 2,719 0.86 0.95 6 599.3 1.5
CB = 1.05 (150 mm); 22.5 24.0 3 A 125.0 23.25 597.8 1.50 2,906 0 2,906 0.83 0.95 4 597.8 1.4
CB = 1.15 (200 mm) 24.0 25.5 4 A 125.0 24.75 596.3 1.50 3,094 0 3,094 0.80 0.95 6 596.3 1.4

Rod Length, CR 25.5 27.0 3 G 115.0 26.25 594.8 1.50 3,274 0 3,274 0.78 0.95 4 594.8 1.3
Assumed Rod Stickup feet 27.0 28.5 3 G 115.0 27.75 593.3 1.50 3,446 0 3,446 0.75 0.95 4 593.3 1.3
CR = 0.75 (< 3 m); 0.8 (3-4 m); 28.5 30.0 3 G 115.0 29.25 591.8 1.50 3,619 0 3,619 0.73 1.00 4 591.8 1.3
CR = 0.85 (4-6 m); 0.95 (6-10 m); 30.0 31.5 3 F 120.0 30.75 590.3 1.50 3,795 0 3,795 0.71 1.00 4 590.3 1.3
CR = 1.0 (10-30 m) 31.5 33.0 3 F 120.0 32.25 588.8 1.50 3,975 0 3,975 0.69 1.00 4 588.8 1.3

Sampling Method, CS 33.0 34.5 3 G 115.0 33.75 587.3 1.50 4,151 0 4,151 0.67 1.00 4 587.3 1.2
CS = 1.0 (standard sampler); 34.5 36.0 5 G 115.0 35.25 585.8 1.50 4,324 0 4,324 0.65 1.00 6 585.8 1.2
CS = 1.1-1.3 (sampler without liners) 36.0 37.5 3 H 115.0 36.75 584.3 1.50 4,496 0 4,496 0.64 1.00 3 584.3 1.2

37.5 39.0 3 H 115.0 38.25 582.8 1.50 4,669 0 4,669 0.62 1.00 3 582.8 1.1
39.0 40.5 10 H 115.0 39.75 581.3 1.50 4,841 0 4,841 0.61 1.00 11 581.3 1.1
40.5 42.0 6 H 115.0 41.25 579.8 1.50 5,014 0 5,014 0.59 1.00 6 579.8 1.1
42.5 44.0 6 F 120.0 43.25 577.8 1.50 5,248 109 5,138 0.58 1.00 6 577.8 1.1
45.0 46.5 4 F 120.0 45.75 575.3 1.50 5,548 265 5,282 0.57 1.00 4 575.3 1.0
47.5 49.0 2 F 120.0 48.25 572.8 1.50 5,848 421 5,426 0.56 1.00 2 572.8 1.0
50.0 51.5 9 F 120.0 50.75 570.3 1.50 6,148 577 5,570 0.55 1.00 9 570.3 1.0
52.5 54.0 10 H 115.0 53.25 567.8 1.50 6,444 733 5,711 0.54 1.00 10 567.8 1.0
55.0 56.5 5 H 115.0 55.75 565.3 1.50 6,731 889 5,842 0.53 1.00 5 565.3 1.0
57.5 59.0 14 I 125.0 58.25 562.8 1.50 7,026 1,045 5,981 0.52 1.00 13 562.8 1.0
60.0 61.5 9 I 125.0 60.75 560.3 1.50 7,339 1,201 6,138 0.52 1.00 8 560.3 0.9
65.0 66.5 13 H 115.0 65.75 555.3 1.50 7,956 1,513 6,443 0.50 1.00 12 555.3 0.9
70.0 71.5 42 I 125.0 70.75 550.3 1.50 8,539 1,825 6,714 0.48 1.00 37 550.3 0.9
75.0 76.5 46 I 125.0 75.75 545.3 1.50 9,164 2,137 7,027 0.47 1.00 39 545.3 0.8
80.0 81.5 74 H 115.0 80.75 540.3 1.50 9,781 2,449 7,332 0.45 1.00 61 540.3 0.8

6.875
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 1.5 3.0 11 A 125.0 2.25 612.8 1.50 281 0 281 1.64 0.75 25 612.8 2.2
Unit Weight of Ground Water pcf 3.0 4.5 10 A 125.0 3.75 611.3 1.50 469 0 469 1.53 0.75 21 611.3 2.1
Borehole Diameter inches 4.5 6.0 11 A 125.0 5.25 609.8 1.50 656 0 656 1.44 0.80 23 609.8 2.1

6.0 7.5 1 A 125.0 6.75 608.3 1.50 844 0 844 1.36 0.80 2 608.3 2.0
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 7.5 9.0 2 A 125.0 8.25 606.8 1.50 1,031 0 1,031 1.28 0.85 4 606.8 2.0

9.0 10.5 2 A 125.0 9.75 605.3 1.50 1,219 0 1,219 1.22 0.85 4 605.3 1.9
Overburden Pressure, CN 10.5 12.0 5 A 125.0 11.25 603.8 1.50 1,406 0 1,406 1.16 0.85 9 603.8 1.8

CN = 2.2 / (1.2 + ′vo/2000) 12.0 13.5 1 A 125.0 12.75 602.3 1.50 1,594 0 1,594 1.10 0.85 2 602.3 1.7
Energy Ratio, CE 13.5 15.0 3 A 125.0 14.25 600.8 1.50 1,781 0 1,781 1.05 0.85 5 600.8 1.6

CE = 0.5-1.0 (donut hammer); 15.0 16.5 3 A 125.0 15.75 599.3 1.50 1,969 0 1,969 1.01 0.95 5 599.3 1.7
CE = 0.7-1.2 (safety hammer); 16.5 18.0 2 A 125.0 17.25 597.8 1.50 2,156 0 2,156 0.97 0.95 3 597.8 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 18.0 19.5 2 A 125.0 18.75 596.3 1.50 2,344 0 2,344 0.93 0.95 3 596.3 1.6

Borehole Diameter, CB 19.5 21.0 1 A 125.0 20.25 594.8 1.50 2,531 0 2,531 0.89 0.95 2 594.8 1.5
CB = 1.0 (65-115 mm); 21.0 22.5 2 A 125.0 21.75 593.3 1.50 2,719 0 2,719 0.86 0.95 3 593.3 1.5
CB = 1.05 (150 mm); 22.5 24.0 2 A 125.0 23.25 591.8 1.50 2,906 0 2,906 0.83 0.95 3 591.8 1.4
CB = 1.15 (200 mm) 24.0 25.5 2 A 125.0 24.75 590.3 1.50 3,094 0 3,094 0.80 0.95 3 590.3 1.4

Rod Length, CR 25.5 27.0 2 A 125.0 26.25 588.8 1.50 3,281 0 3,281 0.77 0.95 3 588.8 1.3
Assumed Rod Stickup feet 27.0 28.5 1 F 120.0 27.75 587.3 1.50 3,465 0 3,465 0.75 0.95 1 587.3 1.3
CR = 0.75 (< 3 m); 0.8 (3-4 m); 28.5 30.0 2 F 120.0 29.25 585.8 1.50 3,645 0 3,645 0.73 1.00 3 585.8 1.3
CR = 0.85 (4-6 m); 0.95 (6-10 m); 30.0 31.5 3 F 120.0 30.75 584.3 1.50 3,825 0 3,825 0.71 1.00 4 584.3 1.3
CR = 1.0 (10-30 m) 31.5 33.0 4 F 120.0 32.25 582.8 1.50 4,005 0 4,005 0.69 1.00 5 582.8 1.2

Sampling Method, CS 33.0 34.5 4 C 130.0 33.75 581.3 1.50 4,193 0 4,193 0.67 1.00 5 581.3 1.2
CS = 1.0 (standard sampler); 36.5 38.0 3 F 120.0 37.25 577.8 1.50 4,640 0 4,640 0.63 1.00 3 577.8 1.1
CS = 1.1-1.3 (sampler without liners) 38.0 39.5 0 F 120.0 38.75 576.3 1.50 4,820 59 4,761 0.61 1.00 0 576.3 --

39.5 41.0 4 H 115.0 40.25 574.8 1.50 4,996 153 4,843 0.61 1.00 4 574.8 1.1
41.0 42.5 7 H 115.0 41.75 573.3 1.50 5,169 246 4,922 0.60 1.00 8 573.3 1.1
42.5 44.0 8 H 115.0 43.25 571.8 1.50 5,341 340 5,001 0.59 1.00 9 571.8 1.1
45.0 46.5 4 F 120.0 45.75 569.3 1.50 5,633 496 5,136 0.58 1.00 4 569.3 1.1
50.0 51.5 6 F 120.0 50.75 564.3 1.50 6,233 808 5,424 0.56 1.00 6 564.3 1.0
52.5 54.0 9 H 115.0 53.25 561.8 1.50 6,529 964 5,565 0.55 1.00 9 561.8 1.0
55.0 56.5 2 F 120.0 55.75 559.3 1.50 6,820 1,120 5,700 0.54 1.00 2 559.3 1.0
57.5 59.0 1 C 130.0 58.25 556.8 1.50 7,128 1,276 5,851 0.53 1.00 1 556.8 1.0
60.0 61.5 0 C 130.0 60.75 554.3 1.50 7,453 1,432 6,020 0.52 1.00 0 554.3 --
62.5 64.0 6 C 130.0 63.25 551.8 1.50 7,778 1,588 6,189 0.51 1.00 6 551.8 0.9
65.0 66.5 14 C 130.0 65.75 549.3 1.50 8,103 1,744 6,358 0.50 1.00 13 549.3 0.9
67.5 69.0 11 H 115.0 68.25 546.8 1.50 8,416 1,900 6,516 0.49 1.00 10 546.8 0.9
70.0 71.5 5 F 120.0 70.75 544.3 1.50 8,708 2,056 6,651 0.49 1.00 4 544.3 0.9
72.5 74.0 7 F 120.0 73.25 541.8 1.50 9,008 2,212 6,795 0.48 1.00 6 541.8 0.9
75.0 76.5 50/0.4 H 115.0 75.75 539.3 1.50 9,304 2,368 6,936 0.47 1.00 539.3 --
80.0 81.5 63 H 115.0 80.75 534.3 1.50 9,879 2,680 7,199 0.46 1.00 52 534.3 0.8

6.875

See Table
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 3 B 125.0 0.75 594.3 1.50 94 0 94 1.76 0.75 7 594.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 2 G 115.0 2.25 592.8 1.50 274 0 274 1.65 0.75 4 592.8 2.2
Borehole Diameter inches 3.0 4.5 3 G 115.0 3.75 591.3 1.50 446 0 446 1.55 0.75 6 591.3 2.1

4.5 6.0 1 G 115.0 5.25 589.8 1.50 619 0 619 1.46 0.80 2 589.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 1 G 115.0 6.75 588.3 1.50 791 0 791 1.38 0.80 2 588.3 2.0

7.5 9.0 0 B 125.0 8.25 586.8 1.50 971 0 971 1.31 0.85 0 586.8 --
Overburden Pressure, CN 9.0 10.5 0 B 125.0 9.75 585.3 1.50 1,159 0 1,159 1.24 0.85 0 585.3 --

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 1 D 125.0 11.25 583.8 1.50 1,346 0 1,346 1.17 0.85 2 583.8 1.8
Energy Ratio, CE 12.0 13.5 0 B 125.0 12.75 582.3 1.50 1,534 0 1,534 1.12 0.85 0 582.3 --

CE = 0.5-1.0 (donut hammer); 13.5 15.0 0 B 125.0 14.25 580.8 1.50 1,721 0 1,721 1.07 0.85 0 580.8 --
CE = 0.7-1.2 (safety hammer); 15.0 16.5 2 G 115.0 15.75 579.3 1.50 1,901 0 1,901 1.02 0.95 4 579.3 1.8
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 0 G 115.0 17.25 577.8 1.50 2,074 0 2,074 0.98 0.95 0 577.8 --

Borehole Diameter, CB 18.0 19.5 2 G 115.0 18.75 576.3 1.50 2,246 3 2,243 0.95 0.95 3 576.3 1.6
CB = 1.0 (65-115 mm); 19.5 21.0 0 B 125.0 20.25 574.8 1.50 2,426 97 2,330 0.93 0.95 0 574.8 --
CB = 1.05 (150 mm); 21.0 22.5 10 B 125.0 21.75 573.3 1.50 2,614 190 2,423 0.91 0.95 16 573.3 1.6
CB = 1.15 (200 mm) 22.5 23.4 50/0.4 D 125.0 22.95 572.1 0.90 2,764 265 2,499 0.90 0.95 572.1 --

Rod Length, CR 24.0 25.5 1 D 125.0 24.75 570.3 1.50 2,989 378 2,611 0.88 0.95 2 570.3 1.5
Assumed Rod Stickup feet 25.5 27.0 3 D 125.0 26.25 568.8 1.50 3,176 471 2,705 0.86 0.95 4 568.8 1.5
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 6 F 120.0 27.75 567.3 1.50 3,360 565 2,795 0.85 0.95 9 567.3 1.5
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 4 F 120.0 29.25 565.8 1.50 3,540 658 2,882 0.83 1.00 6 565.8 1.5
CR = 1.0 (10-30 m) 30.0 31.5 3 F 120.0 30.75 564.3 1.50 3,720 752 2,968 0.82 1.00 4 564.3 1.5

Sampling Method, CS 31.5 33.0 3 F 120.0 32.25 562.8 1.50 3,900 846 3,054 0.81 1.00 4 562.8 1.5
CS = 1.0 (standard sampler); 33.0 34.5 1 B 125.0 33.75 561.3 1.50 4,084 939 3,145 0.79 1.00 1 561.3 1.4
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 2 F 120.0 35.25 559.8 1.50 4,268 1,033 3,235 0.78 1.00 3 559.8 1.4

36.0 37.5 2 F 120.0 36.75 558.3 1.50 4,448 1,126 3,321 0.77 1.00 3 558.3 1.4
37.5 39.0 4 B 125.0 38.25 556.8 1.50 4,631 1,220 3,411 0.76 1.00 5 556.8 1.4
39.0 40.5 6 H 115.0 39.75 555.3 1.50 4,811 1,314 3,498 0.75 1.00 8 555.3 1.4
42.5 44.0 9 H 115.0 43.25 551.8 1.50 5,214 1,532 3,682 0.72 1.00 12 551.8 1.3
45.0 46.5 26 H 115.0 45.75 549.3 1.50 5,501 1,688 3,813 0.71 1.00 33 549.3 1.3
47.5 49.0 20 H 115.0 48.25 546.8 1.50 5,789 1,844 3,945 0.69 1.00 25 546.8 1.3
50.0 51.5 34 H 115.0 50.75 544.3 1.50 6,076 2,000 4,076 0.68 1.00 42 544.3 1.2
52.5 54.0 43 H 115.0 53.25 541.8 1.50 6,364 2,156 4,208 0.67 1.00 52 541.8 1.2
55.0 56.5 36 H 115.0 55.75 539.3 1.50 6,651 2,312 4,339 0.65 1.00 43 539.3 1.2
57.5 58.9 50/0.4 M 160.0 58.20 536.8 1.40 6,965 2,465 4,500 0.64 1.00 536.8 --
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 1.5 3.0 2 B 125.0 2.25 598.8 1.50 281 0 281 1.64 0.75 4 598.8 2.2
Unit Weight of Ground Water pcf 3.0 4.5 0 B 125.0 3.75 597.3 1.50 469 0 469 1.53 0.75 0 597.3 --
Borehole Diameter inches 4.5 6.0 1 B 125.0 5.25 595.8 1.50 656 0 656 1.44 0.80 2 595.8 2.1

6.0 7.5 0 B 125.0 6.75 594.3 1.50 844 0 844 1.36 0.80 0 594.3 --
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 7.5 9.0 0 B 125.0 8.25 592.8 1.50 1,031 0 1,031 1.28 0.85 0 592.8 --

9.0 10.5 1 B 125.0 9.75 591.3 1.50 1,219 0 1,219 1.22 0.85 2 591.3 1.9
Overburden Pressure, CN 10.5 12.0 2 D 125.0 11.25 589.8 1.50 1,406 0 1,406 1.16 0.85 4 589.8 1.8

CN = 2.2 / (1.2 + ′vo/2000) 12.0 13.5 1 D 125.0 12.75 588.3 1.50 1,594 0 1,594 1.10 0.85 2 588.3 1.7
Energy Ratio, CE 13.5 15.0 1 B 125.0 14.25 586.8 1.50 1,781 0 1,781 1.05 0.85 2 586.8 1.6

CE = 0.5-1.0 (donut hammer); 15.0 16.5 4 G 115.0 15.75 585.3 1.50 1,961 0 1,961 1.01 0.95 7 585.3 1.7
CE = 0.7-1.2 (safety hammer); 16.5 18.0 1 B 125.0 17.25 583.8 1.50 2,141 0 2,141 0.97 0.95 2 583.8 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 18.0 19.5 4 G 115.0 18.75 582.3 1.50 2,321 0 2,321 0.93 0.95 6 582.3 1.6

Borehole Diameter, CB 19.5 21.0 1 B 125.0 20.25 580.8 1.50 2,501 78 2,423 0.91 0.95 2 580.8 1.6
CB = 1.0 (65-115 mm); 21.0 22.5 0 G 115.0 21.75 579.3 1.50 2,681 172 2,510 0.90 0.95 0 579.3 --
CB = 1.05 (150 mm); 22.5 24.0 8 B 125.0 23.25 577.8 1.50 2,861 265 2,596 0.88 0.95 12 577.8 1.5
CB = 1.15 (200 mm) 24.0 25.5 11 G 115.0 24.75 576.3 1.50 3,041 359 2,682 0.87 0.95 16 576.3 1.5

Rod Length, CR 25.5 27.0 7 H 115.0 26.25 574.8 1.50 3,214 452 2,761 0.85 0.95 10 574.8 1.5
Assumed Rod Stickup feet 27.0 28.5 7 F 120.0 27.75 573.3 1.50 3,390 546 2,844 0.84 0.95 10 573.3 1.4
CR = 0.75 (< 3 m); 0.8 (3-4 m); 28.5 30.0 7 G 115.0 29.25 571.8 1.50 3,566 640 2,927 0.83 1.00 10 571.8 1.5
CR = 0.85 (4-6 m); 0.95 (6-10 m); 30.0 31.5 4 H 115.0 30.75 570.3 1.50 3,739 733 3,006 0.81 1.00 6 570.3 1.5
CR = 1.0 (10-30 m) 31.5 33.0 8 H 115.0 32.25 568.8 1.50 3,911 827 3,084 0.80 1.00 12 568.8 1.5

Sampling Method, CS 33.0 34.5 5 H 115.0 33.75 567.3 1.50 4,084 920 3,163 0.79 1.00 7 567.3 1.4
CS = 1.0 (standard sampler); 34.5 36.0 7 H 115.0 35.25 565.8 1.50 4,256 1,014 3,242 0.78 1.00 10 565.8 1.4
CS = 1.1-1.3 (sampler without liners) 36.0 37.5 10 H 115.0 36.75 564.3 1.50 4,429 1,108 3,321 0.77 1.00 14 564.3 1.4

37.5 39.0 10 H 115.0 38.25 562.8 1.50 4,601 1,201 3,400 0.76 1.00 14 562.8 1.4
39.0 40.5 5 H 115.0 39.75 561.3 1.50 4,774 1,295 3,479 0.75 1.00 7 561.3 1.4
43.0 44.5 16 H 115.0 43.75 557.3 1.50 5,234 1,544 3,689 0.72 1.00 21 557.3 1.3
45.0 46.5 27 I 125.0 45.75 555.3 1.50 5,471 1,669 3,802 0.71 1.00 35 555.3 1.3
47.5 49.0 13 I 125.0 48.25 552.8 1.50 5,784 1,825 3,959 0.69 1.00 16 552.8 1.3
50.0 50.9 50/0.4 I 125.0 50.45 550.6 0.90 6,059 1,962 4,096 0.68 1.00 550.6 --
52.5 54.0 38 I 125.0 53.25 547.8 1.50 6,409 2,137 4,272 0.66 1.00 45 547.8 1.2
55.0 56.5 40 I 125.0 55.75 545.3 1.50 6,721 2,293 4,428 0.64 1.00 47 545.3 1.2
57.5 58.2 50/0.2 M 160.0 57.85 543.2 0.70 6,996 2,424 4,572 0.63 1.00 543.2 --
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 5 B 125.0 0.75 594.3 1.50 94 0 94 1.76 0.75 12 594.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 2 B 125.0 2.25 592.8 1.50 281 0 281 1.64 0.75 4 592.8 2.2
Borehole Diameter inches 3.0 4.5 2 B 125.0 3.75 591.3 1.50 469 0 469 1.53 0.75 4 591.3 2.1

4.5 6.0 17 B 125.0 5.25 589.8 1.50 656 0 656 1.44 0.80 36 589.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 8 G 115.0 6.75 588.3 1.50 836 0 836 1.36 0.80 16 588.3 2.0

7.5 9.0 3 G 115.0 8.25 586.8 1.50 1,009 0 1,009 1.29 0.85 6 586.8 2.0
Overburden Pressure, CN

CN = 2.2 / (1.2 + ′vo/2000)
Energy Ratio, CE

CE = 0.5-1.0 (donut hammer);
CE = 0.7-1.2 (safety hammer);
CE = 0.8-1.3 (automatic-trip donut-type hammer)

Borehole Diameter, CB

CB = 1.0 (65-115 mm);
CB = 1.05 (150 mm);
CB = 1.15 (200 mm)

Rod Length, CR

Assumed Rod Stickup feet
CR = 0.75 (< 3 m); 0.8 (3-4 m);
CR = 0.85 (4-6 m); 0.95 (6-10 m);
CR = 1.0 (10-30 m)

Sampling Method, CS

CS = 1.0 (standard sampler);
CS = 1.1-1.3 (sampler without liners)
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 4.0 5.5 5 B 125.0 4.75 599.3 1.50 594 0 594 1.47 0.75 10 599.3 2.0
Unit Weight of Ground Water pcf 5.5 7.0 4 B 125.0 6.25 597.8 1.50 781 0 781 1.38 0.80 8 597.8 2.0
Borehole Diameter inches 7.0 8.5 5 B 125.0 7.75 596.3 1.50 969 0 969 1.31 0.80 9 596.3 1.9

8.5 10.0 2 B 125.0 9.25 594.8 1.50 1,156 0 1,156 1.24 0.85 4 594.8 1.9
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 10.0 11.5 2 B 125.0 10.75 593.3 1.50 1,344 0 1,344 1.18 0.85 4 593.3 1.8

11.5 13.0 3 B 125.0 12.25 591.8 1.50 1,531 0 1,531 1.12 0.85 5 591.8 1.7
Overburden Pressure, CN 13.0 14.5 2 B 125.0 13.75 590.3 1.50 1,719 0 1,719 1.07 0.85 3 590.3 1.6

CN = 2.2 / (1.2 + ′vo/2000) 14.5 16.0 2 B 125.0 15.25 588.8 1.50 1,906 0 1,906 1.02 0.95 4 588.8 1.8
Energy Ratio, CE 16.0 17.5 3 B 125.0 16.75 587.3 1.50 2,094 0 2,094 0.98 0.95 5 587.3 1.7

CE = 0.5-1.0 (donut hammer); 17.5 19.0 0 D 125.0 18.25 585.8 1.50 2,281 0 2,281 0.94 0.95 0 585.8 --
CE = 0.7-1.2 (safety hammer); 19.0 20.5 0 B 125.0 19.75 584.3 1.50 2,469 0 2,469 0.90 0.95 0 584.3 --
CE = 0.8-1.3 (automatic-trip donut-type hammer) 20.5 22.0 3 B 125.0 21.25 582.8 1.50 2,656 0 2,656 0.87 0.95 5 582.8 1.5

Borehole Diameter, CB 22.0 23.5 6 H 115.0 22.75 581.3 1.50 2,836 0 2,836 0.84 0.95 9 581.3 1.4
CB = 1.0 (65-115 mm); 23.5 25.0 7 H 115.0 24.25 579.8 1.50 3,009 0 3,009 0.81 0.95 10 579.8 1.4
CB = 1.05 (150 mm); 25.0 26.5 10 H 115.0 25.75 578.3 1.50 3,181 0 3,181 0.79 0.95 14 578.3 1.4
CB = 1.15 (200 mm) 26.5 28.0 14 H 115.0 27.25 576.8 1.50 3,354 0 3,354 0.76 0.95 18 576.8 1.3

Rod Length, CR 28.0 29.5 6 H 115.0 28.75 575.3 1.50 3,526 0 3,526 0.74 1.00 8 575.3 1.3
Assumed Rod Stickup feet 29.5 31.0 7 H 115.0 30.25 573.8 1.50 3,699 0 3,699 0.72 1.00 9 573.8 1.3
CR = 0.75 (< 3 m); 0.8 (3-4 m); 31.0 32.5 13 H 115.0 31.75 572.3 1.50 3,871 47 3,824 0.71 1.00 17 572.3 1.3
CR = 0.85 (4-6 m); 0.95 (6-10 m); 32.5 34.0 5 H 115.0 33.25 570.8 1.50 4,044 140 3,903 0.70 1.00 6 570.8 1.3
CR = 1.0 (10-30 m) 34.0 35.5 7 H 115.0 34.75 569.3 1.50 4,216 234 3,982 0.69 1.00 9 569.3 1.3

Sampling Method, CS 35.5 37.0 8 I 125.0 36.25 567.8 1.50 4,396 328 4,069 0.68 1.00 10 567.8 1.2
CS = 1.0 (standard sampler); 37.0 38.5 9 I 125.0 37.75 566.3 1.50 4,584 421 4,163 0.67 1.00 11 566.3 1.2
CS = 1.1-1.3 (sampler without liners) 38.5 40.0 7 I 125.0 39.25 564.8 1.50 4,771 515 4,256 0.66 1.00 8 564.8 1.2

40.0 41.5 7 I 125.0 40.75 563.3 1.50 4,959 608 4,350 0.65 1.00 8 563.3 1.2
42.5 44.0 14 H 115.0 43.25 560.8 1.50 5,264 764 4,499 0.64 1.00 16 560.8 1.2
45.0 46.5 16 H 115.0 45.75 558.3 1.50 5,551 920 4,631 0.63 1.00 18 558.3 1.1
47.5 49.0 12 H 115.0 48.25 555.8 1.50 5,839 1,076 4,762 0.61 1.00 13 555.8 1.1
50.0 51.5 13 I 125.0 50.75 553.3 1.50 6,134 1,232 4,901 0.60 1.00 14 553.3 1.1
52.5 54.0 11 H 115.0 53.25 550.8 1.50 6,439 1,388 5,050 0.59 1.00 12 550.8 1.1
55.0 56.5 19 H 115.0 55.75 548.3 1.50 6,726 1,544 5,182 0.58 1.00 20 548.3 1.1
57.5 59.0 14 I 125.0 58.25 545.8 1.50 7,021 1,700 5,321 0.57 1.00 14 545.8 1.0
60.0 61.5 17 H 115.0 60.75 543.3 1.50 7,326 1,856 5,470 0.56 1.00 17 543.3 1.0
65.0 66.5 68 L 125.0 65.75 538.3 1.50 7,909 2,168 5,740 0.54 1.00 67 538.3 1.0
70.0 71.5 40 L 125.0 70.75 533.3 1.50 8,534 2,480 6,053 0.52 1.00 38 533.3 0.9
73.1 73.7 50/0.1 M 160.0 73.40 530.6 0.60 8,876 2,646 6,230 0.51 1.00 530.6 --
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 1.5 3.0 7 D 125.0 2.25 607.8 1.50 281 0 281 1.64 0.75 16 607.8 2.2
Unit Weight of Ground Water pcf 3.0 4.5 6 B 125.0 3.75 606.3 1.50 469 0 469 1.53 0.75 13 606.3 2.1
Borehole Diameter inches 4.5 6.0 5 B 125.0 5.25 604.8 1.50 656 0 656 1.44 0.80 10 604.8 2.1

6.0 7.5 7 B 125.0 6.75 603.3 1.50 844 0 844 1.36 0.80 14 603.3 2.0
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 7.5 9.0 7 G 115.0 8.25 601.8 1.50 1,024 0 1,024 1.29 0.85 14 601.8 2.0

9.0 10.5 7 G 115.0 9.75 600.3 1.50 1,196 0 1,196 1.22 0.85 13 600.3 1.9
Overburden Pressure, CN 10.5 12.0 5 B 125.0 11.25 598.8 1.50 1,376 0 1,376 1.17 0.85 9 598.8 1.8

CN = 2.2 / (1.2 + ′vo/2000) 12.0 13.5 6 B 125.0 12.75 597.3 1.50 1,564 0 1,564 1.11 0.85 10 597.3 1.7
Energy Ratio, CE 13.5 15.0 4 B 125.0 14.25 595.8 1.50 1,751 0 1,751 1.06 0.85 7 595.8 1.6

CE = 0.5-1.0 (donut hammer); 15.0 16.5 4 B 125.0 15.75 594.3 1.50 1,939 0 1,939 1.01 0.95 7 594.3 1.7
CE = 0.7-1.2 (safety hammer); 16.5 18.0 5 B 125.0 17.25 592.8 1.50 2,126 0 2,126 0.97 0.95 8 592.8 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 18.0 19.5 2 B 125.0 18.75 591.3 1.50 2,314 0 2,314 0.93 0.95 3 591.3 1.6

Borehole Diameter, CB 19.5 21.0 0 B 125.0 20.25 589.8 1.50 2,501 0 2,501 0.90 0.95 0 589.8 --
CB = 1.0 (65-115 mm); 21.0 22.5 3 B 125.0 21.75 588.3 1.50 2,689 0 2,689 0.86 0.95 4 588.3 1.5
CB = 1.05 (150 mm); 22.5 24.0 2 B 125.0 23.25 586.8 1.50 2,876 0 2,876 0.83 0.95 3 586.8 1.4
CB = 1.15 (200 mm) 24.0 25.5 2 B 125.0 24.75 585.3 1.50 3,064 0 3,064 0.81 0.95 3 585.3 1.4

Rod Length, CR 25.5 27.0 2 B 125.0 26.25 583.8 1.50 3,251 0 3,251 0.78 0.95 3 583.8 1.3
Assumed Rod Stickup feet 27.0 28.5 5 B 125.0 27.75 582.3 1.50 3,439 0 3,439 0.75 0.95 6 582.3 1.3
CR = 0.75 (< 3 m); 0.8 (3-4 m); 28.5 30.0 3 B 125.0 29.25 580.8 1.50 3,626 0 3,626 0.73 1.00 4 580.8 1.3
CR = 0.85 (4-6 m); 0.95 (6-10 m); 30.0 31.5 6 B 125.0 30.75 579.3 1.50 3,814 0 3,814 0.71 1.00 8 579.3 1.3
CR = 1.0 (10-30 m) 31.5 33.0 11 G 115.0 32.25 577.8 1.50 3,994 0 3,994 0.69 1.00 14 577.8 1.2

Sampling Method, CS 33.0 34.5 3 G 115.0 33.75 576.3 1.50 4,166 9 4,157 0.67 1.00 4 576.3 1.2
CS = 1.0 (standard sampler); 34.5 36.0 13 H 115.0 35.25 574.8 1.50 4,339 103 4,236 0.66 1.00 16 574.8 1.2
CS = 1.1-1.3 (sampler without liners) 36.0 37.5 4 H 115.0 36.75 573.3 1.50 4,511 197 4,315 0.66 1.00 5 573.3 1.2

37.5 39.0 9 B 125.0 38.25 571.8 1.50 4,691 290 4,401 0.65 1.00 11 571.8 1.2
39.0 40.5 9 G 115.0 39.75 570.3 1.50 4,871 384 4,487 0.64 1.00 10 570.3 1.2
40.5 42.0 11 G 115.0 41.25 568.8 1.50 5,044 477 4,566 0.63 1.00 13 568.8 1.1
42.0 43.5 14 G 115.0 42.75 567.3 1.50 5,216 571 4,645 0.62 1.00 16 567.3 1.1
43.5 45.0 12 G 115.0 44.25 565.8 1.50 5,389 665 4,724 0.62 1.00 13 565.8 1.1
45.0 46.5 11 H 115.0 45.75 564.3 1.50 5,561 758 4,803 0.61 1.00 12 564.3 1.1
47.5 49.0 17 H 115.0 48.25 561.8 1.50 5,849 914 4,935 0.60 1.00 19 561.8 1.1
50.0 51.5 8 G 115.0 50.75 559.3 1.50 6,136 1,070 5,066 0.59 1.00 9 559.3 1.1
52.5 54.0 10 I 125.0 53.25 556.8 1.50 6,431 1,226 5,205 0.58 1.00 11 556.8 1.1
55.0 56.5 11 I 125.0 55.75 554.3 1.50 6,744 1,382 5,362 0.57 1.00 11 554.3 1.0
57.5 59.0 9 I 125.0 58.25 551.8 1.50 7,056 1,538 5,518 0.56 1.00 9 551.8 1.0
60.0 61.5 24 I 125.0 60.75 549.3 1.50 7,369 1,694 5,675 0.54 1.00 24 549.3 1.0
65.0 66.5 50 I 125.0 65.75 544.3 1.50 7,994 2,006 5,988 0.52 1.00 48 544.3 1.0
70.0 71.5 28 I 125.0 70.75 539.3 1.50 8,619 2,318 6,301 0.51 1.00 26 539.3 0.9
75.0 75.3 50/0.3 M 160.0 75.15 534.9 0.30 9,174 2,593 6,581 0.49 1.00 534.9 --
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 1.5 3.0 4 D 125.0 2.25 611.8 1.50 281 0 281 1.64 0.75 9 611.8 2.2
Unit Weight of Ground Water pcf 3.0 4.5 5 D 125.0 3.75 610.3 1.50 469 0 469 1.53 0.75 10 610.3 2.1
Borehole Diameter inches 4.5 6.0 5 D 125.0 5.25 608.8 1.50 656 0 656 1.44 0.80 10 608.8 2.1

6.0 7.5 5 B 125.0 6.75 607.3 1.50 844 0 844 1.36 0.80 10 607.3 2.0
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 7.5 9.0 7 B 125.0 8.25 605.8 1.50 1,031 0 1,031 1.28 0.85 14 605.8 2.0

9.0 10.5 5 B 125.0 9.75 604.3 1.50 1,219 0 1,219 1.22 0.85 9 604.3 1.9
Overburden Pressure, CN 10.5 12.0 4 B 125.0 11.25 602.8 1.50 1,406 0 1,406 1.16 0.85 7 602.8 1.8

CN = 2.2 / (1.2 + ′vo/2000) 12.0 13.5 5 B 125.0 12.75 601.3 1.50 1,594 0 1,594 1.10 0.85 8 601.3 1.7
Energy Ratio, CE 13.5 15.0 4 B 125.0 14.25 599.8 1.50 1,781 0 1,781 1.05 0.85 6 599.8 1.6

CE = 0.5-1.0 (donut hammer); 15.0 16.5 5 B 125.0 15.75 598.3 1.50 1,969 0 1,969 1.01 0.95 9 598.3 1.7
CE = 0.7-1.2 (safety hammer); 16.5 18.0 5 B 125.0 17.25 596.8 1.50 2,156 0 2,156 0.97 0.95 8 596.8 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 18.0 19.5 4 B 125.0 18.75 595.3 1.50 2,344 0 2,344 0.93 0.95 6 595.3 1.6

Borehole Diameter, CB 19.5 21.0 4 B 125.0 20.25 593.8 1.50 2,531 0 2,531 0.89 0.95 6 593.8 1.5
CB = 1.0 (65-115 mm); 21.0 22.5 5 B 125.0 21.75 592.3 1.50 2,719 0 2,719 0.86 0.95 7 592.3 1.5
CB = 1.05 (150 mm); 22.5 24.0 5 H 115.0 23.25 590.8 1.50 2,899 17 2,882 0.83 0.95 7 590.8 1.4
CB = 1.15 (200 mm) 24.0 25.5 7 D 125.0 24.75 589.3 1.50 3,079 110 2,968 0.82 0.95 10 589.3 1.4

Rod Length, CR 25.5 27.0 5 D 125.0 26.25 587.8 1.50 3,266 204 3,062 0.81 0.95 7 587.8 1.4
Assumed Rod Stickup feet 27.0 28.5 6 H 115.0 27.75 586.3 1.50 3,446 298 3,149 0.79 0.95 8 586.3 1.4
CR = 0.75 (< 3 m); 0.8 (3-4 m); 28.5 30.0 10 H 115.0 29.25 584.8 1.50 3,619 391 3,228 0.78 1.00 14 584.8 1.4
CR = 0.85 (4-6 m); 0.95 (6-10 m); 30.0 31.5 13 H 115.0 30.75 583.3 1.50 3,791 485 3,306 0.77 1.00 18 583.3 1.4
CR = 1.0 (10-30 m) 31.5 33.0 23 H 115.0 32.25 581.8 1.50 3,964 578 3,385 0.76 1.00 32 581.8 1.4

Sampling Method, CS 33.0 34.5 11 H 115.0 33.75 580.3 1.50 4,136 672 3,464 0.75 1.00 15 580.3 1.4
CS = 1.0 (standard sampler); 34.5 36.0 10 H 115.0 35.25 578.8 1.50 4,309 766 3,543 0.74 1.00 13 578.8 1.3
CS = 1.1-1.3 (sampler without liners) 36.0 37.5 9 B 125.0 36.75 577.3 1.50 4,489 859 3,630 0.73 1.00 12 577.3 1.3

37.5 39.0 9 D 125.0 38.25 575.8 1.50 4,676 953 3,723 0.72 1.00 12 575.8 1.3
39.0 40.5 12 I 125.0 39.75 574.3 1.50 4,864 1,046 3,817 0.71 1.00 15 574.3 1.3
40.5 42.0 6 I 125.0 41.25 572.8 1.50 5,051 1,140 3,911 0.70 1.00 8 572.8 1.3
42.5 44.0 11 I 125.0 43.25 570.8 1.50 5,301 1,265 4,036 0.68 1.00 14 570.8 1.2
45.0 46.5 9 I 125.0 45.75 568.3 1.50 5,614 1,421 4,193 0.67 1.00 11 568.3 1.2
47.5 49.0 8 H 115.0 48.25 565.8 1.50 5,919 1,577 4,342 0.65 1.00 9 565.8 1.2
50.0 51.5 9 H 115.0 50.75 563.3 1.50 6,206 1,733 4,473 0.64 1.00 10 563.3 1.2
52.5 54.0 8 H 115.0 53.25 560.8 1.50 6,494 1,889 4,605 0.63 1.00 9 560.8 1.1
55.0 56.5 12 H 115.0 55.75 558.3 1.50 6,781 2,045 4,736 0.62 1.00 13 558.3 1.1
57.5 59.0 11 H 115.0 58.25 555.8 1.50 7,069 2,201 4,868 0.61 1.00 12 555.8 1.1
60.0 61.5 24 H 115.0 60.75 553.3 1.50 7,356 2,357 4,999 0.59 1.00 26 553.3 1.1
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 1.5 3.0 7 B 125.0 2.25 610.8 1.50 281 0 281 1.64 0.75 16 610.8 2.2
Unit Weight of Ground Water pcf 3.0 4.5 7 B 125.0 3.75 609.3 1.50 469 0 469 1.53 0.75 15 609.3 2.1
Borehole Diameter inches 4.5 6.0 6 B 125.0 5.25 607.8 1.50 656 0 656 1.44 0.80 13 607.8 2.1

6.0 7.5 6 H 115.0 6.75 606.3 1.50 836 0 836 1.36 0.80 12 606.3 2.0
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 7.5 9.0 5 H 115.0 8.25 604.8 1.50 1,009 0 1,009 1.29 0.85 10 604.8 2.0

9.0 10.5 4 H 115.0 9.75 603.3 1.50 1,181 0 1,181 1.23 0.85 8 603.3 1.9
Overburden Pressure, CN 10.5 12.0 5 H 115.0 11.25 601.8 1.50 1,354 0 1,354 1.17 0.85 9 601.8 1.8

CN = 2.2 / (1.2 + ′vo/2000) 12.0 13.5 6 H 115.0 12.75 600.3 1.50 1,526 0 1,526 1.12 0.85 10 600.3 1.7
Energy Ratio, CE 13.5 15.0 5 H 115.0 14.25 598.8 1.50 1,699 0 1,699 1.07 0.85 8 598.8 1.7

CE = 0.5-1.0 (donut hammer); 15.0 16.5 5 H 115.0 15.75 597.3 1.50 1,871 0 1,871 1.03 0.95 9 597.3 1.8
CE = 0.7-1.2 (safety hammer); 16.5 18.0 5 B 125.0 17.25 595.8 1.50 2,051 0 2,051 0.99 0.95 9 595.8 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 18.0 19.5 6 B 125.0 18.75 594.3 1.50 2,239 0 2,239 0.95 0.95 10 594.3 1.6

Borehole Diameter, CB 19.5 21.0 3 H 115.0 20.25 592.8 1.50 2,419 0 2,419 0.91 0.95 5 592.8 1.6
CB = 1.0 (65-115 mm); 21.0 22.5 4 H 115.0 21.75 591.3 1.50 2,591 0 2,591 0.88 0.95 6 591.3 1.5
CB = 1.05 (150 mm); 22.5 24.0 4 B 125.0 23.25 589.8 1.50 2,771 0 2,771 0.85 0.95 6 589.8 1.5
CB = 1.15 (200 mm) 24.0 25.5 4 B 125.0 24.75 588.3 1.50 2,959 0 2,959 0.82 0.95 6 588.3 1.4

Rod Length, CR 25.5 27.0 3 B 125.0 26.25 586.8 1.50 3,146 9 3,137 0.79 0.95 4 586.8 1.4
Assumed Rod Stickup feet 27.0 28.5 3 B 125.0 27.75 585.3 1.50 3,334 103 3,231 0.78 0.95 4 585.3 1.3
CR = 0.75 (< 3 m); 0.8 (3-4 m); 28.5 30.0 2 B 125.0 29.25 583.8 1.50 3,521 197 3,325 0.77 1.00 3 583.8 1.4
CR = 0.85 (4-6 m); 0.95 (6-10 m); 30.0 31.5 3 H 115.0 30.75 582.3 1.50 3,701 290 3,411 0.76 1.00 4 582.3 1.4
CR = 1.0 (10-30 m) 31.5 33.0 5 B 125.0 32.25 580.8 1.50 3,881 384 3,497 0.75 1.00 7 580.8 1.4

Sampling Method, CS 33.0 34.5 9 B 125.0 33.75 579.3 1.50 4,069 477 3,591 0.73 1.00 12 579.3 1.3
CS = 1.0 (standard sampler); 34.5 36.0 9 H 115.0 35.25 577.8 1.50 4,249 571 3,678 0.72 1.00 12 577.8 1.3
CS = 1.1-1.3 (sampler without liners) 36.0 37.5 9 H 115.0 36.75 576.3 1.50 4,421 665 3,757 0.71 1.00 12 576.3 1.3

37.5 39.0 7 H 115.0 38.25 574.8 1.50 4,594 758 3,836 0.71 1.00 9 574.8 1.3
39.0 40.5 10 B 125.0 39.75 573.3 1.50 4,774 852 3,922 0.70 1.00 13 573.3 1.3
40.5 42.0 11 H 115.0 41.25 571.8 1.50 4,954 945 4,008 0.69 1.00 14 571.8 1.2
42.5 44.0 5 D 125.0 43.25 569.8 1.50 5,191 1,070 4,121 0.67 1.00 6 569.8 1.2
45.0 46.5 16 D 125.0 45.75 567.3 1.50 5,504 1,226 4,278 0.66 1.00 19 567.3 1.2
47.5 49.0 6 D 125.0 48.25 564.8 1.50 5,816 1,382 4,434 0.64 1.00 7 564.8 1.2
50.0 51.5 12 H 115.0 50.75 562.3 1.50 6,121 1,538 4,583 0.63 1.00 14 562.3 1.1
52.5 54.0 11 H 115.0 53.25 559.8 1.50 6,409 1,694 4,715 0.62 1.00 12 559.8 1.1
55.0 56.5 13 H 115.0 55.75 557.3 1.50 6,696 1,850 4,846 0.61 1.00 14 557.3 1.1
57.5 59.0 10 H 115.0 58.25 554.8 1.50 6,984 2,006 4,978 0.60 1.00 11 554.8 1.1
60.0 61.5 11 H 115.0 60.75 552.3 1.50 7,271 2,162 5,109 0.59 1.00 12 552.3 1.1

6.875
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 1.5 3.0 4 H 115.0 2.25 613.8 1.50 259 0 259 1.65 0.75 9 613.8 2.3
Unit Weight of Ground Water pcf 3.0 4.5 2 H 115.0 3.75 612.3 1.50 431 0 431 1.55 0.75 4 612.3 2.1
Borehole Diameter inches 4.5 6.0 2 H 115.0 5.25 610.8 1.50 604 0 604 1.46 0.80 4 610.8 2.1

6.0 7.5 0 H 115.0 6.75 609.3 1.50 776 0 776 1.39 0.80 0 609.3 --
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 7.5 9.0 3 H 115.0 8.25 607.8 1.50 949 0 949 1.31 0.85 6 607.8 2.0

9.0 10.5 2 F 120.0 9.75 606.3 1.50 1,125 0 1,125 1.25 0.85 4 606.3 1.9
Overburden Pressure, CN 10.5 12.0 3 G 115.0 11.25 604.8 1.50 1,301 0 1,301 1.19 0.85 6 604.8 1.8

CN = 2.2 / (1.2 + ′vo/2000) 12.0 13.5 3 G 115.0 12.75 603.3 1.50 1,474 0 1,474 1.14 0.85 5 603.3 1.8
Energy Ratio, CE 13.5 15.0 2 G 115.0 14.25 601.8 1.50 1,646 0 1,646 1.09 0.85 3 601.8 1.7

CE = 0.5-1.0 (donut hammer); 15.0 16.5 2 G 115.0 15.75 600.3 1.50 1,819 0 1,819 1.04 0.95 4 600.3 1.8
CE = 0.7-1.2 (safety hammer); 16.5 18.0 1 G 115.0 17.25 598.8 1.50 1,991 0 1,991 1.00 0.95 2 598.8 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 18.0 19.5 3 G 115.0 18.75 597.3 1.50 2,164 0 2,164 0.96 0.95 5 597.3 1.7

Borehole Diameter, CB 19.5 21.0 4 G 115.0 20.25 595.8 1.50 2,336 0 2,336 0.93 0.95 6 595.8 1.6
CB = 1.0 (65-115 mm); 21.0 22.5 2 B 125.0 21.75 594.3 1.50 2,516 0 2,516 0.89 0.95 3 594.3 1.5
CB = 1.05 (150 mm); 22.5 24.0 4 B 125.0 23.25 592.8 1.50 2,704 0 2,704 0.86 0.95 6 592.8 1.5
CB = 1.15 (200 mm) 24.0 25.5 2 B 125.0 24.75 591.3 1.50 2,891 0 2,891 0.83 0.95 3 591.3 1.4

Rod Length, CR 25.5 27.0 1 B 125.0 26.25 589.8 1.50 3,079 0 3,079 0.80 0.95 1 589.8 1.4
Assumed Rod Stickup feet 27.0 28.5 0 D 125.0 27.75 588.3 1.50 3,266 0 3,266 0.78 0.95 0 588.3 --
CR = 0.75 (< 3 m); 0.8 (3-4 m); 28.5 30.0 0 B 125.0 29.25 586.8 1.50 3,454 0 3,454 0.75 1.00 0 586.8 --
CR = 0.85 (4-6 m); 0.95 (6-10 m); 30.0 31.5 0 B 125.0 30.75 585.3 1.50 3,641 0 3,641 0.73 1.00 0 585.3 --
CR = 1.0 (10-30 m) 31.5 33.0 1 B 125.0 32.25 583.8 1.50 3,829 0 3,829 0.71 1.00 1 583.8 1.3

Sampling Method, CS 33.0 34.5 3 B 125.0 33.75 582.3 1.50 4,016 0 4,016 0.69 1.00 4 582.3 1.2
CS = 1.0 (standard sampler); 34.5 36.0 3 F 120.0 35.25 580.8 1.50 4,200 0 4,200 0.67 1.00 4 580.8 1.2
CS = 1.1-1.3 (sampler without liners) 36.0 37.5 0 F 120.0 36.75 579.3 1.50 4,380 0 4,380 0.65 1.00 0 579.3 --

37.5 39.0 7 F 120.0 38.25 577.8 1.50 4,560 78 4,482 0.64 1.00 8 577.8 1.2
39.0 40.5 4 F 120.0 39.75 576.3 1.50 4,740 172 4,568 0.63 1.00 5 576.3 1.1
40.5 42.0 3 H 115.0 41.25 574.8 1.50 4,916 265 4,651 0.62 1.00 3 574.8 1.1
42.5 44.0 14 H 115.0 43.25 572.8 1.50 5,146 390 4,756 0.61 1.00 16 572.8 1.1
45.0 46.5 7 B 125.0 45.75 570.3 1.50 5,441 546 4,895 0.60 1.00 8 570.3 1.1
47.5 49.0 4 B 125.0 48.25 567.8 1.50 5,754 702 5,052 0.59 1.00 4 567.8 1.1
50.0 51.5 70 H 115.0 50.75 565.3 1.50 6,059 858 5,201 0.58 1.00 74 565.3 1.1
52.5 54.0 6 H 115.0 53.25 562.8 1.50 6,346 1,014 5,332 0.57 1.00 6 562.8 1.0
55.0 56.5 9 H 115.0 55.75 560.3 1.50 6,634 1,170 5,464 0.56 1.00 9 560.3 1.0
57.5 59.0 6 H 115.0 58.25 557.8 1.50 6,921 1,326 5,595 0.55 1.00 6 557.8 1.0
60.0 61.5 10 H 115.0 60.75 555.3 1.50 7,209 1,482 5,727 0.54 1.00 10 555.3 1.0
65.0 66.5 5 H 115.0 65.75 550.3 1.50 7,784 1,794 5,990 0.52 1.00 5 550.3 1.0
70.0 71.5 12 H 115.0 70.75 545.3 1.50 8,359 2,106 6,253 0.51 1.00 11 545.3 0.9
75.0 76.5 55 I 125.0 75.75 540.3 1.50 8,941 2,418 6,523 0.49 1.00 49 540.3 0.9
80.0 81.5 34 H 115.0 80.75 535.3 1.50 9,559 2,730 6,829 0.48 1.00 29 535.3 0.9

Johnson County Section 202 Study A. Tran 05 Aug 2019
N-Value Corrections

Nm

(bpf)
wet

(pcf)
zmid

(feet)

1.10

CR
(N1)60

(bpf)
ELmid

(ft)37.0
579.000

62.4

ELmid

(ft)
H

(feet)
vo

(psf)
u

(psf)
′vo

(psf)
CN

616.000 ztop

(feet)
zbot

(feet)

6.875

See Table

1.50

1.10

5.0

Version 04012005 SPT N-values.xlsx: 214-ADC
1261|Page Volume 2 Tab 2 Geotechnical



Project: Prepared By: Date:
Subject: Checked By: Date:

Reviewed By: Date:
Approved By: Date:

Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 15 A 125.0 0.75 604.3 1.50 94 0 94 1.76 0.75 36 604.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 9 A 125.0 2.25 602.8 1.50 281 0 281 1.64 0.75 20 602.8 2.2
Borehole Diameter inches 3.0 4.5 8 A 125.0 3.75 601.3 1.50 469 0 469 1.53 0.75 17 601.3 2.1

4.5 6.0 5 A 125.0 5.25 599.8 1.50 656 0 656 1.44 0.80 10 599.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 5 A 125.0 6.75 598.3 1.50 844 0 844 1.36 0.80 10 598.3 2.0

7.5 9.0 14 A 125.0 8.25 596.8 1.50 1,031 0 1,031 1.28 0.85 28 596.8 2.0
Overburden Pressure, CN 9.0 10.5 5 B 125.0 9.75 595.3 1.50 1,219 0 1,219 1.22 0.85 9 595.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 4 B 125.0 11.25 593.8 1.50 1,406 0 1,406 1.16 0.85 7 593.8 1.8
Energy Ratio, CE 12.0 13.5 3 B 125.0 12.75 592.3 1.50 1,594 0 1,594 1.10 0.85 5 592.3 1.7

CE = 0.5-1.0 (donut hammer); 13.5 15.0 3 B 125.0 14.25 590.8 1.50 1,781 0 1,781 1.05 0.85 5 590.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 3 B 125.0 15.75 589.3 1.50 1,969 0 1,969 1.01 0.95 5 589.3 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 6 B 125.0 17.25 587.8 1.50 2,156 0 2,156 0.97 0.95 10 587.8 1.7

Borehole Diameter, CB 18.0 19.5 6 B 125.0 18.75 586.3 1.50 2,344 0 2,344 0.93 0.95 10 586.3 1.6
CB = 1.0 (65-115 mm); 19.5 21.0 11 H 115.0 20.25 584.8 1.50 2,524 0 2,524 0.89 0.95 17 584.8 1.5
CB = 1.05 (150 mm); 21.0 22.5 10 H 115.0 21.75 583.3 1.50 2,696 0 2,696 0.86 0.95 15 583.3 1.5
CB = 1.15 (200 mm) 22.5 24.0 7 H 115.0 23.25 581.8 1.50 2,869 84 2,785 0.85 0.95 10 581.8 1.5

Rod Length, CR 24.0 25.5 19 H 115.0 24.75 580.3 1.50 3,041 178 2,863 0.84 0.95 27 580.3 1.4
Assumed Rod Stickup feet 25.5 27.0 7 I 125.0 26.25 578.8 1.50 3,221 271 2,950 0.82 0.95 10 578.8 1.4
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 6 I 125.0 27.75 577.3 1.50 3,409 365 3,044 0.81 0.95 8 577.3 1.4
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 7 I 125.0 29.25 575.8 1.50 3,596 459 3,138 0.79 1.00 10 575.8 1.4
CR = 1.0 (10-30 m) 30.0 31.5 5 I 125.0 30.75 574.3 1.50 3,784 552 3,232 0.78 1.00 7 574.3 1.4

Sampling Method, CS 31.5 33.0 8 H 115.0 32.25 572.8 1.50 3,964 646 3,318 0.77 1.00 11 572.8 1.4
CS = 1.0 (standard sampler); 33.0 34.5 4 H 115.0 33.75 571.3 1.50 4,136 739 3,397 0.76 1.00 6 571.3 1.4
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 8 I 125.0 35.25 569.8 1.50 4,316 833 3,483 0.75 1.00 11 569.8 1.4

36.0 37.5 8 H 115.0 36.75 568.3 1.50 4,496 927 3,570 0.74 1.00 11 568.3 1.3
37.5 39.0 13 I 125.0 38.25 566.8 1.50 4,676 1,020 3,656 0.73 1.00 17 566.8 1.3
39.0 40.5 12 I 125.0 39.75 565.3 1.50 4,864 1,114 3,750 0.72 1.00 16 565.3 1.3
40.5 42.0 18 I 125.0 41.25 563.8 1.50 5,051 1,207 3,844 0.70 1.00 23 563.8 1.3
42.5 44.0 10 I 125.0 43.25 561.8 1.50 5,301 1,332 3,969 0.69 1.00 13 561.8 1.3
45.0 46.5 8 D 125.0 45.75 559.3 1.50 5,614 1,488 4,126 0.67 1.00 10 559.3 1.2
47.5 49.0 13 H 115.0 48.25 556.8 1.50 5,919 1,644 4,275 0.66 1.00 16 556.8 1.2
50.0 51.5 5 F 120.0 50.75 554.3 1.50 6,210 1,800 4,410 0.65 1.00 6 554.3 1.2
52.5 54.0 6 F 120.0 53.25 551.8 1.50 6,510 1,956 4,554 0.63 1.00 7 551.8 1.1
55.0 56.5 8 G 115.0 55.75 549.3 1.50 6,806 2,112 4,694 0.62 1.00 9 549.3 1.1
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 1.5 3.0 6 A 125.0 2.25 606.8 1.50 281 0 281 1.64 0.75 13 606.8 2.2
Unit Weight of Ground Water pcf 3.0 4.5 7 A 125.0 3.75 605.3 1.50 469 0 469 1.53 0.75 15 605.3 2.1
Borehole Diameter inches 4.5 6.0 6 B 125.0 5.25 603.8 1.50 656 0 656 1.44 0.80 13 603.8 2.1

6.0 7.5 6 B 125.0 6.75 602.3 1.50 844 0 844 1.36 0.80 12 602.3 2.0
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 7.5 9.0 4 B 125.0 8.25 600.8 1.50 1,031 0 1,031 1.28 0.85 8 600.8 2.0

9.0 10.5 3 B 125.0 9.75 599.3 1.50 1,219 0 1,219 1.22 0.85 6 599.3 1.9
Overburden Pressure, CN 10.5 12.0 3 B 125.0 11.25 597.8 1.50 1,406 0 1,406 1.16 0.85 5 597.8 1.8

CN = 2.2 / (1.2 + ′vo/2000) 12.0 13.5 5 B 125.0 12.75 596.3 1.50 1,594 0 1,594 1.10 0.85 8 596.3 1.7
Energy Ratio, CE 13.5 15.0 0 B 125.0 14.25 594.8 1.50 1,781 0 1,781 1.05 0.85 0 594.8 --

CE = 0.5-1.0 (donut hammer); 15.0 16.5 2 B 125.0 15.75 593.3 1.50 1,969 0 1,969 1.01 0.95 3 593.3 1.7
CE = 0.7-1.2 (safety hammer); 16.5 18.0 3 H 115.0 17.25 591.8 1.50 2,149 78 2,071 0.98 0.95 5 591.8 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 18.0 19.5 2 H 115.0 18.75 590.3 1.50 2,321 172 2,150 0.97 0.95 3 590.3 1.7

Borehole Diameter, CB 19.5 21.0 0 H 115.0 20.25 588.8 1.50 2,494 265 2,229 0.95 0.95 0 588.8 --
CB = 1.0 (65-115 mm); 21.0 22.5 7 H 115.0 21.75 587.3 1.50 2,666 359 2,307 0.93 0.95 11 587.3 1.6
CB = 1.05 (150 mm); 22.5 24.0 6 H 115.0 23.25 585.8 1.50 2,839 452 2,386 0.92 0.95 10 585.8 1.6
CB = 1.15 (200 mm) 24.0 25.5 4 H 115.0 24.75 584.3 1.50 3,011 546 2,465 0.90 0.95 6 584.3 1.6

Rod Length, CR 25.5 27.0 2 G 115.0 26.25 582.8 1.50 3,184 640 2,544 0.89 0.95 3 582.8 1.5
Assumed Rod Stickup feet 27.0 28.5 3 H 115.0 27.75 581.3 1.50 3,356 733 2,623 0.88 0.95 5 581.3 1.5
CR = 0.75 (< 3 m); 0.8 (3-4 m); 28.5 30.0 6 E 130.0 29.25 579.8 1.50 3,540 827 2,713 0.86 1.00 9 579.8 1.6
CR = 0.85 (4-6 m); 0.95 (6-10 m); 30.0 31.5 6 H 115.0 30.75 578.3 1.50 3,724 920 2,803 0.85 1.00 9 578.3 1.5
CR = 1.0 (10-30 m) 31.5 33.0 12 I 125.0 32.25 576.8 1.50 3,904 1,014 2,890 0.83 1.00 18 576.8 1.5

Sampling Method, CS 33.0 34.5 6 B 125.0 33.75 575.3 1.50 4,091 1,108 2,984 0.82 1.00 9 575.3 1.5
CS = 1.0 (standard sampler); 34.5 36.0 6 B 125.0 35.25 573.8 1.50 4,279 1,201 3,078 0.80 1.00 9 573.8 1.5
CS = 1.1-1.3 (sampler without liners) 36.0 37.5 10 B 125.0 36.75 572.3 1.50 4,466 1,295 3,171 0.79 1.00 14 572.3 1.4

37.5 39.0 7 B 125.0 38.25 570.8 1.50 4,654 1,388 3,265 0.78 1.00 10 570.8 1.4
39.0 40.5 5 B 125.0 39.75 569.3 1.50 4,841 1,482 3,359 0.76 1.00 7 569.3 1.4
40.5 42.0 8 B 125.0 41.25 567.8 1.50 5,029 1,576 3,453 0.75 1.00 11 567.8 1.4
42.5 44.0 6 B 125.0 43.25 565.8 1.50 5,279 1,700 3,578 0.74 1.00 8 565.8 1.3
45.0 46.5 5 B 125.0 45.75 563.3 1.50 5,591 1,856 3,735 0.72 1.00 7 563.3 1.3
47.5 49.0 6 D 125.0 48.25 560.8 1.50 5,904 2,012 3,891 0.70 1.00 8 560.8 1.3
50.0 51.5 5 E 130.0 50.75 558.3 1.50 6,220 2,168 4,052 0.68 1.00 6 558.3 1.2
52.5 54.0 6 E 130.0 53.25 555.8 1.50 6,545 2,324 4,221 0.66 1.00 7 555.8 1.2
55.0 56.5 34 I 125.0 55.75 553.3 1.50 6,866 2,480 4,386 0.65 1.00 40 553.3 1.2
57.5 59.0 48 I 125.0 58.25 550.8 1.50 7,179 2,636 4,542 0.63 1.00 55 550.8 1.2
60.0 61.5 50/0.2 L 125.0 60.75 548.3 1.50 7,491 2,792 4,699 0.62 1.00 548.3 --

Johnson County Section 202 Study A. Tran 05 Aug 2019
N-Value Corrections

Nm

(bpf)
wet

(pcf)
zmid

(feet)

1.10

CR
(N1)60

(bpf)
ELmid

(ft)16.0
593.000

62.4

ELmid

(ft)
H

(feet)
vo

(psf)
u

(psf)
′vo

(psf)
CN

609.000 ztop

(feet)
zbot

(feet)

6.875

See Table

1.50

1.10

5.0

Version 04012005 SPT N-values.xlsx: 216-ADC
1263|Page Volume 2 Tab 2 Geotechnical



Project: Prepared By: Date:
Subject: Checked By: Date:

Reviewed By: Date:
Approved By: Date:

Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 1.5 3.0 5 A 125.0 2.25 604.8 1.50 281 0 281 1.64 0.75 11 604.8 2.2
Unit Weight of Ground Water pcf 3.0 4.5 6 A 125.0 3.75 603.3 1.50 469 0 469 1.53 0.75 13 603.3 2.1
Borehole Diameter inches 4.5 6.0 8 A 125.0 5.25 601.8 1.50 656 0 656 1.44 0.80 17 601.8 2.1

6.0 7.5 21 A 125.0 6.75 600.3 1.50 844 0 844 1.36 0.80 41 600.3 2.0
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 7.5 9.0 23 A 125.0 8.25 598.8 1.50 1,031 0 1,031 1.28 0.85 46 598.8 2.0

9.0 10.5 16 A 125.0 9.75 597.3 1.50 1,219 0 1,219 1.22 0.85 30 597.3 1.9
Overburden Pressure, CN 10.5 12.0 5 A 125.0 11.25 595.8 1.50 1,406 0 1,406 1.16 0.85 9 595.8 1.8

CN = 2.2 / (1.2 + ′vo/2000) 12.0 13.5 5 B 125.0 12.75 594.3 1.50 1,594 0 1,594 1.10 0.85 8 594.3 1.7
Energy Ratio, CE 13.5 15.0 4 B 125.0 14.25 592.8 1.50 1,781 0 1,781 1.05 0.85 6 592.8 1.6

CE = 0.5-1.0 (donut hammer); 15.0 16.5 2 B 125.0 15.75 591.3 1.50 1,969 22 1,947 1.01 0.95 3 591.3 1.7
CE = 0.7-1.2 (safety hammer); 16.5 18.0 1 B 125.0 17.25 589.8 1.50 2,156 115 2,041 0.99 0.95 2 589.8 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 18.0 19.5 2 B 125.0 18.75 588.3 1.50 2,344 209 2,135 0.97 0.95 3 588.3 1.7

Borehole Diameter, CB 19.5 21.0 0 B 125.0 20.25 586.8 1.50 2,531 303 2,229 0.95 0.95 0 586.8 --
CB = 1.0 (65-115 mm); 21.0 22.5 1 D 125.0 21.75 585.3 1.50 2,719 396 2,323 0.93 0.95 2 585.3 1.6
CB = 1.05 (150 mm); 22.5 24.0 2 D 125.0 23.25 583.8 1.50 2,906 490 2,416 0.91 0.95 3 583.8 1.6
CB = 1.15 (200 mm) 24.0 25.5 2 G 115.0 24.75 582.3 1.50 3,086 583 2,503 0.90 0.95 3 582.3 1.5

Rod Length, CR 25.5 27.0 2 G 115.0 26.25 580.8 1.50 3,259 677 2,582 0.88 0.95 3 580.8 1.5
Assumed Rod Stickup feet 27.0 28.5 2 D 125.0 27.75 579.3 1.50 3,439 771 2,668 0.87 0.95 3 579.3 1.5
CR = 0.75 (< 3 m); 0.8 (3-4 m); 28.5 30.0 11 G 115.0 29.25 577.8 1.50 3,619 864 2,755 0.85 1.00 17 577.8 1.5
CR = 0.85 (4-6 m); 0.95 (6-10 m); 30.0 31.5 10 H 115.0 30.75 576.3 1.50 3,791 958 2,833 0.84 1.00 15 576.3 1.5
CR = 1.0 (10-30 m) 31.5 33.0 9 H 115.0 32.25 574.8 1.50 3,964 1,051 2,912 0.83 1.00 14 574.8 1.5

Sampling Method, CS 33.0 34.5 4 I 125.0 33.75 573.3 1.50 4,144 1,145 2,999 0.82 1.00 6 573.3 1.5
CS = 1.0 (standard sampler); 34.5 36.0 7 I 125.0 35.25 571.8 1.50 4,331 1,239 3,093 0.80 1.00 10 571.8 1.5
CS = 1.1-1.3 (sampler without liners) 36.0 37.5 13 H 115.0 36.75 570.3 1.50 4,511 1,332 3,179 0.79 1.00 19 570.3 1.4

37.5 39.0 5 I 125.0 38.25 568.8 1.50 4,691 1,426 3,265 0.78 1.00 7 568.8 1.4
39.0 40.5 3 B 125.0 39.75 567.3 1.50 4,879 1,519 3,359 0.76 1.00 4 567.3 1.4
40.5 42.0 6 B 125.0 41.25 565.8 1.50 5,066 1,613 3,453 0.75 1.00 8 565.8 1.4
42.5 44.0 0 B 125.0 43.25 563.8 1.50 5,316 1,738 3,578 0.74 1.00 0 563.8 --
45.0 46.5 5 B 125.0 45.75 561.3 1.50 5,629 1,894 3,735 0.72 1.00 7 561.3 1.3
47.5 49.0 6 B 125.0 48.25 558.8 1.50 5,941 2,050 3,891 0.70 1.00 8 558.8 1.3
50.0 51.5 5 B 125.0 50.75 556.3 1.50 6,254 2,206 4,048 0.68 1.00 6 556.3 1.2
52.5 54.0 5 D 125.0 53.25 553.8 1.50 6,566 2,362 4,204 0.67 1.00 6 553.8 1.2
55.0 56.5 4 D 125.0 55.75 551.3 1.50 6,879 2,518 4,361 0.65 1.00 5 551.3 1.2
57.5 59.0 11 D 125.0 58.25 548.8 1.50 7,191 2,674 4,517 0.64 1.00 13 548.8 1.2
60.0 61.5 31 I 125.0 60.75 546.3 1.50 7,504 2,830 4,674 0.62 1.00 35 546.3 1.1
62.5 64.0 37 I 125.0 63.25 543.8 1.50 7,816 2,986 4,830 0.61 1.00 41 543.8 1.1
65.0 66.5 22 I 125.0 65.75 541.3 1.50 8,129 3,142 4,987 0.60 1.00 24 541.3 1.1
68.1 69.6 41 I 125.0 68.85 538.2 1.50 8,516 3,335 5,181 0.58 1.00 43 538.2 1.1
70.1 71.1 50/0.1 M 160.0 70.60 536.4 1.00 8,753 3,444 5,308 0.57 1.00 536.4 #VALUE!
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 4 A 125.0 0.75 622.3 1.50 94 0 94 1.76 0.75 10 622.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 4 B 125.0 2.25 620.8 1.50 281 0 281 1.64 0.75 9 620.8 2.2
Borehole Diameter inches 3.0 4.5 5 B 125.0 3.75 619.3 1.50 469 0 469 1.53 0.75 10 619.3 2.1

4.5 6.0 7 B 125.0 5.25 617.8 1.50 656 0 656 1.44 0.80 15 617.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 4 B 125.0 6.75 616.3 1.50 844 0 844 1.36 0.80 8 616.3 2.0

7.5 9.0 6 B 125.0 8.25 614.8 1.50 1,031 0 1,031 1.28 0.85 12 614.8 2.0
Overburden Pressure, CN 9.0 10.5 9 B 125.0 9.75 613.3 1.50 1,219 0 1,219 1.22 0.85 17 613.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 10 B 125.0 11.25 611.8 1.50 1,406 0 1,406 1.16 0.85 18 611.8 1.8
Energy Ratio, CE 12.0 13.5 11 C 130.0 12.75 610.3 1.50 1,598 0 1,598 1.10 0.85 19 610.3 1.7

CE = 0.5-1.0 (donut hammer); 13.5 15.0 4 C 130.0 14.25 608.8 1.50 1,793 0 1,793 1.05 0.85 6 608.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 4 F 120.0 15.75 607.3 1.50 1,980 0 1,980 1.00 0.95 7 607.3 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 6 F 120.0 17.25 605.8 1.50 2,160 90 2,070 0.98 0.95 10 605.8 1.7

Borehole Diameter, CB 18.0 19.5 15 B 125.0 18.75 604.3 1.50 2,344 184 2,160 0.96 0.95 25 604.3 1.7
CB = 1.0 (65-115 mm); 19.5 21.0 61 B 125.0 20.25 602.8 1.50 2,531 278 2,254 0.95 0.95 99 602.8 1.6
CB = 1.05 (150 mm); 21.0 22.5 31 B 125.0 21.75 601.3 1.50 2,719 371 2,347 0.93 0.95 50 601.3 1.6
CB = 1.15 (200 mm) 22.5 24.0 24 B 125.0 23.25 599.8 1.50 2,906 465 2,441 0.91 0.95 38 599.8 1.6

Rod Length, CR 24.0 25.5 24 B 125.0 24.75 598.3 1.50 3,094 558 2,535 0.89 0.95 37 598.3 1.5
Assumed Rod Stickup feet 25.5 27.0 27 B 125.0 26.25 596.8 1.50 3,281 652 2,629 0.87 0.95 41 596.8 1.5
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 28 B 125.0 27.75 595.3 1.50 3,469 746 2,723 0.86 0.95 41 595.3 1.5
CR = 0.85 (4-6 m); 0.95 (6-10 m);
CR = 1.0 (10-30 m)

Sampling Method, CS

CS = 1.0 (standard sampler);
CS = 1.1-1.3 (sampler without liners)
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 1.5 3.0 6 A 125.0 2.25 606.8 1.50 281 0 281 1.64 0.75 13 606.8 2.2
Unit Weight of Ground Water pcf 3.0 4.5 4 A 125.0 3.75 605.3 1.50 469 0 469 1.53 0.75 8 605.3 2.1
Borehole Diameter inches 4.5 6.0 5 A 125.0 5.25 603.8 1.50 656 0 656 1.44 0.80 10 603.8 2.1

6.0 7.5 1 B 125.0 6.75 602.3 1.50 844 0 844 1.36 0.80 2 602.3 2.0
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 7.5 9.0 2 B 125.0 8.25 600.8 1.50 1,031 0 1,031 1.28 0.85 4 600.8 2.0

9.0 10.5 2 B 125.0 9.75 599.3 1.50 1,219 0 1,219 1.22 0.85 4 599.3 1.9
Overburden Pressure, CN 10.5 12.0 1 B 125.0 11.25 597.8 1.50 1,406 0 1,406 1.16 0.85 2 597.8 1.8

CN = 2.2 / (1.2 + ′vo/2000) 12.0 13.5 0 B 125.0 12.75 596.3 1.50 1,594 0 1,594 1.10 0.85 0 596.3 --
Energy Ratio, CE 13.5 15.0 0 B 125.0 14.25 594.8 1.50 1,781 0 1,781 1.05 0.85 0 594.8 --

CE = 0.5-1.0 (donut hammer); 15.0 16.5 2 B 125.0 15.75 593.3 1.50 1,969 0 1,969 1.01 0.95 3 593.3 1.7
CE = 0.7-1.2 (safety hammer); 16.5 18.0 1 B 125.0 17.25 591.8 1.50 2,156 0 2,156 0.97 0.95 2 591.8 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 18.0 19.5 0 B 125.0 18.75 590.3 1.50 2,344 0 2,344 0.93 0.95 0 590.3 --

Borehole Diameter, CB 19.5 21.0 1 B 125.0 20.25 588.8 1.50 2,531 0 2,531 0.89 0.95 2 588.8 1.5
CB = 1.0 (65-115 mm); 21.0 22.5 1 F 120.0 21.75 587.3 1.50 2,715 0 2,715 0.86 0.95 1 587.3 1.5
CB = 1.05 (150 mm); 22.5 24.0 2 B 125.0 23.25 585.8 1.50 2,899 34 2,864 0.84 0.95 3 585.8 1.4
CB = 1.15 (200 mm) 24.0 25.5 3 H 115.0 24.75 584.3 1.50 3,079 128 2,951 0.82 0.95 4 584.3 1.4

Rod Length, CR 25.5 27.0 3 H 115.0 26.25 582.8 1.50 3,251 222 3,030 0.81 0.95 4 582.8 1.4
Assumed Rod Stickup feet 27.0 28.5 5 H 115.0 27.75 581.3 1.50 3,424 315 3,109 0.80 0.95 7 581.3 1.4
CR = 0.75 (< 3 m); 0.8 (3-4 m); 28.5 30.0 5 B 125.0 29.25 579.8 1.50 3,604 409 3,195 0.79 1.00 7 579.8 1.4
CR = 0.85 (4-6 m); 0.95 (6-10 m); 30.0 31.5 5 D 125.0 30.75 578.3 1.50 3,791 502 3,289 0.77 1.00 7 578.3 1.4
CR = 1.0 (10-30 m) 31.5 33.0 3 D 125.0 32.25 576.8 1.50 3,979 596 3,383 0.76 1.00 4 576.8 1.4

Sampling Method, CS 33.0 34.5 0 D 125.0 33.75 575.3 1.50 4,166 690 3,477 0.75 1.00 0 575.3 --
CS = 1.0 (standard sampler); 34.5 36.0 5 B 125.0 35.25 573.8 1.50 4,354 783 3,571 0.74 1.00 7 573.8 1.3
CS = 1.1-1.3 (sampler without liners) 36.0 37.5 2 B 125.0 36.75 572.3 1.50 4,541 877 3,665 0.73 1.00 3 572.3 1.3

37.5 39.0 6 D 125.0 38.25 570.8 1.50 4,729 970 3,758 0.71 1.00 8 570.8 1.3
39.0 40.5 3 F 120.0 39.75 569.3 1.50 4,913 1,064 3,849 0.70 1.00 4 569.3 1.3
40.5 42.0 2 G 115.0 41.25 567.8 1.50 5,089 1,158 3,931 0.69 1.00 3 567.8 1.3
42.5 44.0 1 H 115.0 43.25 565.8 1.50 5,319 1,282 4,036 0.68 1.00 1 565.8 1.2
45.0 46.5 1 H 115.0 45.75 563.3 1.50 5,606 1,438 4,168 0.67 1.00 1 563.3 1.2
47.5 49.0 1 H 115.0 48.25 560.8 1.50 5,894 1,594 4,299 0.66 1.00 1 560.8 1.2
50.0 51.5 1 E 130.0 50.75 558.3 1.50 6,193 1,750 4,442 0.64 1.00 1 558.3 1.2
52.5 54.0 3 E 130.0 53.25 555.8 1.50 6,518 1,906 4,611 0.63 1.00 3 555.8 1.1
55.0 56.5 2 E 130.0 55.75 553.3 1.50 6,843 2,062 4,780 0.61 1.00 2 553.3 1.1
57.5 59.0 3 E 130.0 58.25 550.8 1.50 7,168 2,218 4,949 0.60 1.00 3 550.8 1.1
60.0 61.5 3 E 130.0 60.75 548.3 1.50 7,493 2,374 5,118 0.59 1.00 3 548.3 1.1
62.5 64.0 9 H 115.0 63.25 545.8 1.50 7,806 2,530 5,276 0.57 1.00 9 545.8 1.0
65.0 66.5 12 H 115.0 65.75 543.3 1.50 8,094 2,686 5,407 0.56 1.00 12 543.3 1.0
67.5 69.0 50/.04 M 160.0 68.25 540.8 1.50 8,415 2,842 5,573 0.55 1.00 540.8 --
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 8 A 125.0 0.75 599.3 1.50 94 0 94 1.76 0.75 19 599.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 10 A 125.0 2.25 597.8 1.50 281 0 281 1.64 0.75 22 597.8 2.2
Borehole Diameter inches 3.0 4.5 4 B 125.0 3.75 596.3 1.50 469 0 469 1.53 0.75 8 596.3 2.1

4.5 6.0 3 B 125.0 5.25 594.8 1.50 656 0 656 1.44 0.80 6 594.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 2 B 125.0 6.75 593.3 1.50 844 0 844 1.36 0.80 4 593.3 2.0

7.5 9.0 3 B 125.0 8.25 591.8 1.50 1,031 0 1,031 1.28 0.85 6 591.8 2.0
Overburden Pressure, CN 9.0 10.5 2 B 125.0 9.75 590.3 1.50 1,219 0 1,219 1.22 0.85 4 590.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 3 B 125.0 11.25 588.8 1.50 1,406 0 1,406 1.16 0.85 5 588.8 1.8
Energy Ratio, CE 12.0 13.5 2 B 125.0 12.75 587.3 1.50 1,594 0 1,594 1.10 0.85 3 587.3 1.7

CE = 0.5-1.0 (donut hammer); 13.5 15.0 2 B 125.0 14.25 585.8 1.50 1,781 0 1,781 1.05 0.85 3 585.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 1 B 125.0 15.75 584.3 1.50 1,969 34 1,934 1.02 0.95 2 584.3 1.8
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 1 G 115.0 17.25 582.8 1.50 2,149 128 2,021 1.00 0.95 2 582.8 1.7

Borehole Diameter, CB 18.0 19.5 2 G 115.0 18.75 581.3 1.50 2,321 222 2,100 0.98 0.95 3 581.3 1.7
CB = 1.0 (65-115 mm); 19.5 21.0 4 F 120.0 20.25 579.8 1.50 2,498 315 2,182 0.96 0.95 7 579.8 1.7
CB = 1.05 (150 mm); 21.0 22.5 1 B 125.0 21.75 578.3 1.50 2,681 409 2,273 0.94 0.95 2 578.3 1.6
CB = 1.15 (200 mm) 22.5 24.0 2 H 115.0 23.25 576.8 1.50 2,861 502 2,359 0.92 0.95 3 576.8 1.6

Rod Length, CR 24.0 25.5 6 H 115.0 24.75 575.3 1.50 3,034 596 2,438 0.91 0.95 9 575.3 1.6
Assumed Rod Stickup feet 25.5 27.0 15 H 115.0 26.25 573.8 1.50 3,206 690 2,517 0.89 0.95 23 573.8 1.5
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 5 F 120.0 27.75 572.3 1.50 3,383 783 2,599 0.88 0.95 8 572.3 1.5
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 9 K 130.0 29.25 570.8 1.50 3,570 877 2,693 0.86 1.00 14 570.8 1.6
CR = 1.0 (10-30 m) 30.0 31.5 10 F 120.0 30.75 569.3 1.50 3,758 970 2,787 0.85 1.00 15 569.3 1.5

Sampling Method, CS 31.5 33.0 7 K 130.0 32.25 567.8 1.50 3,945 1,064 2,881 0.83 1.00 11 567.8 1.5
CS = 1.0 (standard sampler); 33.0 34.5 4 B 125.0 33.75 566.3 1.50 4,136 1,158 2,979 0.82 1.00 6 566.3 1.5
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 1 B 125.0 35.25 564.8 1.50 4,324 1,251 3,073 0.80 1.00 1 564.8 1.5

36.0 37.5 0 B 125.0 36.75 563.3 1.50 4,511 1,345 3,167 0.79 1.00 0 563.3 --
37.5 39.0 2 B 125.0 38.25 561.8 1.50 4,699 1,438 3,260 0.78 1.00 3 561.8 1.4
39.0 40.5 0 B 125.0 39.75 560.3 1.50 4,886 1,532 3,354 0.76 1.00 0 560.3 --
40.5 42.0 0 D 125.0 41.25 558.8 1.50 5,074 1,626 3,448 0.75 1.00 0 558.8 --
42.5 44.0 2 D 125.0 43.25 556.8 1.50 5,324 1,750 3,573 0.74 1.00 3 556.8 1.3
45.0 46.5 0 D 125.0 45.75 554.3 1.50 5,636 1,906 3,730 0.72 1.00 0 554.3 --
47.5 49.0 3 D 125.0 48.25 551.8 1.50 5,949 2,062 3,886 0.70 1.00 4 551.8 1.3
50.0 51.5 9 I 125.0 50.75 549.3 1.50 6,261 2,218 4,043 0.68 1.00 11 549.3 1.2
52.5 54.0 20 I 125.0 53.25 546.8 1.50 6,574 2,374 4,199 0.67 1.00 24 546.8 1.2
55.0 56.5 13 I 125.0 55.75 544.3 1.50 6,886 2,530 4,356 0.65 1.00 15 544.3 1.2
57.5 59.0 7 D 125.0 58.25 541.8 1.50 7,199 2,686 4,512 0.64 1.00 8 541.8 1.2
60.0 61.5 8 D 125.0 60.75 539.3 1.50 7,511 2,842 4,669 0.62 1.00 9 539.3 1.1
62.5 64.0 14 D 125.0 63.25 536.8 1.50 7,824 2,998 4,825 0.61 1.00 15 536.8 1.1
65.0 66.5 14 D 125.0 65.75 534.3 1.50 8,136 3,154 4,982 0.60 1.00 15 534.3 1.1
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 6 A 125.0 0.75 604.3 1.50 94 0 94 1.76 0.75 14 604.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 2 A 125.0 2.25 602.8 1.50 281 0 281 1.64 0.75 4 602.8 2.2
Borehole Diameter inches 3.0 4.5 0 A 125.0 3.75 601.3 1.50 469 0 469 1.53 0.75 0 601.3 --

4.5 6.0 3 A 125.0 5.25 599.8 1.50 656 0 656 1.44 0.80 6 599.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 1 B 125.0 6.75 598.3 1.50 844 0 844 1.36 0.80 2 598.3 2.0

7.5 9.0 3 B 125.0 8.25 596.8 1.50 1,031 0 1,031 1.28 0.85 6 596.8 2.0
Overburden Pressure, CN 9.0 10.5 5 B 125.0 9.75 595.3 1.50 1,219 0 1,219 1.22 0.85 9 595.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 6 B 125.0 11.25 593.8 1.50 1,406 0 1,406 1.16 0.85 11 593.8 1.8
Energy Ratio, CE 12.0 13.5 6 B 125.0 12.75 592.3 1.50 1,594 0 1,594 1.10 0.85 10 592.3 1.7

CE = 0.5-1.0 (donut hammer); 13.5 15.0 4 B 125.0 14.25 590.8 1.50 1,781 0 1,781 1.05 0.85 6 590.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 5 B 125.0 15.75 589.3 1.50 1,969 0 1,969 1.01 0.95 9 589.3 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 1 B 125.0 17.25 587.8 1.50 2,156 0 2,156 0.97 0.95 2 587.8 1.7

Borehole Diameter, CB 18.0 19.5 4 H 115.0 18.75 586.3 1.50 2,336 28 2,308 0.93 0.95 6 586.3 1.6
CB = 1.0 (65-115 mm); 19.5 21.0 4 H 115.0 20.25 584.8 1.50 2,509 122 2,387 0.92 0.95 6 584.8 1.6
CB = 1.05 (150 mm); 21.0 22.5 3 H 115.0 21.75 583.3 1.50 2,681 215 2,466 0.90 0.95 5 583.3 1.6
CB = 1.15 (200 mm) 22.5 24.0 1 H 115.0 23.25 581.8 1.50 2,854 309 2,545 0.89 0.95 2 581.8 1.5

Rod Length, CR 24.0 25.5 3 H 115.0 24.75 580.3 1.50 3,026 402 2,624 0.88 0.95 5 580.3 1.5
Assumed Rod Stickup feet 25.5 27.0 3 D 125.0 26.25 578.8 1.50 3,206 496 2,710 0.86 0.95 4 578.8 1.5
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 2 B 125.0 27.75 577.3 1.50 3,394 590 2,804 0.85 0.95 3 577.3 1.5
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 3 B 125.0 29.25 575.8 1.50 3,581 683 2,898 0.83 1.00 5 575.8 1.5
CR = 1.0 (10-30 m) 30.0 31.5 2 B 125.0 30.75 574.3 1.50 3,769 777 2,992 0.82 1.00 3 574.3 1.5

Sampling Method, CS 31.5 33.0 7 D 125.0 32.25 572.8 1.50 3,956 870 3,086 0.80 1.00 10 572.8 1.5
CS = 1.0 (standard sampler); 33.0 34.5 1 D 125.0 33.75 571.3 1.50 4,144 964 3,180 0.79 1.00 1 571.3 1.4
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 1 D 125.0 35.25 569.8 1.50 4,331 1,058 3,274 0.78 1.00 1 569.8 1.4

36.0 37.5 6 G 115.0 36.75 568.3 1.50 4,511 1,151 3,360 0.76 1.00 8 568.3 1.4
37.5 39.0 2 G 115.0 38.25 566.8 1.50 4,684 1,245 3,439 0.75 1.00 3 566.8 1.4
39.0 40.5 3 F 120.0 39.75 565.3 1.50 4,860 1,338 3,522 0.74 1.00 4 565.3 1.3
40.5 42.0 4 F 120.0 41.25 563.8 1.50 5,040 1,432 3,608 0.73 1.00 5 563.8 1.3
42.5 44.0 2 F 120.0 43.25 561.8 1.50 5,280 1,557 3,723 0.72 1.00 3 561.8 1.3
45.0 46.5 7 F 120.0 45.75 559.3 1.50 5,580 1,713 3,867 0.70 1.00 9 559.3 1.3
47.5 49.0 10 H 115.0 48.25 556.8 1.50 5,876 1,869 4,007 0.69 1.00 12 556.8 1.2
50.0 51.5 6 H 115.0 50.75 554.3 1.50 6,164 2,025 4,139 0.67 1.00 7 554.3 1.2
52.5 54.0 4 D 125.0 53.25 551.8 1.50 6,459 2,181 4,278 0.66 1.00 5 551.8 1.2
55.0 56.5 31 G 115.0 55.75 549.3 1.50 6,764 2,337 4,427 0.64 1.00 36 549.3 1.2
57.5 59.0 33 L 125.0 58.25 546.8 1.50 7,059 2,493 4,566 0.63 1.00 38 546.8 1.1
60.0 61.5 65 L 125.0 60.75 544.3 1.50 7,371 2,649 4,722 0.62 1.00 73 544.3 1.1
62.5 64.0 29 L 125.0 63.25 541.8 1.50 7,684 2,805 4,879 0.60 1.00 32 541.8 1.1
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 11 A 125.0 0.75 603.3 1.50 94 0 94 1.76 0.75 26 603.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 14 A 125.0 2.25 601.8 1.50 281 0 281 1.64 0.75 31 601.8 2.2
Borehole Diameter inches 3.0 4.5 9 A 125.0 3.75 600.3 1.50 469 0 469 1.53 0.75 19 600.3 2.1

4.5 6.0 7 A 125.0 5.25 598.8 1.50 656 0 656 1.44 0.80 15 598.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 8 A 125.0 6.75 597.3 1.50 844 0 844 1.36 0.80 16 597.3 2.0

7.5 9.0 7 A 125.0 8.25 595.8 1.50 1,031 0 1,031 1.28 0.85 14 595.8 2.0
Overburden Pressure, CN 9.0 10.5 14 A 125.0 9.75 594.3 1.50 1,219 0 1,219 1.22 0.85 26 594.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 16 B 125.0 11.25 592.8 1.50 1,406 0 1,406 1.16 0.85 29 592.8 1.8
Energy Ratio, CE 12.0 13.5 17 B 125.0 12.75 591.3 1.50 1,594 0 1,594 1.10 0.85 29 591.3 1.7

CE = 0.5-1.0 (donut hammer); 13.5 15.0 5 B 125.0 14.25 589.8 1.50 1,781 0 1,781 1.05 0.85 8 589.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 6 B 125.0 15.75 588.3 1.50 1,969 0 1,969 1.01 0.95 10 588.3 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 7 H 115.0 17.25 586.8 1.50 2,149 0 2,149 0.97 0.95 12 586.8 1.7

Borehole Diameter, CB 18.0 19.5 10 B 125.0 18.75 585.3 1.50 2,329 0 2,329 0.93 0.95 16 585.3 1.6
CB = 1.0 (65-115 mm); 19.5 21.0 7 G 115.0 20.25 583.8 1.50 2,509 0 2,509 0.90 0.95 11 583.8 1.5
CB = 1.05 (150 mm); 21.0 22.5 9 G 115.0 21.75 582.3 1.50 2,681 0 2,681 0.87 0.95 13 582.3 1.5
CB = 1.15 (200 mm) 22.5 24.0 6 G 115.0 23.25 580.8 1.50 2,854 0 2,854 0.84 0.95 9 580.8 1.4

Rod Length, CR 24.0 25.5 7 G 115.0 24.75 579.3 1.50 3,026 0 3,026 0.81 0.95 10 579.3 1.4
Assumed Rod Stickup feet 25.5 27.0 8 G 115.0 26.25 577.8 1.50 3,199 3 3,196 0.79 0.95 11 577.8 1.4
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 4 G 115.0 27.75 576.3 1.50 3,371 97 3,275 0.78 0.95 5 576.3 1.3
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 4 D 125.0 29.25 574.8 1.50 3,551 190 3,361 0.76 1.00 6 574.8 1.4
CR = 1.0 (10-30 m) 30.0 31.5 13 G 115.0 30.75 573.3 1.50 3,731 284 3,447 0.75 1.00 18 573.3 1.4

Sampling Method, CS 31.5 33.0 6 B 125.0 32.25 571.8 1.50 3,911 378 3,534 0.74 1.00 8 571.8 1.3
CS = 1.0 (standard sampler); 33.0 34.5 6 B 125.0 33.75 570.3 1.50 4,099 471 3,628 0.73 1.00 8 570.3 1.3
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 6 B 125.0 35.25 568.8 1.50 4,286 565 3,722 0.72 1.00 8 568.8 1.3

36.0 37.5 6 B 125.0 36.75 567.3 1.50 4,474 658 3,815 0.71 1.00 8 567.3 1.3
37.5 39.0 4 B 125.0 38.25 565.8 1.50 4,661 752 3,909 0.70 1.00 5 565.8 1.3
39.0 40.5 2 B 125.0 39.75 564.3 1.50 4,849 846 4,003 0.69 1.00 2 564.3 1.2
40.5 42.0 0 B 125.0 41.25 562.8 1.50 5,036 939 4,097 0.68 1.00 0 562.8 --
42.5 44.0 1 B 125.0 43.25 560.8 1.50 5,286 1,064 4,222 0.66 1.00 1 560.8 1.2
45.0 46.5 6 B 125.0 45.75 558.3 1.50 5,599 1,220 4,379 0.65 1.00 7 558.3 1.2
47.5 49.0 5 D 125.0 48.25 555.8 1.50 5,911 1,376 4,535 0.63 1.00 6 555.8 1.2
50.0 51.5 8 D 125.0 50.75 553.3 1.50 6,224 1,532 4,692 0.62 1.00 9 553.3 1.1
52.5 54.0 7 D 125.0 53.25 550.8 1.50 6,536 1,688 4,848 0.61 1.00 8 550.8 1.1
55.0 56.5 6 D 125.0 55.75 548.3 1.50 6,849 1,844 5,005 0.59 1.00 6 548.3 1.1
57.5 59.0 6 D 125.0 58.25 545.8 1.50 7,161 2,000 5,161 0.58 1.00 6 545.8 1.1
60.0 61.5 6 D 125.0 60.75 543.3 1.50 7,474 2,156 5,318 0.57 1.00 6 543.3 1.0
65.0 66.5 24 D 125.0 65.75 538.3 1.50 8,099 2,468 5,631 0.55 1.00 24 538.3 1.0
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 9 A 125.0 0.75 612.3 1.50 94 0 94 1.76 0.75 22 612.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 6 A 125.0 2.25 610.8 1.50 281 0 281 1.64 0.75 13 610.8 2.2
Borehole Diameter inches 3.0 4.5 3 A 125.0 3.75 609.3 1.50 469 0 469 1.53 0.75 6 609.3 2.1

4.5 6.0 2 A 125.0 5.25 607.8 1.50 656 0 656 1.44 0.80 4 607.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 2 A 125.0 6.75 606.3 1.50 844 0 844 1.36 0.80 4 606.3 2.0

7.5 9.0 2 A 125.0 8.25 604.8 1.50 1,031 0 1,031 1.28 0.85 4 604.8 2.0
Overburden Pressure, CN 9.0 10.5 3 A 125.0 9.75 603.3 1.50 1,219 0 1,219 1.22 0.85 6 603.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 3 B 125.0 11.25 601.8 1.50 1,406 0 1,406 1.16 0.85 5 601.8 1.8
Energy Ratio, CE 12.0 13.5 6 B 125.0 12.75 600.3 1.50 1,594 0 1,594 1.10 0.85 10 600.3 1.7

CE = 0.5-1.0 (donut hammer); 13.5 15.0 10 B 125.0 14.25 598.8 1.50 1,781 0 1,781 1.05 0.85 16 598.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 12 B 125.0 15.75 597.3 1.50 1,969 0 1,969 1.01 0.95 21 597.3 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 12 B 125.0 17.25 595.8 1.50 2,156 0 2,156 0.97 0.95 20 595.8 1.7

Borehole Diameter, CB 18.0 19.5 10 B 125.0 18.75 594.3 1.50 2,344 0 2,344 0.93 0.95 16 594.3 1.6
CB = 1.0 (65-115 mm); 19.5 21.0 11 B 125.0 20.25 592.8 1.50 2,531 0 2,531 0.89 0.95 17 592.8 1.5
CB = 1.05 (150 mm); 21.0 22.5 9 B 125.0 21.75 591.3 1.50 2,719 0 2,719 0.86 0.95 13 591.3 1.5
CB = 1.15 (200 mm) 22.5 24.0 10 B 125.0 23.25 589.8 1.50 2,906 0 2,906 0.83 0.95 14 589.8 1.4

Rod Length, CR 24.0 25.5 8 B 125.0 24.75 588.3 1.50 3,094 0 3,094 0.80 0.95 11 588.3 1.4
Assumed Rod Stickup feet 25.5 27.0 5 B 125.0 26.25 586.8 1.50 3,281 0 3,281 0.77 0.95 7 586.8 1.3
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 3 B 125.0 27.75 585.3 1.50 3,469 47 3,422 0.76 0.95 4 585.3 1.3
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 3 B 125.0 29.25 583.8 1.50 3,656 140 3,516 0.74 1.00 4 583.8 1.3
CR = 1.0 (10-30 m) 30.0 31.5 0 B 125.0 30.75 582.3 1.50 3,844 234 3,610 0.73 1.00 0 582.3 --

Sampling Method, CS 31.5 33.0 0 B 125.0 32.25 580.8 1.50 4,031 328 3,704 0.72 1.00 0 580.8 --
CS = 1.0 (standard sampler); 33.0 34.5 3 B 125.0 33.75 579.3 1.50 4,219 421 3,798 0.71 1.00 4 579.3 1.3
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 8 B 125.0 35.25 577.8 1.50 4,406 515 3,891 0.70 1.00 10 577.8 1.3

36.0 36.9 50/0.4 L 125.0 36.45 576.6 0.90 4,556 590 3,967 0.69 1.00 576.6 --
37.5 38.4 50/0.4 M 160.0 37.95 575.1 0.90 4,760 683 4,076 0.68 1.00 575.1 --
39.0 40.1 50/0.1 M 160.0 39.55 573.5 1.10 5,016 783 4,232 0.66 1.00 573.5 --
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 4 B 125.0 0.75 603.3 1.50 94 0 94 1.76 0.75 10 603.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 3 C 130.0 2.25 601.8 1.50 285 0 285 1.64 0.75 7 601.8 2.2
Borehole Diameter inches 3.0 4.5 3 C 130.0 3.75 600.3 1.50 480 0 480 1.53 0.75 6 600.3 2.1

4.5 6.0 4 C 130.0 5.25 598.8 1.50 675 0 675 1.43 0.80 8 598.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 4 C 130.0 6.75 597.3 1.50 870 0 870 1.35 0.80 8 597.3 2.0

7.5 9.0 4 C 130.0 8.25 595.8 1.50 1,065 0 1,065 1.27 0.85 8 595.8 2.0
Overburden Pressure, CN 9.0 10.5 3 H 115.0 9.75 594.3 1.50 1,249 0 1,249 1.21 0.85 6 594.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 4 F 120.0 11.25 592.8 1.50 1,425 0 1,425 1.15 0.85 7 592.8 1.8
Energy Ratio, CE 12.0 13.5 5 C 130.0 12.75 591.3 1.50 1,613 0 1,613 1.10 0.85 8 591.3 1.7

CE = 0.5-1.0 (donut hammer); 13.5 15.0 3 C 130.0 14.25 589.8 1.50 1,808 0 1,808 1.05 0.85 5 589.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 3 C 130.0 15.75 588.3 1.50 2,003 0 2,003 1.00 0.95 5 588.3 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 6 H 115.0 17.25 586.8 1.50 2,186 72 2,114 0.97 0.95 10 586.8 1.7

Borehole Diameter, CB 18.0 19.5 4 G 115.0 18.75 585.3 1.50 2,359 165 2,193 0.96 0.95 7 585.3 1.7
CB = 1.0 (65-115 mm); 19.5 21.0 5 G 115.0 20.25 583.8 1.50 2,531 259 2,272 0.94 0.95 8 583.8 1.6
CB = 1.05 (150 mm); 21.0 22.5 10 H 115.0 21.75 582.3 1.50 2,704 353 2,351 0.93 0.95 16 582.3 1.6
CB = 1.15 (200 mm) 22.5 24.0 6 H 115.0 23.25 580.8 1.50 2,876 446 2,430 0.91 0.95 9 580.8 1.6

Rod Length, CR 24.0 25.5 1 H 115.0 24.75 579.3 1.50 3,049 540 2,509 0.90 0.95 2 579.3 1.5
Assumed Rod Stickup feet 25.5 27.0 3 H 115.0 26.25 577.8 1.50 3,221 633 2,588 0.88 0.95 5 577.8 1.5
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 3 D 125.0 27.75 576.3 1.50 3,401 727 2,674 0.87 0.95 4 576.3 1.5
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 6 D 125.0 29.25 574.8 1.50 3,589 821 2,768 0.85 1.00 9 574.8 1.5
CR = 1.0 (10-30 m) 30.0 31.5 4 D 125.0 30.75 573.3 1.50 3,776 914 2,862 0.84 1.00 6 573.3 1.5

Sampling Method, CS 31.5 33.0 12 F 120.0 32.25 571.8 1.50 3,960 1,008 2,952 0.82 1.00 18 571.8 1.5
CS = 1.0 (standard sampler); 33.0 34.5 8 H 115.0 33.75 570.3 1.50 4,136 1,101 3,035 0.81 1.00 12 570.3 1.5
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 6 I 125.0 35.25 568.8 1.50 4,316 1,195 3,121 0.80 1.00 9 568.8 1.4

36.0 37.5 4 F 120.0 36.75 567.3 1.50 4,500 1,289 3,211 0.78 1.00 6 567.3 1.4
37.5 39.0 10 H 115.0 38.25 565.8 1.50 4,676 1,382 3,294 0.77 1.00 14 565.8 1.4
39.0 40.5 9 H 115.0 39.75 564.3 1.50 4,849 1,476 3,373 0.76 1.00 12 564.3 1.4
40.5 42.0 10 H 115.0 41.25 562.8 1.50 5,021 1,569 3,452 0.75 1.00 14 562.8 1.4
42.5 44.0 12 H 115.0 43.25 560.8 1.50 5,251 1,694 3,557 0.74 1.00 16 560.8 1.3
45.0 46.5 11 E 130.0 45.75 558.3 1.50 5,550 1,850 3,700 0.72 1.00 14 558.3 1.3
47.5 49.0 25 H 115.0 48.25 555.8 1.50 5,864 2,006 3,858 0.70 1.00 32 555.8 1.3
50.0 51.5 37 I 125.0 50.75 553.3 1.50 6,159 2,162 3,997 0.69 1.00 46 553.3 1.2
52.5 54.0 42 L 125.0 53.25 550.8 1.50 6,471 2,318 4,153 0.67 1.00 51 550.8 1.2
55.0 56.5 50/0.4 L 125.0 55.75 548.3 1.50 6,784 2,474 4,310 0.66 1.00 548.3 --
56.6 57.0 50/0.4 M 160.0 56.80 547.2 0.40 6,922 2,540 4,382 0.65 1.00 547.2 --
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 3.0 4.5 6 B 125.0 3.75 606.3 1.50 469 0 469 1.53 0.75 13 606.3 2.1
Unit Weight of Ground Water pcf 4.5 6.0 9 B 125.0 5.25 604.8 1.50 656 0 656 1.44 0.80 19 604.8 2.1
Borehole Diameter inches 6.0 7.5 12 B 125.0 6.75 603.3 1.50 844 0 844 1.36 0.80 24 603.3 2.0

7.5 9.0 8 B 125.0 8.25 601.8 1.50 1,031 0 1,031 1.28 0.85 16 601.8 2.0
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 9.0 10.5 7 B 125.0 9.75 600.3 1.50 1,219 0 1,219 1.22 0.85 13 600.3 1.9

10.5 12.0 6 B 125.0 11.25 598.8 1.50 1,406 0 1,406 1.16 0.85 11 598.8 1.8
Overburden Pressure, CN 12.0 13.5 8 B 125.0 12.75 597.3 1.50 1,594 0 1,594 1.10 0.85 14 597.3 1.7

CN = 2.2 / (1.2 + ′vo/2000) 13.5 15.0 4 B 125.0 14.25 595.8 1.50 1,781 0 1,781 1.05 0.85 6 595.8 1.6
Energy Ratio, CE 15.0 16.5 3 B 125.0 15.75 594.3 1.50 1,969 0 1,969 1.01 0.95 5 594.3 1.7

CE = 0.5-1.0 (donut hammer); 16.5 18.0 6 B 125.0 17.25 592.8 1.50 2,156 0 2,156 0.97 0.95 10 592.8 1.7
CE = 0.7-1.2 (safety hammer); 18.0 19.5 2 C 130.0 18.75 591.3 1.50 2,348 22 2,326 0.93 0.95 3 591.3 1.6
CE = 0.8-1.3 (automatic-trip donut-type hammer) 19.5 21.0 2 H 115.0 20.25 589.8 1.50 2,531 115 2,416 0.91 0.95 3 589.8 1.6

Borehole Diameter, CB 21.0 22.5 3 H 115.0 21.75 588.3 1.50 2,704 209 2,495 0.90 0.95 5 588.3 1.5
CB = 1.0 (65-115 mm); 22.5 24.0 3 D 125.0 23.25 586.8 1.50 2,884 303 2,581 0.88 0.95 5 586.8 1.5
CB = 1.05 (150 mm); 24.0 25.5 7 F 120.0 24.75 585.3 1.50 3,068 396 2,671 0.87 0.95 10 585.3 1.5
CB = 1.15 (200 mm) 25.5 27.0 7 F 120.0 26.25 583.8 1.50 3,248 490 2,758 0.85 0.95 10 583.8 1.5

Rod Length, CR 27.0 28.5 11 F 120.0 27.75 582.3 1.50 3,428 583 2,844 0.84 0.95 16 582.3 1.4
Assumed Rod Stickup feet 28.5 30.0 9 H 115.0 29.25 580.8 1.50 3,604 677 2,927 0.83 1.00 13 580.8 1.5
CR = 0.75 (< 3 m); 0.8 (3-4 m); 30.0 31.5 7 H 115.0 30.75 579.3 1.50 3,776 771 3,006 0.81 1.00 10 579.3 1.5
CR = 0.85 (4-6 m); 0.95 (6-10 m); 31.5 33.0 11 H 115.0 32.25 577.8 1.50 3,949 864 3,085 0.80 1.00 16 577.8 1.5
CR = 1.0 (10-30 m) 33.0 34.5 4 H 115.0 33.75 576.3 1.50 4,121 958 3,163 0.79 1.00 6 576.3 1.4

Sampling Method, CS 34.5 36.0 6 B 125.0 35.25 574.8 1.50 4,301 1,051 3,250 0.78 1.00 8 574.8 1.4
CS = 1.0 (standard sampler); 36.0 37.5 7 B 125.0 36.75 573.3 1.50 4,489 1,145 3,344 0.77 1.00 10 573.3 1.4
CS = 1.1-1.3 (sampler without liners) 37.5 39.0 3 D 125.0 38.25 571.8 1.50 4,676 1,239 3,438 0.75 1.00 4 571.8 1.4

39.0 40.5 5 D 125.0 39.75 570.3 1.50 4,864 1,332 3,532 0.74 1.00 7 570.3 1.3
40.5 42.0 5 B 125.0 41.25 568.8 1.50 5,051 1,426 3,625 0.73 1.00 7 568.8 1.3
42.5 44.0 14 D 125.0 43.25 566.8 1.50 5,301 1,551 3,751 0.72 1.00 18 566.8 1.3
45.0 46.5 14 H 115.0 45.75 564.3 1.50 5,606 1,707 3,900 0.70 1.00 18 564.3 1.3
47.5 49.0 15 H 115.0 48.25 561.8 1.50 5,894 1,863 4,031 0.68 1.00 19 561.8 1.2
50.0 51.5 12 D 125.0 50.75 559.3 1.50 6,189 2,019 4,170 0.67 1.00 15 559.3 1.2
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 1.5 3.0 6 B 125.0 2.25 607.8 1.50 281 0 281 1.64 0.75 13 607.8 2.2
Unit Weight of Ground Water pcf 3.0 4.5 3 B 125.0 3.75 606.3 1.50 469 0 469 1.53 0.75 6 606.3 2.1
Borehole Diameter inches 4.5 6.0 3 B 125.0 5.25 604.8 1.50 656 0 656 1.44 0.80 6 604.8 2.1

6.0 7.5 0 B 125.0 6.75 603.3 1.50 844 0 844 1.36 0.80 0 603.3 --
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 7.5 9.0 0 B 125.0 8.25 601.8 1.50 1,031 0 1,031 1.28 0.85 0 601.8 --

9.0 10.5 0 B 125.0 9.75 600.3 1.50 1,219 0 1,219 1.22 0.85 0 600.3 --
Overburden Pressure, CN 10.5 12.0 1 B 125.0 11.25 598.8 1.50 1,406 0 1,406 1.16 0.85 2 598.8 1.8

CN = 2.2 / (1.2 + ′vo/2000) 12.0 13.5 0 B 125.0 12.75 597.3 1.50 1,594 0 1,594 1.10 0.85 0 597.3 --
Energy Ratio, CE 13.5 15.0 0 B 125.0 14.25 595.8 1.50 1,781 72 1,709 1.07 0.85 0 595.8 --

CE = 0.5-1.0 (donut hammer); 15.0 16.5 0 B 125.0 15.75 594.3 1.50 1,969 165 1,803 1.05 0.95 0 594.3 --
CE = 0.7-1.2 (safety hammer); 16.5 18.0 0 B 125.0 17.25 592.8 1.50 2,156 259 1,897 1.02 0.95 0 592.8 --
CE = 0.8-1.3 (automatic-trip donut-type hammer) 18.0 19.5 0 B 125.0 18.75 591.3 1.50 2,344 353 1,991 1.00 0.95 0 591.3 --

Borehole Diameter, CB 19.5 21.0 0 B 125.0 20.25 589.8 1.50 2,531 446 2,085 0.98 0.95 0 589.8 --
CB = 1.0 (65-115 mm); 21.0 22.5 1 B 125.0 21.75 588.3 1.50 2,719 540 2,179 0.96 0.95 2 588.3 1.7
CB = 1.05 (150 mm); 22.5 24.0 2 B 125.0 23.25 586.8 1.50 2,906 633 2,273 0.94 0.95 3 586.8 1.6
CB = 1.15 (200 mm) 24.0 25.5 0 G 115.0 24.75 585.3 1.50 3,086 727 2,359 0.92 0.95 0 585.3 --

Rod Length, CR 25.5 27.0 1 E 130.0 26.25 583.8 1.50 3,270 821 2,449 0.91 0.95 2 583.8 1.6
Assumed Rod Stickup feet 27.0 28.5 2 G 115.0 27.75 582.3 1.50 3,454 914 2,540 0.89 0.95 3 582.3 1.5
CR = 0.75 (< 3 m); 0.8 (3-4 m); 28.5 30.0 0 E 130.0 29.25 580.8 1.50 3,638 1,008 2,630 0.87 1.00 0 580.8 --
CR = 0.85 (4-6 m); 0.95 (6-10 m); 30.0 31.5 1 E 130.0 30.75 579.3 1.50 3,833 1,101 2,731 0.86 1.00 2 579.3 1.6
CR = 1.0 (10-30 m) 31.5 33.0 2 E 130.0 32.25 577.8 1.50 4,028 1,195 2,833 0.84 1.00 3 577.8 1.5

Sampling Method, CS 33.0 34.5 1 E 130.0 33.75 576.3 1.50 4,223 1,289 2,934 0.82 1.00 1 576.3 1.5
CS = 1.0 (standard sampler); 34.5 36.0 4 G 115.0 35.25 574.8 1.50 4,406 1,382 3,024 0.81 1.00 6 574.8 1.5
CS = 1.1-1.3 (sampler without liners) 36.0 37.5 2 D 125.0 36.75 573.3 1.50 4,586 1,476 3,110 0.80 1.00 3 573.3 1.4

37.5 39.0 0 B 125.0 38.25 571.8 1.50 4,774 1,569 3,204 0.79 1.00 0 571.8 --
39.0 40.5 5 B 125.0 39.75 570.3 1.50 4,961 1,663 3,298 0.77 1.00 7 570.3 1.4
40.5 42.0 4 B 125.0 41.25 568.8 1.50 5,149 1,757 3,392 0.76 1.00 6 568.8 1.4
42.5 44.0 0 B 125.0 43.25 566.8 1.50 5,399 1,881 3,517 0.74 1.00 0 566.8 --
45.0 46.5 2 B 125.0 45.75 564.3 1.50 5,711 2,037 3,674 0.72 1.00 3 564.3 1.3
47.5 49.0 0 B 125.0 48.25 561.8 1.50 6,024 2,193 3,830 0.71 1.00 0 561.8 --
50.0 51.5 1 B 125.0 50.75 559.3 1.50 6,336 2,349 3,987 0.69 1.00 1 559.3 1.3
52.5 54.0 0 B 125.0 53.25 556.8 1.50 6,649 2,505 4,143 0.67 1.00 0 556.8 --
55.0 56.5 4 B 125.0 55.75 554.3 1.50 6,961 2,661 4,300 0.66 1.00 5 554.3 1.2
57.5 59.0 1 B 125.0 58.25 551.8 1.50 7,274 2,817 4,456 0.64 1.00 1 551.8 1.2
60.0 61.5 7 B 125.0 60.75 549.3 1.50 7,586 2,973 4,613 0.63 1.00 8 549.3 1.1
65.0 66.5 8 G 115.0 65.75 544.3 1.50 8,204 3,285 4,918 0.60 1.00 9 544.3 1.1
70.0 71.5 16 G 115.0 70.75 539.3 1.50 8,779 3,597 5,181 0.58 1.00 17 539.3 1.1
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 1.5 3.0 6 A 125.0 2.25 604.8 1.50 281 0 281 1.64 0.75 13 604.8 2.2
Unit Weight of Ground Water pcf 3.0 4.5 4 A 125.0 3.75 603.3 1.50 469 0 469 1.53 0.75 8 603.3 2.1
Borehole Diameter inches 4.5 6.0 3 A 125.0 5.25 601.8 1.50 656 0 656 1.44 0.80 6 601.8 2.1

6.0 7.5 5 A 125.0 6.75 600.3 1.50 844 0 844 1.36 0.80 10 600.3 2.0
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 7.5 9.0 2 A 125.0 8.25 598.8 1.50 1,031 0 1,031 1.28 0.85 4 598.8 2.0

9.0 10.5 3 A 125.0 9.75 597.3 1.50 1,219 0 1,219 1.22 0.85 6 597.3 1.9
Overburden Pressure, CN 10.5 12.0 4 B 125.0 11.25 595.8 1.50 1,406 0 1,406 1.16 0.85 7 595.8 1.8

CN = 2.2 / (1.2 + ′vo/2000) 12.0 13.5 4 B 125.0 12.75 594.3 1.50 1,594 0 1,594 1.10 0.85 7 594.3 1.7
Energy Ratio, CE 13.5 15.0 3 B 125.0 14.25 592.8 1.50 1,781 0 1,781 1.05 0.85 5 592.8 1.6

CE = 0.5-1.0 (donut hammer); 15.0 16.5 5 B 125.0 15.75 591.3 1.50 1,969 0 1,969 1.01 0.95 9 591.3 1.7
CE = 0.7-1.2 (safety hammer); 16.5 18.0 10 B 125.0 17.25 589.8 1.50 2,156 0 2,156 0.97 0.95 17 589.8 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 18.0 19.5 5 B 125.0 18.75 588.3 1.50 2,344 0 2,344 0.93 0.95 8 588.3 1.6

Borehole Diameter, CB 19.5 21.0 4 B 125.0 20.25 586.8 1.50 2,531 0 2,531 0.89 0.95 6 586.8 1.5
CB = 1.0 (65-115 mm); 21.0 22.5 9 B 125.0 21.75 585.3 1.50 2,719 0 2,719 0.86 0.95 13 585.3 1.5
CB = 1.05 (150 mm); 22.5 24.0 4 B 125.0 23.25 583.8 1.50 2,906 0 2,906 0.83 0.95 6 583.8 1.4
CB = 1.15 (200 mm) 24.0 25.5 6 G 115.0 24.75 582.3 1.50 3,086 3 3,083 0.80 0.95 8 582.3 1.4

Rod Length, CR 25.5 27.0 4 G 115.0 26.25 580.8 1.50 3,259 97 3,162 0.79 0.95 5 580.8 1.4
Assumed Rod Stickup feet 27.0 28.5 9 G 115.0 27.75 579.3 1.50 3,431 190 3,241 0.78 0.95 12 579.3 1.3
CR = 0.75 (< 3 m); 0.8 (3-4 m); 28.5 30.0 15 I 125.0 29.25 577.8 1.50 3,611 284 3,327 0.77 1.00 21 577.8 1.4
CR = 0.85 (4-6 m); 0.95 (6-10 m); 30.0 31.5 11 I 125.0 30.75 576.3 1.50 3,799 378 3,421 0.76 1.00 15 576.3 1.4
CR = 1.0 (10-30 m) 31.5 33.0 11 I 125.0 32.25 574.8 1.50 3,986 471 3,515 0.74 1.00 15 574.8 1.4

Sampling Method, CS 33.0 34.5 1 B 125.0 33.75 573.3 1.50 4,174 565 3,609 0.73 1.00 1 573.3 1.3
CS = 1.0 (standard sampler); 34.5 36.0 3 B 125.0 35.25 571.8 1.50 4,361 658 3,703 0.72 1.00 4 571.8 1.3
CS = 1.1-1.3 (sampler without liners) 36.0 37.5 4 D 125.0 36.75 570.3 1.50 4,549 752 3,797 0.71 1.00 5 570.3 1.3

37.5 39.0 5 D 125.0 38.25 568.8 1.50 4,736 846 3,891 0.70 1.00 6 568.8 1.3
39.0 40.5 6 H 115.0 39.75 567.3 1.50 4,916 939 3,977 0.69 1.00 8 567.3 1.3
40.5 42.0 6 H 115.0 41.25 565.8 1.50 5,089 1,033 4,056 0.68 1.00 7 565.8 1.2
42.5 44.0 7 H 115.0 43.25 563.8 1.50 5,319 1,158 4,161 0.67 1.00 9 563.8 1.2
45.0 46.5 4 G 115.0 45.75 561.3 1.50 5,606 1,314 4,293 0.66 1.00 5 561.3 1.2
47.5 49.0 8 G 115.0 48.25 558.8 1.50 5,894 1,470 4,424 0.64 1.00 9 558.8 1.2
50.0 51.5 8 G 115.0 50.75 556.3 1.50 6,181 1,626 4,556 0.63 1.00 9 556.3 1.1
52.5 54.0 32 I 125.0 53.25 553.8 1.50 6,476 1,782 4,695 0.62 1.00 36 553.8 1.1
55.0 56.5 48 L 125.0 55.75 551.3 1.50 6,789 1,938 4,851 0.61 1.00 53 551.3 1.1
57.5 59.0 17 D 125.0 58.25 548.8 1.50 7,101 2,094 5,008 0.59 1.00 18 548.8 1.1
60.0 61.5 7 D 125.0 60.75 546.3 1.50 7,414 2,250 5,164 0.58 1.00 7 546.3 1.1
65.0 66.2 50/0.2 M 160.0 65.60 541.4 1.20 8,041 2,552 5,489 0.56 1.00 541.4 #VALUE!
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 3 B 125.0 0.75 613.3 1.50 94 0 94 1.76 0.75 7 613.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 8 B 125.0 2.25 611.8 1.50 281 0 281 1.64 0.75 18 611.8 2.2
Borehole Diameter inches 3.0 4.5 7 B 125.0 3.75 610.3 1.50 469 0 469 1.53 0.75 15 610.3 2.1

4.5 6.0 8 B 125.0 5.25 608.8 1.50 656 0 656 1.44 0.80 17 608.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 9 B 125.0 6.75 607.3 1.50 844 0 844 1.36 0.80 18 607.3 2.0

7.5 9.0 10 B 125.0 8.25 605.8 1.50 1,031 0 1,031 1.28 0.85 20 605.8 2.0
Overburden Pressure, CN 9.0 10.5 5 B 125.0 9.75 604.3 1.50 1,219 0 1,219 1.22 0.85 9 604.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 5 B 125.0 11.25 602.8 1.50 1,406 0 1,406 1.16 0.85 9 602.8 1.8
Energy Ratio, CE 12.0 13.5 7 B 125.0 12.75 601.3 1.50 1,594 0 1,594 1.10 0.85 12 601.3 1.7

CE = 0.5-1.0 (donut hammer); 13.5 15.0 4 B 125.0 14.25 599.8 1.50 1,781 0 1,781 1.05 0.85 6 599.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 4 B 125.0 15.75 598.3 1.50 1,969 0 1,969 1.01 0.95 7 598.3 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 2 B 125.0 17.25 596.8 1.50 2,156 0 2,156 0.97 0.95 3 596.8 1.7

Borehole Diameter, CB 18.0 19.5 7 B 125.0 18.75 595.3 1.50 2,344 0 2,344 0.93 0.95 11 595.3 1.6
CB = 1.0 (65-115 mm); 19.5 21.0 5 B 125.0 20.25 593.8 1.50 2,531 0 2,531 0.89 0.95 8 593.8 1.5
CB = 1.05 (150 mm); 21.0 22.5 4 B 125.0 21.75 592.3 1.50 2,719 0 2,719 0.86 0.95 6 592.3 1.5
CB = 1.15 (200 mm) 22.5 24.0 6 B 125.0 23.25 590.8 1.50 2,906 0 2,906 0.83 0.95 9 590.8 1.4

Rod Length, CR 24.0 25.5 6 B 125.0 24.75 589.3 1.50 3,094 0 3,094 0.80 0.95 8 589.3 1.4
Assumed Rod Stickup feet 25.5 27.0 5 B 125.0 26.25 587.8 1.50 3,281 0 3,281 0.77 0.95 7 587.8 1.3
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 8 G 115.0 27.75 586.3 1.50 3,461 0 3,461 0.75 0.95 10 586.3 1.3
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 4 B 125.0 29.25 584.8 1.50 3,641 59 3,582 0.74 1.00 5 584.8 1.3
CR = 1.0 (10-30 m) 30.0 31.5 5 G 115.0 30.75 583.3 1.50 3,821 153 3,668 0.73 1.00 7 583.3 1.3

Sampling Method, CS 31.5 33.0 4 H 115.0 32.25 581.8 1.50 3,994 246 3,747 0.72 1.00 5 581.8 1.3
CS = 1.0 (standard sampler); 33.0 34.5 8 H 115.0 33.75 580.3 1.50 4,166 340 3,826 0.71 1.00 10 580.3 1.3
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 8 H 115.0 35.25 578.8 1.50 4,339 434 3,905 0.70 1.00 10 578.8 1.3

36.0 37.5 13 H 115.0 36.75 577.3 1.50 4,511 527 3,984 0.69 1.00 16 577.3 1.3
37.5 39.0 14 I 125.0 38.25 575.8 1.50 4,691 621 4,070 0.68 1.00 17 575.8 1.2
39.0 40.5 7 D 125.0 39.75 574.3 1.50 4,879 714 4,164 0.67 1.00 9 574.3 1.2
40.5 42.0 4 B 125.0 41.25 572.8 1.50 5,066 808 4,258 0.66 1.00 5 572.8 1.2
42.5 44.0 10 B 125.0 43.25 570.8 1.50 5,316 933 4,383 0.65 1.00 12 570.8 1.2
45.0 46.5 11 B 125.0 45.75 568.3 1.50 5,629 1,089 4,540 0.63 1.00 13 568.3 1.2
47.5 49.0 10 B 125.0 48.25 565.8 1.50 5,941 1,245 4,696 0.62 1.00 11 565.8 1.1
50.0 51.5 6 B 125.0 50.75 563.3 1.50 6,254 1,401 4,853 0.61 1.00 7 563.3 1.1
52.5 54.0 7 B 125.0 53.25 560.8 1.50 6,566 1,557 5,009 0.59 1.00 8 560.8 1.1
55.0 56.5 11 B 125.0 55.75 558.3 1.50 6,879 1,713 5,166 0.58 1.00 12 558.3 1.1
57.5 59.0 13 B 125.0 58.25 555.8 1.50 7,191 1,869 5,322 0.57 1.00 13 555.8 1.0
60.0 61.5 8 B 125.0 60.75 553.3 1.50 7,504 2,025 5,479 0.56 1.00 8 553.3 1.0
65.0 66.5 6 B 125.0 65.75 548.3 1.50 8,129 2,337 5,792 0.54 1.00 6 548.3 1.0
70.0 71.5 12 G 115.0 70.75 543.3 1.50 8,746 2,649 6,097 0.52 1.00 11 543.3 0.9
75.0 75.3 50/0.3 M 160.0 75.15 538.9 0.30 9,259 2,923 6,336 0.50 1.00 538.9 --
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 1.5 3.0 3 B 125.0 2.25 596.8 1.50 281 0 281 1.64 0.75 7 596.8 2.2
Unit Weight of Ground Water pcf 3.0 4.5 2 B 125.0 3.75 595.3 1.50 469 0 469 1.53 0.75 4 595.3 2.1
Borehole Diameter inches 4.5 6.0 2 B 125.0 5.25 593.8 1.50 656 0 656 1.44 0.80 4 593.8 2.1

6.0 7.5 0 B 125.0 6.75 592.3 1.50 844 0 844 1.36 0.80 0 592.3 --
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 7.5 9.0 2 B 125.0 8.25 590.8 1.50 1,031 0 1,031 1.28 0.85 4 590.8 2.0

9.0 10.5 0 B 125.0 9.75 589.3 1.50 1,219 0 1,219 1.22 0.85 0 589.3 --
Overburden Pressure, CN 10.5 12.0 3 D 125.0 11.25 587.8 1.50 1,406 0 1,406 1.16 0.85 5 587.8 1.8

CN = 2.2 / (1.2 + ′vo/2000) 12.0 13.5 3 D 125.0 12.75 586.3 1.50 1,594 0 1,594 1.10 0.85 5 586.3 1.7
Energy Ratio, CE 13.5 15.0 3 B 125.0 14.25 584.8 1.50 1,781 0 1,781 1.05 0.85 5 584.8 1.6

CE = 0.5-1.0 (donut hammer); 15.0 16.5 5 B 125.0 15.75 583.3 1.50 1,969 0 1,969 1.01 0.95 9 583.3 1.7
CE = 0.7-1.2 (safety hammer); 16.5 18.0 3 F 120.0 17.25 581.8 1.50 2,153 0 2,153 0.97 0.95 5 581.8 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 18.0 19.5 3 F 120.0 18.75 580.3 1.50 2,333 0 2,333 0.93 0.95 5 580.3 1.6

Borehole Diameter, CB 19.5 21.0 7 H 115.0 20.25 578.8 1.50 2,509 3 2,506 0.90 0.95 11 578.8 1.5
CB = 1.0 (65-115 mm); 21.0 22.5 2 H 115.0 21.75 577.3 1.50 2,681 97 2,585 0.88 0.95 3 577.3 1.5
CB = 1.05 (150 mm); 22.5 24.0 2 H 115.0 23.25 575.8 1.50 2,854 190 2,663 0.87 0.95 3 575.8 1.5
CB = 1.15 (200 mm) 24.0 25.5 3 E 130.0 24.75 574.3 1.50 3,038 284 2,754 0.85 0.95 4 574.3 1.5

Rod Length, CR 25.5 27.0 3 H 115.0 26.25 572.8 1.50 3,221 378 2,844 0.84 0.95 4 572.8 1.4
Assumed Rod Stickup feet 27.0 28.5 4 H 115.0 27.75 571.3 1.50 3,394 471 2,923 0.83 0.95 6 571.3 1.4
CR = 0.75 (< 3 m); 0.8 (3-4 m); 28.5 30.0 7 H 115.0 29.25 569.8 1.50 3,566 565 3,002 0.81 1.00 10 569.8 1.5
CR = 0.85 (4-6 m); 0.95 (6-10 m); 30.0 31.5 5 H 115.0 30.75 568.3 1.50 3,739 658 3,080 0.80 1.00 7 568.3 1.5
CR = 1.0 (10-30 m)

Sampling Method, CS

CS = 1.0 (standard sampler);
CS = 1.1-1.3 (sampler without liners)
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 9 A 125.0 0.75 603.3 1.50 94 0 94 1.76 0.75 22 603.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 12 A 125.0 2.25 601.8 1.50 281 0 281 1.64 0.75 27 601.8 2.2
Borehole Diameter inches 3.0 4.5 9 A 125.0 3.75 600.3 1.50 469 0 469 1.53 0.75 19 600.3 2.1

4.5 6.0 8 A 125.0 5.25 598.8 1.50 656 0 656 1.44 0.80 17 598.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 5 A 125.0 6.75 597.3 1.50 844 0 844 1.36 0.80 10 597.3 2.0

7.5 9.0 3 A 125.0 8.25 595.8 1.50 1,031 0 1,031 1.28 0.85 6 595.8 2.0
Overburden Pressure, CN 9.0 10.5 2 A 125.0 9.75 594.3 1.50 1,219 0 1,219 1.22 0.85 4 594.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 3 A 125.0 11.25 592.8 1.50 1,406 0 1,406 1.16 0.85 5 592.8 1.8
Energy Ratio, CE 12.0 13.5 3 B 125.0 12.75 591.3 1.50 1,594 0 1,594 1.10 0.85 5 591.3 1.7

CE = 0.5-1.0 (donut hammer); 13.5 15.0 4 B 125.0 14.25 589.8 1.50 1,781 0 1,781 1.05 0.85 6 589.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 4 B 125.0 15.75 588.3 1.50 1,969 0 1,969 1.01 0.95 7 588.3 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 0 B 125.0 17.25 586.8 1.50 2,156 0 2,156 0.97 0.95 0 586.8 --

Borehole Diameter, CB 18.0 19.5 0 B 125.0 18.75 585.3 1.50 2,344 0 2,344 0.93 0.95 0 585.3 --
CB = 1.0 (65-115 mm); 19.5 21.0 0 B 125.0 20.25 583.8 1.50 2,531 0 2,531 0.89 0.95 0 583.8 --
CB = 1.05 (150 mm); 21.0 22.5 0 D 125.0 21.75 582.3 1.50 2,719 3 2,716 0.86 0.95 0 582.3 --
CB = 1.15 (200 mm) 22.5 24.0 1 D 125.0 23.25 580.8 1.50 2,906 97 2,810 0.84 0.95 1 580.8 1.5

Rod Length, CR 24.0 25.5 1 F 120.0 24.75 579.3 1.50 3,090 190 2,900 0.83 0.95 1 579.3 1.4
Assumed Rod Stickup feet 25.5 27.0 3 H 115.0 26.25 577.8 1.50 3,266 284 2,982 0.82 0.95 4 577.8 1.4
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 8 H 115.0 27.75 576.3 1.50 3,439 378 3,061 0.81 0.95 11 576.3 1.4
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 12 H 115.0 29.25 574.8 1.50 3,611 471 3,140 0.79 1.00 17 574.8 1.4
CR = 1.0 (10-30 m) 30.0 31.5 11 H 115.0 30.75 573.3 1.50 3,784 565 3,219 0.78 1.00 16 573.3 1.4

Sampling Method, CS 31.5 33.0 12 H 115.0 32.25 571.8 1.50 3,956 658 3,298 0.77 1.00 17 571.8 1.4
CS = 1.0 (standard sampler); 33.0 34.5 10 H 115.0 33.75 570.3 1.50 4,129 752 3,377 0.76 1.00 14 570.3 1.4
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 9 H 115.0 35.25 568.8 1.50 4,301 846 3,456 0.75 1.00 12 568.8 1.4

36.0 37.5 13 H 115.0 36.75 567.3 1.50 4,474 939 3,535 0.74 1.00 17 567.3 1.3
37.5 39.0 13 H 115.0 38.25 565.8 1.50 4,646 1,033 3,614 0.73 1.00 17 565.8 1.3
39.0 40.5 12 H 115.0 39.75 564.3 1.50 4,819 1,126 3,692 0.72 1.00 16 564.3 1.3
40.5 42.0 16 H 115.0 41.25 562.8 1.50 4,991 1,220 3,771 0.71 1.00 21 562.8 1.3
42.5 44.0 16 H 115.0 43.25 560.8 1.50 5,221 1,345 3,877 0.70 1.00 20 560.8 1.3
45.0 46.5 10 I 125.0 45.75 558.3 1.50 5,516 1,501 4,016 0.69 1.00 12 558.3 1.2
47.5 49.0 13 H 115.0 48.25 555.8 1.50 5,821 1,657 4,165 0.67 1.00 16 555.8 1.2
50.0 51.5 6 H 115.0 50.75 553.3 1.50 6,109 1,813 4,296 0.66 1.00 7 553.3 1.2
52.5 54.0 13 I 125.0 53.25 550.8 1.50 6,404 1,969 4,435 0.64 1.00 15 550.8 1.2
55.0 56.5 13 H 115.0 55.75 548.3 1.50 6,709 2,125 4,584 0.63 1.00 15 548.3 1.1
57.5 59.0 44 I 125.0 58.25 545.8 1.50 7,004 2,281 4,723 0.62 1.00 49 545.8 1.1
60.0 60.4 50/0.4 M 160.0 60.20 543.8 0.40 7,255 2,402 4,852 0.61 1.00 543.8 --
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 8 B 125.0 0.75 601.3 1.50 94 0 94 1.76 0.75 19 601.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 9 B 125.0 2.25 599.8 1.50 281 0 281 1.64 0.75 20 599.8 2.2
Borehole Diameter inches 3.0 4.5 10 B 125.0 3.75 598.3 1.50 469 0 469 1.53 0.75 21 598.3 2.1

4.5 6.0 5 B 125.0 5.25 596.8 1.50 656 0 656 1.44 0.80 10 596.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 10 B 125.0 6.75 595.3 1.50 844 0 844 1.36 0.80 20 595.3 2.0

7.5 9.0 14 B 125.0 8.25 593.8 1.50 1,031 0 1,031 1.28 0.85 28 593.8 2.0
Overburden Pressure, CN 9.0 10.5 9 D 125.0 9.75 592.3 1.50 1,219 0 1,219 1.22 0.85 17 592.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 8 B 125.0 11.25 590.8 1.50 1,406 0 1,406 1.16 0.85 14 590.8 1.8
Energy Ratio, CE 12.0 13.5 3 B 125.0 12.75 589.3 1.50 1,594 0 1,594 1.10 0.85 5 589.3 1.7

CE = 0.5-1.0 (donut hammer); 13.5 15.0 4 B 125.0 14.25 587.8 1.50 1,781 0 1,781 1.05 0.85 6 587.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 4 B 125.0 15.75 586.3 1.50 1,969 0 1,969 1.01 0.95 7 586.3 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 5 B 125.0 17.25 584.8 1.50 2,156 0 2,156 0.97 0.95 8 584.8 1.7

Borehole Diameter, CB 18.0 19.5 6 B 125.0 18.75 583.3 1.50 2,344 0 2,344 0.93 0.95 10 583.3 1.6
CB = 1.0 (65-115 mm); 19.5 21.0 5 C 130.0 20.25 581.8 1.50 2,535 0 2,535 0.89 0.95 8 581.8 1.5
CB = 1.05 (150 mm); 21.0 22.5 2 F 120.0 21.75 580.3 1.50 2,723 9 2,713 0.86 0.95 3 580.3 1.5
CB = 1.15 (200 mm) 22.5 24.0 2 I 125.0 23.25 578.8 1.50 2,906 103 2,803 0.85 0.95 3 578.8 1.5

Rod Length, CR 24.0 25.5 17 H 115.0 24.75 577.3 1.50 3,086 197 2,890 0.83 0.95 24 577.3 1.4
Assumed Rod Stickup feet 25.5 27.0 16 H 115.0 26.25 575.8 1.50 3,259 290 2,969 0.82 0.95 23 575.8 1.4
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 9 H 115.0 27.75 574.3 1.50 3,431 384 3,047 0.81 0.95 13 574.3 1.4
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 3 I 125.0 29.25 572.8 1.50 3,611 477 3,134 0.80 1.00 4 572.8 1.4
CR = 1.0 (10-30 m) 30.0 31.5 4 H 115.0 30.75 571.3 1.50 3,791 571 3,220 0.78 1.00 6 571.3 1.4

Sampling Method, CS 31.5 33.0 7 H 115.0 32.25 569.8 1.50 3,964 665 3,299 0.77 1.00 10 569.8 1.4
CS = 1.0 (standard sampler); 33.0 34.5 2 D 125.0 33.75 568.3 1.50 4,144 758 3,386 0.76 1.00 3 568.3 1.4
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 4 D 125.0 35.25 566.8 1.50 4,331 852 3,479 0.75 1.00 5 566.8 1.4

36.0 37.5 11 H 115.0 36.75 565.3 1.50 4,511 945 3,566 0.74 1.00 15 565.3 1.3
37.5 39.0 19 H 115.0 38.25 563.8 1.50 4,684 1,039 3,645 0.73 1.00 25 563.8 1.3
39.0 40.5 17 H 115.0 39.75 562.3 1.50 4,856 1,133 3,724 0.72 1.00 22 562.3 1.3
40.5 42.0 16 H 115.0 41.25 560.8 1.50 5,029 1,226 3,803 0.71 1.00 21 560.8 1.3
42.5 44.0 4 F 120.0 43.25 558.8 1.50 5,263 1,351 3,912 0.70 1.00 5 558.8 1.3
45.0 46.5 4 H 115.0 45.75 556.3 1.50 5,559 1,507 4,052 0.68 1.00 5 556.3 1.2
47.5 49.0 7 H 115.0 48.25 553.8 1.50 5,846 1,663 4,183 0.67 1.00 8 553.8 1.2
50.0 51.5 15 H 115.0 50.75 551.3 1.50 6,134 1,819 4,315 0.66 1.00 18 551.3 1.2
52.5 54.0 9 E 130.0 53.25 548.8 1.50 6,433 1,975 4,458 0.64 1.00 10 548.8 1.2
55.0 56.5 12 E 130.0 55.75 546.3 1.50 6,758 2,131 4,627 0.63 1.00 14 546.3 1.1
57.5 59.0 41 I 125.0 58.25 543.8 1.50 7,079 2,287 4,792 0.61 1.00 46 543.8 1.1
60.0 61.5 23 I 125.0 60.75 541.3 1.50 7,391 2,443 4,948 0.60 1.00 25 541.3 1.1
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 7 A 125.0 0.75 605.3 1.50 94 0 94 1.76 0.75 17 605.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 5 A 125.0 2.25 603.8 1.50 281 0 281 1.64 0.75 11 603.8 2.2
Borehole Diameter inches 3.0 4.5 5 A 125.0 3.75 602.3 1.50 469 0 469 1.53 0.75 10 602.3 2.1

4.5 6.0 14 A 125.0 5.25 600.8 1.50 656 0 656 1.44 0.80 29 600.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 15 A 125.0 6.75 599.3 1.50 844 0 844 1.36 0.80 30 599.3 2.0

7.5 9.0 9 A 125.0 8.25 597.8 1.50 1,031 0 1,031 1.28 0.85 18 597.8 2.0
Overburden Pressure, CN 9.0 10.5 13 G 115.0 9.75 596.3 1.50 1,211 0 1,211 1.22 0.85 24 596.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 6 E 130.0 11.25 594.8 1.50 1,395 0 1,395 1.16 0.85 11 594.8 1.8
Energy Ratio, CE 12.0 13.5 3 E 130.0 12.75 593.3 1.50 1,590 0 1,590 1.10 0.85 5 593.3 1.7

CE = 0.5-1.0 (donut hammer); 13.5 15.0 3 E 130.0 14.25 591.8 1.50 1,785 0 1,785 1.05 0.85 5 591.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 3 F 120.0 15.75 590.3 1.50 1,973 0 1,973 1.01 0.95 5 590.3 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 2 E 130.0 17.25 588.8 1.50 2,160 0 2,160 0.96 0.95 3 588.8 1.7

Borehole Diameter, CB 18.0 19.5 3 F 120.0 18.75 587.3 1.50 2,348 0 2,348 0.93 0.95 5 587.3 1.6
CB = 1.0 (65-115 mm); 19.5 21.0 1 F 120.0 20.25 585.8 1.50 2,528 28 2,499 0.90 0.95 2 585.8 1.5
CB = 1.05 (150 mm); 21.0 22.5 1 F 120.0 21.75 584.3 1.50 2,708 122 2,586 0.88 0.95 2 584.3 1.5
CB = 1.15 (200 mm) 22.5 24.0 0 E 130.0 23.25 582.8 1.50 2,895 215 2,680 0.87 0.95 0 582.8 --

Rod Length, CR 24.0 25.5 1 G 115.0 24.75 581.3 1.50 3,079 309 2,770 0.85 0.95 1 581.3 1.5
Assumed Rod Stickup feet 25.5 27.0 2 G 115.0 26.25 579.8 1.50 3,251 402 2,849 0.84 0.95 3 579.8 1.4
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 2 H 115.0 27.75 578.3 1.50 3,424 496 2,928 0.83 0.95 3 578.3 1.4
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 2 H 115.0 29.25 576.8 1.50 3,596 590 3,007 0.81 1.00 3 576.8 1.5
CR = 1.0 (10-30 m) 30.0 31.5 5 H 115.0 30.75 575.3 1.50 3,769 683 3,085 0.80 1.00 7 575.3 1.5

Sampling Method, CS 31.5 33.0 5 H 115.0 32.25 573.8 1.50 3,941 777 3,164 0.79 1.00 7 573.8 1.4
CS = 1.0 (standard sampler); 33.0 34.5 2 B 125.0 33.75 572.3 1.50 4,121 870 3,251 0.78 1.00 3 572.3 1.4
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 0 B 125.0 35.25 570.8 1.50 4,309 964 3,345 0.77 1.00 0 570.8 --

36.0 37.5 0 B 125.0 36.75 569.3 1.50 4,496 1,058 3,439 0.75 1.00 0 569.3 --
37.5 39.0 0 B 125.0 38.25 567.8 1.50 4,684 1,151 3,532 0.74 1.00 0 567.8 --
39.0 40.5 4 B 125.0 39.75 566.3 1.50 4,871 1,245 3,626 0.73 1.00 5 566.3 1.3
40.5 42.0 1 B 125.0 41.25 564.8 1.50 5,059 1,338 3,720 0.72 1.00 1 564.8 1.3
42.5 44.0 4 B 125.0 43.25 562.8 1.50 5,309 1,463 3,845 0.70 1.00 5 562.8 1.3
45.0 46.5 5 D 125.0 45.75 560.3 1.50 5,621 1,619 4,002 0.69 1.00 6 560.3 1.2
47.5 49.0 4 D 125.0 48.25 557.8 1.50 5,934 1,775 4,158 0.67 1.00 5 557.8 1.2
50.0 51.5 6 D 125.0 50.75 555.3 1.50 6,246 1,931 4,315 0.66 1.00 7 555.3 1.2
52.5 54.0 6 D 125.0 53.25 552.8 1.50 6,559 2,087 4,471 0.64 1.00 7 552.8 1.2
55.0 56.5 6 E 130.0 55.75 550.3 1.50 6,875 2,243 4,632 0.63 1.00 7 550.3 1.1
57.5 59.0 16 H 115.0 58.25 547.8 1.50 7,189 2,399 4,789 0.61 1.00 18 547.8 1.1
60.0 61.4 50/0.4 F 120.0 60.70 545.3 1.40 7,474 2,552 4,922 0.60 1.00 545.3 --
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 4 A 125.0 0.75 607.3 1.50 94 0 94 1.76 0.75 10 607.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 7 A 125.0 2.25 605.8 1.50 281 0 281 1.64 0.75 16 605.8 2.2
Borehole Diameter inches 3.0 4.5 8 A 125.0 3.75 604.3 1.50 469 0 469 1.53 0.75 17 604.3 2.1

4.5 6.0 25 A 125.0 5.25 602.8 1.50 656 0 656 1.44 0.80 52 602.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 8 A 125.0 6.75 601.3 1.50 844 0 844 1.36 0.80 16 601.3 2.0

7.5 9.0 16 A 125.0 8.25 599.8 1.50 1,031 0 1,031 1.28 0.85 32 599.8 2.0
Overburden Pressure, CN 9.0 10.5 18 A 125.0 9.75 598.3 1.50 1,219 0 1,219 1.22 0.85 34 598.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 4 D 125.0 11.25 596.8 1.50 1,406 0 1,406 1.16 0.85 7 596.8 1.8
Energy Ratio, CE 12.0 13.5 3 E 130.0 12.75 595.3 1.50 1,598 0 1,598 1.10 0.85 5 595.3 1.7

CE = 0.5-1.0 (donut hammer); 13.5 15.0 5 E 130.0 14.25 593.8 1.50 1,793 0 1,793 1.05 0.85 8 593.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 4 E 130.0 15.75 592.3 1.50 1,988 0 1,988 1.00 0.95 7 592.3 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 2 F 120.0 17.25 590.8 1.50 2,175 0 2,175 0.96 0.95 3 590.8 1.7

Borehole Diameter, CB 18.0 19.5 3 F 120.0 18.75 589.3 1.50 2,355 0 2,355 0.93 0.95 5 589.3 1.6
CB = 1.0 (65-115 mm); 19.5 21.0 2 F 120.0 20.25 587.8 1.50 2,535 3 2,532 0.89 0.95 3 587.8 1.5
CB = 1.05 (150 mm); 21.0 22.5 3 F 120.0 21.75 586.3 1.50 2,715 97 2,618 0.88 0.95 5 586.3 1.5
CB = 1.15 (200 mm) 22.5 24.0 3 F 120.0 23.25 584.8 1.50 2,895 190 2,705 0.86 0.95 4 584.8 1.5

Rod Length, CR 24.0 25.5 2 F 120.0 24.75 583.3 1.50 3,075 284 2,791 0.85 0.95 3 583.3 1.5
Assumed Rod Stickup feet 25.5 27.0 3 H 115.0 26.25 581.8 1.50 3,251 378 2,874 0.83 0.95 4 581.8 1.4
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 4 H 115.0 27.75 580.3 1.50 3,424 471 2,953 0.82 0.95 6 580.3 1.4
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 3 H 115.0 29.25 578.8 1.50 3,596 565 3,032 0.81 1.00 4 578.8 1.5
CR = 1.0 (10-30 m) 30.0 31.5 3 H 115.0 30.75 577.3 1.50 3,769 658 3,110 0.80 1.00 4 577.3 1.4

Sampling Method, CS 31.5 33.0 6 H 115.0 32.25 575.8 1.50 3,941 752 3,189 0.79 1.00 9 575.8 1.4
CS = 1.0 (standard sampler); 33.0 34.5 4 B 125.0 33.75 574.3 1.50 4,121 846 3,276 0.78 1.00 6 574.3 1.4
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 3 B 125.0 35.25 572.8 1.50 4,309 939 3,370 0.76 1.00 4 572.8 1.4

36.0 37.5 0 B 125.0 36.75 571.3 1.50 4,496 1,033 3,464 0.75 1.00 0 571.3 --
37.5 39.0 4 D 125.0 38.25 569.8 1.50 4,684 1,126 3,557 0.74 1.00 5 569.8 1.3
39.0 40.5 2 D 125.0 39.75 568.3 1.50 4,871 1,220 3,651 0.73 1.00 3 568.3 1.3
40.5 42.0 3 E 130.0 41.25 566.8 1.50 5,063 1,314 3,749 0.72 1.00 4 566.8 1.3
42.5 44.0 0 D 125.0 43.25 564.8 1.50 5,319 1,438 3,880 0.70 1.00 0 564.8 --
45.0 46.5 4 D 125.0 45.75 562.3 1.50 5,631 1,594 4,037 0.68 1.00 5 562.3 1.2
47.5 49.0 5 E 130.0 48.25 559.8 1.50 5,948 1,750 4,197 0.67 1.00 6 559.8 1.2
50.0 51.5 0 E 130.0 50.75 557.3 1.50 6,273 1,906 4,366 0.65 1.00 0 557.3 --
52.5 54.0 0 D 125.0 53.25 554.8 1.50 6,594 2,062 4,531 0.63 1.00 0 554.8 --
55.0 56.5 0 D 125.0 55.75 552.3 1.50 6,906 2,218 4,688 0.62 1.00 0 552.3 --
57.5 59.0 19 H 115.0 58.25 549.8 1.50 7,211 2,374 4,837 0.61 1.00 21 549.8 1.1
60.0 61.5 51 H 115.0 60.75 547.3 1.50 7,499 2,530 4,968 0.60 1.00 55 547.3 1.1
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 4 A 125.0 0.75 603.3 1.50 94 0 94 1.76 0.75 10 603.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 6 A 125.0 2.25 601.8 1.50 281 0 281 1.64 0.75 13 601.8 2.2
Borehole Diameter inches 3.0 4.5 5 A 125.0 3.75 600.3 1.50 469 0 469 1.53 0.75 10 600.3 2.1

4.5 6.0 9 A 125.0 5.25 598.8 1.50 656 0 656 1.44 0.80 19 598.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 7 A 125.0 6.75 597.3 1.50 844 0 844 1.36 0.80 14 597.3 2.0

7.5 9.0 7 B 125.0 8.25 595.8 1.50 1,031 0 1,031 1.28 0.85 14 595.8 2.0
Overburden Pressure, CN 9.0 10.5 4 G 115.0 9.75 594.3 1.50 1,211 0 1,211 1.22 0.85 8 594.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 3 G 115.0 11.25 592.8 1.50 1,384 0 1,384 1.16 0.85 5 592.8 1.8
Energy Ratio, CE 12.0 13.5 3 G 115.0 12.75 591.3 1.50 1,556 0 1,556 1.11 0.85 5 591.3 1.7

CE = 0.5-1.0 (donut hammer); 13.5 15.0 3 F 120.0 14.25 589.8 1.50 1,733 0 1,733 1.06 0.85 5 589.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 0 E 130.0 15.75 588.3 1.50 1,920 0 1,920 1.02 0.95 0 588.3 --
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 0 D 125.0 17.25 586.8 1.50 2,111 0 2,111 0.98 0.95 0 586.8 --

Borehole Diameter, CB 18.0 19.5 0 D 125.0 18.75 585.3 1.50 2,299 0 2,299 0.94 0.95 0 585.3 --
CB = 1.0 (65-115 mm); 19.5 21.0 0 D 125.0 20.25 583.8 1.50 2,486 0 2,486 0.90 0.95 0 583.8 --
CB = 1.05 (150 mm); 21.0 22.5 0 B 125.0 21.75 582.3 1.50 2,674 0 2,674 0.87 0.95 0 582.3 --
CB = 1.15 (200 mm) 22.5 24.0 0 B 125.0 23.25 580.8 1.50 2,861 16 2,846 0.84 0.95 0 580.8 --

Rod Length, CR 24.0 25.5 0 B 125.0 24.75 579.3 1.50 3,049 109 2,940 0.82 0.95 0 579.3 --
Assumed Rod Stickup feet 25.5 27.0 1 D 125.0 26.25 577.8 1.50 3,236 203 3,033 0.81 0.95 1 577.8 1.4
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 0 E 130.0 27.75 576.3 1.50 3,428 296 3,131 0.80 0.95 0 576.3 --
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 3 F 120.0 29.25 574.8 1.50 3,615 390 3,225 0.78 1.00 4 574.8 1.4
CR = 1.0 (10-30 m) 30.0 31.5 4 D 125.0 30.75 573.3 1.50 3,799 484 3,315 0.77 1.00 6 573.3 1.4

Sampling Method, CS 31.5 33.0 5 B 125.0 32.25 571.8 1.50 3,986 577 3,409 0.76 1.00 7 571.8 1.4
CS = 1.0 (standard sampler); 33.0 34.5 0 B 125.0 33.75 570.3 1.50 4,174 671 3,503 0.75 1.00 0 570.3 --
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 1 B 125.0 35.25 568.8 1.50 4,361 764 3,597 0.73 1.00 1 568.8 1.3

36.0 37.5 0 B 125.0 36.75 567.3 1.50 4,549 858 3,691 0.72 1.00 0 567.3 --
37.5 39.0 0 B 125.0 38.25 565.8 1.50 4,736 952 3,785 0.71 1.00 0 565.8 --
39.0 40.5 0 B 125.0 39.75 564.3 1.50 4,924 1,045 3,879 0.70 1.00 0 564.3 --
40.5 42.0 3 D 125.0 41.25 562.8 1.50 5,111 1,139 3,972 0.69 1.00 4 562.8 1.3
42.5 44.0 12 E 130.0 43.25 560.8 1.50 5,365 1,264 4,101 0.68 1.00 15 560.8 1.2
45.0 46.5 0 E 130.0 45.75 558.3 1.50 5,690 1,420 4,270 0.66 1.00 0 558.3 --
47.5 49.0 6 G 115.0 48.25 555.8 1.50 6,004 1,576 4,428 0.64 1.00 7 555.8 1.2
50.0 51.5 1 E 130.0 50.75 553.3 1.50 6,303 1,732 4,571 0.63 1.00 1 553.3 1.1
52.5 54.0 2 D 125.0 53.25 550.8 1.50 6,624 1,888 4,736 0.62 1.00 2 550.8 1.1
55.0 56.5 16 H 115.0 55.75 548.3 1.50 6,929 2,044 4,885 0.60 1.00 18 548.3 1.1
57.5 59.0 27 E 130.0 58.25 545.8 1.50 7,228 2,200 5,028 0.59 1.00 29 545.8 1.1
60.0 61.4 50/0.4 E 130.0 60.70 543.3 1.40 7,546 2,352 5,194 0.58 1.00 543.3 --
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 10 A 125.0 0.75 603.3 1.50 94 0 94 1.76 0.75 24 603.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 7 A 125.0 2.25 601.8 1.50 281 0 281 1.64 0.75 16 601.8 2.2
Borehole Diameter inches 3.0 4.5 3 A 125.0 3.75 600.3 1.50 469 0 469 1.53 0.75 6 600.3 2.1

4.5 6.0 6 A 125.0 5.25 598.8 1.50 656 0 656 1.44 0.80 13 598.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 5 A 125.0 6.75 597.3 1.50 844 0 844 1.36 0.80 10 597.3 2.0

7.5 9.0 5 A 125.0 8.25 595.8 1.50 1,031 0 1,031 1.28 0.85 10 595.8 2.0
Overburden Pressure, CN 9.0 10.5 4 D 125.0 9.75 594.3 1.50 1,219 0 1,219 1.22 0.85 8 594.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 4 F 120.0 11.25 592.8 1.50 1,403 0 1,403 1.16 0.85 7 592.8 1.8
Energy Ratio, CE 12.0 13.5 0 F 120.0 12.75 591.3 1.50 1,583 0 1,583 1.10 0.85 0 591.3 --

CE = 0.5-1.0 (donut hammer); 13.5 15.0 2 F 120.0 14.25 589.8 1.50 1,763 0 1,763 1.06 0.85 3 589.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 3 F 120.0 15.75 588.3 1.50 1,943 0 1,943 1.01 0.95 5 588.3 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 2 F 120.0 17.25 586.8 1.50 2,123 0 2,123 0.97 0.95 3 586.8 1.7

Borehole Diameter, CB 18.0 19.5 3 F 120.0 18.75 585.3 1.50 2,303 0 2,303 0.94 0.95 5 585.3 1.6
CB = 1.0 (65-115 mm); 19.5 21.0 2 F 120.0 20.25 583.8 1.50 2,483 47 2,436 0.91 0.95 3 583.8 1.6
CB = 1.05 (150 mm); 21.0 22.5 1 F 120.0 21.75 582.3 1.50 2,663 140 2,522 0.89 0.95 2 582.3 1.5
CB = 1.15 (200 mm) 22.5 24.0 1 G 115.0 23.25 580.8 1.50 2,839 234 2,605 0.88 0.95 2 580.8 1.5

Rod Length, CR 24.0 25.5 0 G 115.0 24.75 579.3 1.50 3,011 328 2,684 0.87 0.95 0 579.3 --
Assumed Rod Stickup feet 25.5 27.0 1 G 115.0 26.25 577.8 1.50 3,184 421 2,763 0.85 0.95 1 577.8 1.5
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 2 H 115.0 27.75 576.3 1.50 3,356 515 2,841 0.84 0.95 3 576.3 1.4
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 6 H 115.0 29.25 574.8 1.50 3,529 608 2,920 0.83 1.00 9 574.8 1.5
CR = 1.0 (10-30 m) 30.0 31.5 2 H 115.0 30.75 573.3 1.50 3,701 702 2,999 0.81 1.00 3 573.3 1.5

Sampling Method, CS 31.5 33.0 4 H 115.0 32.25 571.8 1.50 3,874 796 3,078 0.80 1.00 6 571.8 1.5
CS = 1.0 (standard sampler); 33.0 34.5 6 B 125.0 33.75 570.3 1.50 4,054 889 3,165 0.79 1.00 9 570.3 1.4
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 7 B 125.0 35.25 568.8 1.50 4,241 983 3,258 0.78 1.00 10 568.8 1.4

36.0 37.5 7 E 130.0 36.75 567.3 1.50 4,433 1,076 3,356 0.76 1.00 10 567.3 1.4
37.5 39.0 8 B 125.0 38.25 565.8 1.50 4,624 1,170 3,454 0.75 1.00 11 565.8 1.4
39.0 40.5 7 B 125.0 39.75 564.3 1.50 4,811 1,264 3,548 0.74 1.00 9 564.3 1.3
40.5 42.0 0 D 125.0 41.25 562.8 1.50 4,999 1,357 3,642 0.73 1.00 0 562.8 --
42.5 44.0 1 E 130.0 43.25 560.8 1.50 5,253 1,482 3,771 0.71 1.00 1 560.8 1.3
45.0 46.5 0 D 125.0 45.75 558.3 1.50 5,574 1,638 3,936 0.69 1.00 0 558.3 --
47.5 49.0 5 E 130.0 48.25 555.8 1.50 5,890 1,794 4,096 0.68 1.00 6 555.8 1.2
50.0 51.5 7 F 120.0 50.75 553.3 1.50 6,208 1,950 4,258 0.66 1.00 8 553.3 1.2
52.5 54.0 4 E 130.0 53.25 550.8 1.50 6,515 2,106 4,409 0.65 1.00 5 550.8 1.2
55.0 56.5 3 E 130.0 55.75 548.3 1.50 6,840 2,262 4,578 0.63 1.00 3 548.3 1.1
57.5 59.0 7 F 120.0 58.25 545.8 1.50 7,158 2,418 4,740 0.62 1.00 8 545.8 1.1
60.0 61.5 19 F 120.0 60.75 543.3 1.50 7,458 2,574 4,884 0.60 1.00 21 543.3 1.1
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 12 A 125.0 0.75 607.3 1.50 94 0 94 1.76 0.75 29 607.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 13 A 125.0 2.25 605.8 1.50 281 0 281 1.64 0.75 29 605.8 2.2
Borehole Diameter inches 3.0 4.5 17 A 125.0 3.75 604.3 1.50 469 0 469 1.53 0.75 35 604.3 2.1

4.5 6.0 7 A 125.0 5.25 602.8 1.50 656 0 656 1.44 0.80 15 602.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 4 A 125.0 6.75 601.3 1.50 844 0 844 1.36 0.80 8 601.3 2.0

7.5 9.0 4 A 125.0 8.25 599.8 1.50 1,031 0 1,031 1.28 0.85 8 599.8 2.0
Overburden Pressure, CN 9.0 10.5 7 A 125.0 9.75 598.3 1.50 1,219 0 1,219 1.22 0.85 13 598.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 5 A 125.0 11.25 596.8 1.50 1,406 0 1,406 1.16 0.85 9 596.8 1.8
Energy Ratio, CE 12.0 13.5 5 A 125.0 12.75 595.3 1.50 1,594 0 1,594 1.10 0.85 8 595.3 1.7

CE = 0.5-1.0 (donut hammer); 13.5 15.0 8 A 125.0 14.25 593.8 1.50 1,781 0 1,781 1.05 0.85 13 593.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 7 A 125.0 15.75 592.3 1.50 1,969 0 1,969 1.01 0.95 12 592.3 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 6 A 125.0 17.25 590.8 1.50 2,156 0 2,156 0.97 0.95 10 590.8 1.7

Borehole Diameter, CB 18.0 19.5 8 A 125.0 18.75 589.3 1.50 2,344 0 2,344 0.93 0.95 13 589.3 1.6
CB = 1.0 (65-115 mm); 19.5 21.0 8 A 125.0 20.25 587.8 1.50 2,531 0 2,531 0.89 0.95 12 587.8 1.5
CB = 1.05 (150 mm); 21.0 22.5 6 A 125.0 21.75 586.3 1.50 2,719 0 2,719 0.86 0.95 9 586.3 1.5
CB = 1.15 (200 mm) 22.5 24.0 3 B 125.0 23.25 584.8 1.50 2,906 0 2,906 0.83 0.95 4 584.8 1.4

Rod Length, CR 24.0 25.5 5 B 125.0 24.75 583.3 1.50 3,094 0 3,094 0.80 0.95 7 583.3 1.4
Assumed Rod Stickup feet 25.5 27.0 4 B 125.0 26.25 581.8 1.50 3,281 0 3,281 0.77 0.95 5 581.8 1.3
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 3 B 125.0 27.75 580.3 1.50 3,469 0 3,469 0.75 0.95 4 580.3 1.3
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 1 B 125.0 29.25 578.8 1.50 3,656 0 3,656 0.73 1.00 1 578.8 1.3
CR = 1.0 (10-30 m) 30.0 31.5 4 B 125.0 30.75 577.3 1.50 3,844 0 3,844 0.70 1.00 5 577.3 1.3

Sampling Method, CS 31.5 33.0 3 B 125.0 32.25 575.8 1.50 4,031 0 4,031 0.68 1.00 4 575.8 1.2
CS = 1.0 (standard sampler); 33.0 34.5 5 B 125.0 33.75 574.3 1.50 4,219 0 4,219 0.66 1.00 6 574.3 1.2
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 5 B 125.0 35.25 572.8 1.50 4,406 0 4,406 0.65 1.00 6 572.8 1.2

36.0 37.5 2 B 125.0 36.75 571.3 1.50 4,594 0 4,594 0.63 1.00 2 571.3 1.1
37.5 39.0 0 B 125.0 38.25 569.8 1.50 4,781 0 4,781 0.61 1.00 0 569.8 --
39.0 40.5 0 B 125.0 39.75 568.3 1.50 4,969 0 4,969 0.60 1.00 0 568.3 --
40.5 42.0 0 B 125.0 41.25 566.8 1.50 5,156 0 5,156 0.58 1.00 0 566.8 --
42.5 44.0 5 D 125.0 43.25 564.8 1.50 5,406 47 5,359 0.57 1.00 5 564.8 1.0
45.0 46.5 2 D 125.0 45.75 562.3 1.50 5,719 203 5,516 0.56 1.00 2 562.3 1.0
47.5 49.0 0 E 130.0 48.25 559.8 1.50 6,035 359 5,676 0.54 1.00 0 559.8 --
50.0 51.5 2 F 120.0 50.75 557.3 1.50 6,353 515 5,838 0.53 1.00 2 557.3 1.0
52.5 54.0 2 F 120.0 53.25 554.8 1.50 6,653 671 5,982 0.52 1.00 2 554.8 1.0
55.0 56.5 2 F 120.0 55.75 552.3 1.50 6,953 827 6,126 0.52 1.00 2 552.3 0.9
57.5 59.0 2 F 120.0 58.25 549.8 1.50 7,253 983 6,270 0.51 1.00 2 549.8 0.9
60.0 61.5 4 F 120.0 60.75 547.3 1.50 7,553 1,139 6,414 0.50 1.00 4 547.3 0.9
65.0 65.9 50/0.4 L 125.0 65.45 542.6 0.90 8,119 1,432 6,687 0.48 1.00 542.6 --
67.2 67.7 50/0.5 M 160.0 67.45 540.6 0.50 8,378 1,557 6,821 0.48 1.00 540.6 --
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Normalized Standard Penetration Test (SPT) Resistances, (N1)60-values
Ref: Youd, T.L. and Idriss, I.M. et al. "Liquefaction Resistance of Soils: Summary Report from the 1996 and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of

Soils," J. Geotech. and Geoenvir. Engrg. , ASCE, Oct. 2001, 127(10), 817-833.

Boring and Ground Water Location SPT Measured Blow Counts, Nm-values, Normalized to Equivalent Blow Counts, (N1)60-values

Top of Hole Elevation feet Soil Ratio
Depth to Ground Water feet Type (N1)60 / Nm

Ground Water Elevation feet 0.0 1.5 7 A 125.0 0.75 614.3 1.50 94 0 94 1.76 0.75 17 614.3 2.4
Unit Weight of Ground Water pcf 1.5 3.0 3 A 125.0 2.25 612.8 1.50 281 0 281 1.64 0.75 7 612.8 2.2
Borehole Diameter inches 3.0 4.5 3 A 125.0 3.75 611.3 1.50 469 0 469 1.53 0.75 6 611.3 2.1

4.5 6.0 2 A 125.0 5.25 609.8 1.50 656 0 656 1.44 0.80 4 609.8 2.1
Corrections to SPT (N1)60 = NmꞏCNꞏCEꞏCBꞏCRꞏCS 6.0 7.5 4 B 125.0 6.75 608.3 1.50 844 0 844 1.36 0.80 8 608.3 2.0

7.5 9.0 8 B 125.0 8.25 606.8 1.50 1,031 0 1,031 1.28 0.85 16 606.8 2.0
Overburden Pressure, CN 9.0 10.5 6 B 125.0 9.75 605.3 1.50 1,219 0 1,219 1.22 0.85 11 605.3 1.9

CN = 2.2 / (1.2 + ′vo/2000) 10.5 12.0 6 B 125.0 11.25 603.8 1.50 1,406 0 1,406 1.16 0.85 11 603.8 1.8
Energy Ratio, CE 12.0 13.5 10 B 125.0 12.75 602.3 1.50 1,594 0 1,594 1.10 0.85 17 602.3 1.7

CE = 0.5-1.0 (donut hammer); 13.5 15.0 7 C 130.0 14.25 600.8 1.50 1,785 0 1,785 1.05 0.85 11 600.8 1.6
CE = 0.7-1.2 (safety hammer); 15.0 16.5 5 C 130.0 15.75 599.3 1.50 1,980 0 1,980 1.00 0.95 9 599.3 1.7
CE = 0.8-1.3 (automatic-trip donut-type hammer) 16.5 18.0 0 C 130.0 17.25 597.8 1.50 2,175 0 2,175 0.96 0.95 0 597.8 --

Borehole Diameter, CB 18.0 19.5 9 E 130.0 18.75 596.3 1.50 2,370 0 2,370 0.92 0.95 14 596.3 1.6
CB = 1.0 (65-115 mm); 19.5 21.0 12 E 130.0 20.25 594.8 1.50 2,565 47 2,518 0.89 0.95 19 594.8 1.5
CB = 1.05 (150 mm); 21.0 22.5 10 E 130.0 21.75 593.3 1.50 2,760 140 2,620 0.88 0.95 15 593.3 1.5
CB = 1.15 (200 mm) 22.5 24.0 9 E 130.0 23.25 591.8 1.50 2,955 234 2,721 0.86 0.95 13 591.8 1.5

Rod Length, CR 24.0 25.5 13 F 120.0 24.75 590.3 1.50 3,143 328 2,815 0.84 0.95 19 590.3 1.5
Assumed Rod Stickup feet 25.5 27.0 16 G 115.0 26.25 588.8 1.50 3,319 421 2,898 0.83 0.95 23 588.8 1.4
CR = 0.75 (< 3 m); 0.8 (3-4 m); 27.0 28.5 15 G 115.0 27.75 587.3 1.50 3,491 515 2,976 0.82 0.95 21 587.3 1.4
CR = 0.85 (4-6 m); 0.95 (6-10 m); 28.5 30.0 8 B 125.0 29.25 585.8 1.50 3,671 608 3,063 0.81 1.00 12 585.8 1.5
CR = 1.0 (10-30 m) 30.0 31.5 13 F 120.0 30.75 584.3 1.50 3,855 702 3,153 0.79 1.00 19 584.3 1.4

Sampling Method, CS 31.5 33.0 17 H 115.0 32.25 582.8 1.50 4,031 796 3,236 0.78 1.00 24 582.8 1.4
CS = 1.0 (standard sampler); 33.0 34.5 8 E 130.0 33.75 581.3 1.50 4,215 889 3,326 0.77 1.00 11 581.3 1.4
CS = 1.1-1.3 (sampler without liners) 34.5 36.0 9 E 130.0 35.25 579.8 1.50 4,410 983 3,427 0.76 1.00 12 579.8 1.4

36.0 37.5 9 E 130.0 36.75 578.3 1.50 4,605 1,076 3,529 0.74 1.00 12 578.3 1.3
37.5 39.0 2 D 125.0 38.25 576.8 1.50 4,796 1,170 3,626 0.73 1.00 3 576.8 1.3
39.0 40.5 2 F 120.0 39.75 575.3 1.50 4,980 1,264 3,716 0.72 1.00 3 575.3 1.3
40.5 42.0 3 D 125.0 41.25 573.8 1.50 5,164 1,357 3,807 0.71 1.00 4 573.8 1.3
42.5 44.0 5 D 125.0 43.25 571.8 1.50 5,414 1,482 3,932 0.69 1.00 6 571.8 1.3
45.0 46.5 3 F 120.0 45.75 569.3 1.50 5,723 1,638 4,085 0.68 1.00 4 569.3 1.2
47.5 49.0 9 F 120.0 48.25 566.8 1.50 6,023 1,794 4,229 0.66 1.00 11 566.8 1.2
50.0 51.5 8 F 120.0 50.75 564.3 1.50 6,323 1,950 4,373 0.65 1.00 9 564.3 1.2
52.5 54.0 5 F 120.0 53.25 561.8 1.50 6,623 2,106 4,517 0.64 1.00 6 561.8 1.2
55.0 56.5 9 G 115.0 55.75 559.3 1.50 6,919 2,262 4,657 0.62 1.00 10 559.3 1.1
57.5 59.0 18 H 115.0 58.25 556.8 1.50 7,206 2,418 4,788 0.61 1.00 20 556.8 1.1
60.0 61.5 17 H 115.0 60.75 554.3 1.50 7,494 2,574 4,920 0.60 1.00 19 554.3 1.1
65.0 66.5 12 I 125.0 65.75 549.3 1.50 8,076 2,886 5,190 0.58 1.00 13 549.3 1.1
70.0 71.5 29 L 125.0 70.75 544.3 1.50 8,701 3,198 5,503 0.56 1.00 29 544.3 1.0
75.0 76.5 62 I 125.0 75.75 539.3 1.50 9,326 3,510 5,816 0.54 1.00 60 539.3 1.0
76.9 77.3 50/0.4 M 160.0 77.10 537.9 0.40 9,502 3,594 5,908 0.53 1.00 537.9 --

6.875

See Table
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Subject: Prepared By: Date:
Project: Checked By: Date:

Status:

Corrosivity Potential

Requirements:  

Minimum Soil Resistivity, R (ohms-cm) `
pH
Water-Soluble Sulfate Ion Concentration in Soil, SO4 (ppm)

Water-Soluble Chloride Ion Concentration in Soil, Cl
Organic Content (%)

Caltrans:  Environmental Exposure (Resistivity)
Caltrans:  Environmental Exposure (pH)
Caltrans:  Environmental Exposure (SO4)

Caltrans:  Environmental Exposure (Cl)
Caltrans:  Environmental Exposure (Organic Content)
Caltrans:  Overall Environmental Exposure for Layer

Caltrans:  Overall Environmental Exposure for Site
NOTE:  For Caltrans, if any one parameter is corrosive, then the site is corrosive.

FHWA Walls:  Environmental Exposure (Resistivity)
FHWA Walls:  Environmental Exposure (pH)
FHWA Walls:  Environmental Exposure (SO4)

FHWA Walls:  Environmental Exposure (Cl)
FHWA Walls:  Environmental Exposure (Organic Content)
FHWA Walls:  Overall Environmental Exposure for Layer

FHWA Walls:  Overall Environmental Exposure for Site
NOTE:  For FHWA Piles, if either SO4 or Cl is aggressive, then the site is aggressive.

FHWA Piles:  Environmental Exposure (Resistivity)
FHWA Piles:  Environmental Exposure (pH)
FHWA Piles:  Environmental Exposure (SO4)

FHWA Piles:  Environmental Exposure (Cl)
FHWA Piles:  Environmental Exposure (Organic Content)
FHWA Piles:  Overall Environmental Exposure for Layer

FHWA Piles:  Overall Environmental Exposure for Site Aggressive

NA NA NA NA NA

Aggressive Aggressive Aggressive Aggressive Non-Aggressive

Non-Aggressive Non-Aggressive Non-Aggressive Aggressive NA

Aggressive Aggressive Aggressive Aggressive NA

Evaluate Cl & SO4 Evaluate Cl & SO4 Evaluate Cl & SO4 Evaluate Cl & SO4 Non-Aggressive

NA NA NA NA NA

Aggressive

Low Potential Low Potential Low Potential Low Potential Low Potential

Aggressive Aggressive Aggressive Aggressive Aggressive

Aggressive Aggressive Aggressive Aggressive Aggressive

Aggressive Aggressive Aggressive Aggressive Aggressive

Non-Aggressive Non-Aggressive Non-Aggressive Aggressive Non-Aggressive

Aggressive Aggressive Aggressive Non-Aggressive Aggressive

Aggressive Aggressive Aggressive Aggressive Aggressive

Exist Fill Silt/Clay Interbedded Silty Sand New Fill

Low Potential Higher Propensity

Low Potential Low Potential Low Potential Low PotentialLow Potential

Higher Propensity for Corrosion

Higher Propensity Higher Propensity Higher Propensity

400 400 400 400 400

Low Potential Low Potential Low Potential Low Potential Low Potential

Exist Fill Silt/Clay Interbedded Silty Sand New Fill

4.0 4.0 4.0 2.5 4.0

Higher Propensity Higher Propensity Higher Propensity Low Potential

Low Potential Low Potential Low Potential Low Potential Low Potential

NA NA NA NA NA

Higher Propensity

150 150 150 150

New Fill
5,500

150
7.50 4.25

Silt/Clay Interbedded Silty Sand
3,000 3,000

4.75 4.75 4.75

Caltrans:  Resistivity <1,000 ohms-cm OR pH < 5.5 OR SO4 > 2,000 ppm OR Cl > 500 ppm = Higher Propensity for Corrosion.  Otherwise, Low Corrosion Potential

FHWA Piles:  < 2,000 ohms-cm = Aggressive Environment. If between 2,000 and 5,000 ohms-cm, then if the sulfate ion content greater than 200 ppm OR chloride ion 
content greater than 100 parts per million (ppm) = Aggressive Environment.  > 5,000 ohms-cm = Non-Aggressive Environment.

FHWA Walls:  Aggressive if Resistivity < 3,000 ohms-cm / pH > 10 or pH < 5 / SO4 > 200 ppm / Cl > 100 ppm / Organic Content > 1% 

3,000

DPR Report

Exist Fill
3,000

Corrosion Potential S. Schardein 09/22/19
Johnson County Section 202 M. Jones 09/30/19

USACE Ref:  THERE IS NO USACE corrosion requirements included in the deep foundation EM that handles driven H-Piles.

Caltrans Ref:  Caltrans, Division of Engineering Services, Materials Engineering and Testing Services, Corrosion Technology Branch.  Corrosion Guidelines .  Version 1.0.  September 2003.

FHWA Piles Ref:  Publication No. FHWA-NHI-16-009, FHWA GEC 012 – Volume I, Design and Construction of Driven Pile Foundations – Volume I, July 2016.
FHWA Walls Ref:  Publication No. FHWA-NHI-00-044, Mechanically Stabilized Earth Walls and Reinforced Slopes, Corrosion/Degradation of Soil Reinforcements for Mechanically Stabilized 
Earth Walls and Reinforced Soil Slopes.

Version 06012005 (Updated 07092019 with FHWA by SLS) Corrosivity Potential (SLS).xlsx: Summary
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1 GENERAL  
Phase I Environmental Site Assessments (ESAs) were conducted to gather information sufficient to support 
an informed reasoned decision regarding which alternative will be the most appropriate for the given site.  
The assessments were conducted with respect to the range of contaminants within the scope of the 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) (42 U.S.C. §9601) 
and petroleum products as it pertains to landowner liability protections. 

The Phase I ESA process was performed to establish a sufficient confidence level that properties within the 
alternative alignments did not pose an HTRW risk and if so to weigh the risk. The risk analysis provided 
the project delivery team (PDT) with contingency information for scheduling, budgeting, and project 
control purposes, as well as providing tools to support decision making and risk management as the project 
progresses through implementation. 

2 Hazardous, Toxic, Radioactive Waste (HTRW) Risk 
Analysis  

All Appropriate Inquiry (AAI) is the formal process of assessing properties for the presence or potential 
presence of environmental contamination. It includes evaluating the current and historical uses of the 
subject property in an effort to identify recognized environmental conditions (RECs) and historical 
recognized environmental conditions (HRECs) in connection with the subject property.  

AAI was obtained by completing Phase I ESAs based on American Society for Testing and Materials 
(ASTM) Standards specific to Phase I’s. The site assessments were used to determine whether a property 
may be contaminated by utilizing a variety of historical resources, including local, state, and federal records, 
to identify past uses of the property that may present an environmental risk. The assessments were used to 
determine if there were any conditions that are indicative of releases of petroleum or hazardous materials 
or chemicals at the site, now or in the past. These conditions are collectively known as recognized 
environmental conditions (RECs). 

When a Phase I ESA recommends a Phase II ESA/Investigation due to the finding of RECs, the Phase II 
often involves the collection and analysis of soil and/or groundwater samples from the highest risk areas of 
the property to determine if contamination is actually present. Rather than proceeding to Phase II’s with ‘at 
risk’ properties for this project, the property findings were used to avoid high risk properties and the 
alignments adjusted accordingly.  

2.1 PURPOSE 
The purpose of the environmental site assessments is to identify potential high risk properties within, and 
adjacent to, the Construction Work Limits (CWL) that could negatively affect the project cost or schedule, 
to analyze those impacts, and then utilize the information as a project management and design tool.  
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2.2 METHODOLOGY  
The Phase I ESA process, as described in ASTM E1528-13 and -14 Standards, was followed to the extent 
possible during data collection and evaluation of the properties within the proposed Alternatives’ alignment.  

The following summarizes the Phase I ESA process that was performed for the Johnson County, KY, 
Section 202 Supplemental project. The environmental database records are at Exhibit III-1, a spreadsheet 
of risk-ranked HTRW sites and associated properties is at Exhibit III-2, exploratory boring logs and 
sampling analytical results are at Exhibit III-3 and Phase I ESA site inspection photographs are at Exhibit 
III-4.  

• Historical records of the property, including historical topographic maps and aerial photography, 
were thoroughly reviewed to determine if there were any possible environmental concerns on the properties.  
Sanborn® fire insurance maps were also collected and reviewed.  The Sanborn® Map Company published 
maps of approximately 12,000 US cities so that fire insurance companies could assess their liability in 
urbanized areas.  These maps document structures such as buildings, garages, fuel tanks, etc. on the 
properties, and provide a good history of prior property use. Reference Exhibit III-1. 

• Governmental environmental records were obtained from a commercial source for locations along 
the Alternatives’ alignments and thoroughly reviewed for records such as for spills, releases to the 
environment, fuel tank registrations, hazardous material manifests, Brownfields, and environmental 
records.  Reference Exhibit III-1. 

• The Phase I ESA focused on those properties within the Alternatives’ alignment paths and were 
recorded in a spreadsheet and ranked from Low, Medium or High risk.  Rankings were based upon 
information recorded in governmental environmental records, anomalies interpreted on the historic aerial 
photos, features depicted on the topographic maps, historic industrial sites recorded on the Sanborn® fire 
insurance maps, evidence of service stations, underground fuel storage tanks (UST), above ground fuel 
storage tanks (AST) or an industry that generates a waste contaminant or other possible RECs.  The High 
and Medium risk-ranked properties were analyzed in more depth. 

• Interviews were conducted for the High and Medium risk-ranked properties with current and past 
property occupants and adjacent property owners and public officials, to obtain information on past or 
present uses of the property which may not have necessarily been available from records’ research. 

• High and Medium risk-ranked properties were assessed by an onsite visual site inspection.  The 
site inspection included observation of the exterior property and grounds and adjacent properties and a 
visual inspection for the presence of  fuel or chemical storage tanks, odors, drums, pools of liquid, vent 
pipes, fill pipes, stains or corrosion, drains, sumps, pits, the presence of stained soils or stressed vegetation 
or other anomalies.  

• Properties for which some type of remedial action had occurred, but the site was closed by the state 
regulator or for which there were no records of environmental concern on the property or other concerns 
found from interviews were determined to be Low Risk. 

During exploratory drilling, any borings that pegged on the photoionization detector (PID) were sampled 
and analyzed. 
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2.3 RISK FACTOR IMPACTS 
The Phase I ESA process weighed HTRW risks for two alternatives (Alternatives 2 and 3) and the interior 
walls that are the same for both alternatives. The proposed sites are all located within the city limits of 
Paintsville, Kentucky. In analyzing the alternatives, the following considerations were analyzed: (1) the 
likelihood a contaminated property would delay construction schedules, (2) the type of contamination 
present, (3) waste disposal, and (4) onsite parameters. 

2.4 EXPLORATORY DRILLING 
During the July 2019 geotechnical studies and exploratory drilling, the drilling contractor screened 
recovered soil samples for organic vapors with a photoionization detector (PID).  In collaboration with 
CELRL Environmental Engineering personnel, a screening criteria was established to determine the 
collection of confirmation samples from the soil borings.  The screening criteria was based on previous site 
history and potential uses that occurred at each site. Samples were also screened for visual (e.g., staining, 
sheens, etc.) and olfactory signs of contamination.  The PID pegged the pre-set organic vapor level at Boring 
#206, Boring #209 and Boring #303.  Exploratory boring logs and sampling analytical data are at Exhibit 
III-3. 

Subsurface soil samples were collected from those borings and analyzed for the contaminants listed in Table 
2.1, based upon site history and potential uses of each site.  CT Laboratories, LLC, analyzed the soil samples 
under a Task Order to their Louisville District USACE Indefinite Delivery/Indefinite Quantity contract. 

Table 2.1  Soil Sample Testing Parameters 

Analysis Analytical Method Sample Prep. Method 

TAL Metals (22 metals 
excluding mercury 
(Hg)) 

6010C    3050 

Mercury (Hg) SW7471B 

 

 

Volatile Organic 
Compounds (VOCs) 

8260C 5035 

Volatile Organic 
Compounds VOCs (Trip 
Blank) 

8260C 5030 

Semi-Volatile Organic 
Compounds (SVOCs) 

8270D 3546 

Total Petroleum 
Hydrocarbons, (GRO) 

8015B 5035 

PCBs 8082A (equivalent to 
8082 in Base) 

3546 
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Total Petroleum 
Hydrocarbons, (DRO) 

Mod 8015B 3546 

BTEX 8260C 5035 

TAL – target analyte List; VOCs– volatile organic compounds; SVOCs – semi-volatile organic compounds; BTEX – benzene, 
toluene, ethylbenzene, xylene; PCBs – polychlorinated biphenyls; DRO –  diesel range organics; GRO – gasoline range organics 

 
Analytical results for Boring 206-ADC, located at the Action Storage Rentals, 800 Euclid Avenue, indicated 
two contaminants (cobalt 12.4 mg/kg, naphthalene 4800 ug/kg) were detected above the Regional Screening 
Level (RSL) and soil background at depth interval 10.5-12.0 feet below ground surface (bgs), and one 
contaminant (naphthalene 4030 ug/kg) at depth interval 13.5 – 15.0 feet bgs.  The total depth of the boring 
was 31.5 feet. 

Analytical results for Boring 209-AD, located at the abandoned water treatment plant on River Road, were 
below the RSL or background at depth interval 4.0 – 6.0 feet bgs. 

Analytical results for Boring 303-ADC, located behind the Exxon Service Station on Euclid Avenue, at 
depth interval 60-68 feet bgs, resulted in two metals (arsenic 10.6 mg/kg, cobalt 15.2 mg/kg) present above 
the RSL and background.  The total depth of the boring was 108.7 feet.  

The analytical results did not indicate any ‘widespread’ contamination at the sites investigated, nor do the 
results appear to be indicative of past site activities.  However, Cobalt is widely used within lithium-ion 
battery cathodes and Naphthalene is utilized within gasoline.  The Action Storage Rentals property is 
founded on fill material and the detections in Boring 206-ADC was present in a limited location within the 
fill.  

The detections at the Exxon Service Station are indicative of past site use as a service station. Arsenic and 
Cobalt are trace metals in petroleum and Arsenic is used as an alloy with lead in components within car 
batteries. The metals concentrations are above RSL and background.  The depth of the detection at the 
Exxon Service Station, 60-68 feet, bgs, is not a concern during construction, for it’s likely that sheet piling 
will be driven through the soil in this location and not disturb the subsurface. 

3 ALTERNATIVE ANALYSIS 
All properties (high, medium, low risk) were plotted on a map with the CWL. Forty feet was calculated on 
both sides of the alignment to provide an estimate of the CWL interior. Properties that fall within the CWL 
are listed on a spreadsheet as to the properties that will be affected, including the acreage. Along with the 
records search and historic elements of affected properties, those properties that were located within, on the 
boundary, and on the exterior but near the CWL were analyzed for the main flood walls of Alternatives 2 
and 3 and the interior walls for both. The following is the individual analysis: 

3.1 ALTERNATIVES 2 AND 3 INTERIOR WALL ANALYSIS 
Referencing the risk-ranked spreadsheet in Exhibit III-2, the following high and medium risk-ranked sites 
were located within or near the CWL for the interior walls of Alternative 2 and 3.  
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Table 3.1 Alternative 2 and 3 Interior Wall - High and Medium Risk Ranked Sites 

No. Property Description Concern 
High Risk 
H11 Speedway store #9590, 601 Euclid Avenue Abandoned service station under state 

remedial investigation. 
H12 Shorts Chevron, 197 Euclid Ave, state/federal 

records search 
USTs closed onsite. Unknown if NFA 
was received from the state. Residual 
contamination. 

H13 Blanton Rod/Gun, 728 Broadway, state/federal 
records search 

UST closed in place. Unknown if NFA 
was received from state. Residual 
contamination. 

H22 Royal Crown Bottling, 316 Euclid, state/federal 
records search 

UST onsite. No violations found in 
records search. Age and condition of 
UST unknown. 

H28 Auto Sales/Service, noted on Sanborn map as 
‘filling station’ 1910-40 

Historic auto sales/service. 

H29 Auto Repair, 428 Main Street, noted on Sanborn 
map, as ‘auto repair’ 1910-40 

Historic auto repair. 

H30 Trimble BP, Mayo Trail PSTEAF Facility Id: 60347, for 
reimbursement to perform a corrective 
action. 

H31 Auto Sales/Service, noted on Sanborn map as 
‘filling station’ 1910-40 

Historic auto sales/service. 

H44 Filling Station, 100 Euclid Avenue, noted on 
Sanborn Map as ‘filling station’ 1910-40 

Historic filling station building still 
standing, appears abandoned.  

Medium Risk 
M8 Exxon, 612 Euclid Avenue, state/federal records 

search 
Service Station, has USTs with 
monitoring system. 

M21 Vanhoose, Unical 76, 105 Euclid Ave, 
state/federal records search, service station 

UST installed 83, removed 98. Unknown 
if NFA was received from the state. 

M22 Gray Pontiac/Buick, 810 Broadway Violations records reporting. Unknown if 
USTs/repairs onsite. 

M38 TNT Food Mart, 612 Euclid, this address is the 
same as the Exxon in M8, state/federal records 
search 

USTs installed 2008, various sizes, 
monitoring system in place, no violations 
reported 

M39 Burton property, 716 Walnut, state/federal 
records search 

USTs, closed in place 1999. Unknown if 
NFA was received from the state. 

M40 Town & Country, 211 Broadway, state/federal 
records search 

USTs, closed in place 1998. Unknown if 
NFA was received from the state. 

M42 Dixon Property, 11th & Jefferson, state/federal 
records search 

UST installed 1968, closed in place 
1994. 

M43 Pratt Food Co, 727 Jefferson, state/federal 
records search 

Had UST installed in 1901 and 1988, 
removed 1997. 

M49 Oils/Paints shop, Euclid Avenue, noted on 
Sanborn map 1910-40 

Unknown. 

M50 Drycleaner Unknown. 
M51 Paintsville Hospital Unknown. 
M55 Paintsville Clinic, 224 Main Street, noted on 

Sanborn map 1910-40 
Unknown. 
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Properties H11, H12, H13, H28, H29, H30, H31, M8, M22, M38, M39, M43, and M55 are outside the 
CWL but near the CWL boundary. Properties H22, H44, M21, M40, M49, and M50 are on the boundary 
of the CWL and properties M51 and M42 are within the CWL.  

Property H12 (Shorts Exxon, 412 Euclid Avenue), which is near but outside the CWL, is actively under 
remedial investigation according to the KY Department for Environmental Protection (KYDEP).  The 
contaminants of concern (COCs) are benzene, toluene, ethyl benzene and xylene (BTEX), gasoline 
constituents. No soil or groundwater contamination has been identified offsite of the facility. Groundwater, 
according to KYDEP flows northwest, away from the closest portion of the CWL and is therefore not 
anticipated to impact the project. Closure time is projected from 2-5 years.  

Property H11 (Speedway Service Station, 601 Euclid Avenue) is north of the CWL and is under remedial 
investigation by the KYDEP. Fifteen groundwater monitoring wells have been installed for the 
investigation of this property, ten (10) of which are on the property and five (5) are offsite.  BTEX and 
polycyclic aromatic hydrocarbons (PAH) are COCs.  Groundwater flows northwest and southeast from the 
center of the facility. No contaminated soil or groundwater has been identified offsite and closure is estimate 
from 1-3 years. This site is not anticipated to impact the project providing the current remedial parameters 
do not change. 

Property H30 (Trimble BP, 613 South Mayo Trail) is west of the CWL. USTs were removed from the 
property. Eight (8) groundwater monitoring wells are installed on the site.  BTEX is the COC.  Groundwater 
flows west, away from the CWL. This site is not anticipated to impact the project providing the current 
remedial parameters do not change. Estimated closure is 2-5 years.  

Properties H13, H22, M21, M39, M40, M42 and M43 appeared in the environmental database records 
search as having USTs that were closed. The information did not indicate if the USTs were actually removed 
or if the removal had received a clean closure/no further action (NFA) status from the state; however, the 
KYDEP is not investigating any of these properties. The sites would require further investigation to 
determine the status of the USTs.  

Properties H28, H29, H31, H44, M49, M50, M51 and M55 were identified on the historic Sanborn® Fire 
Insurance maps (1910-1940) for the City of Paintsville.  H28-H44 were historic ‘filling stations’, M49 was 
a former oils/paints supply company, M50 was a former drycleaner, M51 was the Paintsville Hospital, and 
M55 was the Paintsville Clinic.  The historic filling stations were constructed and their fuel tanks installed 
prior to UST regulations; no information was available on any UST installation or removal of those sites. 
The filling station building (and historic) is still intact at property H44 and the USTs may still be in place. 
If there was any contamination at the historic filling station properties, there would likely be some degree 
of bio-degradation of the petroleum products after nearly 100 years and likely a moderate to low 
contamination risk. Property M50, the historic drycleaner, could be a concern if the waste was disposed 
onsite but no information was available regarding this site’s waste disposal practices.  Properties M51 and 
M55 were medical facilities, but the waste disposal procedures at those locations is unknown.  

Properties M8 (Exxon, 612 Euclid Avenue) and M38 (TNT Food Mart, 612 Euclid Avenue) have the same 
address but different business names and were listed in the records search as separate entities. There were 
various size USTs installed at this site in 2008 with a monitoring system in place. No violations were 
reported. This site is not anticipated to impact the project providing the status of the USTs does not change 
(spills, violations, etc). 
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3.2 ALTERNATIVE 2 MAIN FLOODWALL ANALYSIS 
Referencing the risk-ranked spreadsheet in Exhibit III-2, the following high and medium risk-ranked sites 
were located within or near the CWL for Alternative 2. 

Table 3.2 Alternative 2 Main Floodwall - High and Medium Risk Ranked Sites 

No. Property Description Concern 
High Risk 
H4 Hi Grade Mining, Rt. 581, abandoned, local research Abandoned mine tipple. Rail cars. Unknown 

whether tipple was buried onsite. Layer of fill.  
Medium Risk 
M11 Sewer Plant, River Road, next to Levisa Fork WWTP – abandoned. UST. Unknown if UST 

was removed and if NFA exists with the state. 

 
Property H4, Hi-Grade Mining, was the location of a small coal loading facility. The facility had a rail spur 
that provided access for railcar loading. The initial concern was that the facility had been demolished onsite 
and demolition debris was placed as a fill layer on the property.  Interviews with City of Paintsville workers 
and local residents indicated the steel and metal components of the facility were ‘scrapped’.  It is not known 
if any USTs or ASTs ever existed at the facility. The property and surrounding properties are filled with 
unknown materials that could contain a risk.  The exploratory drilling in the area provided no PID 
indications of volatile organics. The property at this location would require further investigation due to the 
nature of the fill material. 

A records search indicated the Sewage Treatment Plant has a UST onsite. There is no information about a 
removal or a clean closure. Dependent on the extent, if any, that the property will be utilized for the project, 
the UST should be located and determination made as to whether it was removed or still in place. A site 
assessment was conducted at this facility by CELRH-EC-CE. The property was clean and well maintained. 
There was peeling paint on the exterior of the facility on metal components that ran toward the Levisa Fork. 
The paint main contain lead that is entering the environment as it flakes off.  

No records of environmental concern were documented in the environmental database report for the City 
of Paintsville garage.  However, potential environmental concerns were observed during the Phase I ESA 
site reconnaissance.  A city employee whom was interviewed said that the site had a UST removed some 
years ago, but he could not recall the exact date.  The UST removal does not appear to have been reported 
to the KYDEP since the environmental database report had no information on that action.  The employee 
stated that there is evidence of embankment failure along the Levisa Fork and also observed in one building 
which has had slight subsidence.  The site reconnaissance confirmed his statement.  He said that the City 
typically dumped materials from City Street cleaning at the site.  Solid waste dumping is prevalent along 
the property; however, it is not known if any hazardous wastes have been disposed onsite.  No obvious 
hazardous wastes concerns were observed.  A fairly concentrated petroleum/hydraulic oil leak is present 
where an apparently abandoned dump truck is parked.  The exploratory drilling along the project alignment, 
however, provided no environmental concerns from soil samples that were obtained; likely due to the fact 
that the alignment is upgradient of the environmental concerns observed on the garage property.  Additional 
Phase II Investigation would be required if the project CWL encompasses any of the City garage property. 

3.3 ALTERNATIVE 3 MAIN FLOODWALL ANALYSIS  
Referencing the risk-ranked spreadsheet in Exhibit III-2, the following high and medium risk-ranked sites 
were located within or near the CWL for Alternative 3.  
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Table 3.3 Alternative 3 Main Floodwall - High and Medium Risk Ranked Sites 

No. Property Description Concern 
High Risk 
H14 Ashland Petroleum, Depot Street A hazardous waste/enforcement & compliance 

site. Multiple UST removals. 
H24 
 

Pelphrey property, 105 Woodland Drive UST removals. Active KYDEP site. 

Medium Risk 
M45 Big Sandy Petroleum, Sinclair Oil, Chessie Lane, noted 

on Sanborn map 1910-40 
Bulk petroleum, gas tanks, filling station. 

 
Property H14 is located on a portion of the CSX Railroad’s property. The Sanborn® Fire Insurance Maps 
list the property as a bulk oil/fuel facility, but it is currently vacant.  The environmental database records 
search indicated an enforcement action at the property with multiple UST removals. Interviews with 
adjacent property owners confirmed that a large excavation and construction operation occurred prior to 
the excavation pit being filled with soil/aggregate. There was no other records or documented violations to 
indicate that this property may have a contaminated groundwater plume or under an ongoing remedial 
action.  The property is south of and outside the CWL and is not anticipated to impact the project.  

Property H24 (Pelphrey, 105 Woodland Drive) is located on the CWL boundary.  According to the records 
search, the property had two UST removal actions.  Interviews with the current property owner determined 
the property was once a Pepsi Cola Building and Pelphrey Supply Company. Pelphrey Supply had an 
investigation conducted in response to the KY Division of Waste Management Underground Storage Tank 
Branch Intermediate Site Investigation Report Request Letter in 2014. The current owner provided USACE 
a report that documents the sites’ past environmental history and groundwater monitoring well 
investigation. This is an ongoing KYDEP remedial investigation with seven (7) groundwater monitoring 
wells.  BTEX is the contaminant of concern.  Groundwater flow is north to northwest which falls within 
the CWL.  Review of the KYDEP information determined that site contamination is minimal and isolated 
to the property.  No soil contamination, nor contaminated groundwater plumes have been identified offsite.  
The KYDEP is currently conducting monitored natural attenuation and site closure is estimated at 1-3 years. 
The USACE/sponsor would have to work with the state  until the cleanup is complete. Currently the site 
would impact the project, but is already undergoing remediation.  

Property M45 (Big Sandy Petroleum/Sinclair, Chessie Lane) was identified from the Sanborn® Fire 
Insurance Maps (1910 – 1940) as a bulk oil facility. There is currently a distribution business at this site 
and no longer a bulk oil facility. Interviews with a current manager confirmed that bulk storage tanks were 
located at the facility. According to the manager, the site did have large ASTs but he was not aware of any 
USTs. An adjacent property landowner on Short Street, the former fire chief for the City of Paintsville, was 
also interviewed. He confirmed that the site was a bulk oil/fuel storage facility and had a history of spills.  
He recalled one large spill in the 1960’s while he was a firefighter.  Apparently a fuel truck driver fell asleep 
at the wheel and ran into and damaged a large AST, causing much of its contents to spill and pool on the 
site and portions of the surrounding neighborhood.  This site is not on the KYDEPs active remediation site 
list, nor did the KYDEP have any information regarding the site. There would be a certain amount of bio 
degradation of any petroleum products over approximately 50-60 years. This property is on boundary of, 
but does not intersect with the CWL.  It is not anticipated to impact the Project. This site is not anticipated 
to impact the project dependent on groundwater flow. 
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4 RECOMMENDATION/SUMMARY 
1. Environmental records indicated that UST removals had occurred on some properties. Further 

research and consultation with the KYDEP is required to assure the USTs were actually removed 
and that KYDEP provided clean closure.  Petroleum contamination, if any, could be below 
regional screening levels due to bio degradation of petroleum products over many years.  
However, if there is no evidence of clean site closure(s), then additional Phase II Investigation(s) 
will be required, to include soil and groundwater sampling, to determine if there are any 
hazardous waste or environmental concerns which would require remediation prior to project 
construction.  The Phase II Investigation(s) could be completed with a 4-5 month timeframe. 

2. There are high risk properties that are under remedial investigation with the KYDEP. If those 
investigations are not closed prior to project construction, the USACE will have to work with 
KYDEP to determine the projected completion date and its effect on the project. 

3. Both high and medium-risk properties were identified on the historic Sanborn Fire Insurance 
Maps. These properties date from approximately 1910-1940. Further Phase I ESAs are required 
to determine waste disposal practices. If no evidence of disposal practices can be found through 
additional Phase I ESA, then Phase II Investigation(s), including subsurface sampling would be 
needed to determine if any of the properties have hazardous waste or environmental concerns 
which would affect the project.  

4. Properties with fill material will need further Phase II investigation due to the nature of fill being 
from unknown sources. Prior to construction some areas are not secure and fill material can 
continue to be added even after completion of the DPR. Dumping of fill and waste debris can 
occur after acquisition so precautions should be taken to secure the properties once acquired. 
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Thank you for your business.
Please contact EDR at 1-800-352-0050

with any questions or comments.

Disclaimer - Copyright and Trademark Notice

This Report contains certain information obtained from a variety of public and other sources reasonably available to Environmental Data
Resources, Inc. It cannot be concluded from this Report that coverage information for the target and surrounding properties does not exist from
other sources. NO WARRANTY EXPRESSED OR IMPLIED, IS MADE WHATSOEVER IN CONNECTION WITH THIS REPORT. ENVIRONMENTAL
DATA RESOURCES, INC. SPECIFICALLY DISCLAIMS THE MAKING OF ANY SUCH WARRANTIES, INCLUDING WITHOUT LIMITATION,
MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE OR PURPOSE. ALL RISK IS ASSUMED BY THE USER. IN NO EVENT SHALL
ENVIRONMENTAL DATA RESOURCES, INC. BE LIABLE TO ANYONE, WHETHER ARISING OUT OF ERRORS OR OMISSIONS, NEGLIGENCE,
ACCIDENT OR ANY OTHER CAUSE, FOR ANY LOSS OF DAMAGE, INCLUDING, WITHOUT LIMITATION, SPECIAL, INCIDENTAL,
CONSEQUENTIAL, OR EXEMPLARY DAMAGES. ANY LIABILITY ON THE PART OF ENVIRONMENTAL DATA RESOURCES, INC. IS STRICTLY
LIMITED TO A REFUND OF THE AMOUNT PAID FOR THIS REPORT. Purchaser accepts this Report "AS IS". Any analyses, estimates, ratings,
environmental risk levels or risk codes provided in this Report are provided for illustrative purposes only, and are not intended to provide, nor
should they be interpreted as providing any facts regarding, or prediction or forecast of, any environmental risk for any property. Only a Phase I
Environmental Site Assessment performed by an environmental professional can provide information regarding the environmental risk for any
property. Additionally, the information provided in this Report is not to be construed as legal advice.

Copyright 2018 by Environmental Data Resources, Inc. All rights reserved. Reproduction in any media or format, in whole
or in part, of any report or map of Environmental Data Resources, Inc., or its affiliates, is prohibited without prior written permission.

EDR and its logos (including Sanborn and Sanborn Map) are trademarks of Environmental Data Resources, Inc. or its affiliates. All other
trademarks used herein are the property of their respective owners.
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TARGET PROPERTY INFORMATION

ADDRESS

PAINTSVILLE, KY  41240
PAINTSVILLE, KY 41240

DATABASES WITH NO MAPPED SITES

No mapped sites were found in EDR’s search of available ("reasonably ascertainable ") government
records within the requested search area for the following databases:

FEDERAL RECORDS

NPL National Priority List
Proposed NPL Proposed National Priority List Sites
Delisted NPL National Priority List Deletions
NPL LIENS Federal Superfund Liens
SEMS Superfund Enterprise Management System
SEMS-ARCHIVE Superfund Enterprise Management System Archive
LIENS 2 CERCLA Lien Information
CORRACTS Corrective Action Report
RCRA-TSDF RCRA - Treatment, Storage and Disposal
RCRA-LQG RCRA - Large Quantity Generators
RCRA-SQG RCRA - Small Quantity Generators
US ENG CONTROLS Engineering Controls Sites List
US INST CONTROL Sites with Institutional Controls
ERNS Emergency Response Notification System
HMIRS Hazardous Materials Information Reporting System
DOT OPS Incident and Accident Data
US CDL National Clandestine Laboratory Register
DOD Department of Defense Sites
FUDS Formerly Used Defense Sites
LUCIS Land Use Control Information System
CONSENT Superfund (CERCLA) Consent Decrees
ROD Records Of Decision
UMTRA Uranium Mill Tailings Sites
DEBRIS REGION 9 Torres Martinez Reservation Illegal Dump Site Locations
ODI Open Dump Inventory
TRIS Toxic Chemical Release Inventory System
TSCA Toxic Substances Control Act
FTTS FIFRA/ TSCA Tracking System - FIFRA (Federal Insecticide, Fungicide, & Rodenticide
                                                Act)/TSCA (Toxic Substances Control Act)
HIST FTTS FIFRA/TSCA Tracking System Administrative Case Listing
SSTS Section 7 Tracking Systems
ICIS Integrated Compliance Information System
PADS PCB Activity Database System
MLTS Material Licensing Tracking System
RADINFO Radiation Information Database
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RAATS RCRA Administrative Action Tracking System
RMP Risk Management Plans
IHS OPEN DUMPS Open Dumps on Indian Land
SCRD DRYCLEANERS State Coalition for Remediation of Drycleaners Listing
US HIST CDL Delisted National Clandestine Laboratory Register
PCB TRANSFORMER PCB Transformer Registration Database
US FIN ASSUR Financial Assurance Information
EPA WATCH LIST EPA WATCH LIST
2020 COR ACTION 2020 Corrective Action Program List
COAL ASH DOE Steam-Electric Plant Operation Data
FUSRAP Formerly Utilized Sites Remedial Action Program
UXO Unexploded Ordnance Sites
DOCKET HWC Hazardous Waste Compliance Docket Listing
FUELS PROGRAM EPA Fuels Program Registered Listing
FEMA UST Underground Storage Tank Listing
FEDERAL FACILITY Federal Facility Site Information listing
LEAD SMELTERS Lead Smelter Sites
US AIRS Aerometric Information Retrieval System Facility Subsystem
COAL ASH EPA Coal Combustion Residues Surface Impoundments List
PRP Potentially Responsible Parties

STATE AND LOCAL RECORDS

SWF/LF Solid Waste Facilities List
UIC UIC Information
HIST LF Historical Landfills
SPILLS State spills
ENG CONTROLS Engineering Controls Site Listing
INST CONTROL State Superfund Database
VCP Voluntary Cleanup Program Sites
ASBESTOS Asbestos Notification Listing
LEAD Environmental Lead Program Report Tracking Database
COAL ASH Coal Ash Disposal Sites

TRIBAL RECORDS

INDIAN RESERV Indian Reservations
INDIAN ODI Report on the Status of Open Dumps on Indian Lands
INDIAN LUST Leaking Underground Storage Tanks on Indian Land
INDIAN UST Underground Storage Tanks on Indian Land
INDIAN VCP Voluntary Cleanup Priority Listing

EDR PROPRIETARY RECORDS

EDR MGP EDR Proprietary Manufactured Gas Plants
RGA LF Recovered Government Archive Solid Waste Facilities List
RGA HWS Recovered Government Archive State Hazardous Waste Facilities List

SURROUNDING SITES: SEARCH RESULTS

Surrounding sites were identified.

Page numbers and map identification numbers refer to the EDR Radius Map report where detailed data on
individual sites can be reviewed.

Sites listed in bold italics are in multiple databases.

Unmappable (orphan) sites are not considered in the foregoing analysis.
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FEDERAL RECORDS

RCRA-CESQG: RCRAInfo is EPA’s comprehensive information system, providing access to data supporting
the Resource Conservation and Recovery Act (RCRA) of 1976 and the Hazardous and Solid Waste Amendments (HSWA)
of 1984.  The database includes selective information on sites which generate, transport, store, treat and/or
dispose of hazardous waste as defined by the Resource Conservation and Recovery Act (RCRA).  Conditionally
exempt small quantity generators (CESQGs) generate less than 100 kg of hazardous waste, or less than 1 kg of
acutely hazardous waste per month.

     A review of the RCRA-CESQG list, as provided by EDR, and dated 03/01/2018 has revealed that there are
     8 RCRA-CESQG sites within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     KENTUCKY POWER CO PA   416 TEAYS BRANCH RD  1 4
EPA ID:: KYR000028662

     DOLLAR TREE #05648   345 NORTH MAYO TRAIL  12 41
EPA ID:: KYR000068304

     WAL-MART STORES EAST   470 NORTH MAYO TRAIL  14 44
EPA ID:: KYR000042473

     FAMILY DOLLAR #3264   237 NORTH MAYO TRAIL  15 82
EPA ID:: KYR000064956

     DOLLAR GENERAL STORE   241 NORTH MAYO TRAIL  15 85
EPA ID:: KYR000062430

     BIG SANDY COMMUNITY   513 THIRD ST  20 101
EPA ID:: KYD091508416

     PROFESSIONAL CLEANER   637 BROADWAY AVENUE  31 176
EPA ID:: KYD145367603

     RITE AID #3360   308 SOUTH MAYO TRAIL  32 185
EPA ID:: KYR000054015

RCRA NonGen / NLR: RCRAInfo is EPA’s comprehensive information system, providing access to data supporting
the Resource Conservation and Recovery Act (RCRA) of 1976 and the Hazardous and Solid Waste Amendments (HSWA)
of 1984.  The database includes selective information on sites which generate, transport, store, treat and/or
dispose of hazardous waste as defined by the Resource Conservation and Recovery Act (RCRA).  Non-Generators do
not presently generate hazardous waste.

     A review of the RCRA NonGen / NLR list, as provided by EDR, and dated 03/01/2018 has revealed that
     there are 20 RCRA NonGen / NLR sites within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     ASHLAND BRANDED MARK   ROUTE 23 & 460  3 7
EPA ID:: KYD985114222

     HUTCH CHEVROLET BUIC   1004 3RD STREET  5 20
EPA ID:: KY0000936237

     LOWE’S COMPANIES #17   527 NORTH MAYO TRAIL  8 29
EPA ID:: KYR000044925

     HIGHLAND CHEVRON   US 23 & 460 BYPASS  10 38

15|Page Volume 2 Tab 3 HTRW



EXECUTIVE SUMMARY

TC5470645.5s  EXECUTIVE SUMMARY 4

EPA ID:: KYD985082452

     KMART #4827   344 NORTH MAYO TRAIL  19 94
EPA ID:: KYR000050260

     TOP DOG QUICK LUBE &   617 W 3RD ST  20 108
EPA ID:: KYR000007641

     OLD SINCLAIR STATION   629 THIRD STREET  20 112
EPA ID:: KYR000033126

     WARDS SERVICE STATIO   304 COLLEGE ST  22 134
EPA ID:: KYR000008714

     JOHNSON CO HEALTH DE   630 JAMES TRIMBLE BL  23 144
EPA ID:: KYR000016873

     SPEEDWAY 9590   601 EUCLID AVENUE  24 157
EPA ID:: KYR000045476

     VANHOOSE UNICAL 76   105 EUCLID AVE  25 158
EPA ID:: KYR000012757

     SHORT’S CHEVRON   197 EUCLID AVENUE  25 162
EPA ID:: KYD985097021

     TMC PRINTING   605 BROADWAY  31 183
EPA ID:: KYD985072750

     JOHN GRAY PONTIAC BU   810 BROADWAY  33 207
EPA ID:: KYD981804768

     BLANTON ROD & GUN   728 BROADWAY  34 225
EPA ID:: KYR000009316

     ASHLAND PETROLEUM CO   508 DEPOT ROAD  36 236
EPA ID:: KYD985108802

     CUSTOM CLEANERS   948 BROADWAY PLAZA  36 243
EPA ID:: KYD981753270

     DOLLAR GENERAL STORE   945 BROADWAY ST  36 247
EPA ID:: KYR000060210

     SPEEDWAY 9538   513 SOUTH MAYO TRAIL  37 253
EPA ID:: KYD985098052

     CSX TRANSPORTATION-P   1415 DEPOT STREET  41 266
EPA ID:: KY0000909580

US BROWNFIELDS: The EPA’s listing of Brownfields properties from the Cleanups in My Community program,
which provides information on Brownfields properties for which information is reported back to EPA, as well as
areas served by Brownfields grant programs.

     A review of the US BROWNFIELDS list, as provided by EDR, and dated 06/18/2018 has revealed that there
     are 2 US BROWNFIELDS sites within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     CITY OF PAINTSVILLE   315 MAIN STREET  22 121
ACRES property ID: 41001

     FORMER JOHNSON COUNT   346 2ND ST.  22 130
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ACRES property ID: 118581

US MINES: Mines Master Index File. The source of this database is the Dept. of Labor, Mine Safety
and Health Administration.

     A review of the US MINES list, as provided by EDR, has revealed that there are 4 US MINES sites
     within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     WHITE ASH MINING COR     2 7
Database: US MINES, Date of Government Version: 08/01/2018
Mine ID:: 1505926

     KC COALS INC     9 31
Database: US MINES, Date of Government Version: 08/01/2018
Mine ID:: 1518785

     LITTLE DELTA MINING     13 43
Database: US MINES, Date of Government Version: 08/01/2018
Mine ID:: 1508178

     HI GRADE MINING INC     17 90
Database: US MINES, Date of Government Version: 08/01/2018
Mine ID:: 1510377

FINDS: The Facility Index System contains both facility information and "pointers" to other
sources of information that contain more detail. These include: RCRIS; Permit Compliance System (PCS);
Aerometric Information Retrieval System (AIRS); FATES (FIFRA [Federal Insecticide Fungicide Rodenticide Act]
and TSCA Enforcement System, FTTS [FIFRA/TSCA Tracking System]; CERCLIS; DOCKET (Enforcement Docket used to
manage and track information on civil judicial enforcement cases for all environmental statutes); Federal
Underground Injection Control (FURS); Federal Reporting Data System (FRDS); Surface Impoundments (SIA); TSCA
Chemicals in Commerce Information System (CICS); PADS; RCRA-J (medical waste transporters/disposers); TRIS;
and TSCA. The source of this database is the U.S. EPA/NTIS.

     A review of the FINDS list, as provided by EDR, and dated 08/07/2018 has revealed that there are 16
     FINDS sites within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     KENTUCKY POWER CO PA   416 TEAYS BRANCH RD  1 4
Registry ID:: 110003256930

     GENE HOLLAND PROPERT   TEAYS BRANCH RD  4 15
Registry ID:: 110045064087

     HUTCH CHEVROLET BUIC   1004 3RD STREET  5 20
Registry ID:: 110003219277

     DOLLAR TREE #05648   345 NORTH MAYO TRAIL  12 41
Registry ID:: 110067550554

     TOP DOG QUICK LUBE &   617 W 3RD ST  20 108
Registry ID:: 110003248691

     WARDS SERVICE STATIO   304 COLLEGE ST  22 134
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Registry ID:: 110000834580

     JOHNSON CO HEALTH DE   630 JAMES TRIMBLE BL  23 144
Registry ID:: 110003253167

     VANHOOSE UNICAL 76   105 EUCLID AVE  25 158
Registry ID:: 110003251025

     TMC PRINTING   605 BROADWAY  31 183
Registry ID:: 110003234580

     JOHN GRAY PONTIAC BU   810 BROADWAY  33 207
Registry ID:: 110003231226

     BLANTON ROD & GUN   728 BROADWAY  34 225
Registry ID:: 110003249431

     ASHLAND PETROLEUM CO   508 DEPOT ROAD  36 236
Registry ID:: 110003241153

     CUSTOM CLEANERS   948 BROADWAY PLAZA  36 243
Registry ID:: 110003230156

     DOLLAR GENERAL STORE   945 BROADWAY ST  36 247
Registry ID:: 110059770886

     SPEEDWAY 9538   513 SOUTH MAYO TRAIL  37 253
Registry ID:: 110009574479

     CSX TRANSPORTATION-P   1415 DEPOT STREET  41 266
Registry ID:: 110003219151

ABANDONED MINES: An inventory of land and water impacted by past mining (primarily coal mining) is
maintained by OSMRE to provide information needed to implement the Surface Mining Control and Reclamation Act
of 1977 (SMCRA). The inventory contains information on the location, type, and extent of AML impacts, as well
as, information on the cost associated with the reclamation of those problems. The inventory is based upon
field surveys by State, Tribal, and OSMRE program officials. It is dynamic to the extent that it is modified
as new problems are identified and existing problems are reclaimed.

     A review of the ABANDONED MINES list, as provided by EDR, and dated 09/10/2018 has revealed that
     there is 1 ABANDONED MINES site  within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     HI-GRADE TIPPLE     17 90

ECHO: ECHO provides integrated compliance and enforcement information for about 800,000
regulated facilities nationwide.

     A review of the ECHO list, as provided by EDR, and dated 09/02/2018 has revealed that there are 15
     ECHO sites within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     KENTUCKY POWER CO PA   416 TEAYS BRANCH RD  1 4
Registry ID: 110003256930

     HUTCH CHEVROLET BUIC   1004 3RD STREET  5 20
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Registry ID: 110003219277

     DOLLAR TREE #05648   345 NORTH MAYO TRAIL  12 41
Registry ID: 110067550554

     TOP DOG QUICK LUBE &   617 W 3RD ST  20 108
Registry ID: 110003248691

     WARDS SERVICE STATIO   304 COLLEGE ST  22 134
Registry ID: 110000834580

     JOHNSON CO HEALTH DE   630 JAMES TRIMBLE BL  23 144
Registry ID: 110003253167

     VANHOOSE UNICAL 76   105 EUCLID AVE  25 158
Registry ID: 110003251025

     TMC PRINTING   605 BROADWAY  31 183
Registry ID: 110003234580

     JOHN GRAY PONTIAC BU   810 BROADWAY  33 207
Registry ID: 110003231226

     BLANTON ROD & GUN   728 BROADWAY  34 225
Registry ID: 110003249431

     ASHLAND PETROLEUM CO   508 DEPOT ROAD  36 236
Registry ID: 110003241153

     CUSTOM CLEANERS   948 BROADWAY PLAZA  36 243
Registry ID: 110003230156

     DOLLAR GENERAL STORE   945 BROADWAY ST  36 247
Registry ID: 110059770886

     SPEEDWAY 9538   513 SOUTH MAYO TRAIL  37 253
Registry ID: 110009574479

     CSX TRANSPORTATION-P   1415 DEPOT STREET  41 266
Registry ID: 110003219151

STATE AND LOCAL RECORDS

SHWS: The State Hazardous Waste Sites records are the states’ equivalent to CERCLIS. These sites
may or may not already be listed on the federal CERCLIS list. Priority sites planned for cleanup using state
funds (state equivalent of Superfund) are identified along with sites where cleanup will be paid for by
potentially responsible parties. The data come from the Department of Environmental Protection’s Uncontrolled
Site Branch List.

     A review of the SHWS list, as provided by EDR, and dated 09/25/2018 has revealed that there are 9
     SHWS sites within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     PAINTSVILLE VELPAR S   RTE 40 AND US 23  3 12
Facility Id: 53280
Facility Status: Closed

     PAINTSVILLE RESIDENT   HWY 460  6 24
Facility Id: 71314
Facility Status: Closed

     BIG SANDY COMMUNITY   513 THIRD ST  20 101
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Facility Id: 2380
Facility Status: Closed

     FANNIN PROPERTY   420 MAIN STREET, APT  22 118
Facility Id: 131923
Facility Status: Closed

     PAINTSVILLE CITY PAR   315 MAIN STREET  22 119
Facility Id: 79366
Facility Status: Active

     CSX TRANSPORTATION -   1415 DEPOT ROAD  22 126
Facility Id: 49273
Facility Status: Closed

     SPEEDWAY #9538   513 S MAYO TRAIL  37 253
Facility Id: 60342
Facility Status: Closed

     PELPHREY PROPERTY   409 MADISON AVE. APT  38 262
Facility Id: 118984
Facility Status: Closed

     PELPHREY PROPERTY   609 LINCOLN AVE. APT  39 262
Facility Id: 118985
Facility Status: Closed

SWRCY: A listing of recycling facilities located in the state of Kentucky.

     A review of the SWRCY list, as provided by EDR, and dated 03/07/2018 has revealed that there are 2
     SWRCY sites within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     WAL-MART   470 NO. MAYO TRAIL  14 43
     ADVANCE AUTO PARTS   272 SOUTH MAYO TRAIL  32 207

SB193: The inventory indicates facilities that have performed permanent closure activities at a
regulated underground storage tank facility and have known soil and/or groundwater contamination.

     A review of the SB193 list, as provided by EDR, and dated 09/05/2006 has revealed that there are 7
     SB193 sites within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     OLD SINCLAIR STATION   629 3RD ST  20 114
Facility Id: 20081197-058

     JOHNSON COUNTY GARAG   338 SECOND ST  22 133
Facility Id: 9101058

     WARD SERVICE STATION   304 COLLEGE ST  22 143
Facility Id: 0565058

     SHORTS CHEVRON   412 EUCLID AVE  24 149
Facility Id: 1066058

     PELPHREY SUPPLY CO.   1005 WOODLAND DR  36 234
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Facility Id: 1012058

     ASHLAND FACILITY 470   508 DEPOT RD  36 238
Facility Id: 2852058

     CLARK’S PUMP-N-SHOP   ROUTE 23 BY-PASS  39 263
Facility Id: 7906058

UST: The Underground Storage Tank database contains registered USTs. USTs are regulated under
Subtitle I of the Resource Conservation and Recovery Act (RCRA). The data come from the Department of
Environmental Protection’s Owner/Facility Report of All Tanks Regardless of Status list.

     A review of the UST list, as provided by EDR, and dated 08/07/2018 has revealed that there are 41 UST
     sites within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     ERNIES SERVICE STATI   US 23 N  3 8
Tank Status: TRM
Facility Id: 68265

     D & M MARKET   HWY 23 N  3 13
Tank Status: TRM
Facility Id: 60385
Closed In Place Date: 06/30/2000

     PAINTSVILLE SMART ST   1074 3RD ST  5 16
Tank Status: TAC
Facility Id: 60355

     BIG SANDY DETENTION   US 460  5 23
Tank Status: TRM
Facility Id: 49533
Closed In Place Date: 08/01/1999

     BUCK MART HOLDINGS L   643 KY 40 W  7 25
Tank Status: TAC
Facility Id: 60341

     JOHNSON CO SCHOOLS B   743 KY 40 W  11 39
Tank Status: TRM
Facility Id: 67092

     VIP FUELS #4   460 N MAYO TR  15 78
Tank Status: TAC
Facility Id: 60401

     AMERICA QUICK MART   840 EUCLID AVE  16 87
Tank Status: TAC
Facility Id: 60344

     OLIVER JENKINS DRILL   236 PRESTON  18 91
Tank Status: TRM
Facility Id: 66651

     FOOD CITY GAS N GO #   320 N MAYO TR  19 92
Tank Status: TAC
Facility Id: 114220

     HALEYS SERVICE STATI   537 W 3RD ST  20 97
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Tank Status: TRM
Facility Id: 64516

     TOP DOG QUICK LUBE &   617 W 3RD ST  20 110
Tank Status: TRM
Facility Id: 65938
Closed In Place Date: 07/22/1996

     OLD SINCLAIR STATION   629 3RD ST  20 114
Tank Status: TCP
Facility Id: 49378
Closed In Place Date: 01/01/1958

     PAINTSVILLE HIGH SCH   225 2ND ST  21 117
Tank Status: TRM
Facility Id: 44978

     PAINTSVILLE OFFICE   RT 23 S  22 126
Tank Status: TRM
Facility Id: 67209

     JOHNSON CO FISCAL CO   338 2ND ST  22 129
Tank Status: TRM
Facility Id: 60372
Closed In Place Date: 02/02/1999

     W D WARD SERVICE STA   304 COLLEGE ST  22 136
Tank Status: TRM
Facility Id: 60349

     JOHNSON CO HEALTH DE   630 JAMES TRIMBLE BL  23 143
Tank Status: TRM
Facility Id: 60371

     PAUL B HALL REGIONAL   625 JAMES TRIMBLE BL  23 146
Tank Status: TRM
Tank Status: TEX
Facility Id: 60357

     ROYAL CROWN BOTTLING   316 EUCLID AVE  24 148
Tank Status: TEX
Facility Id: 69156

     SHORTS CHEVRON   412 EUCLID AVE  24 149
Tank Status: TRM
Facility Id: 2418
Closed In Place Date: 06/15/1993

     SPEEDWAY #9590   601 EUCLID AVE  24 153
Tank Status: TRM
Facility Id: 60343
Closed In Place Date: 08/31/2004

     VANHOOSE UNICAL 76   105 EUCLID AVE  25 160
Tank Status: TRM
Facility Id: 60348
Closed In Place Date: 12/31/1996

     SOUTH CENTRAL PNVLKY   217 W 2ND ST 52364  26 164
Tank Status: TRM
Facility Id: 66402

     TNT FOOD MART   612 EUCLID AVE  27 165
Tank Status: TAC
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Facility Id: 102957

     PAINTSVILLE GARAGE   112 RIVER RD  28 169
Tank Status: TRM
Facility Id: 69211

     CITY OF PAINTSVILLE   RIVER RD  28 170
Tank Status: TRM
Facility Id: 65438

     MAUDIE F BURTON PROP   716 WALNUT AVE  29 171
Tank Status: TCP
Facility Id: 126470
Closed In Place Date: 04/30/1999

     TOWN & COUNTRY BLDG   211 BROADWAY  30 173
Tank Status: TRM
Facility Id: 60345
Closed In Place Date: 05/14/1998

     FORMERLY CONS CHEVRO   BROADWAY & 10TH ST  31 174
Tank Status: TRM
Facility Id: 69440

     GARLAND DIXON PROPER   11TH & JEFFERSON  34 219
Tank Status: TRM
Facility Id: 67614
Closed In Place Date: 08/01/1994

     PRATT FOOD CO   727 JEFFERSON AVE  34 220
Tank Status: TRM
Tank Status: TR8
Facility Id: 69441

     BLANTONS ROD & GUN   728 BROADWAY  34 222
Tank Status: TRM
Facility Id: 67072
Closed In Place Date: 09/23/1996

     QUICK MART #3   506 S MAYO TRL  35 226
Tank Status: TAC
Tank Status: TTC
Tank Status: TR8
Facility Id: 60369
Closed In Place Date: 10/24/2008

     PELPHREY SUPPLY CO I   1005 WOODLAND DR  36 234
Tank Status: TRM
Facility Id: 60351
Closed In Place Date: 08/22/1996

     ASHLAND BRANDED MARK   508 DEPOT RD  36 238
Tank Status: TRM
Facility Id: 60399
Closed In Place Date: 02/02/1996

     PAINTSVILLE SHOP   ISLAND CREEK RD  36 249
Tank Status: TRM
Facility Id: 67211

     FORMERLY REDS MACHIN   RAILROAD ST  36 252
Tank Status: TR8
Facility Id: 60392

     SPEEDWAY 9538   513 SOUTH MAYO TRAIL  37 253
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Tank Status: TRM
Tank Status: TAC
Facility Id: 60342
Closed In Place Date: 04/19/2011

     THE CHESAPEAKE & OHI   KY 1428  40 263
Tank Status: TRM
Tank Status: TEX
Facility Id: 68770

     MONTGOMERY SCRAP MET   KY 1428 S  42 267
Tank Status: TRM
Facility Id: 69464

AST: A listing of aboveground storage tank site locations.

     A review of the AST list, as provided by EDR, and dated 08/29/2018 has revealed that there are 8 AST
     sites within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     HERALD OIL CO   420 TAYS BR  1 7
     RAMP B INC   643 HWY 40 W  7 28
     CHILDERS OIL CO INC   643 HWY 40 W  7 28
     LOWE’S HOME CENTERS,   527 N MAYO TRL  8 31
     WAL MART STORES EAST   470 N MAYO TRL  15 84
     WAL MART EAST LIMITE   470 N MAYO TRL  15 84
     WAL MART STORES EAST   470 N MAYO TRL  15 85
     BLAKE RATLIFF   840 EUCLID AVE  16 90

DRYCLEANERS: A listing of drycleaner facility locations.

     A review of the DRYCLEANERS list, as provided by EDR, and dated 08/22/2018 has revealed that there is
     1 DRYCLEANERS site  within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     CUSTOM CLEANERS   948 BROADWAY PLZ  36 246
Facility Id: 2111500049
Agency Interest Id Number: 38686

BROWNFIELDS: The Kentucky Brownfield Program has created an inventory of brownfield sites in order to
market the properties to those interested in brownfield redevelopment.  The Kentucky Brownfield Program is
working to promote the redevelopment of these sites by helping to remove barriers that prevent reuse,
providing useful information to communities, developers and the public and encouraging a climate that fosters
redevelopment of contaminated sites.

     A review of the BROWNFIELDS list, as provided by EDR, and dated 08/07/2018 has revealed that there
     are 2 BROWNFIELDS sites within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     PAINTSVILLE CITY PAR   315 MAIN STREET  22 119
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BF #: 32

     FORMER JOHNSON COUNT   346 2ND ST.  22 133
BF #: 42

CDL: Clandestine drug lab site locations.

     A review of the CDL list, as provided by EDR, and dated 09/25/2018 has revealed that there are 3 CDL
     sites within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     FANNIN PROPERTY   420 MAIN STREET, APT  22 118
Closure Date: 09/29/2016
Site Status: Closed
Agency Interest Id Number: 131923

     PELPHREY PROPERTY   409 MADISON AVE. APT  38 262
Closure Date: 09/06/2013
Site Status: Closed
Agency Interest Id Number: 118984

     PELPHREY PROPERTY   609 LINCOLN AVE. APT  39 262
Closure Date: 09/06/2013
Site Status: Closed
Agency Interest Id Number: 118985

NPDES: A listing of permitted wastewater facilities.

     A review of the NPDES list, as provided by EDR, and dated 08/27/2018 has revealed that there are 2
     NPDES sites within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     WAL-MART   470 NO. MAYO TRAIL  14 43
Facility Status: INACTIVE
KY DES #: KYR105381

     SHORTS CHEVRON   412 EUCLID AVE  24 149
Facility Status: INACTIVE
KY DES #: KYG910043

AIRS: A listing of permitted Airs facilities.

     A review of the AIRS list, as provided by EDR, and dated 08/22/2018 has revealed that there is 1 AIRS
     site  within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     CUSTOM CLEANERS   948 BROADWAY PLZ  36 246
Facility Id: 2111500049
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PSTEAF: The Underground Storage Tank Branch (USTB) has ranked all PSTEAF reimbursable facilities
requiring corrective action, in accordance with 401 KAR 42:290.  Directive letters will be issued on the basis
of facility ranking and available PSTEAF funding in sequential order as ranked.  For example, Rank 2
facilities will be issued directives before Rank 3 facilities.

     A review of the PSTEAF list, as provided by EDR, and dated 07/01/2018 has revealed that there are 5
     PSTEAF sites within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     W D WARD SERVICE STA   304 COLLEGE ST  22 136
Facility Id: 60349

     SHORTS CHEVRON   412 EUCLID AVE  24 149
Facility Id: 2418

     SPEEDWAY #9590   601 EUCLID AVE  24 153
Facility Id: 60343

     PELPHREY SUPPLY CO I   1005 WOODLAND DR  36 234
Facility Id: 60351

     TRIMBLE BP INC   613 S MAYO TRL  39 263
Facility Id: 60347

EDR PROPRIETARY RECORDS

EDR Hist Auto: EDR has searched selected national collections of business directories and has collected
listings of potential gas station/filling station/service station sites that were available to EDR
researchers.  EDR’s review was limited to those categories of sources that might, in EDR’s opinion, include
gas station/filling station/service station establishments. The categories reviewed included, but were not
limited to gas, gas station, gasoline station, filling station, auto, automobile repair, auto service station,
service station, etc. This database falls within a category of information EDR classifies as "High Risk
Historical Records", or HRHR.  EDR’s HRHR effort presents unique and sometimes proprietary data about past
sites and operations that typically create environmental concerns, but may not show up in current government
records searches.

     A review of the EDR Hist Auto list, as provided by EDR, has revealed that there are 4 EDR Hist Auto
     sites within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     VICTORY ENTERPRISES   1074 3RD ST  5 19
     RAMCO TRUCKING INC   608 JAMES S TRIMBLE  23 143
     SHORT JAMES   412 EUCLID AVE  24 149
     CONLEYS MUFFLER & TI   612 EUCLID AVE  27 168

EDR Hist Cleaner: EDR has searched selected national collections of business directories and has collected
listings of potential dry cleaner sites that were available to EDR researchers. EDR’s review was limited to
those categories of sources that might, in EDR’s opinion, include dry cleaning establishments. The categories
reviewed included, but were not limited to dry cleaners, cleaners, laundry, laundromat, cleaning/laundry, wash
& dry etc.  This database falls within a category of information EDR classifies as "High Risk Historical
Records", or HRHR.  EDR’s HRHR effort presents unique and sometimes proprietary data about past sites and
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operations that typically create environmental concerns, but may not show up in current government records
searches.

     A review of the EDR Hist Cleaner list, as provided by EDR, has revealed that there is 1 EDR Hist
     Cleaner site  within the searched area.

PageMap ID     Address     Site     ________      ________  _____ _____

     ROSS CLEANERS   3RD ST  28 171
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Please refer to the end of the findings report for unmapped orphan sites due to poor or inadequate address information.
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MAP FINDINGS SUMMARY

Total
Database Plotted

FEDERAL RECORDS

    0NPL
    0Proposed NPL
    0Delisted NPL
    0NPL LIENS
    0SEMS
    0SEMS-ARCHIVE
    0LIENS 2
    0CORRACTS
    0RCRA-TSDF
    0RCRA-LQG
    0RCRA-SQG
    8RCRA-CESQG
   20RCRA NonGen / NLR
    0US ENG CONTROLS
    0US INST CONTROL
    0ERNS
    0HMIRS
    0DOT OPS
    0US CDL
    2US BROWNFIELDS
    0DOD
    0FUDS
    0LUCIS
    0CONSENT
    0ROD
    0UMTRA
    0DEBRIS REGION 9
    0ODI
    4US MINES
    0TRIS
    0TSCA
    0FTTS
    0HIST FTTS
    0SSTS
    0ICIS
    0PADS
    0MLTS
    0RADINFO
   16FINDS
    0RAATS
    0RMP
    1ABANDONED MINES
    0IHS OPEN DUMPS
    0SCRD DRYCLEANERS
    0US HIST CDL
    0PCB TRANSFORMER
    0US FIN ASSUR
    0EPA WATCH LIST

TC5470645.5s   Page 1 of 268
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Total
Database Plotted

    02020 COR ACTION
    0COAL ASH DOE
    0FUSRAP
    0UXO
    0DOCKET HWC
    0FUELS PROGRAM
   15ECHO
    0FEMA UST
    0FEDERAL FACILITY
    0LEAD SMELTERS
    0US AIRS
    0COAL ASH EPA
    0PRP

STATE AND LOCAL RECORDS

    9SHWS
    0SWF/LF
    0UIC
    0HIST LF
    2SWRCY
    7SB193
   41UST
    8AST
    0SPILLS
    0ENG CONTROLS
    0INST CONTROL
    0VCP
    1DRYCLEANERS
    2BROWNFIELDS
    3CDL
    2NPDES
    1AIRS
    0ASBESTOS
    5PSTEAF
    0LEAD
    0COAL ASH

TRIBAL RECORDS

    0INDIAN RESERV
    0INDIAN ODI
    0INDIAN LUST
    0INDIAN UST
    0INDIAN VCP

EDR PROPRIETARY RECORDS

    0EDR MGP
    4EDR Hist Auto
    1EDR Hist Cleaner

TC5470645.5s   Page 1 of 268
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Total
Database Plotted

    0RGA LF
    0RGA HWS

NOTES:

   Sites may be listed in more than one database

TC5470645.5s   Page 3 of 269
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ENGINEERS, HUNTINGTON DI
STAFFORDSVILLE 1000461552 PAINTSVILLE LAKE - US ARMY CORPS OF ROUTE 40 41256 RCRA-CESQG
STAFFORDSVILLE S121611867 PAINTSVILLE LAKE STATE PARK 1581 HWY 2275 41256 NPDES
STAFFORDSVILLE 1000826645 KENTUCKY DEPT. OF TRANS./JOHNSON CO. GAR ROUTE 172, MILEPOINT 10.4 41256 RCRA NonGen / NLR
STAFFORDSVILLE 1016363364 JOHNSON CO STATE MAINTENANCE GARAGE KY 172 41256 FINDS
PAINTSVILLE S110491789 MAYO TRAIL - WEST PAINTSVILLE WILLIAM HENRY DIXON BLVD. 41240 NPDES
PAINTSVILLE 1004706594 PAINTSVILLE VELPAR SPILL STATE ROUTE 40 AND U.S. 23 41240 RCRA NonGen / NLR
PAINTSVILLE 1016270269 PAINTSVILLE VELPAR SPILL STATE ROUTE 40 AND U.S. 23 41240 FINDS, ECHO
PAINTSVILLE A100448162 MADONNA BOOTH 1581 KENTUCKY RTE 2275 41240 AST
PAINTSVILLE U001184709 PAINTSVILLE BULK PLANT 470 JEFFERSON ST 41240 UST
PAINTSVILLE 1012050268 AMERICAN STANDARD, PAINTSVILLE PLT 1000 INDUSTRIAL PARK 41240 SSTS
PAINTSVILLE 1000433782 CHEVRON BULK PLANT US HWY 23 SO 41240 RCRA NonGen / NLR
PAINTSVILLE A100446941 AT&T US HWY 23 41240 AST
PAINTSVILLE 1000442691 BETZ MINING DIVISION U.S. HIGHWAY 23 SOUTH 41240 RCRA NonGen / NLR
PAINTSVILLE S115711470 EAST KY BEVERAGE CO INC 6400 US HIGHWAY 460 RGA HWS
PAINTSVILLE S108902050 JOHNSON CO FISCAL COURT DETENTION CENTER ACCESS RD 41240 NPDES
PAINTSVILLE U003952370 VALLEY BELL DAIRY 1105 DEPOT RD 41240 UST
PAINTSVILLE S115711041 CSX TRANSPORTATION - JOHNSON CO 1415 DEPOT ST RGA HWS
PAINTSVILLE S115711040 CSX TRANSPORTATION - JOHNSON CO 1415 DEPOT ROAD RGA HWS
PAINTSVILLE 1008031183 PAINTSVILLE MUNICIPAL WATER WORKS PO BOX 630 41240 FINDS, ECHO

PLANNING
PAINTSVILLE 1016363950 JOHNSON CO - SOLID WASTE MANAGEMENT PO BOX 868 41240 FINDS

PLANNING
PAINTSVILLE S113704617 JOHNSON CO - SOLID WASTE MANAGEMENT PO BOX 868 41240 SWF/LF
PAINTSVILLE U000811542 TRIPLE ELKHORN MINING RT 7 41240 UST
PAINTSVILLE 1017795835 JOHNSON FLOYD COAL CO LLC KY 581 41240 FINDS
PAINTSVILLE S115710859 CONSOL COAL OF KY KY 550 AT JETT NEAR HUEYSVILLE RGA HWS
PAINTSVILLE S115715001 PAINTSVILLE RESIDENTIAL LANDFILL HWY 460 RGA HWS
PAINTSVILLE U003974445 COUSIN CLYDES HWY 40 41240 UST
PAINTSVILLE S115715002 PAINTSVILLE VELPAR SPILL KY 40 & US 23 RGA HWS
PAINTSVILLE S115715003 PAINTSVILLE VELPAR SPILL RTE 40 AND US 23 RGA HWS
PAINTSVILLE S115708011 PAINTSVILLE LANDFILL HWY 40 RGA LF
PAINTSVILLE S103849937 STERICYCLE INC 518 ROUTE 321 SOUTH 41240 HIST LF
PAINTSVILLE 1000826703 MOUNTAIN ENTERPRISES INC RT 321 SOUTH 41240 RCRA NonGen / NLR
PAINTSVILLE U003990529 JOHNSON CO BOARD OF EDUCATION BUS GARAGE KY 276 41240 UST
PAINTSVILLE 1000826490 ASHLAND BRANDED MARKETING INC. 470-256 ROUTE 23, HC-83, BOX 90 41240 RCRA NonGen / NLR
PAINTSVILLE 1000518232 EXCALIBUR ROUTE 23 41240 RCRA NonGen / NLR
PAINTSVILLE 1001123782 HARBOUR TRUCKING US 23 NORTH (OLD) 41240 RCRA NonGen / NLR
PAINTSVILLE U000811857 PAINTSVILLE PLANT KY 1428 41240 UST
MEALLY 1001219685 MURRY’S SERVICE STATION STATE HWY 40 E 41234 RCRA NonGen / NLR, SB193
MADRID 1000908131 AT & T CORPORATION 17 MI N. ON HWY 259 41240 RCRA NonGen / NLR, FINDS, ECHO
HAGERHILL U003990992 PAINTSVILLE BULK PLANT 470 KY 1750 41222 UST
HAGER HILL S106987656 DON GIBSON PROPERTY 1442 RTE 2039 41222 SB193
HAGAR HILL 1001196280 COLLISTA GROCERY RT 825 41222 RCRA NonGen / NLR, SB193, UST

Count: 47 records ORPHAN SUMMARY

City EDR ID Site Name Site Address Zip Database(s)
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http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=6klR60Qtkfjjlk0VRh.J34c50gujQuDPttP8AQlofgAIjOnKjWmM4CrFkb1I0hCeV3B.39WHhlnF.ahGJExd9KMM4VV4cDR85.5vBdbvgln0ujx0jB138nh5uza6DiHSP0OT8Yt1tQ.hPADU8NMlBnxiQTkll1vOoNM.6SZ4k1Z.lBfrRjAV3kfK0EXkQMgxtq1y9p9NfVaUjfGIjDCT4l8rkzYd0GgwV9Mj4berhF8L.ysXJbE73RsE4hlvcuPB5LQq5Z4dg89buROEjT4N4kBHuawED1paPWlmBKvEtwzgPnf98Jnp6VVhkQotlImDRjcU4yWL0x7TQITFtunK3vItfmJVjqQCjy908.R4kqZu0ZxGVIO.7IQJhBaJ.U9kJyy4Atf84JxEcGrH54aF3qIcgooEuamKj8Gp9jzJudI3DFNVPgBd7.eQt4r0PArf86BR8st1QHYVlTnpo9RJ2R1NgXZHAdmDIdvI8MwrOJ9Znec3KCyFvk1DWTLsmlQaMWsM6K.KkqRGlyfbRKqR4y8j0BfuQMeMtL9i30XnfuBBjF8GjMoB44ikknkW0.sOVm9O3Q8Fhim9.uttJSlU3mMt48D8cjL55kmG3jjtgOC8uz1ljPwL71mWuopGDWcOPTce9nVStfyjP58I81h44gtoQtw1lNGcofvo8ywdgwd0AgRsIyWB8nBZOyWrnoCGKQYB5WjfWrcrmyfkMtnu3
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=6klR60Qtkfjjlk0VRh.J34c50gujQuDPttP8AQlofgAIjOnKjWmM4CrFkb1I0hCeV3B.39WHhlnF.ahGJExd9KMM4VV4cDR85.5vBdbvgln0ujx0jB138nh5uza6DiHSP0OT8Yt1tQ.hPADU8NMlBnxiQTkll1vOoNM.6SZ4k1Z.lBfrRjAV3kfK0EXkQMgxtq1y9p9NfVaUjfGIjDCT4l8rkzYd0GgwV9Mj4berhF8L.ysXJbE73RsE4hlvcuPB5LQq5Z4dg89buROEjT4N4kBHuawED1paPWlmBKvEtwzgPnf98Jnp6VVhkQotlImDRjcU4yWL0x7TQITFtunK3vItfmJVjqQCjy908.R4kqZu0ZxGVIO.7IQJhBaJ.U9kJyy4Atf84JxEcGrH54aF3qIcgooEuamKj8Gp9jzJudI3DFNVPgBd7.eQt4r0PArf86BR8st1QHYVlTnpo9RJ2R1NgXZHAdmDIdvI8MwrOJ9Znec3KCyFvk1DWTLsmlQaMWsM6K.KkqRGlyfbRKqR4y8j0BfuQMeMtL9i30XnfuBBjF8GjMoBV4ikknkW0.sOVm9O4Q8Fhim9.uttJSlU5mMt48D8cjL55kmG4jjtgOC8uz1ljPwL91mWuopGDWcOPTce4nVStfyjP58I81h44gtoQtw1lNGcofvoBywdgwd0AgRsIyWB9nBZOyWrnoCGKQYBAWjfWrcrmyfkMtnu3
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=6klR60Qtkfjjlk0VRh.J34c50gujQuDPttP8AQlofgAIjOnKjWmM4CrFkb1I0hCeV3B.39WHhlnF.ahGJExd9KMM4VV4cDR85.5vBdbvgln0ujx0jB138nh5uza6DiHSP0OT8Yt1tQ.hPADU8NMlBnxiQTkll1vOoNM.6SZ4k1Z.lBfrRjAV3kfK0EXkQMgxtq1y9p9NfVaUjfGIjDCT4l8rkzYd0GgwV9Mj4berhF8L.ysXJbE73RsE4hlvcuPB5LQq5Z4dg89buROEjT4N4kBHuawED1paPWlmBKvEtwzgPnf98Jnp6VVhkQotlImDRjcU4yWL0x7TQITFtunK3vItfmJVjqQCjy908.R4kqZu0ZxGVIO.7IQJhBaJ.U9kJyy4Atf84JxEcGrH54aF3qIcgooEuamKj8Gp9jzJudI3DFNVPgBd7.eQt4r0PArf86BR8st1QHYVlTnpo9RJ2R1NgXZHAdmDIdvI8MwrOJ9Znec3KCyFvk1DWTLsmlQaMWsM6K.KkqRGlyfbRKqR4y8j0BfuQMeMtL9i30XnfuBBjF8GjMoB44ikknkW0.sOVm9O3Q8Fhim9.uttJSlU3mMt48D8cjL55kmG3jjtgOC8uz1ljPwLB1mWuopGDWcOPTce5nVStfyjP58I81h49gtoQtw1lNGcofvo9ywdgwd0AgRsIyWB7nBZOyWrnoCGKQYB8WjfWrcrmyfkMtnu3
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THELMA A100447065 ACTION PETROLEUM RT 1107 41260 AST
THEALKA S107602198 CASTLE ENTERPRISES INC ROCKHOUSE RD 41240 SWF/LF
STAFFORDVILLE 1001127249 C & M ASHLAND KY HWY 40 W 41256 RCRA NonGen / NLR
STAFFORDSVILLE 1001219613 CONLEY SERVICE STATION KY RT 90 E 41256 RCRA NonGen / NLR
STAFFORDSVILLE U000718649 FOOTHILLS RURAL TELEPHONE CO OP RTE 40 41256 UST
STAFFORDSVILLE U001181884 B & B DISTRIBUTORS RT 40 41256 UST
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EDR Historical Topo Map Report 

EDR Inquiry # 

Search Results:

P.O.#  
Project:

Maps Provided:

Disclaimer - Copyright and Trademark Notice

EDR and its logos (including Sanborn and Sanborn Map) are trademarks of Environmental Data Resources, Inc. or its affiliates. All other trademarks used herein 
are the property of their respective owners.

page-

Coordinates:

Latitude: 
Longitude: 
UTM Zone: 
UTM X Meters: 
UTM Y Meters: 
Elevation:

Contact:

Site Name: Client Name:

2013

1992

1978

1971

1962

1954

1917

1915

1892

1886

11/01/18

Johnson County/Paintsville KY Order U.S. Army Corps of Engineers
Johnson County/Paintsville KY Order 502 8th Street
Paintsville, KY 41240 Huntington, WV 25701

5470645.7 Jo Huff

EDR Topographic Map Library has been searched by EDR and maps covering the target property location as provided by
U.S. Army Corps of Engineers were identified for the years listed below. EDR’s Historical Topo Map Report is designed to
assist professionals in evaluating potential liability on a target property resulting from past activities. EDRs Historical Topo
Map Report includes a search of a collection of public and private color historical topographic maps, dating back to the late
1800s.

NA 37.8198 37° 49' 11" North

NA -82.8109 -82° 48' 39" West
Zone 17 North
340612.91
4187366.54
633.80' above sea level

This Report contains certain information obtained from a variety of public and other sources reasonably available to Environmental Data Resources, Inc. It cannot
be concluded from this Report that coverage information for the target and surrounding properties does not exist from other sources. NO WARRANTY
EXPRESSED OR IMPLIED, IS MADE WHATSOEVER IN CONNECTION WITH THIS REPORT. ENVIRONMENTAL DATA RESOURCES, INC. SPECIFICALLY
DISCLAIMS THE MAKING OF ANY SUCH WARRANTIES, INCLUDING WITHOUT LIMITATION, MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE
OR PURPOSE. ALL RISK IS ASSUMED BY THE USER. IN NO EVENT SHALL ENVIRONMENTAL DATA RESOURCES, INC. BE LIABLE TO ANYONE,
WHETHER ARISING OUT OF ERRORS OR OMISSIONS, NEGLIGENCE, ACCIDENT OR ANY OTHER CAUSE, FOR ANY LOSS OF DAMAGE, INCLUDING,
WITHOUT LIMITATION, SPECIAL, INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES. ANY LIABILITY ON THE PART OF ENVIRONMENTAL
DATA RESOURCES, INC. IS STRICTLY LIMITED TO A REFUND OF THE AMOUNT PAID FOR THIS REPORT. Purchaser accepts this Report "AS IS". Any
analyses, estimates, ratings, environmental risk levels or risk codes provided in this Report are provided for illustrative purposes only, and are not intended to
provide, nor should they be interpreted as providing any facts regarding, or prediction or forecast of, any environmental risk for any property. Only a Phase I
Environmental Site Assessment performed by an environmental professional can provide information regarding the environmental risk for any property.
Additionally, the information provided in this Report is not to be construed as legal advice.
Copyright 2018 by Environmental Data Resources, Inc. All rights reserved. Reproduction in any media or format, in whole or in part, of any report or map of
Environmental Data Resources, Inc., or its affiliates, is prohibited without prior written permission.

5470645 7 2
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Topo Sheet Key
This EDR Topo Map Report is based upon the following USGS topographic map sheets.

-

2013 Source Sheets

2013
Paintsville

7.5-minute, 24000

1992 Source Sheets

1992
Paintsville

7.5-minute, 24000
Aerial Photo Revised 1988

1978 Source Sheets

1978
Paintsville

7.5-minute, 24000
Aerial Photo Revised 1975

1971 Source Sheets

1971
Paintsville

7.5-minute, 24000
Aerial Photo Revised 1970

5470645 7 3
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Topo Sheet Key
This EDR Topo Map Report is based upon the following USGS topographic map sheets.

-

1962 Source Sheets

1962
Paintsville

7.5-minute, 24000
Aerial Photo Revised 1950

1954 Source Sheets

1954
Paintsville

7.5-minute, 24000
Aerial Photo Revised 1950

1917 Source Sheets

1917
Paintsville

15-minute, 62500

1915 Source Sheets

1915
Paintsville

15-minute, 48000

5470645 7 4
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Topo Sheet Key
This EDR Topo Map Report is based upon the following USGS topographic map sheets.

-

1892 Source Sheets

1892
Prestonsburg

30-minute, 125000

1886 Source Sheets

1886
Prestonsburg

30-minute, 125000

5470645 7 5
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The EDR Aerial Photo Decade Package

Johnson County/Paintsville KY Order

Johnson County/Paintsville KY Order

Paintsville, KY 41240

Inquiry Number:

November 02, 2018

5470645.6

6 Armstrong Road, 4th floor
Shelton, CT 06484
Toll Free: 800.352.0050
www.edrnet.com
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Johnson County/Paintsville KY Order

November 01, 2018

Target Property:

Paintsville, KY 41240

Date EDR Searched Historical Sources:
Aerial Photography

ScaleYear Details Source

1951 Aerial Photograph. Scale: 1"=1000' Flight Year: 1951 USGS

1960 Aerial Photograph. Scale: 1"=1000' Flight Year: 1960 USGS

1975 Aerial Photograph. Scale: 1"=1000' Flight Year: 1975 USGS

1983 Aerial Photograph. Scale: 1"=1000' Flight Year: 1983 USDA

1995 Aerial Photograph. Scale: 1"=1000' Flight Year: 1995 DOQQ_USGS

2008 Aerial Photograph. Scale: 1"=1000' Flight Year: 2008 NAIP_USGS

2012 Aerial Photograph. Scale: 1"=1000' Flight Year: 2012 NAIP_USGS

2016 Aerial Photograph. Scale: 1"=1000' Flight Year: 2016 NAIP_USGS

5470645.6

2
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Certified Sanborn® Map Report

Inquiry Number:

6 Armstrong Road, 4th floor 
Shelton, CT 06484
Toll Free: 800.352.0050 
www.edrnet.com

Johnson County/Paintsville KY Order

Johnson County/Paintsville KY Order

Paintsville, KY 41240

November 05, 2018

5473272.1
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Certified Sanborn® Map Report 

Certified Sanborn Results:

Disclaimer - Copyright and Trademark Notice

EDR and its logos (including Sanborn and Sanborn Map) are trademarks of Environmental Data Resources, Inc. or its affiliates. All other trademarks used herein 
are the property of their respective owners.

page-

The Sanborn Library includes more than 1.2 million
fire insurance maps from Sanborn, Bromley, Perris &
Browne, Hopkins, Barlow and others which track
historical property usage in approximately 12,000
American cities and towns.  Collections searched:

Library of Congress

University Publications of America

EDR Private Collection

The Sanborn Library LLC Since 1866™

Limited Permission To Make Copies

Sanborn® Library search results 

Contact:EDR Inquiry # 

Site Name: Client Name:

 Certification #

PO #

Project

1949  (7)

1940  (7)

1930  (7)

1921  (3)

1910  (3)

11/05/18

Johnson County/Paintsville KY Order
Johnson County/Paintsville KY Order U.S. Army Corps of Engineers

502 8th Street
Paintsville, KY 41240

5473272.1
Huntington, WV 25701

Jo Huff
The Sanborn Library has been searched by EDR and maps covering the target property location as provided by U.S. Army Corps of
Engineers were identified for the years listed below (selected maps only*). The Sanborn Library is the largest, most complete collection of
fire insurance maps. The collection includes maps from Sanborn, Bromley, Perris & Browne, Hopkins, Barlow, and others.  Only
Environmental Data Resources Inc. (EDR) is authorized to grant rights for commercial reproduction of maps by the Sanborn Library LLC,
the copyright holder for the collection.  Results can be authenticated by visiting www.edrnet.com/sanborn.

The Sanborn Library is continually enhanced with newly identified map archives. This report accesses all maps in the collection as of the
day this report was generated.

9142-4E39-AB1E
NA

NA
* Environmental Data Resources, Inc. has been instructed by U.S. Army Corps of
Engineers to print ONLY the Sanborn Maps for the years listed below:

Certification #: 9142-4E39-AB1E

Total Maps: 27

U.S. Army Corps of Engineers  (the client) is permitted to make up to FIVE photocopies of this Sanborn Map transmittal and each fire insurance map accompanying
this report solely for the limited use of its customer. No one other than the client is authorized to make copies. Upon request made directly to an EDR Account
Executive, the client may be permitted to make a limited number of additional photocopies. This permission is conditioned upon compliance by the client, its customer
and their agents with EDR's copyright policy; a copy of which is available upon request.

This Report contains certain information obtained from a variety of public and other sources reasonably available to Environmental Data Resources, Inc. It cannot
be concluded from this Report that coverage information for the target and surrounding properties does not exist from other sources. NO WARRANTY
EXPRESSED OR IMPLIED, IS MADE WHATSOEVER IN CONNECTION WITH THIS REPORT. ENVIRONMENTAL DATA RESOURCES, INC. SPECIFICALLY
DISCLAIMS THE MAKING OF ANY SUCH WARRANTIES, INCLUDING WITHOUT LIMITATION, MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE
OR PURPOSE. ALL RISK IS ASSUMED BY THE USER. IN NO EVENT SHALL ENVIRONMENTAL DATA RESOURCES, INC. BE LIABLE TO ANYONE,
WHETHER ARISING OUT OF ERRORS OR OMISSIONS, NEGLIGENCE, ACCIDENT OR ANY OTHER CAUSE, FOR ANY LOSS OF DAMAGE, INCLUDING,
WITHOUT LIMITATION, SPECIAL, INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES. ANY LIABILITY ON THE PART OF ENVIRONMENTAL
DATA RESOURCES, INC. IS STRICTLY LIMITED TO A REFUND OF THE AMOUNT PAID FOR THIS REPORT. Purchaser accepts this Report "AS IS". Any
analyses, estimates, ratings, environmental risk levels or risk codes provided in this Report are provided for illustrative purposes only, and are not intended to
provide, nor should they be interpreted as providing any facts regarding, or prediction or forecast of, any environmental risk for any property. Only a Phase I
Environmental Site Assessment performed by an environmental professional can provide information regarding the environmental risk for any property.
Additionally, the information provided in this Report is not to be construed as legal advice.
Copyright 2018 by Environmental Data Resources, Inc. All rights reserved. Reproduction in any media or format, in whole or in part, of any report or map of
Environmental Data Resources, Inc., or its affiliates, is prohibited without prior written permission.
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Section 202 Alternative 2 Only
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Johnson County, KY Section 202 Flood Damage Reduction Project
Low Risk-Ranked HTRW Sites

EXHIBIT 111 - 2

NO. RISK                  
H/M/L

EDR®                          
MAP NO SITE NAME DESCRIPTION PHONE LAT LONG ENVIRONMENTAL DATABASE AND RESEARCH HTRW CONCERN NOTES

1 L 16 Blake Ratliff, 840 Euclid Ave, 
Paintsville

Commercial AST AST Permit Number: PAG0000686 No date reported in EDR report

2 L 12 Dollar Tree, 345 North Mayo Trail Retail 757-321-5923   
David Jewel 37.82358000 -82.81649600 #05648, EPA ID:: KYR000068304   RCRA-CESQG; FINDS 

Registry ID:: 110067550554; ECHO Registry ID: 110067550554

3 L 14, 15 Wal-Mart Stores East, 1233, 470 North 
Mayo Trail

Retail 37.82378200 -82.82359200 EPA ID:: KYR000042473  RCRA-CESQG; SWRCY; NPDES 
Facility Status: INACTIVE KY DES #: KYR105381

Automotive, car batteries. Non active NPDES

4 L 32 Advanced Auto Parts, 272 South Mayo 
Trail

Auto parts sales 606-789-6063 37.81052400 -82.80702100 SWRCY. Used motor oil. 

5 L 15 Family Dollar, 237 North Mayo Trail Retail 704-708-1909 37.81038900 -82.80424000 EPA ID:: KYR000064956  RCRA-CESQG No violations reported.

6 L 15 Dollar General Store #2840, 241 North 
Mayo Trail

Retail 615-855-4000 37.80876000 -82.80195800 EPA ID:: KYR000062430  RCRA-CESQG No violations reported.

7 L 36 Dollar General Store #2273, 945 
Broadway St

616-855-4000 37.80987600 -82.79617200 EPA ID:: KYR000060210 RCRA NonGen / NLR; FINDS Registry 
ID:: 110059770886; ECHO Registry ID: 110059770886

No violations reported.

8 L 20

Big Sandy Community & Tech College, 
513 Third Street

Education 606-886-7335

37.76527800 -82.78361100

EPA ID:: KYD091508416  RCRA-CESQG Violation for Records/Reporting, 15 May 1991, 
compliance achieved 24 July 1991.  Possible other 
name Mayo State Vo-Tech, or associated with the 
community college

9 L 32
Rite Aid #3360, 304 South Mayo Trail Drugstore

37.81052300 -82.80584700
#3360. EPA ID:: KYR000054015  RCRA-CESQG; SHWS Facility 
Id: 2380 Facility Status: Closed. Large Qty Generator 2015. 

No Violations reported.

10 L 5

Hutch Chevrolet Buick GMC, Inc, 1004 
3rd Street

Car dealership 606-297-4066
Jeff Sparks
Bob Hutchinson
John Gray 37.82342300 -82.83223200

EPA ID:: KY0000936237  RCRA NonGen / NLR; FINDS Registry 
ID:: 110003219277; ECHO Registry ID: 110003219277

Non-generator. D039 Tetrachloroethylene, D001, 
D018. Notice of Violations: Enforcement action 
date : 09/05/1997 Enforcement action : Not 
reported Violation lead agency : State Date 
achieved compliance : 05/18/1995.  Date violation 
determined : 04/10/1995.  Area of violation: 
Generators - Records/Reporting

11 L 8 Lowes Companies, Store #1797, 527 
North Mayo Trail

704-758-6005 37.82856800 -82.82120700 EPA ID:: KYR000044925 RCRA NonGen / NLR; AST Permit 
Number: PAG0002078 permit cancelled

Nongenerator. D001, D002, D018, no violations 
found

12 L 9
KS Coals, Inc., KY Abandoned Mine

37.82416667 -82.82333333
Numerous violations listed from 2005 - 2015 as 
"Non-Producing"; listed as "Abandoned" on 7 May 
2018

13 L 19 KMART, store #4827, 344 North Mayo 
Trail

retail 847-286-8616 37.82371200 -82.81834900 EPA ID:: KYR000050260 RCRA NonGen / NLR Nongenerator. No violations found.

14 L 31 TMC Printing, 605 Broadway Printing 37.81104300 -82.80198500 EPA ID:: KYD985072750 RCRA NonGen / NLR; FINDS Registry 
ID:: 110003234580; ECHO Registry ID: 110003234580

15 L 2 White Ash Mining COR, No 11 Surface 
Mine

Mining Database: US MINES, Date of Government Version: 08/01/2018 
Mine ID:: 1505926

16 L

KC Coals, Inc, Mining Database: US MINES, Date of Government Version: 08/01/2018. 
Mine ID:: 1518785. Violation# 8301274 for 104(a), citation 2017, 
closed. Violation 9881324 issued 2006 for 104(a), closed. Violation 
8235443 in 2009 for 104(a), Closed. Violation 8235444 for 104(a) 
closed. Violation 7432305 in 2005 for 104(a) Closed. Violation 
7432307 in 2005 for 104(a) Closed. Violation 7432306 in 2005 for 
104(a) Closed. Violations 8235482, 8235483, 8235078, 8235079, 
8235481, 8235077, 8234920, 7432303, 7432302, 7432301, 
7432300, 7432304 in 2009 for 104(a) Closed. 

17 L 13 Little Delta Mining, No 1 Tipple Mining Database: US MINES, Date of Government Version: 08/01/2018. 
Mine ID:: 1508178

18 L 22
Fannin Property, 420 Main Street apartments

37.81370000 -82.80766100
SHWS Facility Id: 131923 Facility Status: Closed; CDL Closure 
Date: 09/29/2016 Site Status: Closed Agency Interest Id Number: 
131923

Status: Closed reported meth lab; closure method was Site 
Restored

19 L 5 Big Sandy Detention, US 460 Federal 37.82583300 -82.82861100 UST Tank Status: TRM Facility Id: 49533 Closed In Place Date: 
08/01/1999 550 gal gas closed in place 1999

20 L 7 Ramp B, Inc., 643 HWY 40 W, 
Staffordsville, KY 41256 AST AST A100447714 N/A Permit Issued 3 Dec 1998, Commercial

21 L Childers Oil Inc., Michael Prewitt, 642 
hWY 40W, Staffordsville, KY AST AST A100451991 N/A Added new tank to tite, 20 Sep 2016

22 L 38 Pelphrey Property, 409 Madison Ave 37.80911900 -82.80453000 CDL Closure Date: 09/06/2013 Site Status: Closed Agency Interest 
Id Number: 118984 State Superfund, meth lab, closed 2013

23 L 39 Pelphrey Property, 609 Lincoln Ave 37.80752300 -82.80039300

SHWS Facility Id: 118984 Facility Status: Closed; SHWS Facility 
Id: 118985 Facility Status: Closed; SB193 Facility Id: 1012058; 
CDL Closure Date: 09/06/2013 Site Status: Closed Agency Interest 
Id Number: 118985

State Superfund, Meth Lab, Option C Restored. 
Closed 2013. 
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1 M
EXXON, 643 KY 40, Staffordsville, KY Service Station 606-297-7200

37.82841000 -82.84232300
AST Permit Number: PAG0000934 issued 1998, installer Ramp B 
Inc. AST installer Childers Oil Co Inc, Mike Prewitt permit # 
PAG0009091

There is a Marathon and Valero gas station in this 
general vicinity. 

2 M MARATHON, 460 S. Mayo Trail, 
Paintsville KY

Service Station 606-789-3037 37.82494300 -82.82362900

3 M Food City Gas ‘N Go, 330 N. Mayo 
Trail, Paintsville KY

Service Station 606-789-8860 37.82137000 -82.81904100

4 M Paintsville Valero Gas Station, 1074 3rd 

Street, Paintsville 
Service Station 606-297-7401

37.82094600 -82.81128900
Gas station not shown on aerial at this address

5 M Paintsville Double Kwik, 460 S. Mayo 
Trail, Paintsville

Service Station 606-789-3037

6 M Shell Auto and Truck Repair, 1428 
Depot Street, Paintsville

Auto & Truck Repair 606-789-1554 37.80609700 -82.79320400

7 M 39 Clarks Pump-N-Shop, Rt 23 By pass SB193 Facility Id: 7906058 Soil?

8 M EXXON, 612 Euclid Avenue, Paintsville Service Station 606-788-0211 37.81482700 -82.79483500

9 M 27 TnT Max Auto Repair, 612 Euclid 
Avenue, Paintsville

Abandoned station? 606-788-0211 Formerly Conleys Muffler & Tire (historic auto); 
Operated 1994 – 1999. Now EXXON

10 M America Quick Mart, 840 Euclid Ave, 
Paintsville

Service Station 606-789-0037 37.816806,  -82.78716700 UST Tank Status: TAC Facility Id: 60344 6000, 12000, 4000 gallon tanks Now an EXXON?

11 M Paintsville sewer Plant (City), 104 River 
Road, Paintsville 

Abandoned sewer plt 37.81354100 -82.79194500 UST Tank Status: TRM Facility Id: 65438

12 M F.S. VanHoose & Co Lumber, 625 
Depot Road, Paintsville

Historic Lumber/hardware 606-789-4075 37.80840800 -82.79339300 1910 - 1949 Sanborn Fire Insurance Map Paints, oils, lumber, posts

13 M KAM Mechanics, Auto Repair, 808 
Euclid Ave, Paintsville

Custom/auto repair 606-789-7797 37.81564300 -82.78932700

14 M 31
Classic Cleaners, 637 Broadway St, 
Paintsville KY (Also known as 
Professional Cleaner)

Drycleaner 606-789-7748
37.81113200 -82.80077700

Professional cleaner: EPA ID:: KYD145367603  RCRA-CESQG

15 M 36

Custom Cleaners, 948 Broadway St, 
Paintsville KY

Drycleaner. Drycleaning plants, 
except rugs, laundry sr

606-789-1802

37.80953200 -82.79650700

EPA ID:: KYD981753270 RCRA NonGen / NLR; FINDS Registry 
ID:: 110003230156; ECHO Registry ID: 110003230156; Dry 
Cleaners Facility Id: 2111500049 Agency Interest Id Number: 
38686; AIRS Facility Id: 2111500049

NOV SR - 31:010, 1992, generators, pre-transport. 
Compliance inspections through 2014. Corrective 
Action Clean Air Act

16 M 1

Kentucky Power Co Paintsville Service 
Center, 416 Tays Branch Rd, Paintsville 
KY

Used oil fuel marketer to burner 304-746-2794

37.82926400 -82.81856500

EPA ID:: KYR000028662  RCRA-CESQG since 2008; FINDS 
Registry ID:: 110003256930;  ECHO Registry ID: 110003256930

Used oil fuel marketer to burner, waste D008 Lead. 
Historic use of service bldg. D001, D002, D006, 
D008,. D009 (mercury), D010. D018 (benzene), 
D035 MEK, D039, D040. No violations found

17 M 4 Gene Holland Property, Teays Branch 
Road

Car dealership FINDS Registry ID:: 110045064087

18 M 10

Highland Chevron, US Rt 23 & 460 
Bypass

Service Station 606-789-6273
Charles Wetzel 37.82344500 -82.83495200

EPA ID:: KYD985082452 RCRA NonGen / NLR. Nongenerator. No violations found. Possible 
ORPHAN, possible name Chevron Bulk Plant 
affiliated with Ashland, Inc. and/or Coleman Oil 
Co

The exact address is unknown. There is an 
EXXON station at 460 and Rt 23 but no others 
visible. 

19 M 23 Ramco Trucking, 608 James S. Trimble 
BLVD,

EDR Historic Auto EDR Hist Auto 1021668807 1993 listing, Local Trucking without storage; 

20 M 23
Johnson Co Health Dept, 630 James 
Trimble Blvd

County Anita Cole;
606-789-2590 37.81488300 -82.81355100

EPA ID:: KYR000016873 RCRA NonGen / NLR; FINDS Registry 
ID:: 110003253167; ECHO Registry ID: 110003253167; UST Tank 
Status: TRM Facility Id: 60371

UST installed in 1983 removed 27 June 1998

21 M 25

Vanhoose Unical 76, 105 Euclid Ave Service station Jimmy Vanhoose;                    
606-789-3692 37.81481800 -82.80198097

EPA ID:: KYR000012757 RCRA NonGen / NLR; FINDS Registry 
ID:: 110003251025; ECHO Registry ID: 110003251025; UST Tank 
Status: TRM Facility Id: 60348 Closed In Place Date: 12/31/1996

USTs of various sizes installed on unknown dates 
closed in place 31 Dec 1996

22 M 33 John Gray Pontiac Buick, 810 Broadway Car dealership 606-789-4066 37.81114100 -82.79836500 EPA ID:: KYD981804768 RCRA NonGen / NLR; FINDS Registry 
ID:: 110003231226; ECHO Registry ID: 110003231226

NOVs SS - krs 224.46-580 in 1989 - 1994, SR - 
32:040 in 1993. Records Reporting

23 M 22

Paintsville City Parking Lot, 315 Main 
Street ID 41001

City

37.81387000 -82.80628000

ID 41001 US Brownfields; SHWS Facility Id: 79366 Facility Status: 
Active; KY Brownfields BF #: 32

Current use is a blacktop parking lot; past use was 
a service station; Phase I (2006) and II ESA (2010) 
and cleanup completed; unknown controls; one 
sample of lead above residential screening levels; 
no remediation required for proposed reuse; city 
encouraged to establish environmental covenant in 
case land use changes in the future
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24 M Former Johnson County ?, 346 2nd Street County
37.81501900 -82.80737500

US Brownfields; KY Brownfields BF #: 42

25 M 3 Paintsville Velpar, Route 40 & US Rt 23 Service station 37.82222000 -82.83472000 SHWS Facility Id: 53280 Facility Status: Closed Velpar spill, state superfund, closed no action 
necessary

26 M 6

Paintsville Residential Landfill, 
Highway 460

landfill

37.82724100 -82.81311500

SHWS Facility Id: 71314 Facility Status: Closed CLOSED 2/11/14. Federal Superfund, Brownfield 
Phase I. Possible ORPHAN as Johnson Co Solid 
Waste Mgn for SWF/LF classified as historic 
residential landfill

27 M 5
Paintsville Smart Stop, 1074 3rd St, 
Paintsville and Victory Enterprises, 1074 
3rd Street

Service station 37.82277800 -82.83305600
UST Tank Status: TAC Facility Id: 60355

(2) 2000 gal, installed 1996, 10000 & 12000 gal 
installed 1996

Owner name: Victory Enterprises; EDR historic 
auto.  Formerly Paintsville Chevron 1998 - 2014

28 M 7 Buck Mart Holdings LLC, 643 KY 40 W Service station 37.82486100 -82.83611100 UST Tank Status: TAC Facility Id: 60341 (2) 2000, 12,000, 6000 gallon tanks installed 1997

29 M 11 Johnson County Schools Bus Garage, 
743 KY 40 W County 37.82531800 -82.83818600 UST Tank Status: TRM Facility Id: 67092 (2) 2000 gal gasoline

30 M 15 VIP Fuels #4, 460 North Mayo Trail Service station 37.82513500 -82.82419900 UST Tank Status: TAC Facility Id: 60401 (2) 8000, (2) 5000, 2000 gallon tanks
31 M 16 America Quick Mart, 840 Euclid Ave Service station

32 M 18 Oliver Jenkins Drilling, 236 Preston Drilling co 37.81681800 -82.79816151 UST Tank Status: TRM Facility Id: 66651 Removed tank verified. Removed 1994, 1000 gal

33 M 19 Food City Gas-N-Go, 330 N. Mayo Trail Service station 37.82131300 -82.81861800 UST Tank Status: TAC Facility Id: 114220 20000, (2) 10000 gal tanks

34 M 21 Paintsville High School, 225 2nd Street
Ashland, Inc. 5200 
Blazer Pkwy owner 37.81517400 -82.80496359 UST Tank Status: TRM Facility Id: 44978 UST installed in 1974 was removed UST 16 July 

1990

35 M 22 Johnson Co Fiscal Court, 338 2nd Street 37.84805733 -82.77777672 UST  Tank Status: TRM Facility Id: 60372 Closed In Place Date: 
02/02/1999

36 M 23 Paul B. Hall Regional Medical Center, 
625 James Trimble Blvd 37.81550000 -82.81440000 UST Tank Status: TRM Tank Status: TEX Facility Id: 60357 UST installed in 1985 was removed 17 Feb 1999, 

exempt from leak detection

37 M 26
South Central PNVLKYMA Real Estate, 
217 W. 2nd Street

37.81380600 -82.81094800 UST Tank Status: TRM Facility Id: 66402 UST 6,000-gallon diesel installed 1970 removed 
1994

38 M 27 TNT Food Mart, 612 Euclid Ave 37.81475000 -82.79511100 UST Tank Status: TAC Facility Id: 102957 USTs of various sizes installed 15 Mar 2008, 
monitoring systems in place, no reported violations

39 M 29 Maudie F. Burton Property, 716 Walnut 
Ave 37.81232700 -82.79962600 UST Tank Status: TCP Facility Id: 126470 Closed In Place Date: 

04/30/1999

40 M 30 Town & Country Bldg, 211 Broadway 37.81158000 -82.80506800 UST Tank Status: TRM Facility Id: 60345 Closed In Place Date: 
05/14/1998

41 M 31
Formerly Cons Chevrolet, Broadway & 
10th Street

37.81080900 -82.80074900 UST Tank Status: TRM Facility Id: 69440

42 M 34 Garland Dixon Property, 11th and 
Jefferson

Garland Dixon 37.81002100 -82.79895500 UST Tank Status: TRM Facility Id: 67614 Closed In Place Date: 
08/01/1994

UST removed 1994. Installation date 1968. 1000 
gal

43 M 34 Pratt Food Co, 727 Jefferson Ave 37.81005500 -82.79934100 UST Tank Status: TRM Tank Status: TR8 Facility Id: 69441 UST removed 1997, installation 1988, 1000 gal 
and 500 gal that was installed in 1901.

44 M 36 Paintsville Shop, Island Creek Rd 37.45119300 -82.54129200 UST Tank Status: TRM Facility Id: 67211 (2) 2000 gal removed in 1993, installed in 1975. 
500 gal installed in 1970. Lat/long approximate

45 M 36 Formerly Reds Machine, Railroad Street 37.80995200 -82.79323400 UST Tank Status: TR8 Facility Id: 60392 UST removed prior to 1988, installed 1901, 99 gal

46 M 42 Montgomery Scrap Metal, KY 1428 S Deana Montgomery UST Tank Status: TRM Facility Id: 69464 UST 550 gal removed 1993, installed 1966. 1000 
gal installed 1973.

47 M 28 Ross Cleaners, 3rd Street EDR Hist Cleaner, 1971 Historic cleaners

48 M 1 Herald Oil Co, 420 Tays BR, Paintsville 
KY 37.82908800 -82.81854000 AST A100447211 bulk plant issued 1997

49 M 1910 -1940 SANBORN  Paints and Oils 
shop, Euclid Avenue Historic paint/oil store 37.81495700 -82.80207700

50 M 1910 - 1940 SANBORN  Drycleaner Historic drycleaner 37.814982 -82.802221

51 M 1910 - 1940 SANBORN  Paintsville 
Hospital Historic hospital 37.814414 -82.798839

52 M 1910 - 1940 SANBORN  Auto Sales and 
Service, 620 Euclid Ave Historic auto sales/service 37.814726 -82.797131

53 M 1910 - 1940 SANBORN  Drycleaner, 
618 Ky 40 & US 23 at Cemetery Rd Historic drycleaner 37.81614 -82.812072

54 M
1910 - 1940 SANBORN  Auto Repair, 
3rd Street

Historic auto repair 37.815381 -82.81061
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55 M 1910 - 1940 SANBORN  Paintsville 
Clinic, 224 Main Street Historic medical clinic 37.81372 -82.804923

56 M 1910 - 1940 SANBORN Hospital, 225 
Court Street Historic Hospital 37.814261 -82.807275

57 M 1910 - 1940 SANBORN Howard Hotel, 
404 Main Street Historic hotel 37.81359 -82.80731

75|Page Volume 2 Tab 3 HTRW



Johnson County, KY Section 202 Flood Damage Reduction Project
High Risk-Ranked HTRW Sites

EXHIBIT 111 - 2

NO. RISK                  
H/M/L

EDR®                          
MAP NO SITE NAME DESCRIPTION PHONE LAT LONG ENVIRONMENTAL DATABASE AND RESEARCH HTRW CONCERN NOTES

1 H 35

Fuel Station Auto Repair (also Quick 
Mart #3) , 506 S. Mayo Trail, 
Paintsville

606-788-0122

37.80986400 -82.80348800

UST Tank Status: TAC Tank Status: TTC Tank Status: TR8 Facility 
Id: 60369 Closed In Place Date: 10/24/2008

UST (4) 10,000, installed 1982. 1000 gal closed in 
place 2008, 550 gal installed in 1901. 10,000 gal 
installed 1901, removed prior to 1988. (2) 5000 gal 
installed 1901 and removed 1982. 5000 gal 
installed in 1901. 

2 H 37

Speedway #9538, 513 S. Mayo Trail, 
Paintsville KY (Super America 
#5538)

Service Station 606-789-7176;             
937-863-6272;          
606-357-2522 37.80941100 -82.80238900

Registry ID: 110009574479 RCRA NonGen / NLR; FINDS Registry 
ID:: 110009574479; ECHO Registry ID: 110009574479; SHWS 
Facility Id: 60342 Facility Status: Closed; UST Tank Status: TRM 
Tank Status: TAC Facility Id: 60342 Closed In Place Date: 
04/19/2011

Petroleum cleanup.  Violation 1993 
records/reporting.  UST 12,000 gal removed 2011, 
installed 1978. (2) 12,000 installed 1982, closed in 
place 2011. 8000 gal, 4000 gal , 8000 gal, 12000 
gal installed 2011

3 H Carz, 533 3rd Street, Paintsville Auto Repair Shop 606-793-3145 37.81577600 -82.81109400 1910 – 1940 location of former filling station 1949 Sanborn, was site of historic filling station

4 H

Hi-Grade Mining Company, Rt 581, 
Paintsville KY

37.81631900 -82.79202700

Database: US MINES, Date of Government Version: 08/01/2018. 
Mine ID:: 1510377; Abandoned Mines

Abandoned. Turn right on Rt 581 @ Rt 40 intersection after 
crossing under mainline tracks. There was once a 
Rail spur leading to a very old private company that 
loaded 10 hoppers per day on the right. Truck 
dump/crushing/screening eqpt and hopper chute

5 H 22, 40, 41

CSX Transportation, 1415 Depot 
Street  (The Chesapeake and Ohio 
Railway Co)

Railroad 904-359-4800        
C.E. Hicks

37.80908000 -82.79214900

EPA ID:: KY0000909580 RCRA NonGen / NLR; FINDS Registry 
ID:: 110003219151; ECHO Registry ID: 110003219151; SHWS 
Facility Id: 49273 Facility Status: Closed; UST Tank Status: TRM 
Tank Status: TEX; Facility Id: 68770

St Rt 1428, UST 500 gal installed 1901, removed 
1992. 10,000 gal installed 1972, removed 1992. 
300 gal installed 1901. 

The C&O RR awarded a contract to the Roberts & 
Schaefer Co in Chicago in 1911 for a 300 ton 
capacity, 2-track, automatic counterbalanced bucket 
locomotive coaling plant in Paintsville KY

6 H CSX Transportation, Railroad Street, 
Paintsville KY

Railroad yard 37.80908000 -82.79214900 C&O extended its line to Paintsville in 1904. Big Sandy Mainlines. 
Primarily coal yard.

7 H 40 CSX Transportation, 1415 Depot 
Street, Paintsville

CSXC/State Road 1428 37.81443900 -82.80722000 SHWS, EPA ID S106885726; Petroleum cleanup; 1910 - 1949 
Sanborn Maps

Status: Closed; No Action Necessary

8 H 20

Top Dog Quick Lube, 617 W. 3rd 

Street, PAINTSVILLE, KY 41240
Service station

37.81596900 -82.81196500

EPA ID:: KYR000007641 RCRA NonGen / NLR; FINDS Registry 
ID:: 110003248691; ECHO Registry ID: 110003248691; UST Tank 
Status: TRM Facility Id: 65938 Closed In Place Date: 07/22/1996

UST closed in place, 22 Jul 1996

9 H 20

Old Sinclair Station, 629 3rd Street, 
PAINTSVILLE, KY 41240

Service station; Bulk Oil Carol Caldwell,                       
270-692-9860;                   
Angel Whitt, 
owner/operator                   
606-789-1789

37.81639095 -82.81325161

EPA ID:: KYR000033126 RCRA NonGen / NLR; SB193 Facility 
Id: 20081197-058; UST Tank Status: TCP Facility Id: 49378 Several 
USTs reported to be Closed In Place Date: 01/01/1958

UST was installed in 1940 and closed in place 
1950; likely had no monitoring system, 
questionable records regarding closure?

10 H 22

Wards Service Station, 304 College 
Street

Service station William Ward;                           
606-789-3642

37.81522600 -82.80589200

EPA ID:: KYR000008714 RCRA NonGen / NLR; FINDS Registry 
ID:: 110000834580; ECHO Registry ID: 110000834580; SB193 
Facility Id: 0565058; UST Tank Status: TRM Facility Id: 60349; 
PSTEAF Facility Id: 60349

Violation: Records/Reporting, 22 Jan 1998, 
compliance achieved 25 Feb 1998; Several USTs 
of various sizes, installed in 1947 and 1962 were 
removed 18 Nov 1996. Site is listed under SB193, 
ID 0565058, “Soil” documented, but nothing else

11 H 24
Speedway store #9590, 601 Euclid 
Avenue

Service station
37.81504800 -82.79656400

EPA ID:: KYR000045476 RCRA NonGen / NLR; UST Tank Status: 
TRM Facility Id: 60343 Closed In Place Date: 08/31/2004; PSTEAF 
Facility Id: 60343

USTs of various sizes installed in 1983 closed in 
place 31 Aug 2004; No RCRA NonGen violations

12 H

Shorts Chevron, 197 Euclid Ave Service station J. P. Short;                       
606-789-6292 37.81477900 -82.79996900

EPA ID:: KYD985097021 RCRA NonGen / NLR; SB193 Facility 
Id: 1066058; UST Tank Status: TRM Facility Id: 2418 Closed In 
Place Date: 06/15/1993; NPDES Facility Status: INACTIVE KY 
DES #: KYG910043; PSTEAF Facility Id: 2418

No violations Conditionally Exempt Small quantity 
Generator. On the ground, mainly a residential 
neighborhood but one lot has been cleared? 

13 H 34

Blanton Rod and Gun, 728 Broadway Sports shop 606-789-5626;                          
Roger Tackett 37.81086800 -82.80009200

EPA ID:: KYR000009316 RCRA NonGen / NLR; FINDS Registry 
ID:: 110003249431; ECHO Registry ID: 110003249431; UST Tank 
Status: TRM Facility Id: 67072 Closed In Place Date: 09/23/1996

UST removed 1996, installed in 1901, (2) 3000 
gal,  1000 gal. RCRA waste Mgn, ECHO, FINDS. 
Facility is a HazWaste/Enforcement & Compliance 
History Site

14 H 36

Ashland Petroleum Co (also Ashland 
Branded Mark), 508 Depot Road

Bulk 606-329-5384;                          
J.H. Smith

37.80972900 -82.79409000

EPA ID: KYD985108802 RCRA NonGen / NLR; FINDS Registry 
ID:: 110003241153; ECHO Registry ID: 110003241153; SB193 
Facility Id: 2852058; UST Tank Status: TRM Facility Id: 60399 
Closed In Place Date: 02/02/1996. No violations found.

Groundwater? Non-generator. RCRA, no 
violations.Facility is a hazwaste/enforcement & 
compliance history site. UST (2) 2000 gal removed 
1996, installed 1971. 1000 gal installed 1989, 
closed in place 1996. 1000 gal installed 1901, 
removed 1996. 1--- gal installed 1901, removed 
1989. 550 gal installed 1971.

15 H 22 Johnson County Garage, 338 2nd 

Street
County

37.81486100 -82.80634700
SB193 Facility Id: 9101058; Soil documented, but nothing stated about “why”

16 H 3 Ernie’s Service Station, US Rt 23 
north Service station UST Tank Status: TRM Facility Id: 68265, installation date 1959, (2) 2000 gallons, removed 1992, gasoline, (3) 

1000 gallon installed 1959, removed 1992 John Turner, owner

17 H 3 D&M Market, US Rt 23 North 37.82922200 -82.82750000 UST Tank Status: TRM Facility Id: 60385 Closed In Place Date: 
06/30/2000 4000 gal, 6000 gal, 10,000 gal

18 H 17 Hi Grade Mining, Inc., KY Abandoned mine
AKA Hi Grade 
Tipple                  
Brenda Trimble

37.81666667 -82.45916667 US Mines 1011161049; Abandoned Mines 1022850082 Status as of 2 Apr 1999

19 H 20 Haleys Service Station, 537 W. 3rd 

Street
Service station 37.81585200 -82.80835390 UST Tank Status: TRM Facility Id: 64516 Removed (2) 2000, one 1000 gallon , (2) 750 

gallon in 1993. The tanks were installed in 1901. 

20 H 22 Paintsville Office, Route 23 South

Owner ; Island Creek 
Coal  Co, 407 Brown 
Rd, Holder, WV 
25625

UST Tank Status: TRM Facility Id: 67209 Several USTs various sizes that were installed in 
1975 were  removed 6 April 1994
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MAP NO SITE NAME DESCRIPTION PHONE LAT LONG ENVIRONMENTAL DATABASE AND RESEARCH HTRW CONCERN NOTES

21 H 22 Former Johnson County Jail, 346 2nd 

Street, Paintsville, KY 41240
502-564-0323 37.81444200 -82.80661400 US Brownfields ID 1014717643, Section 128(a) State/Tribal grant

Phase I ESA 12 July 2010; asbestos and lead-based 
paint suspected contaminants; remediation has not 
begun; site currently vacant

22 H 24 Royal Crown Bottling, 316 Euclid 
Ave 37.81479200 -82.79897000 UST Tank Status: TEX Facility1,000 Id: 69156 1,000-gallon UST installed 1952, nothing else 

reported regarding removal, so assumed still exists

23 H 28 Paintsville Garage, 112 River Road 37.80478640 -82.79153060 UST Tank Status: TRM Facility Id: 69211 UST 550-gallon installed 1983 removed 18 Nov 
1993

24 H 36 Pelphrey Property, 1005 Woodland Dr 
(also Pelphrey Supply) 37.80889590 -82.79546660 UST Tank Status: TRM Facility Id: 60351 Closed In Place Date: 

08/22/1996; PSTEAF Facility Id: 60351

Soil & GW?  1000 gal UST removed 1996, 
installed 1901.  560 gal installed 1901, closed in 
place 1996. 

25 H 24 Shorts Chevron, 412 Euclid Ave 37.81481448 -82.79709935 SB193 U00117954, UST N/A, NPDES, PSTEAF

USTs of various sizes installed 1967, 1979, 1983 
closed in place 15 June 1993.  NPDES status 
Inactive as of 4 Feb 2008 (for storm water to Paint 
Creek)

26 H 1910 - 1940 SANBORN Filling 
Station, 215 Court Street Historic gas station 37.814014 -82.807251 Unknown if USTs still present, contamination unknown

27 H 1910 - 1940 SANBORN  Filling 
Station, 197 College Street Historic gas station 37.814029 -82.806105 Unknown if USTs still present, contamination unknown

28 H 1910 - 1940 SANBORN Auto Sales 
& Service, 436 Main Street Historic auto sales/service 37.813557 -82.808027

29 H 1910 - 1940 SANBORN Auto Repair, 
428 Main Street Historic auto repair 37.813297 -82.807838

30 H 39 Trimble BP, INC, 613 S Mayo Trail 37.80856400 -82.80068800 PSTEAF Facility Id: 60347

31 H 1910 - 1940 SANBORN  Auto Sales 
& Service & filling Station Historic auto sales/service 37.81376 -82.796443

32 H
1910 - 1940 SANBORN  Filling 
Station, 3rd Street

Historic gas station 37.815712 -82.810963
Unknown if USTs still present, contamination unknown

33 H
1910 - 1940 SANBORN  Filling 
Station, 618 Ky 40 & US 23 at 
Cemetery Rd

Historic gas station 37.816121 -82.81212
Unknown if USTs still present, contamination unknown

34 H
1910 - 1940 SANBORN  Bottling 
Plant, 225 2nd Street

Historic bottling plant 37.81592 -82.805291

35 H
1910 - 1940 SANBORN  Auto Sales 
& Service, 249 2nd Street

Historic Auto Sales/Service 37.815305 -82.805094

36 H
1910 - 1940 SANBORN  Undertaker, 
208 2nd Street

Historic funeral home 37.815055 -82.803889

37 H 1910 - 1940 SANBORN  Hardware 
Paints & Oils, Historic Paints/oils 37.814151 -82.804902

38 H
1910 - 1940 SANBORN  Undertaker, 
site of current Preston Funeral Home 
136 Main Street

Historic funeral home 37.813907 -82.804469

39 H 1910 - 1940 SANBORN Golden Rule 
Hospital, 425 Main Street Historic Hospital 37.814079 -82.807603

40 H 1910 - 1940 SANBORN Auto Repair, 
Court St/Paint Creek Historic auto repair 37.813316 -82.806742

41 H 1910 -1940 SANBORN Auto Repair, 
228 Church Street Historic auto repair 37.813926 -82.808364

42 H 1910 - 1940 SANBORN Auto Repair, 
205 Main Street Historic auto repair 37.814174 -82.804888

43 H
1910 - 1940 SANBORN Undertaker, 
2nd Street

Historic funeral home 37.815098 -82.803729

44 H 1910 - 1940 SANBORN Filling 
Station, 100 Euclid Ave, still standing Historic gas station 37.814958 -82.802595

Unknown if USTs still present, contamination unknown

45 H
1910 - 1940 SANBORN Big Sandy 
Petroleum, Sinclair Oil,2-13 Chessie 
Lane

Historic bulk petroleum, gas 
station

37.807643 -82.793701
Gas tanks, large tanks (bulk), filling station
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Unique Tract 
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2 3 2.86 0.02 0.55% EXEMPT CITY PAINTSVILLE MUNINCIPAL HOUSING 302 SIXTH STREET PAINTSVILLE 2.278 AC & HOUSING COMPLEX P53-08-31-002.00
3 3 0.33 0.20 60.52% COMMERCIAL JIMMY R TACKETT & DONNA J TACKETT REVOCABLE TRUST PAINTSVILLE LOT & COMM IMP (BRANCHLAND BLDG) P53-08-35-021.00

4 3 0.22 0.10 45.89% RESIDENTIAL PLUMMER JACK L
C/O FRANCIS PLUMMER LIFE 

EST PAINTSVILLE LOT & IMP P53-08-35-020.00
5 3 0.25 0.10 38.74% COMMERCIAL SCURLOCK TOMMY 1005 WOODLAND DR PAINTSVILLE LOT & COMM IMP (SCURLOCK HEATING) P53-08-36-007.00
6 2 0.28 0.11 39.51% RESIDENTIAL MOLLETTE RICK & TAMMY 117 STATE STREET PAINTSVILLE LOT & IMP P53-08-43-005.00
6 3 0.28 0.11 39.51% RESIDENTIAL MOLLETTE RICK & TAMMY 117 STATE STREET PAINTSVILLE LOT & IMP P53-08-43-005.00
7 2 0.37 0.15 40.37% RESIDENTIAL CONNELLEY ANNA L & TAMMY L HAMLIN 1119 STATE STREET PAINTSVILLE LOT & IMP P53-08-43-006.00
7 3 0.37 0.15 40.37% RESIDENTIAL CONNELLEY ANNA L & TAMMY L HAMLIN 1119 STATE STREET PAINTSVILLE LOT & IMP P53-08-43-006.00
8 2 0.25 0.09 35.96% RESIDENTIAL VANHOOSE LUCY C/O KEITH VANHOOSE HARROD LOT & IMP P53-08-43-008.00
8 3 0.25 0.09 35.96% RESIDENTIAL VANHOOSE LUCY C/O KEITH VANHOOSE HARROD LOT & IMP P53-08-43-008.00
9 2 0.42 0.13 31.61% RESIDENTIAL PRESTON MIKE 1131 STATE ST PAINTSVILLE LOT & IMP P53-08-43-010.00
9 3 0.42 0.13 31.61% RESIDENTIAL PRESTON MIKE 1131 STATE ST PAINTSVILLE LOT & IMP P53-08-43-010.00

10 2 0.53 0.53 100.00% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE VACANT LOT P53-08-43-009.00
10 3 0.53 0.45 84.37% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE VACANT LOT P53-08-43-009.00
11 2 0.24 0.24 100.00% RESIDENTIAL DIALS DONNA 1139 STATE STREET PAINTSVILLE LOT & IMP P53-08-43-012.00
11 3 0.24 0.24 100.00% RESIDENTIAL DIALS DONNA 1139 STATE STREET PAINTSVILLE LOT & IMP P53-08-43-012.00
12 2 0.28 0.28 100.00% RESIDENTIAL COLVIN HERMA LOU ETAL 1143 STATE STREET PAINTSVILLE LOT & IMP P53-08-43-013.00
12 3 0.28 0.28 100.00% RESIDENTIAL COLVIN HERMA LOU ETAL 1143 STATE STREET PAINTSVILLE LOT & IMP P53-08-43-013.00
13 3 0.19 0.05 23.41% RESIDENTIAL DYE SUSAN KELLY CAUDILL  PAINTSVILLE LOT & IMP P53-08-47-004.00
14 3 0.12 0.07 55.00% RESIDENTIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDSVILLE LOT (75X80) P53-08-47-005.00
15 3 0.12 0.11 90.77% COMMERCIAL PELPHREY INVESTMENTS LLC PO BOX 1250 PAINTSVILLE .10 AC P53-08-47-001.00
16 3 0.07 0.06 84.68% RESIDENTIAL HALL MARCIA 1108 SHORT STREET PAINTSVILLE LOT & IMP P53-08-47-002.00
17 3 0.11 0.05 45.92% RESIDENTIAL DIXON BOB & ANETHA 1112 SHORT STREET PAINTSVILLE LOT & IMP P53-08-47-003.00
18 3 0.22 0.09 42.96% RESIDENTIAL OSBORNE CAROL 1124 BOYD STREET PAINTSVILLE LOT & IMP P53-08-46-006.00
19 3 0.19 0.07 38.34% RESIDENTIAL SCHROYER K A & DOROTHY D C/O MARCIA HELTON PAINTSVILLE LOT & IMP P53-08-46-007.00
20 3 0.16 0.00 0.52% RESIDENTIAL JACKSON STONEWALL & DEBORAH 252 MILL BRANCH ROAD PAINTSVILLE LOT & IMP P53-08-45-010.00
21 3 0.12 0.10 86.22% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT P53-08-45-009.00
22 3 0.11 0.10 94.71% RESIDENTIAL SLI INVEST PROPERTY LLC 183 E DORTON BLVD STAFFORDSVILLE LOT & IMP P53-08-45-008.00
23 3 0.14 0.01 7.01% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT P53-08-45-007.00
25 3 0.19 0.11 59.61% RESIDENTIAL BURCHETT JAMES O & JAMES O II C/O RAY STAPLETON THELMA LOT & IMPS P53-08-44-020.00
31 2 0.16 0.01 3.59% RESIDENTIAL JACKSON STONEWALL & DEBORAH 252 MILL BRANCH ROAD PAINTSVILLE LOT & IMP P53-08-44-010.00
31 3 0.16 0.13 81.43% RESIDENTIAL JACKSON STONEWALL & DEBORAH 252 MILL BRANCH ROAD PAINTSVILLE LOT & IMP P53-08-44-010.00
38 3 0.19 0.15 82.56% COMMERCIAL PELPHREY JUSTENE 954 BROADWAY PLAZA PAINTSVILLE LOT & COMM IMP (PELPHREYS GROCERY) P53-08-32-018.00
39 3 1.31 0.12 9.26% COMMERCIAL PELPHREY JUSTENE 954 BROADWAY PLAZA PAINTSVILLE .730 AC & COMM IMP (14 SHOPS) P53-08-32-017.00
43 3 0.10 0.00 4.50% RESIDENTIAL CASTLE SHARON LIFE ESTATE 247 PINE STREET PAINTSVILLE LOT & IMP P53-08-32-024.00
44 3 0.26 0.20 78.95% RESIDENTIAL MCKENZIE CYNTHIA 4804 EAST MANSLICK ROAD LOUISVILLE LOT & IMP P53-08-32-022.00
45 3 0.20 0.07 36.00% RESIDENTIAL HALL JOAN LEGET 251 PINE STREET PAINTSVILLE LOT & IMP P53-08-32-023.00
46 3 0.17 0.01 8.55% RESIDENTIAL PELPHREY JUSTENE PO BOX 430 HAGER HILL LOT (7 OF ORIGINAL #2 OF BLOCK 37) P53-08-37-001.02
47 3 0.50 0.04 8.56% RESIDENTIAL VANHOOSE THOMAS C PO BOX 1618 PAINTSVILLE LOTS (5&6-ORG) & LOT (2-BK 37) P53-08-37-001.00
48 2 0.13 0.07 55.55% RESIDENTIAL     P53-08-43-011.00
48 3 0.13 0.07 55.55% RESIDENTIAL     P53-08-43-011.00
49 2 68.38 3.25 4.75% EXEMPT OTHER CSX  JACKSONVILLE  P53-08-48-001.00
49 3 68.38 0.31 0.45% EXEMPT OTHER CSX  JACKSONVILLE  P53-08-48-001.00
50 3 5.09 0.09 1.69% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE 6 AC P53-07-06-010.00
57 3 0.39 0.17 44.14% RESIDENTIAL ROBERTS WILLIAM M & JENNIFER PO BOX 170 PRESTONSBURG LOT & IMP P53-07-07-004.00
58 2 0.28 0.01 4.99% RESIDENTIAL NELSON PATRICIA E 104 MAIN STREET PAINTSVILLE LOT & IMP P53-07-03-003.00
58 3 0.28 0.01 4.99% RESIDENTIAL NELSON PATRICIA E 104 MAIN STREET PAINTSVILLE LOT & IMP P53-07-03-003.00
59 2 0.32 0.11 35.39% RESIDENTIAL ADKINS RONNIE & JOANNE (LIFE ESTATE) 105 DEPOT ROAD PAINTSVILLE LOT & IMP P53-07-09-007.01
59 3 0.32 0.11 35.39% RESIDENTIAL ADKINS RONNIE & JOANNE (LIFE ESTATE) 105 DEPOT ROAD PAINTSVILLE LOT & IMP P53-07-09-007.01
60 2 0.44 0.05 10.93% RESIDENTIAL DANIELS JIM D 104 BRIDGE STREET PAINTSVILLE LOT & IMP P53-07-09-007.00
60 3 0.44 0.05 10.93% RESIDENTIAL DANIELS JIM D 104 BRIDGE STREET PAINTSVILLE LOT & IMP P53-07-09-007.00

61 2 0.61 0.49 80.17% RESIDENTIAL FANNIN BILL
122 RIGHT FORK WEBB 

HOLLOW VAN LEAR 1.1 ACRES +/- P53-07-09-008.00

61 3 0.61 0.49 80.17% RESIDENTIAL FANNIN BILL
122 RIGHT FORK WEBB 

HOLLOW VAN LEAR 1.1 ACRES +/- P53-07-09-008.00
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62 2 0.17 0.10 60.09% RESIDENTIAL BURCHETT DAVID M & JOLITA 164 CAUDILL FORK STAFFORDSVILLE LOT & IMP P53-07-08-008.00
62 3 0.17 0.10 60.09% RESIDENTIAL BURCHETT DAVID M & JOLITA 164 CAUDILL FORK STAFFORDSVILLE LOT & IMP P53-07-08-008.00
63 2 3.29 1.99 60.55% COMMERCIAL MCDONALD REALTY LLC PO BOX 999 PRESTONSBURG 4 AC & STORAGE BLDGS P53-07-14-001.00
63 3 3.29 0.04 1.15% COMMERCIAL MCDONALD REALTY LLC PO BOX 999 PRESTONSBURG 4 AC & STORAGE BLDGS P53-07-14-001.00
64 2 0.59 0.24 41.69% RESIDENTIAL LEMOS ANNE CRAFT 100 EUCLID AVENUE PAINTSVILLE LOT & IMP P53-07-03-004.00
64 3 0.59 0.24 41.69% RESIDENTIAL LEMOS ANNE CRAFT 100 EUCLID AVENUE PAINTSVILLE LOT & IMP P53-07-03-004.00
65 2 0.54 0.50 91.03% RESIDENTIAL VANHOOSE JOE HOWARD JR 2496 KY RT 1107 PAINTSVILLE LOT P53-07-03-005.00
65 3 0.54 0.50 91.03% RESIDENTIAL VANHOOSE JOE HOWARD JR 2496 KY RT 1107 PAINTSVILLE LOT P53-07-03-005.00
66 2 1.45 0.48 33.34% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE LOT & IMP P53-06-19-015.00
66 3 1.45 0.48 33.34% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE LOT & IMP P53-06-19-015.00
67 2 0.41 0.23 55.32% RESIDENTIAL CASTLE HERBERT E & NANCY S 109 FRANK STREET PAINTSVILLE .344 AC & IMP P53-07-03-019.00
67 3 0.41 0.23 55.32% RESIDENTIAL CASTLE HERBERT E & NANCY S 109 FRANK STREET PAINTSVILLE .344 AC & IMP P53-07-03-019.00

68 2 0.50 0.26 52.56% RESIDENTIAL AUXIER BRYAN R & ELIZABETH
C/O FIRST COMMONWEALTH 

BANK PRESTONSBURG LOT & IMP P53-06-19-014.00

68 3 0.50 0.26 52.56% RESIDENTIAL AUXIER BRYAN R & ELIZABETH
C/O FIRST COMMONWEALTH 

BANK PRESTONSBURG LOT & IMP P53-06-19-014.00
69 2 0.80 0.52 64.68% COMMERCIAL BELHASEN SARAH M MD 1000 SOUTH MAYO TRAIL PAINTSVILLE 2.59 AC P53-07-03-024.00
69 2 0.82 0.52 63.50% COMMERCIAL BELHASEN SARAH M MD 1000 SOUTH MAYO TRAIL PAINTSVILLE 2.59 AC P53-07-03-024.00
69 3 0.80 0.52 64.68% COMMERCIAL BELHASEN SARAH M MD 1000 SOUTH MAYO TRAIL PAINTSVILLE 2.59 AC P53-07-03-024.00
69 3 0.82 0.52 63.50% COMMERCIAL BELHASEN SARAH M MD 1000 SOUTH MAYO TRAIL PAINTSVILLE 2.59 AC P53-07-03-024.00
70 2 0.07 0.07 100.00% RESIDENTIAL VANHOOSE EDWARD & BARBARA 400 KY ROUTE 581 PAINTSVILLE LOT & IMP P53-07-03-023.00
70 3 0.07 0.07 100.00% RESIDENTIAL VANHOOSE EDWARD & BARBARA 400 KY ROUTE 581 PAINTSVILLE LOT & IMP P53-07-03-023.00
72 3 0.15 0.01 7.95% EXEMPT RELIGIOUS TARKLIN OLD REGULAR BAPTIST CH 954 BROADWAY AVENUE PAINTSVILLE LOT (90X100) & CHURCH P53-08-34-005.01
73 3 0.42 0.13 29.97% COMMERCIAL PELPHREY JUSTENE 128 PARADISE VALLEY HAGER HILL LOT & COMM IMP (RENT-A-TOOL) P53-08-36-001.00
74 2 2.59 1.26 48.76% COMMERCIAL J&L RENTAL PROPERTIES LLC PO BOX 247 HAGER HILL 2.61AC & COMM IMP (CHELSIE SQUARE) P53-07-10-001.00
74 3 2.59 1.53 59.07% COMMERCIAL J&L RENTAL PROPERTIES LLC PO BOX 247 HAGER HILL 2.61AC & COMM IMP (CHELSIE SQUARE) P53-07-10-001.00

75 2 0.86 0.57 67.07% COMMERCIAL OM GANESH INC
C/O NAHENDRAKUMAR B 

PATEL PAINTSVILLE .96 AC & COMM IMP (TOBACCO MAX) P53-07-10-001.02

75 3 0.86 0.57 67.07% COMMERCIAL OM GANESH INC
C/O NAHENDRAKUMAR B 

PATEL PAINTSVILLE .96 AC & COMM IMP (TOBACCO MAX) P53-07-10-001.02
76 2 1.26 0.22 17.29% COMMERCIAL T & T RENTALS INC PO BOX 510 SALYERSVILLE LOT & IMPS  TOWN HOUSES 17 UNITS P53-07-10-001.03
76 3 1.26 0.22 17.29% COMMERCIAL T & T RENTALS INC PO BOX 510 SALYERSVILLE LOT & IMPS  TOWN HOUSES 17 UNITS P53-07-10-001.03

77 2 1.19 0.56 47.05% COMMERCIAL OM GANESH INC
C/O NAHENDRAKUMAR B 

PATEL PAINTSVILLE .99 AC & COMM IMP (CONVIENENCE STORE) P53-07-10-001.01

77 3 1.19 0.56 47.05% COMMERCIAL OM GANESH INC
C/O NAHENDRAKUMAR B 

PATEL PAINTSVILLE .99 AC & COMM IMP (CONVIENENCE STORE) P53-07-10-001.01
78 2 0.72 0.51 71.31% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE  P53-07-10-001.04
78 3 0.72 0.51 71.31% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE  P53-07-10-001.04
79 2 0.18 0.01 8.03% RESIDENTIAL CITY NATIONAL BANK OF W VA 3601 MCCORKLE AVENUE CHARLESTON LOT & IMP P53-07-03-002.00
79 3 0.18 0.01 8.03% RESIDENTIAL CITY NATIONAL BANK OF W VA 3601 MCCORKLE AVENUE CHARLESTON LOT & IMP P53-07-03-002.00
80 2 0.35 0.11 31.23% RESIDENTIAL MUSIC LEONARD JR & MARY 112 MAIN STREET PAINTSVILLE LOT & IMP P53-07-03-001.00
80 3 0.35 0.11 31.23% RESIDENTIAL MUSIC LEONARD JR & MARY 112 MAIN STREET PAINTSVILLE LOT & IMP P53-07-03-001.00
81 2 0.21 0.07 35.20% RESIDENTIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDSVILLE LOT P53-08-43-007.01
81 3 0.21 0.07 35.20% RESIDENTIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDSVILLE LOT P53-08-43-007.01
82 2 0.26 0.06 23.27% COMMERCIAL  PAINTSVILLE CITY SCHOOLS P53-07-08-009.01
82 3 0.26 0.06 23.27% COMMERCIAL  PAINTSVILLE CITY SCHOOLS P53-07-08-009.01
83 2 0.13 0.04 34.28% COMMERCIAL  PAINTSVILLE CITY SCHOOLS P53-07-08-009.00
83 3 0.13 0.04 34.28% COMMERCIAL  PAINTSVILLE CITY SCHOOLS P53-07-08-009.00
84 2 2.03 0.48 23.84% COMMERCIAL  PAINTSVILLE CITY SCHOOLS P53-07-03-026.00
84 3 2.03 0.48 23.84% COMMERCIAL  PAINTSVILLE CITY SCHOOLS P53-07-03-026.00
85 2 6.21 0.47 7.57% EXEMPT CITY PAINTSVILLE MUNINCIPAL HOUSING 302 SIXTH STREET PAINTSVILLE 36.33 AC & HOUSING COMPLEX P45-00-00-029.00
85 3 6.21 0.47 7.57% EXEMPT CITY PAINTSVILLE MUNINCIPAL HOUSING 302 SIXTH STREET PAINTSVILLE 36.33 AC & HOUSING COMPLEX P45-00-00-029.00
86 2 1.06 0.57 53.58% RESIDENTIAL LAR-LIN INC C/O LARRY JOE WELLS PAINTSVILLE LOT & IMP P45-00-00-033.12
86 3 1.06 0.57 53.58% RESIDENTIAL LAR-LIN INC C/O LARRY JOE WELLS PAINTSVILLE LOT & IMP P45-00-00-033.12
87 2 0.19 0.01 2.86% RESIDENTIAL TERRY SAMUEL R JR & CHRISTY 1120 KENTUCKY LANE PAINTSVILLE .25 AC & IMP P53-03-06-019.00
88 2 0.25 0.05 18.85% RESIDENTIAL WELLS DANNY L & MADONNA S PO BOX 382 PAINTSVILLE LOTS (20-22 & PART OF 19) & IMP P53-03-05-030.00
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89 2 0.36 0.12 32.77% RESIDENTIAL MEEK WALT & JERRI KAYE C/O CITIZENS NATIONAL BANK PAINTSVILLE .80 AC & IMP P53-03-11-006.00
90 2 1.10 0.77 69.58% RESIDENTIAL WELLS ARNOLD & BETTY 1040 KING LANE PAINTSVILLE .619 AC P53-03-11-007.01
91 2 0.46 0.01 2.59% RESIDENTIAL ROSS JACKIE A & JERRI L 1154 AUXIER AVE PAINTSVILLE .48 AC & IMP P53-03-12-001.00
92 2 2.29 0.52 22.72% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE VACANT LOT = 2.750 AC P53-04-09-001.00
92 3 2.29 0.52 22.72% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE VACANT LOT = 2.750 AC P53-04-09-001.00
93 2 2.40 0.31 13.05% EXEMPT CITY PAINTSVILLE HOUSING AUTHORITY 700 SIXTH STREET PAINTSVILLE WEST VIEW MANOR APTS & 1.6 AC P53-04-04-023.00
93 3 2.40 0.31 13.05% EXEMPT CITY PAINTSVILLE HOUSING AUTHORITY 700 SIXTH STREET PAINTSVILLE WEST VIEW MANOR APTS & 1.6 AC P53-04-04-023.00
94 2 0.28 0.05 17.41% RESIDENTIAL MASON LYDA NELL PO BOX 696 PAINTSVILLE LOT & IMP P53-05-06-001.00
94 3 0.28 0.05 17.41% RESIDENTIAL MASON LYDA NELL PO BOX 696 PAINTSVILLE LOT & IMP P53-05-06-001.00
95 2 0.35 0.04 11.53% RESIDENTIAL FITCH KEITH E & STEPHANIE R 2332 KY RT 1107 PAINTSVILLE LOT & IMP P53-05-06-004.00
95 3 0.35 0.04 11.53% RESIDENTIAL FITCH KEITH E & STEPHANIE R 2332 KY RT 1107 PAINTSVILLE LOT & IMP P53-05-06-004.00
96 2 0.23 0.03 11.27% RESIDENTIAL CORTES MARCO 310 LINCOLN AVENUE PAINTSVILLE LOT & IMP P53-05-06-002.00
96 3 0.23 0.03 11.27% RESIDENTIAL CORTES MARCO 310 LINCOLN AVENUE PAINTSVILLE LOT & IMP P53-05-06-002.00
97 2 0.23 0.02 10.90% RESIDENTIAL FIELDS MATTHEW S & KARI N CORNETT 314 LINCOLN AVE PAINTSVILLE LOT & IMP P53-05-06-003.00
97 3 0.23 0.02 10.90% RESIDENTIAL FIELDS MATTHEW S & KARI N CORNETT 314 LINCOLN AVE PAINTSVILLE LOT & IMP P53-05-06-003.00
98 2 1.20 0.01 0.84% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT (.53 AC) & IMP P53-05-04-011.00
98 3 1.20 0.01 0.84% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT (.53 AC) & IMP P53-05-04-011.00
99 2 0.18 0.06 30.83% RESIDENTIAL DIXON ANDREA D  PAINTSVILLE LOT & IMP P53-05-04-001.00
99 3 0.18 0.06 30.83% RESIDENTIAL DIXON ANDREA D  PAINTSVILLE LOT & IMP P53-05-04-001.00

100 2 0.94 0.04 4.21% COMMERCIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT & COMM IMP (DIXON APARTMENTS) P53-05-03-045.00
100 3 0.94 0.04 4.21% COMMERCIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT & COMM IMP (DIXON APARTMENTS) P53-05-03-045.00
101 2 0.78 0.40 51.15% RESIDENTIAL JAMES FREDERICK A lll & DANETTE 309 FOURTH STREET PAINTSVILLE LOT & IMPS P53-05-03-046.00
101 3 0.78 0.40 51.15% RESIDENTIAL JAMES FREDERICK A lll & DANETTE 309 FOURTH STREET PAINTSVILLE LOT & IMPS P53-05-03-046.00
102 2 0.69 0.14 20.31% EXEMPT RELIGIOUS SOUTHSIDE FWB CHURCH 586 US 23 PAINTSVILLE 1.33 AC P53-05-03-047.00
102 3 0.69 0.14 20.31% EXEMPT RELIGIOUS SOUTHSIDE FWB CHURCH 586 US 23 PAINTSVILLE 1.33 AC P53-05-03-047.00
103 2 5.76 0.04 0.73% RESIDENTIAL MURRAY CARL & ANN EST C/O CARL MURRAY PAINTSVILLE LOT & IMP P53-05-03-066.00
103 3 5.76 0.04 0.73% RESIDENTIAL MURRAY CARL & ANN EST C/O CARL MURRAY PAINTSVILLE LOT & IMP P53-05-03-066.00
104 2 2.72 1.30 47.67% COMMERCIAL BROWN MARGARET 159 KY RT 825 HAGER HILL LOT & COMM IMP (NEWTOWN PLAZA) P53-08-01-010.01
104 3 2.72 1.30 47.67% COMMERCIAL BROWN MARGARET 159 KY RT 825 HAGER HILL LOT & COMM IMP (NEWTOWN PLAZA) P53-08-01-010.01
105 2 0.43 0.11 25.13% COMMERCIAL DALTON RENTAL PROPERTY LLC 419 BROADWAY PAINTSVILLE LOT & COMM IMP P53-08-01-009.00
105 3 0.43 0.11 25.13% COMMERCIAL DALTON RENTAL PROPERTY LLC 419 BROADWAY PAINTSVILLE LOT & COMM IMP P53-08-01-009.00
106 2 0.19 0.05 27.97% EXEMPT RELIGIOUS FIRST CHURCH OF GOD 205 8TH ST PAINTSVILLE LOT & CHURCH P53-08-01-008.00
106 3 0.19 0.05 27.97% EXEMPT RELIGIOUS FIRST CHURCH OF GOD 205 8TH ST PAINTSVILLE LOT & CHURCH P53-08-01-008.00
107 2 0.51 0.12 23.94% EXEMPT RELIGIOUS FIRST CHURCH OF GOD OF PAINTSVILLE INC PAINTSVILLE PARSONAGE & LOT P53-08-01-007.00
107 3 0.51 0.12 23.94% EXEMPT RELIGIOUS FIRST CHURCH OF GOD OF PAINTSVILLE INC PAINTSVILLE PARSONAGE & LOT P53-08-01-007.00
108 2 0.38 0.10 26.28% RESIDENTIAL BLANTON SHERRY ANN 213 8TH STREET PAINTSVILLE LOT & IMP P53-08-01-006.00
108 3 0.38 0.10 26.28% RESIDENTIAL BLANTON SHERRY ANN 213 8TH STREET PAINTSVILLE LOT & IMP P53-08-01-006.00

109 2 0.29 0.03 11.26% RESIDENTIAL PORTER FAMILY TRUST
C/O CHRISTOPHER TODD 

PORTER TRUSTEE PALMDALE LOT & IMP P53-08-04-002.00

109 3 0.29 0.03 11.26% RESIDENTIAL PORTER FAMILY TRUST
C/O CHRISTOPHER TODD 

PORTER TRUSTEE PALMDALE LOT & IMP P53-08-04-002.00
110 2 0.32 0.03 10.56% RESIDENTIAL SMITH MICHAEL E & TAMMY G 410 LINCOLN AVENUE PAINTSVILLE LOT & IMP P53-08-04-003.00
110 3 0.32 0.03 10.56% RESIDENTIAL SMITH MICHAEL E & TAMMY G 410 LINCOLN AVENUE PAINTSVILLE LOT & IMP P53-08-04-003.00
111 2 0.96 0.10 10.59% RESIDENTIAL PELPHREY NICKY C BOX 1250 PAINTSVILLE LOT & IMP P53-08-05-017.00
111 3 0.96 0.10 10.59% RESIDENTIAL PELPHREY NICKY C BOX 1250 PAINTSVILLE LOT & IMP P53-08-05-017.00
112 2 1.14 0.42 36.66% RESIDENTIAL BAILEY CHRISTOPHER 725 WALNUT AVENUE PAINTSVILLE LOT & IMP P53-08-05-018.00
112 3 1.14 0.42 36.66% RESIDENTIAL BAILEY CHRISTOPHER 725 WALNUT AVENUE PAINTSVILLE LOT & IMP P53-08-05-018.00
113 2 0.18 0.07 40.57% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT P53-08-43-004.00
113 3 0.18 0.07 40.57% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT P53-08-43-004.00
114 2 0.24 0.02 7.68% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT & IMP P53-08-43-001.00
114 3 0.24 0.02 7.68% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT & IMP P53-08-43-001.00
115 2 0.09 0.08 93.64% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT P53-08-43-002.00
115 3 0.09 0.08 93.64% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT P53-08-43-002.00
116 2 0.05 0.05 100.00% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT P53-08-43-003.00
116 3 0.05 0.05 100.00% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT P53-08-43-003.00
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117 2 0.39 0.17 43.04% RESIDENTIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDSVILLE LOT & IMP P53-08-32-040.00
117 3 0.39 0.17 43.04% RESIDENTIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDSVILLE LOT & IMP P53-08-32-040.00
118 2 0.49 0.43 87.27% RESIDENTIAL RICE BETTY M -ETAL- 505 FM STAFFORD AVE PAINTSVILLE LOT P53-08-32-041.00
118 3 0.49 0.43 87.27% RESIDENTIAL RICE BETTY M -ETAL- 505 FM STAFFORD AVE PAINTSVILLE LOT P53-08-32-041.00
119 2 0.13 0.00 0.34% RESIDENTIAL PELPHREY INVESTMENTS LLC PO BOX 1250 PAINTSVILLE LOT & IMP P53-08-32-002.00
119 3 0.13 0.00 0.34% RESIDENTIAL PELPHREY INVESTMENTS LLC PO BOX 1250 PAINTSVILLE LOT & IMP P53-08-32-002.00
120 2 0.28 0.15 53.99% RESIDENTIAL MAYNARD NADINA 112 TWELTH STREET PAINTSVILLE LOT & IMP P53-08-32-003.00
120 3 0.28 0.15 53.99% RESIDENTIAL MAYNARD NADINA 112 TWELTH STREET PAINTSVILLE LOT & IMP P53-08-32-003.00
121 2 0.25 0.16 61.72% RESIDENTIAL GILLISPIE MILLARD & BRENDA 116 12TH STREET PAINTSVILLE LOT & IMP P53-08-32-004.00
121 3 0.25 0.16 61.72% RESIDENTIAL GILLISPIE MILLARD & BRENDA 116 12TH STREET PAINTSVILLE LOT & IMP P53-08-32-004.00
122 2 0.24 0.12 49.78% RESIDENTIAL TACKETT DIANNA 120 TWELTH ST PAINTSVILLE LOT & IMP P53-08-32-005.00
122 3 0.24 0.12 49.78% RESIDENTIAL TACKETT DIANNA 120 TWELTH ST PAINTSVILLE LOT & IMP P53-08-32-005.00
123 2 0.25 0.04 15.21% RESIDENTIAL MORRIS WILLIAM GREGORY 630 DEROSSETT DR PRESTONSBURG LOT & IMP P53-08-32-006.00
123 3 0.25 0.04 15.21% RESIDENTIAL MORRIS WILLIAM GREGORY 630 DEROSSETT DR PRESTONSBURG LOT & IMP P53-08-32-006.00
124 2 0.32 0.06 19.70% EXEMPT RELIGIOUS RATLIFF FAMILY CEMETERY C/O HARVEY RATLIFF BRIGHTON CEMETERY P53-08-32-037.00
124 3 0.32 0.06 19.70% EXEMPT RELIGIOUS RATLIFF FAMILY CEMETERY C/O HARVEY RATLIFF BRIGHTON CEMETERY P53-08-32-037.00
125 2 0.19 0.08 41.94% RESIDENTIAL BUTCHER RYAN & COURTNEY 113 PINE STREET PAINTSVILLE .10 AC  & IMP P53-08-32-036.00
125 3 0.19 0.08 41.94% RESIDENTIAL BUTCHER RYAN & COURTNEY 113 PINE STREET PAINTSVILLE .10 AC  & IMP P53-08-32-036.00
126 2 0.13 0.01 4.76% RESIDENTIAL RATLIFF MABLE ELDON 117 PINE STREET PAINTSVILLE LOT & IMP P53-08-32-035.00
126 3 0.13 0.01 4.76% RESIDENTIAL RATLIFF MABLE ELDON 117 PINE STREET PAINTSVILLE LOT & IMP P53-08-32-035.00
127 2 3.27 0.41 12.68% RESIDENTIAL MELVIN CHARLES T JR PO BOX 1317 PAINTSVILLE 3.36 AC & IMP P53-00-00-031.06
127 3 3.27 0.41 12.68% RESIDENTIAL MELVIN CHARLES T JR PO BOX 1317 PAINTSVILLE 3.36 AC & IMP P53-00-00-031.06
128 2 2.26 1.04 46.20% FARM CRAIGMONT INC C/O WILLIAM C MARTIN JR ALEXANDRIA 46 AC P53-00-00-031.00
128 3 2.26 1.04 46.20% FARM CRAIGMONT INC C/O WILLIAM C MARTIN JR ALEXANDRIA 46 AC P53-00-00-031.00
129 2 3.74 0.01 0.14% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE 3 AC P45-00-00-031.01
129 3 3.74 0.01 0.14% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE 3 AC P45-00-00-031.01
130 2 0.30 0.05 16.55% EXEMPT COUNTY JOHNSON CO LIBRARY 444 MAIN STREET PAINTSVILLE .25 AC - PARKING LOT & STORAGE BLDG P53-04-09-028.00
130 3 0.30 0.05 16.55% EXEMPT COUNTY JOHNSON CO LIBRARY 444 MAIN STREET PAINTSVILLE .25 AC - PARKING LOT & STORAGE BLDG P53-04-09-028.00
131 2 0.28 0.28 98.55% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-011.00
131 3 0.28 0.28 98.55% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-011.00
132 2 0.19 0.04 21.88% RESIDENTIAL SL 1 INVESTMENT PROPERTIES LLC 183 E DORTON BLVD STAFFORDSVILLE LOT & IMP P53-07-03-011.00
132 3 0.19 0.04 21.88% RESIDENTIAL SL 1 INVESTMENT PROPERTIES LLC 183 E DORTON BLVD STAFFORDSVILLE LOT & IMP P53-07-03-011.00
133 2 0.20 0.03 12.39% COMMERCIAL FANNIN VANESSA- BARRY & JOSEPH 432 MAIN STREET PAINTSVILLE LOT (65X140) & COMM IMP (TOWNHOUSES) P53-07-03-022.00
133 3 0.20 0.03 12.39% COMMERCIAL FANNIN VANESSA- BARRY & JOSEPH 432 MAIN STREET PAINTSVILLE LOT (65X140) & COMM IMP (TOWNHOUSES) P53-07-03-022.00
134 2 0.31 0.13 40.20% COMMERCIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDSVILLE LOT & COMM IMP P53-06-19-013.00
134 3 0.31 0.13 40.20% COMMERCIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDSVILLE LOT & COMM IMP P53-06-19-013.00
135 2 0.49 0.20 40.76% RESIDENTIAL PRESTON GLENN RICHARD & TERESA S 128 MAIN STREET PAINTSVILLE LOT & IMP P53-06-19-012.00
135 3 0.49 0.20 40.76% RESIDENTIAL PRESTON GLENN RICHARD & TERESA S 128 MAIN STREET PAINTSVILLE LOT & IMP P53-06-19-012.00
136 2 0.55 0.19 35.14% RESIDENTIAL PRESTON JANE  ETAL 235 KY RT 689 E FLAT GAP LOT & IMP P53-06-19-011.00
136 3 0.55 0.19 35.14% RESIDENTIAL PRESTON JANE  ETAL 235 KY RT 689 E FLAT GAP LOT & IMP P53-06-19-011.00

137 2 0.48 0.16 33.73% COMMERCIAL PRESTON CHARLES E MRS et. al.
DBA/PRESTON FUNERAL 

HOME PAINTSVILLE LOT & COMM IMP (PRESTON FUNERAL HOME) P53-06-19-010.00

137 3 0.48 0.16 33.73% COMMERCIAL PRESTON CHARLES E MRS et. al.
DBA/PRESTON FUNERAL 

HOME PAINTSVILLE LOT & COMM IMP (PRESTON FUNERAL HOME) P53-06-19-010.00
138 2 0.19 0.07 35.01% COMMERCIAL CASTLE JOSHUA, SHARON, & DANIEL C/O JOSH CASTLE PAINTSVILLE LOT & COMM IMP P53-06-19-009.00
138 3 0.19 0.07 35.01% COMMERCIAL CASTLE JOSHUA, SHARON, & DANIEL C/O JOSH CASTLE PAINTSVILLE LOT & COMM IMP P53-06-19-009.00
139 2 0.16 0.05 29.47% COMMERCIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDVILLE LOT & COMM IMP P53-06-19-008.00
139 3 0.16 0.05 29.47% COMMERCIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDVILLE LOT & COMM IMP P53-06-19-008.00
140 2 0.29 0.08 28.64% COMMERCIAL CON-GARD LLC 624 MASH FORK ROAD SALYERSVILLE LOT P53-06-19-007.00
140 3 0.29 0.08 28.64% COMMERCIAL CON-GARD LLC 624 MASH FORK ROAD SALYERSVILLE LOT P53-06-19-007.00
141 2 0.45 0.09 19.26% COMMERCIAL LAVENDER BARBARA J & JACK D PO BOX 327 HAGER HILL LOT & COMM IMP (SUNDRY STORE BLDG) P53-06-19-006.00
141 3 0.45 0.09 19.26% COMMERCIAL LAVENDER BARBARA J & JACK D PO BOX 327 HAGER HILL LOT & COMM IMP (SUNDRY STORE BLDG) P53-06-19-006.00
142 2 0.16 0.03 17.41% COMMERCIAL A G L INVESTMENT GROUP LTD CO  PAINTSVILLE LOT & COMM IMP (PEGGY LOU SHOPPE) P53-06-19-005.00
142 3 0.16 0.03 17.41% COMMERCIAL A G L INVESTMENT GROUP LTD CO  PAINTSVILLE LOT & COMM IMP (PEGGY LOU SHOPPE) P53-06-19-005.00
143 2 0.55 0.23 42.70% RESIDENTIAL BRANHAM TIMMY JOE 140 EUCLID AVENUE PAINTSVILLE LOT & IMP P53-07-03-015.00
143 3 0.55 0.23 42.70% RESIDENTIAL BRANHAM TIMMY JOE 140 EUCLID AVENUE PAINTSVILLE LOT & IMP P53-07-03-015.00
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144 2 0.41 0.18 43.21% RESIDENTIAL STEINKOETTER LINDA K & MELISSA W 136 EUCLID AVENUE PAINTSVILLE LOT (35 X 260) & IMP P53-07-03-014.00
144 3 0.41 0.18 43.21% RESIDENTIAL STEINKOETTER LINDA K & MELISSA W 136 EUCLID AVENUE PAINTSVILLE LOT (35 X 260) & IMP P53-07-03-014.00
145 2 0.48 0.19 39.13% RESIDENTIAL TRIMBLE JOHN MARK -LIFE EST- 108 EUCLID AVE PAINTSVILLE LOT & IMP P53-07-03-006.00
145 3 0.48 0.19 39.13% RESIDENTIAL TRIMBLE JOHN MARK -LIFE EST- 108 EUCLID AVE PAINTSVILLE LOT & IMP P53-07-03-006.00
146 2 0.32 0.13 40.73% RESIDENTIAL PAIGE DEBORAH LYNN EUCLID AVENUE 128 PAINTSVILLE LOT & IMP P53-07-03-013.00
146 3 0.32 0.13 40.73% RESIDENTIAL PAIGE DEBORAH LYNN EUCLID AVENUE 128 PAINTSVILLE LOT & IMP P53-07-03-013.00
147 2 0.24 0.10 41.29% RESIDENTIAL SL 1 INVESTMENT PROPERTIES LLC 183 E DORTON BLVD STAFFORDSVILLE LOT & IMP P53-07-03-010.00
147 3 0.24 0.10 41.29% RESIDENTIAL SL 1 INVESTMENT PROPERTIES LLC 183 E DORTON BLVD STAFFORDSVILLE LOT & IMP P53-07-03-010.00
148 2 0.33 0.15 45.04% RESIDENTIAL SPENCER TIMOTHY R & DORA D 118 EUCLID AVENUE PAINTSVILLE LOT & IMP P53-07-03-009.00
148 3 0.33 0.15 45.04% RESIDENTIAL SPENCER TIMOTHY R & DORA D 118 EUCLID AVENUE PAINTSVILLE LOT & IMP P53-07-03-009.00
149 2 0.58 0.25 43.61% RESIDENTIAL BALDRIDGE OTTO JR & BETTY 114 EUCLID PAINTSVILLE LOT & IMP P53-07-03-008.00
149 3 0.58 0.25 43.61% RESIDENTIAL BALDRIDGE OTTO JR & BETTY 114 EUCLID PAINTSVILLE LOT & IMP P53-07-03-008.00
150 2 0.15 0.13 85.85% RESIDENTIAL CASTLE TONYA & KELLY R 124 EUCLID AVENUE PAINTSVILLE LOT & IMPS P53-07-03-012.00
150 3 0.15 0.13 85.85% RESIDENTIAL CASTLE TONYA & KELLY R 124 EUCLID AVENUE PAINTSVILLE LOT & IMPS P53-07-03-012.00

151 2 0.10 0.01 9.89% COMMERCIAL AMERSON DONALD MD
C/O GOGGANS 

CONSTRUCTION PAINTSVILLE .18 AC & COMM IMP P53-07-03-025.00

151 3 0.10 0.01 9.89% COMMERCIAL AMERSON DONALD MD
C/O GOGGANS 

CONSTRUCTION PAINTSVILLE .18 AC & COMM IMP P53-07-03-025.00
152 2 0.17 0.13 72.57% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-014.00
152 3 0.17 0.13 72.57% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-014.00
153 2 0.30 0.30 99.84% RESIDENTIAL SHERMAN FAMILY TRUST C/O JULIA KNIGHT PAINTSVILLE LOT & IMP P53-06-10-013.00
153 3 0.30 0.30 99.84% RESIDENTIAL SHERMAN FAMILY TRUST C/O JULIA KNIGHT PAINTSVILLE LOT & IMP P53-06-10-013.00
154 2 0.36 0.34 95.65% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-012.00
154 3 0.36 0.34 95.65% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-012.00
155 2 0.33 0.00 0.32% RESIDENTIAL AUXIER GEORGE  PAINTSVILLE LOT & IMP P53-06-10-007.00
155 3 0.33 0.00 0.32% RESIDENTIAL AUXIER GEORGE  PAINTSVILLE LOT & IMP P53-06-10-007.00
156 2 0.11 0.00 2.17% RESIDENTIAL BOONE JESSICA L 213 FIFTH STREET PAINTSVILLE LOT 52  & IMP P53-06-10-008.00
156 3 0.11 0.00 2.17% RESIDENTIAL BOONE JESSICA L 213 FIFTH STREET PAINTSVILLE LOT 52  & IMP P53-06-10-008.00
157 2 0.24 0.23 98.45% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-010.00
157 3 0.24 0.23 98.45% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-010.00
158 2 0.07 0.05 80.55% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-009.00
158 3 0.07 0.05 80.55% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-009.00
159 2 0.94 0.29 30.42% COMMERCIAL FIRST COMMONWEALTH BANK 311 NORTH ARNOLD PRESTONSBURG LOT & COMM IMP (FAMILY FEDERAL BANK) P53-06-19-002.00
159 3 0.94 0.29 30.42% COMMERCIAL FIRST COMMONWEALTH BANK 311 NORTH ARNOLD PRESTONSBURG LOT & COMM IMP (FAMILY FEDERAL BANK) P53-06-19-002.00
160 2 0.34 0.17 49.65% COMMERCIAL CITY NAT BK OF WEST VIRGINIA PO BOX 7220 CROSS LANES COMM LOT & IMP (CLASSIC BANK) P53-06-19-001.00
160 3 0.34 0.17 49.65% COMMERCIAL CITY NAT BK OF WEST VIRGINIA PO BOX 7220 CROSS LANES COMM LOT & IMP (CLASSIC BANK) P53-06-19-001.00
161 2 1.06 0.19 17.98% RESIDENTIAL MAYNARD TAMARA E 217 8TH STREET PAINTSVILLE LOT & IMP P53-08-01-004.00
161 3 1.06 0.19 17.98% RESIDENTIAL MAYNARD TAMARA E 217 8TH STREET PAINTSVILLE LOT & IMP P53-08-01-004.00
162 2 0.67 0.28 41.01% COMMERCIAL DANIEL PAUL W & JUDY M PO BOX 174 PAINTSVILLE LOT & COMM IMP (ANTIQUE SHOP) P53-07-03-017.00
162 3 0.67 0.28 41.01% COMMERCIAL DANIEL PAUL W & JUDY M PO BOX 174 PAINTSVILLE LOT & COMM IMP (ANTIQUE SHOP) P53-07-03-017.00
163 2 0.33 0.14 43.90% RESIDENTIAL PREECE EDSEL H & DENISE S 3408 KY HWY 581 TUTOR KEY LOT & IMPS P53-07-03-016.00
163 3 0.33 0.14 43.90% RESIDENTIAL PREECE EDSEL H & DENISE S 3408 KY HWY 581 TUTOR KEY LOT & IMPS P53-07-03-016.00
164 2 0.78 0.14 18.05% COMMERCIAL JORDAN MARC & ANGELA 205 SOUTH MAYO TRAIL PAINTSVILLE .49&COMM IMP (10-4 ELECTRONICS BLDG) P53-05-09-001.01
164 3 0.78 0.14 18.05% COMMERCIAL JORDAN MARC & ANGELA 205 SOUTH MAYO TRAIL PAINTSVILLE .49&COMM IMP (10-4 ELECTRONICS BLDG) P53-05-09-001.01
165 2 0.20 0.17 84.24% RESIDENTIAL CITY OF PAINTSVILLE PO BOX 1588 PAINTSVILLE LOT & IMP P53-06-10-008.01
165 3 0.20 0.17 84.24% RESIDENTIAL CITY OF PAINTSVILLE PO BOX 1588 PAINTSVILLE LOT & IMP P53-06-10-008.01
166 2 49.79 0.06 0.12% COMMERCIAL SMITH BETTY & MARTHA M & DIXIE 947 ST RT 28 APT #5 MILFORD 15 AC COMM P45-00-00-033.01
166 3 49.79 0.06 0.12% COMMERCIAL SMITH BETTY & MARTHA M & DIXIE 947 ST RT 28 APT #5 MILFORD 15 AC COMM P45-00-00-033.01
167 2 0.05 0.05 100.00% COMMERCIAL GOGGANS L T & GLENDA 513 COURT STREET PAINTSVILLE LOT (20X120) P53-07-03-026.01
167 3 0.05 0.05 100.00% COMMERCIAL GOGGANS L T & GLENDA 513 COURT STREET PAINTSVILLE LOT (20X120) P53-07-03-026.01
168 2 0.00 0.00 100.00% RESIDENTIAL BOGGS JOHN CURTIS 460 GLEIM ROAD WHOOLERSBURG LOT (81X100) P53-07-01-003.00
168 3 0.00 0.00 100.00% RESIDENTIAL BOGGS JOHN CURTIS 460 GLEIM ROAD WHOOLERSBURG LOT (81X100) P53-07-01-003.00
169 2 0.24 0.05 20.21% RESIDENTIAL WELLS DANNY L & MADONNA S PO BOX 382 PAINTSVILLE LOTS (20-22 & PART OF 19) & IMP P53-03-05-030.00
169 3 0.24 0.05 20.21% RESIDENTIAL WELLS DANNY L & MADONNA S PO BOX 382 PAINTSVILLE LOTS (20-22 & PART OF 19) & IMP P53-03-05-030.00
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6 2 0.28 0.11 39.51% RESIDENTIAL MOLLETTE RICK & TAMMY 117 STATE STREET PAINTSVILLE LOT & IMP P53-08-43-005.00
7 2 0.37 0.15 40.37% RESIDENTIAL CONNELLEY ANNA L & TAMMY L HAMLIN 1119 STATE STREET PAINTSVILLE LOT & IMP P53-08-43-006.00
8 2 0.25 0.09 35.96% RESIDENTIAL VANHOOSE LUCY C/O KEITH VANHOOSE HARROD LOT & IMP P53-08-43-008.00
9 2 0.42 0.13 31.61% RESIDENTIAL PRESTON MIKE 1131 STATE ST PAINTSVILLE LOT & IMP P53-08-43-010.00

10 2 0.53 0.53 100.00% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE VACANT LOT P53-08-43-009.00
11 2 0.24 0.24 100.00% RESIDENTIAL DIALS DONNA 1139 STATE STREET PAINTSVILLE LOT & IMP P53-08-43-012.00
12 2 0.28 0.28 100.00% RESIDENTIAL COLVIN HERMA LOU ETAL 1143 STATE STREET PAINTSVILLE LOT & IMP P53-08-43-013.00
31 2 0.16 0.01 3.59% RESIDENTIAL JACKSON STONEWALL & DEBORAH 252 MILL BRANCH ROAD PAINTSVILLE LOT & IMP P53-08-44-010.00
48 2 0.13 0.07 55.55% RESIDENTIAL     P53-08-43-011.00
49 2 68.38 3.25 4.75% EXEMPT OTHER CSX  JACKSONVILLE  P53-08-48-001.00
58 2 0.28 0.01 4.99% RESIDENTIAL NELSON PATRICIA E 104 MAIN STREET PAINTSVILLE LOT & IMP P53-07-03-003.00
59 2 0.32 0.11 35.39% RESIDENTIAL ADKINS RONNIE & JOANNE (LIFE ESTATE) 105 DEPOT ROAD PAINTSVILLE LOT & IMP P53-07-09-007.01
60 2 0.44 0.05 10.93% RESIDENTIAL DANIELS JIM D 104 BRIDGE STREET PAINTSVILLE LOT & IMP P53-07-09-007.00

61 2 0.61 0.49 80.17% RESIDENTIAL FANNIN BILL
122 RIGHT FORK WEBB 

HOLLOW VAN LEAR 1.1 ACRES +/- P53-07-09-008.00
62 2 0.17 0.10 60.09% RESIDENTIAL BURCHETT DAVID M & JOLITA 164 CAUDILL FORK STAFFORDSVILLE LOT & IMP P53-07-08-008.00
63 2 3.29 1.99 60.55% COMMERCIAL MCDONALD REALTY LLC PO BOX 999 PRESTONSBURG 4 AC & STORAGE BLDGS P53-07-14-001.00
64 2 0.59 0.24 41.69% RESIDENTIAL LEMOS ANNE CRAFT 100 EUCLID AVENUE PAINTSVILLE LOT & IMP P53-07-03-004.00
65 2 0.54 0.50 91.03% RESIDENTIAL VANHOOSE JOE HOWARD JR 2496 KY RT 1107 PAINTSVILLE LOT P53-07-03-005.00
66 2 1.45 0.48 33.34% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE LOT & IMP P53-06-19-015.00
67 2 0.41 0.23 55.32% RESIDENTIAL CASTLE HERBERT E & NANCY S 109 FRANK STREET PAINTSVILLE .344 AC & IMP P53-07-03-019.00

68 2 0.50 0.26 52.56% RESIDENTIAL AUXIER BRYAN R & ELIZABETH
C/O FIRST 

COMMONWEALTH BANK PRESTONSBURG LOT & IMP P53-06-19-014.00

69 2 0.80 0.52 64.68% COMMERCIAL BELHASEN SARAH M MD 1000 SOUTH MAYO TRAIL PAINTSVILLE 2.59 AC P53-07-03-024.00

69 2 0.82 0.52 63.50% COMMERCIAL BELHASEN SARAH M MD 1000 SOUTH MAYO TRAIL PAINTSVILLE 2.59 AC P53-07-03-024.00
70 2 0.07 0.07 100.00% RESIDENTIAL VANHOOSE EDWARD & BARBARA 400 KY ROUTE 581 PAINTSVILLE LOT & IMP P53-07-03-023.00
74 2 2.59 1.26 48.76% COMMERCIAL J&L RENTAL PROPERTIES LLC PO BOX 247 HAGER HILL 2.61AC & COMM IMP (CHELSIE SQUARE) P53-07-10-001.00

75 2 0.86 0.57 67.07% COMMERCIAL OM GANESH INC
C/O NAHENDRAKUMAR B 

PATEL PAINTSVILLE .96 AC & COMM IMP (TOBACCO MAX) P53-07-10-001.02
76 2 1.26 0.22 17.29% COMMERCIAL T & T RENTALS INC PO BOX 510 SALYERSVILLE LOT & IMPS  TOWN HOUSES 17 UNITS P53-07-10-001.03

77 2 1.19 0.56 47.05% COMMERCIAL OM GANESH INC
C/O NAHENDRAKUMAR B 

PATEL PAINTSVILLE .99 AC & COMM IMP (CONVIENENCE STORE) P53-07-10-001.01
78 2 0.72 0.51 71.31% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE  P53-07-10-001.04

79 2 0.18 0.01 8.03% RESIDENTIAL CITY NATIONAL BANK OF W VA 3601 MCCORKLE AVENUE CHARLESTON LOT & IMP P53-07-03-002.00
80 2 0.35 0.11 31.23% RESIDENTIAL MUSIC LEONARD JR & MARY 112 MAIN STREET PAINTSVILLE LOT & IMP P53-07-03-001.00
81 2 0.21 0.07 35.20% RESIDENTIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDSVILLE LOT P53-08-43-007.01
82 2 0.26 0.06 23.27% COMMERCIAL  PAINTSVILLE CITY SCHOOLS P53-07-08-009.01
83 2 0.13 0.04 34.28% COMMERCIAL  PAINTSVILLE CITY SCHOOLS P53-07-08-009.00
84 2 2.03 0.48 23.84% COMMERCIAL  PAINTSVILLE CITY SCHOOLS P53-07-03-026.00
85 2 6.21 0.47 7.57% EXEMPT CITY PAINTSVILLE MUNINCIPAL HOUSING 302 SIXTH STREET PAINTSVILLE 36.33 AC & HOUSING COMPLEX P45-00-00-029.00
86 2 1.06 0.57 53.58% RESIDENTIAL LAR-LIN INC C/O LARRY JOE WELLS PAINTSVILLE LOT & IMP P45-00-00-033.12
87 2 0.19 0.01 2.86% RESIDENTIAL TERRY SAMUEL R JR & CHRISTY 1120 KENTUCKY LANE PAINTSVILLE .25 AC & IMP P53-03-06-019.00
88 2 0.25 0.05 18.85% RESIDENTIAL WELLS DANNY L & MADONNA S PO BOX 382 PAINTSVILLE LOTS (20-22 & PART OF 19) & IMP P53-03-05-030.00

89 2 0.36 0.12 32.77% RESIDENTIAL MEEK WALT & JERRI KAYE
C/O CITIZENS NATIONAL 

BANK PAINTSVILLE .80 AC & IMP P53-03-11-006.00
90 2 1.10 0.77 69.58% RESIDENTIAL WELLS ARNOLD & BETTY 1040 KING LANE PAINTSVILLE .619 AC P53-03-11-007.01
91 2 0.46 0.01 2.59% RESIDENTIAL ROSS JACKIE A & JERRI L 1154 AUXIER AVE PAINTSVILLE .48 AC & IMP P53-03-12-001.00
92 2 2.29 0.52 22.72% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE VACANT LOT = 2.750 AC P53-04-09-001.00
93 2 2.40 0.31 13.05% EXEMPT CITY PAINTSVILLE HOUSING AUTHORITY 700 SIXTH STREET PAINTSVILLE WEST VIEW MANOR APTS & 1.6 AC P53-04-04-023.00
94 2 0.28 0.05 17.41% RESIDENTIAL MASON LYDA NELL PO BOX 696 PAINTSVILLE LOT & IMP P53-05-06-001.00
95 2 0.35 0.04 11.53% RESIDENTIAL FITCH KEITH E & STEPHANIE R 2332 KY RT 1107 PAINTSVILLE LOT & IMP P53-05-06-004.00
96 2 0.23 0.03 11.27% RESIDENTIAL CORTES MARCO 310 LINCOLN AVENUE PAINTSVILLE LOT & IMP P53-05-06-002.00
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97 2 0.23 0.02 10.90% RESIDENTIAL FIELDS MATTHEW S & KARI N CORNETT 314 LINCOLN AVE PAINTSVILLE LOT & IMP P53-05-06-003.00
98 2 1.20 0.01 0.84% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT (.53 AC) & IMP P53-05-04-011.00
99 2 0.18 0.06 30.83% RESIDENTIAL DIXON ANDREA D  PAINTSVILLE LOT & IMP P53-05-04-001.00

100 2 0.94 0.04 4.21% COMMERCIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT & COMM IMP (DIXON APARTMENTS) P53-05-03-045.00
101 2 0.78 0.40 51.15% RESIDENTIAL JAMES FREDERICK A lll & DANETTE 309 FOURTH STREET PAINTSVILLE LOT & IMPS P53-05-03-046.00
102 2 0.69 0.14 20.31% EXEMPT RELIGIOUS SOUTHSIDE FWB CHURCH 586 US 23 PAINTSVILLE 1.33 AC P53-05-03-047.00
103 2 5.76 0.04 0.73% RESIDENTIAL MURRAY CARL & ANN EST C/O CARL MURRAY PAINTSVILLE LOT & IMP P53-05-03-066.00
104 2 2.72 1.30 47.67% COMMERCIAL BROWN MARGARET 159 KY RT 825 HAGER HILL LOT & COMM IMP (NEWTOWN PLAZA) P53-08-01-010.01
105 2 0.43 0.11 25.13% COMMERCIAL DALTON RENTAL PROPERTY LLC 419 BROADWAY PAINTSVILLE LOT & COMM IMP P53-08-01-009.00
106 2 0.19 0.05 27.97% EXEMPT RELIGIOUS FIRST CHURCH OF GOD 205 8TH ST PAINTSVILLE LOT & CHURCH P53-08-01-008.00
107 2 0.51 0.12 23.94% EXEMPT RELIGIOUS FIRST CHURCH OF GOD OF PAINTSVILLE INC PAINTSVILLE PARSONAGE & LOT P53-08-01-007.00
108 2 0.38 0.10 26.28% RESIDENTIAL BLANTON SHERRY ANN 213 8TH STREET PAINTSVILLE LOT & IMP P53-08-01-006.00

109 2 0.29 0.03 11.26% RESIDENTIAL PORTER FAMILY TRUST
C/O CHRISTOPHER TODD 

PORTER TRUSTEE PALMDALE LOT & IMP P53-08-04-002.00
110 2 0.32 0.03 10.56% RESIDENTIAL SMITH MICHAEL E & TAMMY G 410 LINCOLN AVENUE PAINTSVILLE LOT & IMP P53-08-04-003.00
111 2 0.96 0.10 10.59% RESIDENTIAL PELPHREY NICKY C BOX 1250 PAINTSVILLE LOT & IMP P53-08-05-017.00
112 2 1.14 0.42 36.66% RESIDENTIAL BAILEY CHRISTOPHER 725 WALNUT AVENUE PAINTSVILLE LOT & IMP P53-08-05-018.00
113 2 0.18 0.07 40.57% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT P53-08-43-004.00
114 2 0.24 0.02 7.68% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT & IMP P53-08-43-001.00
115 2 0.09 0.08 93.64% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT P53-08-43-002.00
116 2 0.05 0.05 100.00% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT P53-08-43-003.00
117 2 0.39 0.17 43.04% RESIDENTIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDSVILLE LOT & IMP P53-08-32-040.00
118 2 0.49 0.43 87.27% RESIDENTIAL RICE BETTY M -ETAL- 505 FM STAFFORD AVE PAINTSVILLE LOT P53-08-32-041.00
119 2 0.13 0.00 0.34% RESIDENTIAL PELPHREY INVESTMENTS LLC PO BOX 1250 PAINTSVILLE LOT & IMP P53-08-32-002.00
120 2 0.28 0.15 53.99% RESIDENTIAL MAYNARD NADINA 112 TWELTH STREET PAINTSVILLE LOT & IMP P53-08-32-003.00
121 2 0.25 0.16 61.72% RESIDENTIAL GILLISPIE MILLARD & BRENDA 116 12TH STREET PAINTSVILLE LOT & IMP P53-08-32-004.00
122 2 0.24 0.12 49.78% RESIDENTIAL TACKETT DIANNA 120 TWELTH ST PAINTSVILLE LOT & IMP P53-08-32-005.00
123 2 0.25 0.04 15.21% RESIDENTIAL MORRIS WILLIAM GREGORY 630 DEROSSETT DR PRESTONSBURG LOT & IMP P53-08-32-006.00
124 2 0.32 0.06 19.70% EXEMPT RELIGIOUS RATLIFF FAMILY CEMETERY C/O HARVEY RATLIFF BRIGHTON CEMETERY P53-08-32-037.00
125 2 0.19 0.08 41.94% RESIDENTIAL BUTCHER RYAN & COURTNEY 113 PINE STREET PAINTSVILLE .10 AC  & IMP P53-08-32-036.00
126 2 0.13 0.01 4.76% RESIDENTIAL RATLIFF MABLE ELDON 117 PINE STREET PAINTSVILLE LOT & IMP P53-08-32-035.00
127 2 3.27 0.41 12.68% RESIDENTIAL MELVIN CHARLES T JR PO BOX 1317 PAINTSVILLE 3.36 AC & IMP P53-00-00-031.06

128 2 2.26 1.04 46.20% FARM CRAIGMONT INC
C/O WILLIAM C MARTIN 

JR ALEXANDRIA 46 AC P53-00-00-031.00
129 2 3.74 0.01 0.14% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE 3 AC P45-00-00-031.01
130 2 0.30 0.05 16.55% EXEMPT COUNTY JOHNSON CO LIBRARY 444 MAIN STREET PAINTSVILLE .25 AC - PARKING LOT & STORAGE BLDG P53-04-09-028.00
131 2 0.28 0.28 98.55% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-011.00
132 2 0.19 0.04 21.88% RESIDENTIAL SL 1 INVESTMENT PROPERTIES LLC 183 E DORTON BLVD STAFFORDSVILLE LOT & IMP P53-07-03-011.00
133 2 0.20 0.03 12.39% COMMERCIAL FANNIN VANESSA- BARRY & JOSEPH 432 MAIN STREET PAINTSVILLE LOT (65X140) & COMM IMP (TOWNHOUSES) P53-07-03-022.00
134 2 0.31 0.13 40.20% COMMERCIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDSVILLE LOT & COMM IMP P53-06-19-013.00
135 2 0.49 0.20 40.76% RESIDENTIAL PRESTON GLENN RICHARD & TERESA S 128 MAIN STREET PAINTSVILLE LOT & IMP P53-06-19-012.00
136 2 0.55 0.19 35.14% RESIDENTIAL PRESTON JANE  ETAL 235 KY RT 689 E FLAT GAP LOT & IMP P53-06-19-011.00

137 2 0.48 0.16 33.73% COMMERCIAL PRESTON CHARLES E MRS et. al.
DBA/PRESTON FUNERAL 

HOME PAINTSVILLE LOT & COMM IMP (PRESTON FUNERAL HOME) P53-06-19-010.00
138 2 0.19 0.07 35.01% COMMERCIAL CASTLE JOSHUA, SHARON, & DANIEL C/O JOSH CASTLE PAINTSVILLE LOT & COMM IMP P53-06-19-009.00
139 2 0.16 0.05 29.47% COMMERCIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDVILLE LOT & COMM IMP P53-06-19-008.00
140 2 0.29 0.08 28.64% COMMERCIAL CON-GARD LLC 624 MASH FORK ROAD SALYERSVILLE LOT P53-06-19-007.00
141 2 0.45 0.09 19.26% COMMERCIAL LAVENDER BARBARA J & JACK D PO BOX 327 HAGER HILL LOT & COMM IMP (SUNDRY STORE BLDG) P53-06-19-006.00
142 2 0.16 0.03 17.41% COMMERCIAL A G L INVESTMENT GROUP LTD CO  PAINTSVILLE LOT & COMM IMP (PEGGY LOU SHOPPE) P53-06-19-005.00
143 2 0.55 0.23 42.70% RESIDENTIAL BRANHAM TIMMY JOE 140 EUCLID AVENUE PAINTSVILLE LOT & IMP P53-07-03-015.00
144 2 0.41 0.18 43.21% RESIDENTIAL STEINKOETTER LINDA K & MELISSA W 136 EUCLID AVENUE PAINTSVILLE LOT (35 X 260) & IMP P53-07-03-014.00
145 2 0.48 0.19 39.13% RESIDENTIAL TRIMBLE JOHN MARK -LIFE EST- 108 EUCLID AVE PAINTSVILLE LOT & IMP P53-07-03-006.00
146 2 0.32 0.13 40.73% RESIDENTIAL PAIGE DEBORAH LYNN EUCLID AVENUE 128 PAINTSVILLE LOT & IMP P53-07-03-013.00
147 2 0.24 0.10 41.29% RESIDENTIAL SL 1 INVESTMENT PROPERTIES LLC 183 E DORTON BLVD STAFFORDSVILLE LOT & IMP P53-07-03-010.00
148 2 0.33 0.15 45.04% RESIDENTIAL SPENCER TIMOTHY R & DORA D 118 EUCLID AVENUE PAINTSVILLE LOT & IMP P53-07-03-009.00
149 2 0.58 0.25 43.61% RESIDENTIAL BALDRIDGE OTTO JR & BETTY 114 EUCLID PAINTSVILLE LOT & IMP P53-07-03-008.00
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150 2 0.15 0.13 85.85% RESIDENTIAL CASTLE TONYA & KELLY R 124 EUCLID AVENUE PAINTSVILLE LOT & IMPS P53-07-03-012.00

151 2 0.10 0.01 9.89% COMMERCIAL AMERSON DONALD MD
C/O GOGGANS 

CONSTRUCTION PAINTSVILLE .18 AC & COMM IMP P53-07-03-025.00
152 2 0.17 0.13 72.57% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-014.00
153 2 0.30 0.30 99.84% RESIDENTIAL SHERMAN FAMILY TRUST C/O JULIA KNIGHT PAINTSVILLE LOT & IMP P53-06-10-013.00
154 2 0.36 0.34 95.65% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-012.00
155 2 0.33 0.00 0.32% RESIDENTIAL AUXIER GEORGE  PAINTSVILLE LOT & IMP P53-06-10-007.00
156 2 0.11 0.00 2.17% RESIDENTIAL BOONE JESSICA L 213 FIFTH STREET PAINTSVILLE LOT 52  & IMP P53-06-10-008.00
157 2 0.24 0.23 98.45% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-010.00
158 2 0.07 0.05 80.55% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-009.00
159 2 0.94 0.29 30.42% COMMERCIAL FIRST COMMONWEALTH BANK 311 NORTH ARNOLD PRESTONSBURG LOT & COMM IMP (FAMILY FEDERAL BANK) P53-06-19-002.00
160 2 0.34 0.17 49.65% COMMERCIAL CITY NAT BK OF WEST VIRGINIA PO BOX 7220 CROSS LANES COMM LOT & IMP (CLASSIC BANK) P53-06-19-001.00
161 2 1.06 0.19 17.98% RESIDENTIAL MAYNARD TAMARA E 217 8TH STREET PAINTSVILLE LOT & IMP P53-08-01-004.00
162 2 0.67 0.28 41.01% COMMERCIAL DANIEL PAUL W & JUDY M PO BOX 174 PAINTSVILLE LOT & COMM IMP (ANTIQUE SHOP) P53-07-03-017.00
163 2 0.33 0.14 43.90% RESIDENTIAL PREECE EDSEL H & DENISE S 3408 KY HWY 581 TUTOR KEY LOT & IMPS P53-07-03-016.00
164 2 0.78 0.14 18.05% COMMERCIAL JORDAN MARC & ANGELA 205 SOUTH MAYO TRAIL PAINTSVILLE .49&COMM IMP (10-4 ELECTRONICS BLDG) P53-05-09-001.01
165 2 0.20 0.17 84.24% RESIDENTIAL CITY OF PAINTSVILLE PO BOX 1588 PAINTSVILLE LOT & IMP P53-06-10-008.01
166 2 49.79 0.06 0.12% COMMERCIAL SMITH BETTY & MARTHA M & DIXIE 947 ST RT 28 APT #5 MILFORD 15 AC COMM P45-00-00-033.01
167 2 0.05 0.05 100.00% COMMERCIAL GOGGANS L T & GLENDA 513 COURT STREET PAINTSVILLE LOT (20X120) P53-07-03-026.01
168 2 0.00 0.00 100.00% RESIDENTIAL BOGGS JOHN CURTIS 460 GLEIM ROAD WHOOLERSBURG LOT (81X100) P53-07-01-003.00
169 2 0.24 0.05 20.21% RESIDENTIAL WELLS DANNY L & MADONNA S PO BOX 382 PAINTSVILLE LOTS (20-22 & PART OF 19) & IMP P53-03-05-030.00
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2 3 2.86 0.02 0.55% EXEMPT CITY PAINTSVILLE MUNINCIPAL HOUSING 302 SIXTH STREET PAINTSVILLE 2.278 AC & HOUSING COMPLEX P53-08-31-002.00
3 3 0.33 0.20 60.52% COMMERCIAL JIMMY R TACKETT & DONNA J TACKETT REVOCABLE TRUST PAINTSVILLE LOT & COMM IMP (BRANCHLAND BLDG) P53-08-35-021.00

4 3 0.22 0.10 45.89% RESIDENTIAL PLUMMER JACK L
C/O FRANCIS PLUMMER LIFE 

EST PAINTSVILLE LOT & IMP P53-08-35-020.00

5 3 0.25 0.10 38.74% COMMERCIAL SCURLOCK TOMMY 1005 WOODLAND DR PAINTSVILLE LOT & COMM IMP (SCURLOCK HEATING) P53-08-36-007.00
6 3 0.28 0.11 39.51% RESIDENTIAL MOLLETTE RICK & TAMMY 117 STATE STREET PAINTSVILLE LOT & IMP P53-08-43-005.00

7 3 0.37 0.15 40.37% RESIDENTIAL CONNELLEY ANNA L & TAMMY L HAMLIN 1119 STATE STREET PAINTSVILLE LOT & IMP P53-08-43-006.00

8 3 0.25 0.09 35.96% RESIDENTIAL VANHOOSE LUCY C/O KEITH VANHOOSE HARROD LOT & IMP P53-08-43-008.00
9 3 0.42 0.13 31.61% RESIDENTIAL PRESTON MIKE 1131 STATE ST PAINTSVILLE LOT & IMP P53-08-43-010.00

10 3 0.53 0.45 84.37% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE VACANT LOT P53-08-43-009.00

11 3 0.24 0.24 100.00% RESIDENTIAL DIALS DONNA 1139 STATE STREET PAINTSVILLE LOT & IMP P53-08-43-012.00

12 3 0.28 0.28 100.00% RESIDENTIAL COLVIN HERMA LOU ETAL 1143 STATE STREET PAINTSVILLE LOT & IMP P53-08-43-013.00
13 3 0.19 0.05 23.41% RESIDENTIAL DYE SUSAN KELLY CAUDILL  PAINTSVILLE LOT & IMP P53-08-47-004.00
14 3 0.12 0.07 55.00% RESIDENTIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDSVILLE LOT (75X80) P53-08-47-005.00
15 3 0.12 0.11 90.77% COMMERCIAL PELPHREY INVESTMENTS LLC PO BOX 1250 PAINTSVILLE .10 AC P53-08-47-001.00
16 3 0.07 0.06 84.68% RESIDENTIAL HALL MARCIA 1108 SHORT STREET PAINTSVILLE LOT & IMP P53-08-47-002.00

17 3 0.11 0.05 45.92% RESIDENTIAL DIXON BOB & ANETHA 1112 SHORT STREET PAINTSVILLE LOT & IMP P53-08-47-003.00

18 3 0.22 0.09 42.96% RESIDENTIAL OSBORNE CAROL 1124 BOYD STREET PAINTSVILLE LOT & IMP P53-08-46-006.00

19 3 0.19 0.07 38.34% RESIDENTIAL SCHROYER K A & DOROTHY D C/O MARCIA HELTON PAINTSVILLE LOT & IMP P53-08-46-007.00

20 3 0.16 0.00 0.52% RESIDENTIAL JACKSON STONEWALL & DEBORAH 252 MILL BRANCH ROAD PAINTSVILLE LOT & IMP P53-08-45-010.00
21 3 0.12 0.10 86.22% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT P53-08-45-009.00
22 3 0.11 0.10 94.71% RESIDENTIAL SLI INVEST PROPERTY LLC 183 E DORTON BLVD STAFFORDSVILLE LOT & IMP P53-08-45-008.00
23 3 0.14 0.01 7.01% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT P53-08-45-007.00

25 3 0.19 0.11 59.61% RESIDENTIAL BURCHETT JAMES O & JAMES O II C/O RAY STAPLETON THELMA LOT & IMPS P53-08-44-020.00

31 3 0.16 0.13 81.43% RESIDENTIAL JACKSON STONEWALL & DEBORAH 252 MILL BRANCH ROAD PAINTSVILLE LOT & IMP P53-08-44-010.00
38 3 0.19 0.15 82.56% COMMERCIAL PELPHREY JUSTENE 954 BROADWAY PLAZA PAINTSVILLE LOT & COMM IMP (PELPHREYS GROCERY) P53-08-32-018.00

39 3 1.31 0.12 9.26% COMMERCIAL PELPHREY JUSTENE 954 BROADWAY PLAZA PAINTSVILLE .730 AC & COMM IMP (14 SHOPS) P53-08-32-017.00
43 3 0.10 0.00 4.50% RESIDENTIAL CASTLE SHARON LIFE ESTATE 247 PINE STREET PAINTSVILLE LOT & IMP P53-08-32-024.00

44 3 0.26 0.20 78.95% RESIDENTIAL MCKENZIE CYNTHIA 4804 EAST MANSLICK ROAD LOUISVILLE LOT & IMP P53-08-32-022.00
45 3 0.20 0.07 36.00% RESIDENTIAL HALL JOAN LEGET 251 PINE STREET PAINTSVILLE LOT & IMP P53-08-32-023.00
46 3 0.17 0.01 8.55% RESIDENTIAL PELPHREY JUSTENE PO BOX 430 HAGER HILL LOT (7 OF ORIGINAL #2 OF BLOCK 37) P53-08-37-001.02
47 3 0.50 0.04 8.56% RESIDENTIAL VANHOOSE THOMAS C PO BOX 1618 PAINTSVILLE LOTS (5&6-ORG) & LOT (2-BK 37) P53-08-37-001.00
48 3 0.13 0.07 55.55% RESIDENTIAL     P53-08-43-011.00
49 3 68.38 0.31 0.45% EXEMPT OTHER CSX  JACKSONVILLE  P53-08-48-001.00

50 3 5.09 0.09 1.69% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE 6 AC P53-07-06-010.00
57 3 0.39 0.17 44.14% RESIDENTIAL ROBERTS WILLIAM M & JENNIFER PO BOX 170 PRESTONSBURG LOT & IMP P53-07-07-004.00
58 3 0.28 0.01 4.99% RESIDENTIAL NELSON PATRICIA E 104 MAIN STREET PAINTSVILLE LOT & IMP P53-07-03-003.00
59 3 0.32 0.11 35.39% RESIDENTIAL ADKINS RONNIE & JOANNE (LIFE ESTATE) 105 DEPOT ROAD PAINTSVILLE LOT & IMP P53-07-09-007.01

60 3 0.44 0.05 10.93% RESIDENTIAL DANIELS JIM D 104 BRIDGE STREET PAINTSVILLE LOT & IMP P53-07-09-007.00

61 3 0.61 0.49 80.17% RESIDENTIAL FANNIN BILL
122 RIGHT FORK WEBB 

HOLLOW VAN LEAR 1.1 ACRES +/- P53-07-09-008.00
62 3 0.17 0.10 60.09% RESIDENTIAL BURCHETT DAVID M & JOLITA 164 CAUDILL FORK STAFFORDSVILLE LOT & IMP P53-07-08-008.00
63 3 3.29 0.04 1.15% COMMERCIAL MCDONALD REALTY LLC PO BOX 999 PRESTONSBURG 4 AC & STORAGE BLDGS P53-07-14-001.00
64 3 0.59 0.24 41.69% RESIDENTIAL LEMOS ANNE CRAFT 100 EUCLID AVENUE PAINTSVILLE LOT & IMP P53-07-03-004.00
65 3 0.54 0.50 91.03% RESIDENTIAL VANHOOSE JOE HOWARD JR 2496 KY RT 1107 PAINTSVILLE LOT P53-07-03-005.00
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66 3 1.45 0.48 33.34% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE LOT & IMP P53-06-19-015.00
67 3 0.41 0.23 55.32% RESIDENTIAL CASTLE HERBERT E & NANCY S 109 FRANK STREET PAINTSVILLE .344 AC & IMP P53-07-03-019.00

68 3 0.50 0.26 52.56% RESIDENTIAL AUXIER BRYAN R & ELIZABETH
C/O FIRST COMMONWEALTH 

BANK PRESTONSBURG LOT & IMP P53-06-19-014.00
69 3 0.80 0.52 64.68% COMMERCIAL BELHASEN SARAH M MD 1000 SOUTH MAYO TRAIL PAINTSVILLE 2.59 AC P53-07-03-024.00
69 3 0.82 0.52 63.50% COMMERCIAL BELHASEN SARAH M MD 1000 SOUTH MAYO TRAIL PAINTSVILLE 2.59 AC P53-07-03-024.00
70 3 0.07 0.07 100.00% RESIDENTIAL VANHOOSE EDWARD & BARBARA 400 KY ROUTE 581 PAINTSVILLE LOT & IMP P53-07-03-023.00
72 3 0.15 0.01 7.95% EXEMPT RELIGIOUS TARKLIN OLD REGULAR BAPTIST CH 954 BROADWAY AVENUE PAINTSVILLE LOT (90X100) & CHURCH P53-08-34-005.01

73 3 0.42 0.13 29.97% COMMERCIAL PELPHREY JUSTENE 128 PARADISE VALLEY HAGER HILL LOT & COMM IMP (RENT-A-TOOL) P53-08-36-001.00
74 3 2.59 1.53 59.07% COMMERCIAL J&L RENTAL PROPERTIES LLC PO BOX 247 HAGER HILL 2.61AC & COMM IMP (CHELSIE SQUARE) P53-07-10-001.00

75 3 0.86 0.57 67.07% COMMERCIAL OM GANESH INC
C/O NAHENDRAKUMAR B 

PATEL PAINTSVILLE .96 AC & COMM IMP (TOBACCO MAX) P53-07-10-001.02
76 3 1.26 0.22 17.29% COMMERCIAL T & T RENTALS INC PO BOX 510 SALYERSVILLE LOT & IMPS  TOWN HOUSES 17 UNITS P53-07-10-001.03

77 3 1.19 0.56 47.05% COMMERCIAL OM GANESH INC
C/O NAHENDRAKUMAR B 

PATEL PAINTSVILLE .99 AC & COMM IMP (CONVIENENCE STORE) P53-07-10-001.01
78 3 0.72 0.51 71.31% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE  P53-07-10-001.04
79 3 0.18 0.01 8.03% RESIDENTIAL CITY NATIONAL BANK OF W VA 3601 MCCORKLE AVENUE CHARLESTON LOT & IMP P53-07-03-002.00
80 3 0.35 0.11 31.23% RESIDENTIAL MUSIC LEONARD JR & MARY 112 MAIN STREET PAINTSVILLE LOT & IMP P53-07-03-001.00
81 3 0.21 0.07 35.20% RESIDENTIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDSVILLE LOT P53-08-43-007.01
82 3 0.26 0.06 23.27% COMMERCIAL  PAINTSVILLE CITY SCHOOLS P53-07-08-009.01
83 3 0.13 0.04 34.28% COMMERCIAL  PAINTSVILLE CITY SCHOOLS P53-07-08-009.00
84 3 2.03 0.48 23.84% COMMERCIAL  PAINTSVILLE CITY SCHOOLS P53-07-03-026.00
85 3 6.21 0.47 7.57% EXEMPT CITY PAINTSVILLE MUNINCIPAL HOUSING 302 SIXTH STREET PAINTSVILLE 36.33 AC & HOUSING COMPLEX P45-00-00-029.00
86 3 1.06 0.57 53.58% RESIDENTIAL LAR-LIN INC C/O LARRY JOE WELLS PAINTSVILLE LOT & IMP P45-00-00-033.12
92 3 2.29 0.52 22.72% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE VACANT LOT = 2.750 AC P53-04-09-001.00
93 3 2.40 0.31 13.05% EXEMPT CITY PAINTSVILLE HOUSING AUTHORITY 700 SIXTH STREET PAINTSVILLE WEST VIEW MANOR APTS & 1.6 AC P53-04-04-023.00
94 3 0.28 0.05 17.41% RESIDENTIAL MASON LYDA NELL PO BOX 696 PAINTSVILLE LOT & IMP P53-05-06-001.00
95 3 0.35 0.04 11.53% RESIDENTIAL FITCH KEITH E & STEPHANIE R 2332 KY RT 1107 PAINTSVILLE LOT & IMP P53-05-06-004.00
96 3 0.23 0.03 11.27% RESIDENTIAL CORTES MARCO 310 LINCOLN AVENUE PAINTSVILLE LOT & IMP P53-05-06-002.00
97 3 0.23 0.02 10.90% RESIDENTIAL FIELDS MATTHEW S & KARI N CORNETT 314 LINCOLN AVE PAINTSVILLE LOT & IMP P53-05-06-003.00
98 3 1.20 0.01 0.84% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT (.53 AC) & IMP P53-05-04-011.00
99 3 0.18 0.06 30.83% RESIDENTIAL DIXON ANDREA D  PAINTSVILLE LOT & IMP P53-05-04-001.00

100 3 0.94 0.04 4.21% COMMERCIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT & COMM IMP (DIXON APARTMENTS) P53-05-03-045.00
101 3 0.78 0.40 51.15% RESIDENTIAL JAMES FREDERICK A lll & DANETTE 309 FOURTH STREET PAINTSVILLE LOT & IMPS P53-05-03-046.00
102 3 0.69 0.14 20.31% EXEMPT RELIGIOUS SOUTHSIDE FWB CHURCH 586 US 23 PAINTSVILLE 1.33 AC P53-05-03-047.00

103 3 5.76 0.04 0.73% RESIDENTIAL MURRAY CARL & ANN EST C/O CARL MURRAY PAINTSVILLE LOT & IMP P53-05-03-066.00
104 3 2.72 1.30 47.67% COMMERCIAL BROWN MARGARET 159 KY RT 825 HAGER HILL LOT & COMM IMP (NEWTOWN PLAZA) P53-08-01-010.01
105 3 0.43 0.11 25.13% COMMERCIAL DALTON RENTAL PROPERTY LLC 419 BROADWAY PAINTSVILLE LOT & COMM IMP P53-08-01-009.00
106 3 0.19 0.05 27.97% EXEMPT RELIGIOUS FIRST CHURCH OF GOD 205 8TH ST PAINTSVILLE LOT & CHURCH P53-08-01-008.00
107 3 0.51 0.12 23.94% EXEMPT RELIGIOUS FIRST CHURCH OF GOD OF PAINTSVILLE INC PAINTSVILLE PARSONAGE & LOT P53-08-01-007.00
108 3 0.38 0.10 26.28% RESIDENTIAL BLANTON SHERRY ANN 213 8TH STREET PAINTSVILLE LOT & IMP P53-08-01-006.00

109 3 0.29 0.03 11.26% RESIDENTIAL PORTER FAMILY TRUST
C/O CHRISTOPHER TODD 

PORTER TRUSTEE PALMDALE LOT & IMP P53-08-04-002.00
110 3 0.32 0.03 10.56% RESIDENTIAL SMITH MICHAEL E & TAMMY G 410 LINCOLN AVENUE PAINTSVILLE LOT & IMP P53-08-04-003.00
111 3 0.96 0.10 10.59% RESIDENTIAL PELPHREY NICKY C BOX 1250 PAINTSVILLE LOT & IMP P53-08-05-017.00
112 3 1.14 0.42 36.66% RESIDENTIAL BAILEY CHRISTOPHER 725 WALNUT AVENUE PAINTSVILLE LOT & IMP P53-08-05-018.00
113 3 0.18 0.07 40.57% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT P53-08-43-004.00
114 3 0.24 0.02 7.68% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT & IMP P53-08-43-001.00
115 3 0.09 0.08 93.64% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT P53-08-43-002.00
116 3 0.05 0.05 100.00% RESIDENTIAL DIXON ANDREA DEE PO BOX 1000 PAINTSVILLE LOT P53-08-43-003.00
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117 3 0.39 0.17 43.04% RESIDENTIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDSVILLE LOT & IMP P53-08-32-040.00
118 3 0.49 0.43 87.27% RESIDENTIAL RICE BETTY M -ETAL- 505 FM STAFFORD AVE PAINTSVILLE LOT P53-08-32-041.00
119 3 0.13 0.00 0.34% RESIDENTIAL PELPHREY INVESTMENTS LLC PO BOX 1250 PAINTSVILLE LOT & IMP P53-08-32-002.00
120 3 0.28 0.15 53.99% RESIDENTIAL MAYNARD NADINA 112 TWELTH STREET PAINTSVILLE LOT & IMP P53-08-32-003.00
121 3 0.25 0.16 61.72% RESIDENTIAL GILLISPIE MILLARD & BRENDA 116 12TH STREET PAINTSVILLE LOT & IMP P53-08-32-004.00
122 3 0.24 0.12 49.78% RESIDENTIAL TACKETT DIANNA 120 TWELTH ST PAINTSVILLE LOT & IMP P53-08-32-005.00
123 3 0.25 0.04 15.21% RESIDENTIAL MORRIS WILLIAM GREGORY 630 DEROSSETT DR PRESTONSBURG LOT & IMP P53-08-32-006.00
124 3 0.32 0.06 19.70% EXEMPT RELIGIOUS RATLIFF FAMILY CEMETERY C/O HARVEY RATLIFF BRIGHTON CEMETERY P53-08-32-037.00
125 3 0.19 0.08 41.94% RESIDENTIAL BUTCHER RYAN & COURTNEY 113 PINE STREET PAINTSVILLE .10 AC  & IMP P53-08-32-036.00
126 3 0.13 0.01 4.76% RESIDENTIAL RATLIFF MABLE ELDON 117 PINE STREET PAINTSVILLE LOT & IMP P53-08-32-035.00
127 3 3.27 0.41 12.68% RESIDENTIAL MELVIN CHARLES T JR PO BOX 1317 PAINTSVILLE 3.36 AC & IMP P53-00-00-031.06
128 3 2.26 1.04 46.20% FARM CRAIGMONT INC C/O WILLIAM C MARTIN JR ALEXANDRIA 46 AC P53-00-00-031.00
129 3 3.74 0.01 0.14% EXEMPT CITY CITY OF PAINTSVILLE 101 SECOND STREET PAINTSVILLE 3 AC P45-00-00-031.01
130 3 0.30 0.05 16.55% EXEMPT COUNTY JOHNSON CO LIBRARY 444 MAIN STREET PAINTSVILLE .25 AC - PARKING LOT & STORAGE BLDG P53-04-09-028.00
131 3 0.28 0.28 98.55% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-011.00
132 3 0.19 0.04 21.88% RESIDENTIAL SL 1 INVESTMENT PROPERTIES LLC 183 E DORTON BLVD STAFFORDSVILLE LOT & IMP P53-07-03-011.00
133 3 0.20 0.03 12.39% COMMERCIAL FANNIN VANESSA- BARRY & JOSEPH 432 MAIN STREET PAINTSVILLE LOT (65X140) & COMM IMP (TOWNHOUSES) P53-07-03-022.00
134 3 0.31 0.13 40.20% COMMERCIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDSVILLE LOT & COMM IMP P53-06-19-013.00
135 3 0.49 0.20 40.76% RESIDENTIAL PRESTON GLENN RICHARD & TERESA S 128 MAIN STREET PAINTSVILLE LOT & IMP P53-06-19-012.00
136 3 0.55 0.19 35.14% RESIDENTIAL PRESTON JANE  ETAL 235 KY RT 689 E FLAT GAP LOT & IMP P53-06-19-011.00

137 3 0.48 0.16 33.73% COMMERCIAL PRESTON CHARLES E MRS et. al. DBA/PRESTON FUNERAL HOME PAINTSVILLE LOT & COMM IMP (PRESTON FUNERAL HOME) P53-06-19-010.00
138 3 0.19 0.07 35.01% COMMERCIAL CASTLE JOSHUA, SHARON, & DANIEL C/O JOSH CASTLE PAINTSVILLE LOT & COMM IMP P53-06-19-009.00
139 3 0.16 0.05 29.47% COMMERCIAL SHAW JONATHAN C 31 DIXON STREET STAFFORDVILLE LOT & COMM IMP P53-06-19-008.00
140 3 0.29 0.08 28.64% COMMERCIAL CON-GARD LLC 624 MASH FORK ROAD SALYERSVILLE LOT P53-06-19-007.00
141 3 0.45 0.09 19.26% COMMERCIAL LAVENDER BARBARA J & JACK D PO BOX 327 HAGER HILL LOT & COMM IMP (SUNDRY STORE BLDG) P53-06-19-006.00
142 3 0.16 0.03 17.41% COMMERCIAL A G L INVESTMENT GROUP LTD CO  PAINTSVILLE LOT & COMM IMP (PEGGY LOU SHOPPE) P53-06-19-005.00
143 3 0.55 0.23 42.70% RESIDENTIAL BRANHAM TIMMY JOE 140 EUCLID AVENUE PAINTSVILLE LOT & IMP P53-07-03-015.00
144 3 0.41 0.18 43.21% RESIDENTIAL STEINKOETTER LINDA K & MELISSA W 136 EUCLID AVENUE PAINTSVILLE LOT (35 X 260) & IMP P53-07-03-014.00
145 3 0.48 0.19 39.13% RESIDENTIAL TRIMBLE JOHN MARK -LIFE EST- 108 EUCLID AVE PAINTSVILLE LOT & IMP P53-07-03-006.00
146 3 0.32 0.13 40.73% RESIDENTIAL PAIGE DEBORAH LYNN EUCLID AVENUE 128 PAINTSVILLE LOT & IMP P53-07-03-013.00
147 3 0.24 0.10 41.29% RESIDENTIAL SL 1 INVESTMENT PROPERTIES LLC 183 E DORTON BLVD STAFFORDSVILLE LOT & IMP P53-07-03-010.00

148 3 0.33 0.15 45.04% RESIDENTIAL SPENCER TIMOTHY R & DORA D 118 EUCLID AVENUE PAINTSVILLE LOT & IMP P53-07-03-009.00
149 3 0.58 0.25 43.61% RESIDENTIAL BALDRIDGE OTTO JR & BETTY 114 EUCLID PAINTSVILLE LOT & IMP P53-07-03-008.00
150 3 0.15 0.13 85.85% RESIDENTIAL CASTLE TONYA & KELLY R 124 EUCLID AVENUE PAINTSVILLE LOT & IMPS P53-07-03-012.00

151 3 0.10 0.01 9.89% COMMERCIAL AMERSON DONALD MD C/O GOGGANS CONSTRUCTION PAINTSVILLE .18 AC & COMM IMP P53-07-03-025.00
152 3 0.17 0.13 72.57% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-014.00
153 3 0.30 0.30 99.84% RESIDENTIAL SHERMAN FAMILY TRUST C/O JULIA KNIGHT PAINTSVILLE LOT & IMP P53-06-10-013.00
154 3 0.36 0.34 95.65% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-012.00
155 3 0.33 0.00 0.32% RESIDENTIAL AUXIER GEORGE  PAINTSVILLE LOT & IMP P53-06-10-007.00
156 3 0.11 0.00 2.17% RESIDENTIAL BOONE JESSICA L 213 FIFTH STREET PAINTSVILLE LOT 52  & IMP P53-06-10-008.00
157 3 0.24 0.23 98.45% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-010.00
158 3 0.07 0.05 80.55% RESIDENTIAL CITY OF PAINTSVILLE 340 MAIN STREET PAINTSVILLE LOT & IMP P53-06-10-009.00

159 3 0.94 0.29 30.42% COMMERCIAL FIRST COMMONWEALTH BANK 311 NORTH ARNOLD PRESTONSBURG LOT & COMM IMP (FAMILY FEDERAL BANK) P53-06-19-002.00
160 3 0.34 0.17 49.65% COMMERCIAL CITY NAT BK OF WEST VIRGINIA PO BOX 7220 CROSS LANES COMM LOT & IMP (CLASSIC BANK) P53-06-19-001.00
161 3 1.06 0.19 17.98% RESIDENTIAL MAYNARD TAMARA E 217 8TH STREET PAINTSVILLE LOT & IMP P53-08-01-004.00
162 3 0.67 0.28 41.01% COMMERCIAL DANIEL PAUL W & JUDY M PO BOX 174 PAINTSVILLE LOT & COMM IMP (ANTIQUE SHOP) P53-07-03-017.00
163 3 0.33 0.14 43.90% RESIDENTIAL PREECE EDSEL H & DENISE S 3408 KY HWY 581 TUTOR KEY LOT & IMPS P53-07-03-016.00
164 3 0.78 0.14 18.05% COMMERCIAL JORDAN MARC & ANGELA 205 SOUTH MAYO TRAIL PAINTSVILLE .49&COMM IMP (10-4 ELECTRONICS BLDG) P53-05-09-001.01

88|Page Volume 2 Tab 3 HTRW



Johnson County, KY Section 202 Flood Damage Reduction Project
Properties Affected by Alternative 3

EXHIBIT 111 - 2

Map Tract 
Number

Alternative 
Number

ACRES
ACRES Effected 
By Alignment

Percentage of 
Lot Effected By 

Alignment
LAND_USE Property Owner Name Street Address City Tract Description

Unique Tract 
IdentiferPIDN

165 3 0.20 0.17 84.24% RESIDENTIAL CITY OF PAINTSVILLE PO BOX 1588 PAINTSVILLE LOT & IMP P53-06-10-008.01
166 3 49.79 0.06 0.12% COMMERCIAL SMITH BETTY & MARTHA M & DIXIE 947 ST RT 28 APT #5 MILFORD 15 AC COMM P45-00-00-033.01
167 3 0.05 0.05 100.00% COMMERCIAL GOGGANS L T & GLENDA 513 COURT STREET PAINTSVILLE LOT (20X120) P53-07-03-026.01
168 3 0.00 0.00 100.00% RESIDENTIAL BOGGS JOHN CURTIS 460 GLEIM ROAD WHOOLERSBURG LOT (81X100) P53-07-01-003.00
169 3 0.24 0.05 20.21% RESIDENTIAL WELLS DANNY L & MADONNA S PO BOX 382 PAINTSVILLE LOTS (20-22 & PART OF 19) & IMP P53-03-05-030.00
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9.5

19

PID: A/R = Ambient Reading/Soil Sample
Reading in PPM

9:56
PID: 0.0/0.0

10:04
PID: 0.0/0.0

10:09
PID: 0.0/0.0

10:16
PID: 0.0/0.0

10:21
PID: 0.0/0.0

10:27
PID: 0.0/0.0

10:36
PID: 0.0/6.4

10:44
PID: 0.0/24.0

10:52
PID: 0.0/9.6

11:49
PID: 0.0/0.0

11:55
PID: 0.0/0.7

12:15
PID: 0.0/0.0

12:24
PID: 0.0/0.0
Bulk sample collected from 19.5' to 22.5'
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ASPHALT

GRAVEL

FILL: LEAN CLAY WITH GRAVEL, little asphalt fragments, reddish brown to
gray, dry, firm

FILL: LEAN CLAY, trace to little sand, trace to little gravel, brown and gray,
moist, very soft to medium
Asphalt and glass fragments from 6.0' to 9.0'

Color changes to more gray at 13.7'

Coal slag fragments from 15.0' to 18.0'

LEAN CLAY, trace to some sand, trace to little silt, dark brown to dark gray,
moist, very soft to soft
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10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/8/19

STARTED

15. DATE HOLE

16. INSPECTOR
Greg Budd

614.4'

5/8/19

Stantec

N/A

Johnson Co. Section 202 Study

N: 3833748.40116 E: 5775374.2911

3 1/4" ID HSA
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9. DIRECTION OF BORING
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6. THICKNESS OF OVERBURDEN
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PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.

SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID
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25.1

26.9

26.8

12:32
PID: 0.0/0.0

12:38
PID: 0.0/0.0

12:43
PID: 0.0/0.0

12:51
PID: 0.0/0.0

12:57
PID: 0.0/0.0

13:07
PID: 0.0/0.0

13:18
PID: 0.0/0.0

Bottom of hole at 31.5 feet.

14

15

16

17

18

19

20

LEAN CLAY, trace to some sand, trace to little silt, dark brown to dark gray,
moist, very soft to soft (continued)

CLAYEY SAND, brown, moist, very loose, fine-grained

Boring abandoned at 31.5' as directed by USACE. Moved to offset boring
location 206-A to resume drilling and sampling.
End of boring at 582.9 feet.
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582.9
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BORING LOG (cont sheet) Hole No. 206-ADC (Abandoned)
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PREVIOUS EDITIONS ARE OBSOLETE.
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HOLE NO.
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PID: A/R = Ambient Reading/Soil Sample
Reading in PPM
1a: 14:11
PID: 0.0/0.0
2a: 14:13
PID: 0.0/0.0
14:26
PID: 0.0/0.7

14:42
PID: 0.0/1.3

4a: 14:45
PID: 0.0/10.2
4b: 14:48
PID: 0.0/12.2

5a: 15:02
PID: 0.0/7.0
5b: 15:04
PID: 0.0/5.0

6a: 15:25
PID: 0.0/0.0
6b: 15:30
PID: 0.0/0.0

Drilling stopped after 10.2 PID reading at
4.5'. Driller had advanced to 9.0' prior to
high reading at 14:45. At 18:25 a 3" spoon
was driven from 5.0' to 7.0' for Huntington
USACE to test for contaminations.
Material from offset boring did not match
original hole, Huntington USACE took
SPT-4 to test.

Bottom of hole at 9 feet.

1

2

3

4

5

6

TOPSOIL

POSSIBLE FILL: SILTY CLAY, little sand, little gravel, dark brown to brown,
moist, soft to medium

POSSIBLE FILL: LEAN CLAY, little sand, dark brown, moist, soft to firm

POSSIBLE FILL: LEAN CLAY, little gravel, dark brown to brown, moist,
medium to very firm

POSSIBLE FILL: POORLY GRADED SAND WITH SILT, tan to light brown,
moist, loose, fine-grained

POSSIBLE FILL: SILTY CLAY, little sand, trace gravel, dark brown, moist, soft

POSSIBLE FILL: POORLY GRADED SAND WITH SILT, tan, moist, very
loose, fine-grained

POSSIBLE FILL: POORLY GRADED SAND WITH SILT, trace clay lenses,
brown, moist, very loose, fine-grained

End of boring at 589.1 feet.
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0.25
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209-AD (Abandoned) OF 2

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

4/29/19

STARTED

15. DATE HOLE

16. INSPECTOR
Michael Lucas

598.1'

4/29/19

Stantec

N/A

Johnson Co. Section 202 Study

N: 3833400.46878 E: 5775685.54802

3 1/4" ID HSA

0

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 45 T

Donald Clements

N/A

N/A

9.0'
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209-AD (Abandoned)
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.

SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID
HOLE NO.
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17.2

29

28.1

22.5

PID: A/R = Ambient Reading/Soil Sample
Reading in PPM
10:20
PID: 0.0/0.0

10:26
PID 0.0/0.0

10:36
PID 0.0/0.0

10:37
PID 0.0/0.0

10:41
PID 0.0/0.0

10:53
PID 0.0/0.0

10:54
PID 0.0/0.0

11:00
PID 0.0/0.0

11:05
PID 0.0/0.0

11:20
PID 0.0/0.0

11:21
PID 0.0/0.0

11:36
PID 0.0/0.0

13a: 11:37
PID 0.0/0.0
13b: 11:38
PID 0.0/0.0

14a: 11:49
PID 0.0/0.0
14b: 11:50
PID 0.0/0.0

1
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7
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13

14

FILL: LEAN CLAY WITH GRAVEL, little coal fragments, brown to gray, moist,
medium to firm

LEAN CLAY, brown, moist, soft to medium

LEAN CLAY, brown with gray mottling, moist, soft

LEAN CLAY, grayish brown with brown mottling, moist, very soft

SILTY CLAYEY SAND, brown, wet, very loose to loose, fine to
medium-grained

SILTY SAND, little clay, brown to gray, wet, very loose to loose, fine to
medium-grained
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303-ADC OF 6

10. DATUM FOR ELEVATION

SHOWN ITEM (TBM  OR MSL)

11. DRILL METHOD

12. ELEVATION TOP OF HOLE

13. TOTAL NUMBER CORE BOXES

14. ELEVATION GROUND WATER

COMPLETED

5/21/19

STARTED

15. DATE HOLE

16. INSPECTOR
Catherine S. Burton

598.8'

5/20/19

Stantec

583.6'

Johnson Co. Section 202 Study

N: 3833701.96063 E: 5774966.84933

3 1/4" ID HSA

3

BORING NO.

VERTICAL INCLINED
9. DIRECTION OF BORING

5. DRILL TYPE

6. THICKNESS OF OVERBURDEN

7. DEPTH DRILLED INTO ROCK

8. TOTAL DEPTH OF BORING

3. DRILLING AGENCY

4. NAME OF DRILLER

2. LOCATION

1. PROJECT

CME 55 Track

Tim Caudill

67.1'

41.6'

108.7'
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303-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.

SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID
HOLE NO.
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42.3

21.5

19.6

25.4

26.6

25

15a: 12:06
PID 0.0/0.0
15b: 12:07
PID 0.0/0.0

16a: 12:08
PID 0.0/0.0
16b: 12:08
PID 0.0/0.0

12:11
PID 0.0/0.0

12:23
PID 0.0/0.0

12:24
PID 0.0/0.0

20a: 12:33
PID 0.0/0.0
20b: 12:34
PID 0.0/0.0

12:39
PID 0.0/0.0

12:50
PID 0.0/0.0

23a: 13:00
PID 0.0/0.0
23b: 13:00
PID 0.0/0.0

13:10
PID 0.0/0.0

13:14
PID 0.0/0.0

13:22
PID 0.0/0.0

13:39
PID 0.0/0.0

14:48
PID 0.0/0.0

14:56
PID 0.0/0.0

15:11
PID 0.0/0.0

15:18
PID 0.0/0.0

15

16

17

18
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20

21
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23

24

25

26

27

28

29

30

31

SILTY CLAY WITH SAND, gray, wet, very soft

CLAYEY SILT WITH SAND, brown to gray, moist to wet, soft

POORLY GRADED SAND, gray to brown, moist, very loose to medium dense,
fine-grained

SILTY CLAYEY SAND, gray to brown, moist to wet, loose, fine-grained

POORLY GRADED GRAVEL WITH CLAY AND SAND, gray to brown, moist,
loose to medium dense, fine-grained

No gravel, some silt from 30.0' to 31.5'

SILTY CLAY WITH SAND, gray, moist, very soft to medium

SILTY CLAY WITH SAND, gray, moist, very soft to soft

577.2

576.3

575.4
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BORING LOG (cont sheet) Hole No. 303-ADC
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PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
PREVIOUS EDITIONS ARE OBSOLETE.

SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID
HOLE NO.
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25.9

16

20.1

32a: 15:29
PID 0.0/0.0
32b: 15:30

15:31
PID 0.0/0.0

15:51
PID 0.0/0.0

16:03
PID 0.0/0.0

36a: 16:19
PID 0.0/0.0
36b: 16:19
PID 0.0/0.0
36c: 16:20
PID 0.0/0.0

16:34
PID 0.0/0.0

16:40
PID 0.0/0.0

RC-01: 67.7'-70.0'
3.5 minute run

RC-02: 70.0'-72.1'
1 minute run

RC-03: 72.1'-77.3'
4.5 minute run

32

33

34

35

36

37

38

39

SILTY CLAY WITH SAND, gray, moist, very soft to soft (continued)

POORLY GRADED SAND WITH CLAY AND GRAVEL, gray, moist, loose to
medium dense, fine to coarse-grained

SILT WITH SAND, little clay, gray, moist, medium to firm

WEATHERED SHALE, gray, hard, fissile

SHALE, gray, moderately weathered, very slightly to slightly fractured, very
fine-grained, soft, flat bedded

100

100

96
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100

92

2.3

2.1

5.2
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541.8
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ROCK

ROCK
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BORING LOG (cont sheet) Hole No. 303-ADC
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3

ELEVATION TOP OF HOLE 598.8
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SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID
HOLE NO.
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RC-04: 77.3'-82.3'
4.5 minute run
LAF (15 deg) at 77.5', tight spacing

RC-05: 82.3'-87.3'
5 minute run
Highly fractured along bedding from 82.6'
to 84.6'

Weathered fractures along bedding from
86.8' to 87.3'
RC-06: 87.3'-92.3'
3 minute run

RC-07: 92.3'-97.3'
3 minute run
Increased coal stringers from 92.3' to 93.6'
HAF (85 deg) at 92.4', slightly weathered

Light gray color from 96.2' to 96.4'

RC-08: 97.3'-102.3'
4 minute run

Narrow HAF (60 deg) from 100.6' to
101.0'

RC-09: 102.3'-107.3'
5 minute run

SHALE, gray, moderately weathered, very slightly to slightly fractured, very
fine-grained, soft, flat bedded (continued)

SANDSTONE, brownish gray, slighty weathered, slightly fractured,
fine-grained, hard

SANDSTONE, brownish gray to gray, slighty weathered, very slightly to slightly
fractured, fine-grained, hard, some coal and shale partings

SHALE, dark gray to black, moderately weathered, slightly fractured, very
fine-grained, moderately hard, flat to slightly angled bedding, with coal
interbedded throughout

SHALE, gray, highly weathered, highly fractured, very fine-grained, very soft,
argillaceous, with sandstone nodules

INTERBEDDED SHALE AND SANDSTONE (70%/30%), SHALE: gray,
slightly to moderately weathered, slightly fractured, very fine-grained, moderately
hard, SANDSTONE: light gray, slightly weathered, slightly fractured, very
fine-grained, moderately hard, 0 to 60 deg fractures

SANDSTONE, gray, unweathered to slightly weathered, very slightly to slightly
fractured, fine-grained, hard, flat bedded
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BORING LOG (cont sheet) Hole No. 303-ADC
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1. PROJECT Johnson Co. Section 202 Study
SHEET
OF

S
A

M
P

LE
 T

Y
P

E

D
E

P
T

H
 S

C
A

LE

M
O

IS
T

U
R

E
 %

REMARKS

S
A

M
P

LE
 #CLASSIFICATION

OF MATERIALS

R
Q

D
 %

ELEVATION

B
LO

W
S

 / 
6-

IN
C

H

U
S

C
S

 C
LA

S
S

LE
G

E
N

D

R
E

C
O

V
E

R
Y

 %

P
E

N
. (

T
S

F
) 

/R
U

N
LE

N
G

T
H

 (
F

T
)

303-ADC
PROJECT: Johnson Co. Section 202 StudyLRL FORM 1202

JUNE 2000
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SYMBOLS: WATER LEVELS AT COMPLETION PARTIAL LOSS OF DRILL FLUID
HOLE NO.
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Highly weathered, flat fracture from 104.0'
to 104.1', filled with highly weathered shale

RC-10: 107.3'-108.7'
1 minute run

DP = Down Pressure
HAF = High Angle Fracture
LAF = Low Angle Fracture
MF = Mechanical Fracture
RC = Rock Core
WC = Water Color
WP = Water Pressure
WR = Water Return

Bottom of hole at 108.7 feet.

SANDSTONE, gray, unweathered to slightly weathered, very slightly to slightly
fractured, fine-grained, hard, flat bedded (continued)

End of boring at 490.1 feet.
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BORING LOG (cont sheet) Hole No. 303-ADC

6 SHEETS
5

ELEVATION TOP OF HOLE 598.8
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Johnson County, KY Section 202 Flood Damage Reduction Project
Exploratory Boring Logs and Sampling Analytical Results

EXHIBIT III-3

Sample Description: Analyte Result LOQ Qualifier RSL Info Background
206-ADC 10.5-12.0
Action Storage Rentals Inorganic Results INA
800 Euclid Ave. Solids, Percent 83.6 0.1 INA LASL

Metals Results (mg/kg) SLNA
Potassium 523 76 SLNA HC
Sodium 29.2 28 SLNA J
Aluminum 9070 0.28 7700 10969 Y
Arsenic 1.5 0.92 0.68 LASL 8.9 M
Barium 55.2 0.058 1500 111.3 B
Beryllium 0.65 0.046 M 160 0.8
Cadmium 0.073 0.046 7.1 0.68 References
Calcium 1150 1.6 Y SLNA
Chromium 12.5 0.16 0.3 HC 20.5
Cobalt 12.4 0.28 2.3 11.9
Copper 14.8 0.46 310 18.9
Iron 18600 2.1 M 5500 22456
Lead 37.6 0.29 Y 400 30
Mangesium 2200 0.92 SLNA
Manganese 338 0.17 Y 180 1017
Nickel 15.8 0.14 150 20.9 Above RSL, below background
Silver 0.59 0.12 39 0.42 Above RSL and background
Thallium 1.8 0.55 M SLNA 7.95 only 95th percentile provided
Vanadium 16.1 0.092 39 26.9
Zinc 47.1 0.35 M 2300 55
Mercury 0.029 0.01 1.1 0.06
Organic Results (ug/kg)
Gasoline Range Organics (mg/kg) 120 7.2 INA
1,2,4- Trimethylbenzene 8260 1200 30000
1,3,5-Trimethylbenzene 4300 1200 27000
m & p-Xylene 942 2400 J 55000
n-Propylbenzene 292 1200 J 380000
Naphthalene 4800 1200 3800
o-Xylene 482 1200 J 65000
p-Isopropyltoluene 506 1200 J INA
sec-Butylbenzene 417 1200 J 780000
1-Methylnaphthalene 3800 1400 Y 18000
2-Methylnaphthalene 6020 1400 M,Y 24000
Naphthalene 1560 1400 Y 3800
Phenanthrene 1230 1400 J, M,Y INA
Pyrene 424 1400 J,Y 1800000
Diesel Range Organics (mg/kg) 5390 480 M,Y INA

Residential 
Screening 

Levels

U.S. Environmental Protection Agency. 
Regional Screening Level (RSL) Summary 
Table (TR=1E-06, HQ = 0.1) April 2019. 

Background
Kentucky Energy and Environmental Cabinet. 
Kentucky Guidance for Ambient Background 

Assessment. (2004)

Matrix spike and/or Matrix Spike Duplicate recovery outside acceptance limits.
Analyte detected in the associated Method Blank.

Information Not Available
Key

Detected Compounds for Johnson County

Replicate/Duplicate precision outside acceptance limits
Estimated Value
Screening Level is Hevavalent Chromium
Screening Level Not Applicable
LOQ Above Screening Level
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Johnson County, KY Section 202 Flood Damage Reduction Project
Exploratory Boring Logs and Sampling Analytical Results

EXHIBIT III-3

Sample Description: Analyte Result LOQ Qualifier RSL Info Background
206-ADC 13.5-15.0
Action Storage Rentals Inorganic Results INA
800 Euclid Ave. Solids, Percent 86.2 0.1 INA LASL

Metals Results (mg/kg) SLNA
Potassium 609 78 SLNA HC
Sodium 433 28 SLNA J
Aluminum 8010 0.28 7700 10969 Y
Arsenic 1.9 0.94 0.68 LASL 8.9 M
Barium 45.3 0.059 1500 111.3 B
Beryllium 0.51 0.047 160 0.8
Cadmium 0.095 0.047 7.1 0.68 References
Calcium 6120 1.6 SLNA
Chromium 10.8 0.16 0.3 HC 20.5
Cobalt 9.8 0.28 2.3 11.9
Copper 11.9 0.47 310 18.9
Iron 18300 2.1 5500 22456
Lead 13.4 0.29 400 30
Magnesium 2370 0.94 SLNA
Manganese 430 0.18 180 1017
Nickel 14.4 0.14 150 20.9 Above RSL, below background
Silver 0.94 0.12 39 0.42 Above RSL and background
Thallium 1.9 0.57 SLNA 7.95 only 95th percentile provided
Vanadium 15.8 0.094 39 26.9
Zinc 42.7 0.35 2300 55
Mercury 0.017 0.01 1.1 0.06
Organic Results (ug/kg)
Gasoline Range Organics (mg/kg) 124 6.9 INA
1,2,4-Trimethylbenzene 6660 1200 30000
1,3,5- Trimethylbenzene 3550 1200 27000
m & p-Xylene 736 2300 J 55000
n-Propylbenzene 264 1200 J 380000
Naphthalene 4030 1200 3800
o-Xylene 416 1200 J 65000
p-Isopropyltoluene 437 1200 J INA
sec-Butylbenzene 338 1200 J 780000
1-Methylnaphthalene 2730 1300 18000
2-Methylnaphthalene 3520 1300 24000
Fluoranthene 698 1300 J 240000
Naphthalene 1010 1300 J 3800
Phenanthrene 1080 1300 J INA
Pyrene 725 1300 J 180000
Diesel Range Organics (mg/kg) 2060 450 INA

Detected Compounds for Johnson County

Information Not Available
LOQ Above Screening Level
Screening Level Not Applicable
Screening Level is Hevavalent Chromium
Estimated Value
Replicate/Duplicate precision outside acceptance limits
Matrix spike and/or Matrix Spike Duplicate recovery outside acceptance limits.

Key

Analyte detected in the associated Method Blank.

Background
Kentucky Energy and Environmental Cabinet. 
Kentucky Guidance for Ambient Background 

Assessment. (2004)
Residential 
Screening 

Levels

U.S. Environmental Protection Agency. 
Regional Screening Level (RSL) Summary 
Table (TR=1E-06, HQ = 0.1) April 2019. 
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Johnson County, KY Section 202 Flood Damage Reduction Project
Exploratory Boring Logs and Sampling Analytical Results

EXHIBIT III-3

Sample Description: Analyte Result LOQ Qualifier RSL Info Background
206-ADC 12.0-13.5
Action Storage Rentals Inorganic Results INA
800 Euclid Ave. Solids, Percent 85.3 0.1 INA LASL

Metals (mg/kg) SLNA
Potassium 562 79 SLNA HC
Sodium 387 29 SLNA J
Aluminum 8600 0.29 7700 10969 Y
Arsenic 2 0.95 0.68 LASL 8.9 M
Barium 48.8 0.06 1500 111.3 B
Beryllium 0.51 0.048 160 0.8
Cadmium 0.039 0.024 J,B 7.1 0.68 References
Calcium 1760 1.7 SLNA
Chromium 10.6 0.17 0.3 HC 20.5
Cobalt 10.5 0.29 2.3 11.9
Copper 12.4 0.48 310 18.9
Iron 17700 2.1 5500 22456
Lead 16.2 0.3 400 30
Magnesium 2060 0.95 SLNA
Manganese 482 0.18 180 1017
Nickel 14 0.14 150 20.9 Above RSL, below background
Silver 0.68 0.12 39 0.42 Above RSL and background
Thallium 1.9 0.57 SLNA 7.95 only 95th percentile provided
Vanadium 16.1 0.095 39 26.9
Zinc 43.1 0.36 2300 55
Mercury 0.025 0.01 1.1 0.06
Organic Results (ug/kg)
Gasoline Range Organics (mg/kg) 96.7 7 INA
1,2,4-Trimethylbenzene 1140 1200 J 30000
1,3,5- Trimethylbenzene 991 1200 J 27000
Naphthalene 650 1200 J 3800
o-Xylene 295 1200 J 65000
p-Isopropyltoluene 629 1200 J INA
1-Methylnaphthalene 2510 1400 18000
2-Methylnaphthalene 3520 1400 24000
Phenanthrene 1570 1400 INA
Pyrene 641 1400 J 180000
Diesel Range Organics (mg/kg) 7740 460 INA

Residential 
Screening 

Levels

U.S. Environmental Protection Agency. 
Regional Screening Level (RSL) Summary 
Table (TR=1E-06, HQ = 0.1) April 2019. 

Estimated Value
Replicate/Duplicate precision outside acceptance limits
Matrix spike and/or Matrix Spike Duplicate recovery outside acceptance limits.
Analyte detected in the associated Method Blank.

Background
Kentucky Energy and Environmental Cabinet. 
Kentucky Guidance for Ambient Background 

Assessment. (2004)

Key
Information Not Available
LOQ Above Screening Level
Screening Level Not Applicable
Screening Level is Hevavalent Chromium

Detected Compounds for Johnson County
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Johnson County, KY Section 202 Flood Damage Reduction Project
Exploratory Boring Logs and Sampling Analytical Results

EXHIBIT III-3

Sample Description: Analyte Result LOQ Qualifier RSL Info Background
209-AD-SS-4/6
Sewer Plant Inorganic Results INA
104 River Road Solids, Percent 84.9 0.1 INA LASL

Metals Results (mg/kg) SLNA
Potassium 423 78 SLNA HC
Sodium 35.3 28 SLNA J
Aluminum 5450 0.28 M 7700 10969 Y
Arsenic 1 0.95 0.68 LASL 8.9 M
Barium 75.2 0.059 1500 111.3 B
Beryllium 0.45 0.047 M 160 0.8
Calcium 35500 17 Y,M SLNA References
Chromium 8 0.17 0.3 HC 20.5
Cobalt 7.2 0.28 2.3 11.9
Copper 11.6 0.47 310 18.9
Iron 11400 2.1 M 5500 22456
Lead 14.3 0.3 M 400 30
Magnesium 3520 0.95 SLNA
Manganese 426 0.18 M 180 1017
Nickel 10.7 0.14 150 20.9
Silver 0.02 0.12 J 39 0.42 Above RSL, below background
Thallium 1.7 0.57 M SLNA 7.95 only 95th percentile provided Above RSL and background
Vanadium 9.1 0.095 39 26.9
Zinc 42.6 0.36 M 2300 55
Mercury 0.19 0.01 1.1 0.06
Organic Results (ug/kg)
Gasoline Range Organics (mg/kg) 9.67 7.2 INA
1-Methylnaphthalene 273 140 18000
2-Methylnaphthalene 416 140 24000
Benzo(a)anthracene 66.7 140 J,Y 1100
Benzo(a)pyrene 45.9 140 J,Y 110
Benzo(b)fluoranthene 134 140 J 1100
Benzo(g,h,i)perylene 47.4 140 J,Y INA
Chrysene 96.7 140 J,Y 110000
Dibenzofuran 75.2 140 J 7300
Fluoranthene 132 140 J 240000
Naphthalene 184 140 3800
Phenanthrene 221 140 Y INA
Pyrene 85.8 140 J,Y 180000
Diesel Range Organics (mg/kg) 393 46 INA

Residential 
Screening 

Levels

U.S. Environmental Protection Agency. 
Regional Screening Level (RSL) Summary 
Table (TR=1E-06, HQ = 0.1) April 2019. 

Detected Compounds for Johnson County

Estimated Value
Replicate/Duplicate precision outside acceptance limits
Matrix spike and/or Matrix Spike Duplicate recovery outside acceptance limits.
Analyte detected in the associated Method Blank.

Background
Kentucky Energy and Environmental Cabinet. 
Kentucky Guidance for Ambient Background 

Assessment. (2004)

Key
Information Not Available
LOQ Above Screening Level
Screening Level Not Applicable
Screening Level is Hevavalent Chromium
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Johnson County, KY Section 202 Flood Damage Reduction Project
Exploratory Boring Logs and Sampling Analytical Results

EXHIBIT III-3

Sample Description: Analyte Result LOQ Qualifier RSL Info Background
303-ADC-SS-61-615
ADC-303 depth 60-68 ft. Inorganic Results INA

Solids, Percent 78 0.1 INA LASL
Metals Results (mg/kg) SLNA
Potassium 211 83 SLNA HC
Sodium 42.4 30 SLNA J
Aluminum 3580 0.3 7700 10969 Y
Arsenic 4.9 1 0.68 LASL 8.9 M
Barium 28 0.063 1500 111.3 B
Beryllium 0.44 0.05 Y 160 0.8
Calcium 380 1.8 Y SLNA References
Chromium 8.1 0.18 M,Y 0.3 HC 20.5
Cobalt 10.1 0.3 Y 2.3 11.9
Copper 9.7 0.5 Y 310 18.9
Iron 6660 2.3 M 5500 22456
Lead 6.9 0.31 M 400 30
Magnesium 968 1 SLNA
Manganese 39.9 0.19 180 1017
Nickel 14.1 0.15 Y 150 20.9
Selenium 0.088 0.5 J,B 39 0.94 Above RSL, below background
Silver 0.68 0.13 39 0.42 Above RSL and background
Thallium 0.6 0.6 SLNA 7.95 Only 95th percentile provided
Vanadium 13.6 0.1 Y 39 26.9
Zinc 39.3 0.38 2300 55
Mercury 0.012 0.012 1.1 0.06
Organic Results (ug/kg)
Acetone 96.4 640 J 6100000
Diesel Range Organics (mg/kg) 11 50 J INA

Detected Compounds for Johnson County

Estimated Value
Replicate/Duplicate precision outside acceptance limits
Matrix spike and/or Matrix Spike Duplicate recovery outside acceptance limits.
Analyte detected in the associated Method Blank.

Background
Kentucky Energy and Environmental Cabinet. 
Kentucky Guidance for Ambient Background 

Assessment. (2004)

Key
Information Not Available
LOQ Above Screening Level
Screening Level Not Applicable
Screening Level is Hevavalent Chromium

Residential 
Screening 

Levels

U.S. Environmental Protection Agency. 
Regional Screening Level (RSL) Summary 
Table (TR=1E-06, HQ = 0.1) April 2019. 
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Johnson County, KY Section 202 Flood Damage Reduction Project
Exploratory Boring Logs and Sampling Analytical Results

EXHIBIT III-3

Sample Description: Analyte Result LOQ Qualifier RSL Info Background
303-ADC-SS-625-640
ADC-303 depth 60-68 ft. Inorganic Results INA

Solids, Percent 82.3 0.1 INA LASL
Metals Results (mg/kg) SLNA
Potassium 349 83 SLNA HC
Sodium 28.7 30 J SLNA J
Aluminum 3310 0.3 7700 10969 Y
Arsenic 10.6 1 0.68 LASL 8.9 M
Barium 15 0.063 1500 111.3 B
Beryllium 0.27 0.05 160 0.8
Calcium 318 1.8 SLNA References
Chromium 7.4 0.18 0.3 HC 20.5
Cobalt 15.2 0.3 2.3 11.9
Copper 9.1 0.5 310 18.9
Iron 7550 2.3 5500 22456
Lead 6.6 0.31 400 30
Magnesium 1220 1 SLNA
Manganese 58.9 0.19 180 1017
Nickel 15.5 0.15 150 20.9
Silver 0.88 0.13 39 0.42 Above RSL, below background
Thallium 0.91 0.6 SLNA 7.95 Only 95th percentile provided Above RSL and background
Vanadium 6.6 0.1 39 26.9
Zinc 52.9 0.38 2300 55
Mercury 0.014 0.011 1.1 0.06
Organic Results (ug/kg)
1-Methylnaphthalene 44.7 140 J 18000
2-Methylnaphthalene 30.9 140 J 24000
Benzo(a)pyrene 64.2 140 J 11000
Benzo(b)fluoranthene 70.1 140 J 1100
Bis(2-ethylhexyl)phthalate 147 470 J 39000
Di-n-butylphthalate 136 470 J 630000
Fluoranthene 60.3 140 J 240000
Indeno(1,2,3-cd)pyrene 92.3 140 J 1100
Phenanthrene 35.4 140 J INA
Pyrene 36.7 140 J 180000
Diesel Range Organics (mg/kg) 10.5 48 J INA

Estimated Value
Replicate/Duplicate precision outside acceptance limits
Matrix spike and/or Matrix Spike Duplicate recovery outside acceptance limits.
Analyte detected in the associated Method Blank.

U.S. Environmental Protection Agency. 
Regional Screening Level (RSL) Summary 
Table (TR=1E-06, HQ = 0.1) April 2019. 

Detected Compounds for Johnson County

Key
Information Not Available
LOQ Above Screening Level
Screening Level Not Applicable
Screening Level is Hevavalent Chromium

Background
Kentucky Energy and Environmental Cabinet. 
Kentucky Guidance for Ambient Background 

Assessment. (2004)
Residential 
Screening 

Levels
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Johnson County, KY Section 202 Flood Damage Reduction Project
Exploratory Boring Logs and Sampling Analytical Results

EXHIBIT III-3

Sample Description: Analyte Result LOQ Qualifier RSL Info Background
303-ADC-SS-65-665
ADC-303 depth 60-68 ft. Inorganic Results INA

Solids, Percent 82.8 0.1 INA LASL
Metals Results (mg/kg) SLNA
Potassium 254 80 SLNA HC
Sodium 36.2 29 SLNA J
Aluminum 3710 0.29 7700 10969 Y
Arsenic 2.6 0.97 0.68 LASL 8.9 M
Barium 28 0.06 1500 111.3 B
Beryllium 0.52 0.014 160 0.8
Calcium 338 1.7 SLNA References
Chromium 7.9 0.17 0.3 HC 20.5
Cobalt 5.7 0.29 2.3 11.9
Copper 8.3 0.48 310 18.9
Iron 7070 2.2 5500 22456
Lead 6.8 0.3 400 30
Magnesium 1070 0.97 SLNA
Manganese 52.2 0.18 180 1017
Nickel 10.3 0.14 150 20.9
Selenium 0.17 0.48 J,B 39 0.94 Above RSL, below background
Silver 0.74 0.12 39 0.42 Above RSL and background
Thallium 0.83 0.58 SLNA 7.95 Only 95th percentile provided
Vanadium 11.5 0.097 39 26.9
Zinc 29.3 0.36 2300 55
Mercury 0.003 0.011 J 1.1 0.06
Organic Results (ug/kg)
Bis(2-ethylhexyl)phthalate 138 470 J 39000
Diesel Range Organics (mg/kg) 9.14 48 J INA

Residential 
Screening 

Levels

U.S. Environmental Protection Agency. 
Regional Screening Level (RSL) Summary 
Table (TR=1E-06, HQ = 0.1) April 2019. 

Screening Level is Hevavalent Chromium
Estimated Value
Replicate/Duplicate precision outside acceptance limits
Matrix spike and/or Matrix Spike Duplicate recovery outside acceptance limits.
Analyte detected in the associated Method Blank.

Background
Kentucky Energy and Environmental Cabinet. 
Kentucky Guidance for Ambient Background 

Assessment. (2004)

Screening Level Not Applicable

Key
Information Not Available
LOQ Above Screening Level

Detected Compounds for Johnson County
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JOHNSON COUNTY, KY 
SECTION 202 FLOOD DAMAGE REDUCTION PROJECT

HTRW SITE INSPECTION PHOTOGRAPHS – 12 March 2019

Photographer:
Jo J. Huff

Photo Number:
1

Direction:
Northeast

Comments:

Former bulk fuel 
storage area.  
Photograph 
depicts concrete 
foundation for 
aboveground 
fuel storage tank.

Photographer:
Jo J. Huff

Photo Number:
2

Direction:
East

Comments:
Former bulk fuel 
storage area.  
Photograph 
depicts parking 
lot where fuel 
spill occurred in 
the 1960’s.

EXHIBIT III-4
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Photographer:
Jo J. Huff

Photo Number:
3

Direction:
East

Comments: 
View of 
neighborhood 
along Short 
Street where 
bulk fuel spill 
occurred in the 
1960’s.

Photographer:
Jo J. Huff

Photo Number:
4

Direction:
North, 
downstream 
along left 
descending bank 
of Levisa Fork.

Comments: City 
of Paintsville, 
KY, city garage.

JOHNSON COUNTY, KY 
SECTION 202 FLOOD DAMAGE REDUCTION PROJECT

HTRW SITE INSPECTION PHOTOGRAPHS – 12 March 2019
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Photographer:
Jo J. Huff

Photo Number:
5

Direction:
South, upstream 
along left 
descending bank 
of Levisa Fork

Comments:
City of Paintsville, 
KY, city garage; 
wastes dumped 
over embankment.

Photographer:
Jo J. Huff

Photo Number:
6

Direction:
West

Comments:  
City of Paintsville, 
KY, city garage; oil 
and fuel leakage 
from refuse vehicle.

JOHNSON COUNTY, KY 
SECTION 202 FLOOD DAMAGE REDUCTION PROJECT

HTRW SITE INSPECTION PHOTOGRAPHS – 12 March 2019
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Photographer:
Jo J. Huff

Photo Number:
7

Direction:
South, along left 
descending bank 
of Levisa Fork.

Comments:
City of 
Paintsville, KY, 
city garage.  
Debris dump at 
far end of site.

Photographer:
Jo J. Huff

Photo Number:
8

Direction:
North, along left 
descending bank 
of Levisa Fork.

Comments:
City of 
Paintsville, KY, 
city garage.  
View from end 
of the site.

JOHNSON COUNTY, KY 
SECTION 202 FLOOD DAMAGE REDUCTION PROJECT

HTRW SITE INSPECTION PHOTOGRAPHS – 12 March 2019

EXHIBIT III-4
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Photographer:
Jo J. Huff

Photo Number:
9

Direction:
South, along left 
descending bank of 
Levisa Fork.

Comments:
City of Paintsville, 
KY, abandoned water 
treatment plant.  
Alternative 2 
alignment runs through 
this area.

Photographer:
Jo J. Huff

Photo Number:
10

Direction:
North, along left 
descending bank 
of Levisa Fork.

Comments:
City of 
Paintsville, KY, 
abandoned water 
treatment plant.  
Alternative 2 
alignment runs 
through this 
area.

JOHNSON COUNTY, KY 
SECTION 202 FLOOD DAMAGE REDUCTION PROJECT

HTRW SITE INSPECTION PHOTOGRAPHS – 12 March 2019

EXHIBIT III-4
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Photographer:
Jo J. Huff

Photo Number:
11
Direction: 
South.

Comments:

View along 
Alternative 3 
alignment, with 
Pelphrey 
property (high 
risk-rank 
property H24) to 
left at end of 
street.

Photographer:
Jo J. Huff

Photo Number:
12

Direction:
West side of 
building

Comments:
Groundwater 
monitoring well 
on the west side 
of Pelphrey 
property (high 
risk-rank 
property H24) 

JOHNSON COUNTY, KY 
SECTION 202 FLOOD DAMAGE REDUCTION PROJECT

HTRW SITE INSPECTION PHOTOGRAPHS – 12 March 2019
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1 GENERAL  

1.1 SCOPE 
The primary features of Alternative Plan #2 include flood walls along the west bank of the Levisa Fork, 
flood walls along the north bank of Paint Creek, and a control closure across Paint Creek at its confluence 
with Levisa Fork that will protect Paintsville from flood events from the Levisa Fork. Figure 1.1 shows 
the relative locations of Paint Creek and Levisa Fork in Paintsville.   

A 100 cfs pump station was investigated during feasibility, but determined to have an insignificant impact 
on the interior ponding elevations, so it was excluded from the study. The pump station is included in the 
study in order to capture its costs in case a larger pump station which could possibly have a more 
significant impact on the interior ponding elevation is reconsidered during design.  

 

 

Figure 1.1 Paint Creek and Levisa Fork Locations 

 

 



Johnson County, KY Volume 2 
Section 202 Project ETA Tab 4 

2 | P a g e

1.2 GENERAL DESCRIPTION OF STRUCTURES 
A flood wall system of reinforced concrete T-walls and reinforced concrete I-walls were chosen for the 
recommended plan, since they are the most widely used types across historical and current flood 
protection projects. The T-wall construction includes reinforced concrete base and stem with a sheet pile 
cut off wall placed under the heel of the base to reduce uplift and seepage under the structure. I-walls are 
reinforced concrete walls over steel sheet piles. Figure 1.2 and Figure 1.3 show example sections of T-
walls and I-walls in LRL’s inventory. Reference Exhibits S-501 and S-502 for conceptual typical design 
sections for the Paintsville floodwalls.

Figure 1.2 Example T-Wall Section from Other LRL Projects 
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Figure 1.3 Example I-Wall Section from Other LRL Projects 

A gravity drainage control structure is included in Alternative Plan #2 where the flood wall crosses Paint 
Creek at the confluence of Paint Creek and Levisa Fork to allow normal water flow to freely pass through 
the flood wall system and provide a means of closing off Paint Creek from the Levisa Fork during flood 
events. The control structure includes three Tainter gates that shut the gates when Levisa is anticipated to 
backflow into Paint Creek and open the gates once the Levisa Fork either drops below flood stage or 
drops below the elevation of Paint Creek. Figure 1.4 shows the conceptual layout for the control structure.  
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Figure 1.4 Paint Creek Control Structure Isometric 

If a 100 CFS pump station was included in the recommended plan, it would have been located to the 
south of the control structure. The pump station would have included submersible pumps. 

Road closures are placed at the road crossings through the flood wall. The road closures were designed to 
be post and stop log style closure gates, because the gates are relatively short at 5 feet tall and are 
anticipated to be operated infrequently. 

Conduits are provided at levee sections closing off interior drainage areas into Paint Creek. Cast-in-place 
concrete gate wells are provided for conduits larger than 30” in diameter to permit a secondary means of 
closure with sluice gates. Head walls will be constructed at the protected side and flood side of the 
conduits. Flap gates will be installed on the flood side end of the conduit. 

1.3 GENERAL DESCRIPTION OF STRUCTURAL ANALYSIS 
Structural sizes were estimated with simple spreadsheets and hand calculations in order to provide a 
rough volume of material to Cost Estimating.  

For initial design, the T-wall and reinforced concrete monolith of the control structure were analyzed to 
ensure the structure was stable in overturning, sliding, and uplift, and the soil bearing pressures were not 
exceeded. Deep foundations were determined to be a more realistic choice for the foundations on the 
flood walls and control structure. Driven steel H-piles are the most likely deep foundation element to be 
used, because they are the most common type of pile element used on USACE LRL projects and local 
roadway bridge projects. A cut off wall is likely going to be required under the flood protection and 
control structures. For this study, uplift pressures were calculated using the line of creep method and 
assuming the cutoff wall was a maximum of 50% effective in reducing underseepage. Both the T-wall 
and control structure were designed in accordance with EM 1110-2-2502. 
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The steel closure gates were analyzed to ensure a skin plate of adequate thickness was being used and was 
properly supported by the specified WT member and intercostal member spacing. The size of the 
horizontally spaced members on the top and bottom of the gate was specified to ensure the moment 
capacity of the members exceeded the factored moment acting on the gate. Future iterations will 
incorporate design and analysis of gate connections. 

2  SCOPE OF FEASIBILITY STUDY 

2.1 DESIGN LIFE 
Structures will be designed with design life of 100 years in accordance with ER 1110-2-8159, ETL 1110-
2-584, and EM 1110-2-2104. 

2.2 MATERIAL PROPERTIES 
The T-walls and gravity drainage structures will be constructed with reinforced concrete and the flood 
gates and closure gates will be constructed with steel. Cutoff walls provided under the flood walls and 
control structures will be made from steel, although the use of synthetics will be investigated during 
design to determine if cost savings can be realized.  

2.2.1 Steel Properties 
Steel material strengths used for design are summarized in Table 2.1 in accordance with AISC 360 and 
ETL 1110-2-584. Although not all of the steel used on the project is defined as fracture critical or ongoing 
high cycles of fatigue loading, steel materials for hydraulic steel gates will conform to ASTM A709. 
Welding electrodes will conform to E7018 low hydrogen materials.  

Table 2.1 Steel Material Strengths 

Material ASTM Designation 
Concrete Reinforcing Steel A615 Gr 60 
Concrete Weldable Reinforcing Steel  A706 Gr 60 
Steel Plate A709 Gr 50 
Steel Wide Flange A709 Gr 50 
Steel Angles A709 Gr 36 
Steel Channels A709 Gr 36 
Steel Bolts F3125 Gr A325 
Steel Nuts A563 
Steel Washers F436 
Steel H Piles A572 Gr 50 
Steel Sheet Piling A328 Gr 50 

 

The elastic modulus of steel is 29,000 ksi per AISC 360-16, Chapter B, Table B4.1a and ACI 318-14, 
Section 20.2.2.2. 

2.2.2 Concrete Properties 
Concrete compressive strengths are summarized in Table 2.2. Compressive strengths will be selected for 
different locations of the structure based on the exposure to freezing and thawing, sulfates, chlorides, and 
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other deleterious chemicals. ACI 350-06 restricts the minimum concrete strength to 4,000 psi, so this was 
the minimum concrete strength assumed for design.  

Table 2.2 Concrete Material Strengths 

Location Compressive Strength (psi) 
Flood wall Below Grade 4,000 
Flood wall Above Grade 4,500 
Control Structure 5,000  

 

The concrete elastic modulus varies with the concrete compressive strength. The concrete elastic modulus 
values assumed are summarized in Table 2.3. Calculations and assumptions for the concrete elastic 
modulus are found in the Appendix.  

Table 2.3 Concrete Elastic Moduli 

Material Elastic Modulus (psi) 
Concrete – 4,000 psi 3,600,000 
Concrete – 4,500 psi 3,820,000 
Concrete – 5,000 psi 4,030,000 

 

Clear cover requirements for hydraulic concrete structures are higher compared to conventional concrete 
construction. The clear cover requirements are summarized in Table 2.4 in accordance with EM 1110-2-
2104 and ACI 350-06. Clear cover also cannot be less than 1.5 × Nominal Maximum Aggregate Size and 
2.5 × Maximum Diameter of Reinforcement per EM 1110-2-2104.  

Table 2.4 Clear Cover 

Location Clear Cover (in) Reference 
Unformed surfaces in contact with 
foundation 

4 EM 1110-2-2104 

Formed and screed surfaces such as stilling 
basin walls and channel lining slabs on 
ground 
     Equal to or greater than 24” thick 
     Greater than 12”, less than 24” 
     Equal to or lesser than 12” 

 
 
 

4 
3 

ACI 350 

EM 1110-2-2104 

Formed surfaces not mentioned above, 
exposed to earth, liquid, weather, or 
bearing on work mat 
     Beams and Columns 
          Stirrups and ties 
          Primary reinforcement 
     Walls, footings, and slabs on ground 

 
 
 
 

2 
2 1/2 

2 

ACI 350-06 

 

2.3 DESIGN LOAD CASES 
Dead loads, hydrostatic loads, and lateral earth pressure loads will govern the design of the structures. 
Live loads are considered on surfaces that will be accessed for maintenance or equipment operation. Wind 
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loads were considered in design, but do not govern hydraulic concrete or steel design. Generally, wind 
loads govern the design of miscellaneous structural and nonstructural components and site buildings. 
Seismic loads were considered in design, but generally do not govern the design over hydrostatic loads.  
However, Paintsville is located in a moderate seismic hazard area, so seismic effects were investigated 
during feasibility and will be further developed during design.  

Debris loads, ice loads, impact loads, and sediment loads are listed in this section, but were not 
considered in this phase of the project, because it is not anticipated that their effects are significant. The 
affects debris, ice, and impacts at normal water elevations is insignificant compared to full hydrostatic 
loads. Sediment loads will be considered in the design of riverine gates, where sediment build up could 
increase the operating weight of gates.  

2.3.1 Dead 
Material weights are shown in Table 2.5. The material weights used are per standard practice, but can also 
be found in ASCE 7-16, Chapter 2 Commentary and the AISC Steel Manual. The soil weights were 
provided by the geotechnical engineer. 

Table 2.5 Material Weights 

Description Weight (pounds per cubic foot) 
Unreinforced Concrete 145 
Reinforced Concrete 150 

Steel 490 
Soil, Engineered Fill 120-125 

Water 62.5 
 

2.3.2 Live 
Live loads will have a significant effect on the design of the maintenance bridge over the control 
structure. A live load of 300 psf was assumed to be conservative for feasibility for the maintenance deck 
above the Paint Creek Control Structure. The live loads will be further developed during design, including 
potential wheel loads on the Paint Creek control structure.   

2.3.3 Hydraulic  
Hydraulic loads are typically separated largely into four separate cases: (1) design flood elevation, (2) top 
of wall flood elevation, (3) flood elevation for operating basis and maximum design seismic events, and 
(4) normal pool (non-flood) elevations.  

However, hydraulic loads will be unique to each structure, so design headwater and tailwater elevations 
are included in the sections under each major feature. For example, accidental operation or 
malfunctioning of the control structure gates gate will cause the hydrostatic loading from each direction 
of the flood wall. The elevations of each potential head differential loaded from the Paint Creek side will 
need to be determined based on risk informed decisions.  

2.3.4 Seismic 
Paintsville is located in a moderate seismic area in accordance with Appendix C of ER 1110-2-1806, so 
seismic load effects were investigated during feasibility. Seismic effects will have to be further developed 
during the Potential Failure Mode Analysis (PFMA) and design. Refer to the Seismic Acceptance Criteria 
section for more discussion about seismic load effects.  
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2.3.5 Wind 
Wind loads from ASCE 7-16 will be applied to the structures during design, but are not assumed to 
govern design of hydraulic structures. Wind design will likely govern the lateral design of the 
miscellaneous structures on top of the control structure on Paint Creek. Minimum wind speed provisions 
from EM 1110-2-2502 will applied for flood walls and provisions EM 1110-2-2502 will be applied to the 
pump station and control structures.  

Ultimate wind loads will not be less than 30 psf in accordance with EM 1110-2-2502 Section 3-25. 
Although the 30 psf is based on antiquated ANSI A58.1 wind load deterministic methods, the wind load 
pressure will be used as a minimum in order to provide a level of service at least as high as older 
structures designed with 30 psf wind load minimums.  

Provisions for wind loads during construction prior to placing backfill will be considered at lower wind 
speed mean return intervals in accordance ASCE 37. 

2.3.6 Debris 
The effect of debris becoming lodged underneath of the Paint Creek Control Structure gates will be 
considered during the PFMA and design. Small debris and sediment could accumulate under the control 
structure gates and prevent the Tainter gates from sealing against the sill. A single piece of large debris 
could also become lodged under the gate preventing a fully closed condition and potentially damage the 
gate. The gates will be designed to close through small debris and sediment and to be resilient against 
damage due to large debris, but continuous maintenance will be required to maintain the operability of the 
gates long term. If the gates do not seal properly, then backflow from Levisa Fork could potentially 
increase the interior water ponding elevation on Paint Creek.  

Upstream obstructions, such as road and railroad bridges and elevated pipe crossings across Paint Creek 
could theoretically collect enough debris during periods of low water stages which could then release 
downstream during high water stages. If the water velocity in the creek is significant, the debris impact 
load may not be insignificant on the Paint Creek Control Structure.   

2.3.7 Ice 
Ice loads will be further investigated during design, but are not currently anticipated to significantly affect 
design. Ice loads are typically significant in northern climates with normal water elevations relatively 
higher than what has been observed on Paint Creek and Levisa Fork.  

2.3.8 Impact 
Impact loads will be further investigated during design, but are not currently anticipated to significant 
affect design. Similar to ice loads, impact loads are more significant on rivers with commercial barge 
traffic or transportation areas. The Paintsville area does not experience barge traffic on either waterway.  

2.3.9 Silt 
Silt could be a significant load case for the Tainter gate design and will need to be investigated during the 
design phase.   

2.4 DESIGN LOAD COMBINATIONS 
Design Load magnitudes are based on the likelihood of occurrence, defined as Usual, Unusual, and 
Extreme events in EM 1110-2-2104 for concrete structures, ETL 1110-2584 for steel closure gates, and 
EM 1110-2-2502 for flood walls.  
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2.5 SAFETY FACTORS 
Safety factors were determined using EM 1110-2-2100. Safety factors are established based on the risk of 
loss of life, quality of site soil data, and failure mode being investigated. 

The flood walls, control structure, and pump station are defined as critical structures for hydraulic loads, 
because the result of a failure could include loss of life.  

All of the structures are defined as normal structures under seismic loading and normal non-flood water 
elevations, because although failure would be a significant event, the result of a failure is unlikely to 
include loss of life.  

The site information gathered during this study is assumed to satisfy the requirements for ordinary site 
information in accordance with EM 1110-2-2100 Section 3-4, because of the amount of exploratory 
drilling and lab tests that were performed.  

Factors of safety for sliding for normal and critical structures founded on sites with ordinary site 
information are taken from EM 1110-2-2100 Tables 3-2 and 3-3 and summarized in Table 2.6. Factors of 
Safety are different for each type of global stability failure mode: sliding, flotation, overturning, and 
bearing capacity. The bearing capacity is determined by Geotechnical and is provided to Structural with 
the factor of safety included. Refer to the Geotechnical Section of the report for additional information.   

Table 2.6 Factors of Safety: Sliding 

Site 
Information 

Category Normal Structures Critical Structures 
 Usual Unusual Extreme Usual Unusual Extreme 

Ordinary 1.5 1.3 1.1 2.0 1.5 1.1 
 

Factors of safety for flotation are taken from EM 1110-2-2100 Table 3-4 and summarized in Table 2.7. 
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Table 2.7 Factors of Safety: Flotation 

Site Information 
Category Usual Unusual Extreme 

All Categories 1.3 1.2 1.1 
 

Requirements for the location of the resultant are taken from EM 1110-2-2100 and summarized in Table 
2.8. 

Table 2.8 Factors of Safety: Overturning Resultant Location 

Site Information 
Category Usual Unusual Extreme 

All Categories 100% of Base in 
Compression 

75% of Base in 
Compression* 

Resultant within Base 

*Although infrequent floods are categorized as unusual load cases, T-section flood walls are designed so 
that 100% of the cross section is under compression per EM 1110-2-2502. 

2.6 GLOBAL STABILITY 
Although each structure feature reacts differently to loading, global stability failure modes are similar for 
all structures. Modes of failure for flood walls and control structures include sliding, overturning, 
excessive bearing pressure, and excessive uplift on the base. A wall may fail by sliding if the sum of the 
lateral forces acting upon the wall are greater than the total forces resisting displacement. A wall may fail 
by overturning if the overturning moments acting on the wall are greater than the resisting moments 
acting on the wall. Excessive bearing pressure failure can occur if the pressure acting on the soil is greater 
than the allowable soil bearing capacity. Conversely, if the pressure under the footing (uplift) is greater 
than the resisting forces, the wall could fail due to uplift forces. Additionally, reduction of stability due to 
erosion of soil cover above the base of the T-Wall should be considered. 

2.7 DESIGN PARAMETERS 
The dimensions of the components of the T-Wall (stem thickness, base width, base height, etc.) are 
proportional to the overall height of the wall stem. If the T-Wall was found to fail by any of the modes of 
failure mentioned in section 1.2.4.1, dimensions of the T-Wall were adjusted in order to provide global 
stability to the structure. In accordance with EM 1110-2-2502, the T-Wall should be designed for the 
most economical cross section per length of unit wall while also meeting the safety requirements. 

2.8 SOIL PROPERTIES AND FOUNDATION PARAMETERS ASSUMED FOR ANALYSIS 
Poor silty soils were initially anticipated for the project and generally confirmed during geotechnical 
exploration. Deep foundation elements were assumed to be the most economical foundation system for 
the project based on what Geotechnical encountered during the drilling and exploration phase of the 
project. Lab test data was not available during feasibility in time for use in structural design, but will be 
considered during the design phase.  

The foundation systems assumed for feasibility are summarized in Table 2.9.  

Table 2.9 Selected Foundation Systems 
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Feature Foundation System Reference 
I-Walls Driven Sheet Pile EC 1110-2-6066 

T-Walls, 10 ft or less Shallow Foundations EM 1110-1-1905 
EM 1110-2-2502 
EM 1110-2-2100 

T-Walls, greater than 10 ft Driven Steel H-Piles EM 1110-2-2502 
EM 1110-2-2906 

Paint Creek Control Structure Driven Steel H-Piles EM 1110-2-2100 
EM 1110-2-2906 

Conduit Gate Wells and Head Walls Shallow Foundations EM 1110-1-1905 
 

Structures along the Levisa Fork were designed with pile foundations. Adequate lab test data was not 
available during the feasibility study, so either shallow foundations or deep foundations could be needed 
along Paint Creek. Generally, bearing pressures of 1,500 psf are required to design economical 
foundations for flood walls up to 30 feet, but Geotechnical indicated that 1,000 psf bearing pressures were 
more likely than 1,500 psf without adequate lab test data. The costs difference between deep foundations 
and shallow foundations with 1,000 psf will be investigated during design. For flood walls 10 feet or less 
in height, shallow foundations will be used. If lab test data supports using 1,500 psf allowable bearing 
capacity for the structures located along the north bank of Paint Creek, shallow foundations will likely be 
used for the taller T-walls instead of the assumption that deep foundations will be required.  

A comparison of the flood wall foundation sizes are included in the Major Features section. Foundations 
designed with 1,000 psf bearing pressures were approximately 50% larger than foundations designed with 
1,500 psf bearing pressures.  

Pile foundations were designed assuming that significant skin friction could not be developed and the 
depth required to achieve adequate tip bearing capacity would be approximately the same depth as the 
rock elevation, so rock founded deep foundation elements were assumed for design. Steel driven piles 
were used in feasibility due to their low costs and relatively frequent use on past and current LRL 
projects. Rigorous pile founded foundation analysis will be performed during design. The use of 2D soil-
structure interaction FEA analysis will be investigated during design. It will only be used if a benefit of 
the more complex analysis can be realized. For feasibility, a rigid footing and flexible piles were assumed 
to simplify analysis. Net uplift on pile sections were avoided by increasing the footing widths or depths. 
A bearing capacity of 5,000 psf was assumed during design. The bearing capacity is transferred to 
individual pile elements based on the tributary area of the pile elements. The piles were spaced to limit 
the load on the piles as well as reduce the punch shear demand of the foundations.  

2.9 SEISMIC CRITERIA 
According to Appendix C of EM 1110-2-1806, the seismic hazard in Johnson County is considered 
moderate. Additionally, it is stated that in all instances of seismicity, geometric irregularities in the 
structural configuration should be minimized, abrupt variations in structural stiffness, and structural 
discontinuities should be properly detailed in order to account for localized effects of stress 
concentrations. Continuous load paths, load path redundancy, and ductility are important safe-guards 
against collapse. These considerations will be included during design.  

The ground motions for the project were developed using the methods included in Appendix B-3 of EM 
1110-2-6053.  
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Linear methods of analysis will be used during design, because the lateral load combinations with full 
hydrostatic loads are significantly higher than the seismic loads. Refer to Appendix 1 Structural 
Calculations for a comparison between hydrostatic and seismic lateral loads on the Paint Creek Control 
Structure. The relative magnitudes are assumed to be similar for the floodwalls and other structures as 
well.   

Seismic acceleration values are based on the Peak Ground Acceleration (PGA) in lieu of the Effective 
Peak Ground Acceleration (EPGA) values required in ER 1110-2-1806. This ER is referencing outdated 
seismology methods from the 1970s when PGA data was not readily available. Since the PGA can now 
be directly referenced from USGS data and is a better representation of the acceleration values imparted 
on the structure, the PGA will be used. Using the PGA instead of the EPGA is an accepted practice in 
bridge design and USACE civil works projects.    

The magnitudes of the PGAs vary based on whether the structure is determined to be critical and the 
return period evaluated.  

The structures on the project are classified as a non-critical structure during seismic events, because the 
likelihood of a seismic event occurring simultaneously during a flood level stage event is extremely rare. 
The water stage during the Operational Basis Earthquake (OBE) will be investigated for the control 
structure during design, since the recurrence interval is more frequent. However, the water stage is 
assumed to be insignificant to the stability of the structure.  

The ground motions for the site are included in Table 2.10 based on the assumption of 5% damping. 
Ground motions for return periods of 475 years and 2,475 years correspond to seismic ground motions 
with a 10% chance of exceedance in 50 years and 2% chance of exceedance in 50 years. These two return 
periods were used as the basis to validate the USGS uniform seismic hazard maps found at the following 
link: (earthquake.usgs.gov/hazards/interactive). The tool located at the USGS website can provide PGA, 
0.2s, and 1s spectral acceleration values for any return period. Since maps are also provided for 475 and 
2,475 year return periods, these values were included for validation of the 144 year and 950 year return 
period events. The OBE and MDE for this project, which have a 144 year and 950 year return period, 
respectively, were determined directly from the USGS seismic hazard analysis tool website and then 
adjusted for site effects. The OBE and MDE were also calculated based on the typical provided return 
periods as well.  

Table 2.10 Site Ground Motions 

Earthquake Description 
Return Period 

(years) PGA (g) 
Operational Basis EQ (OBE) 
50% Chance of Exceedance/100 years 

144 0.018 

USGS Provided Seismic Values 
10% Chance of Exceedance/50 years 

475 0.036 

Maximum Design EQ (MDE) 
10% Chance of Exceedance/100 years 

950 0.053 

USGS Provided Seismic Values & ASCE 
7 Maximum Considered EQ 
2% Chance of Exceedance/50 years 

2,475 0.091 
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Geotechnical indicated that the Site Class is borderline between Site Class D and E, so ground motions 
for Site Class E were used for preliminary seismic analysis during feasibility. Geotechnical will 
determined the final site class during design.  Design ground motions considering site coefficients and 
multiplied by 2/3 are included in Table 2.11. Calculations are provided in the Structural Appendix.  

Table 2.11 Site Adjusted Design Ground Motions 

Earthquake Description 
Return Period 

(years) 
Design Accelerations (g) 

Site Class D Site Class E 
Operational Basis EQ (OBE) 
50% Chance of Exceedance/100 years 

144 0.019 0.030 

Maximum Design EQ (MDE) 
10% Chance of Exceedance/100 years 

950 0.056 0.088 

 

Return periods are based on probabilities of exceedance within a time of exposure. The return periods 
referenced above are based on the probabilities of exceedance in Table 2.12 below, which is referenced 
from EM 1110-2-6053 Table B-1. 

Table 2.12 Return Periods for Probabilities of Exceedance and Exposure Times 

Probability of 
Exceedance Exposure Time (years) Return Period (years) 

50% 100 144 
10% 50 475 
10% 100 950 
5% 100 1,950 
2% 50 2,475 
1% 100 9,950 

 

Geotechnical indicated that soil liquefaction would likely not be a consideration for this site, but further 
analysis will be performed during design. Seismic loads on deep foundation piles are considered to be 
negligible if soil liquefaction occurs and the soil stiffness would be maintained during a seismic event so 
that the steel piles would remain adequately braced.  

2.10 THERMAL ANALYSIS 
Thermal analysis was not completed for mass concrete structures and will be performed during design. 

2.11 CONSTRUCTION 
Since the flood wall alignment along the north bank of Paint Creek is through an urban area, required 
construction easements will be minimized during design. In congested areas such as urban areas, I-walls 
are typically the preferred type of flood wall, because it has the lowest construction easement and 
permanent ROW requirements of all of the flood protection measures; however, due to the poor soil 
conditions, I-walls can only be used up to heights of 6 feet. Subsequently, T-walls are the most 
economical flood protection measure available for heights above 6 feet. The alignment of the flood walls 
was developed by Civil to reduce the impact on existing structures and property. 
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The majority of the construction challenges are anticipated to be related to the Paint Creek Control 
Structure, since it crosses Paint Creek and construction will have to contend with elevated water levels as 
well as the relative complexity of the structure compared to other features of the project that are 
considered to be more routine, such as gate wells and floodwalls.  

2.12 SOFTWARE 
The software listed below was used for preliminary design during the feasibility phase. 

1) Microsoft Excel Spreadsheets 
2) USACE CASE CTWALL 
3) USACE CASE CIWALL 
4) Autodesk Revit 2018.3 

 

The next list includes software that will be used during the design phase. 

1) Microsoft Excel Spreadsheets 
2) USACE CASE CTWALL 
3) USACE CASE CIWALL 
4) USACE CASE CWALSHT 
5) Autodesk Revit 2019 
6) CSI SAP2000 
7) Autodesk Inventor  
8) Ensoft PYWall 
9) Ensoft LPile 
10) Ensoft Pile Group  

3 MAJOR FEATURES 
The major features of the Paintsville Flood Protection Project Tentatively Selected Plan include flood 
walls, the Paint Creek control structure, and gravity drainage structures (headwalls and gate wells).  

A pump station was investigated in order to develop cost level designs, but is not anticipated to be 
included during the design phase due to the construction and life cycle cost. The pump station is 
discussed in more detail in the Pump Station section.  

The temporary cofferdam likely required for the construction of the Paint Creek control structure was not 
developed during design, but the two most likely options are discussed in the Temporary 
Excavation/Cofferdam section.  

3.1 FLOOD WALLS 
Flood walls are separated into two broad categories: T-walls and I-walls. I-walls are more economical, 
but the usable heights are limited based on the soil conditions of the site. Based on the soft soils 
discovered during the geotechnical exploratory findings, the soils will likely not provide enough 
resistance to allow I-walls to be taller than 6 feet in accordance with EC 1110-2-6066. T-walls can be 
used for heights much higher than what is allowed for I-walls, but are comparatively less economical.  
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3.1.1 T-Wall 

3.1.1.1 Description of Selected Alternative  
General T-Wall Considerations 

T-walls are constructed with reinforced concrete horizontal foundations and vertical walls. The name T-
wall comes from the fact that the shape of the foundation and wall are similar to the shape of an inverted 
letter “T”. T-walls will be used for flood walls of all heights. Some T-walls will resist a significant 
amount of earth pressure acting opposite in direction to flood loading, so will be designed as both flood 
walls and retaining walls. Two different T-walls were investigated during feasibility and will be carried 
through into design: shallow founded and deep founded. Lab tests from the geotechnical investigation 
were not available prior to the T-wall analysis, so the foundation systems were selected based on 
conversations with Geotechnical. The bearing capacity for shallow founded T-walls could be between 
1,000 psf and 1,500 psf. 1,500 psf allowable bearing capacity would likely mean that shallow founded T-
walls are more economical. Inversely, 1,000 psf allowable bearing capacity would likely lead to deep 
founded T-walls. The decision of deep founded versus shallow founded will be determined early during 
design. It is also likely that both shallow and deep founded T-walls are used on the project, if deep 
founded T-walls are used along the west bank of Levisa Fork where softer soils underlay the foundations 
and shallow founded T-walls are used along the north bank of Paint Creek where soils could be better, but 
still likely poor. Further analysis by Geotechnical is required.  

Foundations 

T-walls founded on shallow foundations are constructed with three primary components: the stem, base, 
and key. The stem of the T-wall is the only portion of the flood wall seen after construction. The stem 
extends vertically up from the ground to the elevation required by Hydrology in order to provide the level 
of protection authorized for the project. The stem is supported by the base or what is also called the 
foundation. Typically, the stem is located a distance between 1/2 and 3/4 of the width of the footing from 
the center of the footing in the direction away from the flood waters. The offset is optimized to balance 
the allowable bearing pressures, uplift, sliding, and internal stresses of the foundation. The key is located 
at the heel of the foundation, the edge of the footing on the flood side of the flood wall. The purpose of 
the key is multifold: to provide additional sliding capacity as well as provide a means to anchor the cutoff 
walls. The cutoff wall is also provided for two different reasons: to reduce the uplift pressures on the 
foundation as well as reduce the risk of piping or other seepage path failure modes underneath the footing. 
Toe drains were not included with the flood walls for feasibility. Refer to the Geotechnical Tab for more 
information.  

Foundation Keys and Cutoff Walls 

Simple T-walls with flat bases keyed into the soil were assumed to be an economical choice for 
Paintsville, because sloped bases would require additional excavation which will drive up costs, 
especially near or on steep slopes.  

All water-retaining structures may be subject to seepage. The stability of the structure can be affected by 
uplift as a result of seepage. The line of creep method included in EM 1110-2-2100 was used to determine 
the uplift pressures along the base of the T-wall. The tail water was assumed to be located at the same 
elevation as the protected side grade. This method is conservative, as the uplift pressures will be less than 
what is calculated with the line of creep method, because the tail water is unlikely to be at the protected 
side grade due to the addition of cutoff walls reducing seepage and the flashy nature of the flooding is 
unlikely to allow a fully charged hydrostatic uplift condition underneath of the foundation.  The uplift 
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pressures will need to be accurately accounted for in the design phase by close coordination with the 
seepage analysis performed by the geotechnical engineer and the inclusion of positive means to reduce 
uplift pressures in the design, such as cutoff walls.  

Without a cutoff wall under the heel of the T-wall, uplift pressures due to seepage would be so high that 
the footing size would have to be approximately double that of a typical T-wall base seen in LRL’s 
inventory. To improve the stability of the flat-based T-Wall, a steel pile seepage cutoff wall was assumed 
to be located one foot away from the edge of the base under the heel to reduce uplift forces under the base 
by 50% on the heel side. The cutoff wall will be 30 feet deep, but could be deeper based on Geotechnical 
seepage analysis and will be updated during design.  

Water Stopping Through Joints 

Seepage through vertical control joints will be controlled using spit bulb synthetic water stops and joint 
sealant.  

Transition to High Ground 

The T-walls will transition into high ground or earthen levees with sections of I-walls or T-walls and will 
be developed further in design. Coordination with Geotechnical will be required. Geotechnical will 
determine the suitability of high ground and existing railroad and road embankments to tie into.  

Utility Coordination 

Utility crossings and interferences were not investigated during the feasibility study. It is anticipated to 
encounter utilities running perpendicular and parallel to the flood wall and will be investigated on a case 
by case basis during design. Coordination with Civil and Geotechnical will be required.  

Utilities that cannot pass through or under the flood walls will need to be relocated. Coordination with 
Civil will be required.  

3.1.1.2 Discussion of Alternatives Not Selected 
Sloped bases are typically more economical for flood walls taller than 15 feet. The percentage of flood 
walls taller than 15 feet is relatively small for this project, so sloped bases will not be used 

Tapering the stems of the flood walls will reduce the amount of concrete and steel required, but is more 
difficult to construct consistently to a high quality, so the walls were assumed to be uniform in thickness 
for feasibility. Cost savings associated with tapering flood wall stems, especially for taller flood walls, 
will be investigated during design.  

3.1.1.3 Design Criteria and Assumptions 

3.1.1.4 Loading 
At-rest lateral earth pressures are used for analysis and design of retaining walls. Surcharge effects are 
considered on an individual design basis for each wall depending on the wall locations.  

Uplift pressures were calculated using the line of creep method assuming no cutoff wall would be 
required. Later iterations of the initial design utilized a cutoff wall that was 50% effective in order to 
reduce uplift pressures. 

It is assumed that a crack forms in the soil on the unprotected side of the wall resulting in full hydrostatic 
pressure at the base of the full height of the T-Wall, including the base thickness. 
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Load Cases 

Load Cases are determined per EM 1110-2-2100 Section 4-3 and EM 1110-2-2502 and summarized in 
Table 3.1. Where flood walls also retain a significant level of earth and can be classified as retaining 
walls, the load cases for retaining walls are also considered. 

Table 3.1 Load Cases for Flood Walls 

Load Case Loading Description Classification 
I1 Infrequent Flood Unusual 
I2 MDF Unusual or Extreme 
I3a Coincident Pool + OBE Unusual 
I3b Coincident Pool + MCE Extreme 
I4 Construction Unusual 

 

Water loading conditions are based on hydrological information for median water elevations in terms of 
return periods.  

Load Case I1 occurs when the backfill is placed to final grade, the water level is at the design flood level 
(top of wall less freeboard) on the unprotected side, and uplift is occurring. The water level is at a 
maximum of a 300 year return period level.  

Load Case I2 is similar to the Usual Load Case, except the water level is at the top of the wall or the 
Maximum Design Flood (MDF), whichever produces the worst structural loading condition with an 
unlimited return period.  

Load Cases I3a and I3b occur when the backfill is placed to final grade, water level is at the coincident 
pool level (non-flood stage), uplift may be occurring, and OBE or MCE earthquake induced loads are 
acting.  

Load Case I4 occurs during construction before the backfill is placed to final grade, the water level is at 
the non-flood stage, and short return period wind speeds are applied.  

3.1.1.5 Method of Analysis 
T-walls were analyzed as 2-dimensional elements along the length of the flood wall using CTWALL and 
validated with spreadsheets. Wall design was completed using spreadsheets. CTWALL  

Flood wall corners will need to be analyzed using 3-dimensional FEA models during design.  

 

Global stability is verified for the flood walls, including sliding, overturning, uplift, and soil bearing in 
accordance with EM 1110-2-2502 Section 4-6 and Table 4-2 and EM 1110-2-2100 Section 3 summarized 
in Table 3.2. 

Table 3.2 Global Stability Criteria for Flood Walls 

 
Load 
Case 

Loading 
Condition Classification 

Sliding 
Factor of 

Safety 
per 2100 
(2502) 

Overturning Criteria Base 
Area in Compression 

Minimum 
Bearing 
Capacity 
Safety 
Factor Buoyancy 

Soil 
Foundation 

Rock 
Foundation 
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I1 Design flood 
(Infrequent 
flood) 

Unusual (1.5) 100% 100% 3.0 1.2 

I2 Water to top 
of wall  

Extreme (1.33) 75% 50% 2.0 1.1 

I3 Earthquake Extreme (1.1) Resultant 
within Base 

Resultant 
within Base 

>1.0 1.1 

I4 Construction Usual (1.33) 75% 50% 2.0 1.3 
 

3.1.1.6 Design Results 
The overall height, hs, of the wall includes the stem height plus the height of the stem under the soil. 
From this value, the width of the stem is 0.1hs, the thickness of the base is 0.15 hs, and the base length is 
equal to hs. The unprotected stem face is located at the point on the base that is 2/3 of the total width of 
the base in order to ensure the required amount of the base length is in compression under flood loading. 
Where the dimensions of the T-Wall differ from these values, they were adjusted in order to provide 
global stability to the concrete structure. For detailed T-Wall calculations, refer to the Structural 
Appendix. 

3.1.2 I-Wall  

3.1.2.1 Description 
I-walls are used for relatively shorter heights where the height does not exceed 6 feet in accordance with 
EC 1110-2-6066 for sites with soft clay soils. I-walls are also used for transitioning between T-wall 
sections and high ground or earthen levees. 

I-walls are constructed with driven sheet piles with a reinforced concrete cap above grade. Concrete 
thicknesses, reinforcement, and sheet pile sections will be determined during design.  

3.1.3 Retaining Walls 

3.1.3.1 Description of Potential Alternatives 
Retaining walls will be required on the project. The walls of the approach and stilling basin for the control 
structure will likely be required to cut back the hill slopes. During feasibility, concrete stem walls were 
assumed for cost purposes, but other types of retaining walls will be investigated during design.  

3.1.3.2 Loading 
The retaining wall load cases are summarized in Table 3.3. 

Table 3.3 Load Cases for Retaining Walls 

Load Case Loading Description Classification 
R1 Normal Operating  Unusual 
R2 Normal Operating + Short 

Duration Loads 
Unusual 

R3a Normal Operating + OBE Unusual 
R3b Normal Operating + MDE Extreme 
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3.1.3.3 Method of Analysis 
Retaining walls will be designed with a combination of spreadsheets and commercially available 
software. Coordination with Geotechnical will be required to determine soil pressures and allowable 
bearing capacities as well as ground water elevations and drainage assumptions. 

3.1.4 Road Closure Structures 

3.1.4.1 Description of Selected Alternatives 
The flood wall alignment crosses four roads that will require closure structures. The road closures 
anticipated in design are summarized in Table 3.4. Initial designs for these closures were for steel swing 
gates and roller gates. Both gates provide a road closure structure that is relatively easy to operate since 
they do not require skilled personnel or heavy equipment. The lead time required to close a swing gate is 
short compared to other types of closure structures and the operation and maintenance requirements are 
less compared to post and panel or truss and panel type closures, because closure vaults do not need to be 
maintained.  

Table 3.4 Road Closures 

Road Closure  Station Clear Opening (feet) 
Flood wall Height 
from Top of Sill 

Tutor Key Road Main Flood wall 
2+80 

40 6 

Route 40 (A) Main Flood wall 
5+80 

40 5 

Route 40 (B) Highland Ave 2+50 40 4 
Bridge Street Euclid Ave  

 31+95 
35 6 

 

3.1.4.2 Discussion of Alternatives Not Selected 
Post and panel or truss and panel type steel road closures were not selected because of the relatively high 
response time required for installation during a flood event and the long term maintenance cost of the 
closure vault. Post and panel gates are also susceptible to vandalism and theft compared to permanently 
installed swing or roller gates. 

3.1.4.3 Design Results 
The gate is comprised of a 7/8” thick steel skin plate attached to WT-shape steel members oriented 
vertically to support the hydrostatic forces acting on the skin plate. The gate is supported on the top and 
bottom by W-shape beams that span the width of the gate. Intercostal members are regularly spaced and 
placed perpendicularly to the horizontal beams to reduce deflection in the skin plate.  

3.2 PAINT CREEK CONTROL STRUCTURE 

3.2.1 Description of Alternatives 
A gravity drainage control structure located on Paint Creek will control back flow from Levisa Fork. 
Paintsville floods from either Paint Creek or Levisa Fork. Internal flood walls provided along the banks of 
Paint Creek will provide protection from Paint Creek and taller flood walls along the Levisa Fork will 
provide protection from Levisa Fork, but back flow from Levisa Fork could exceed the flood wall height 
along Paint Creek, so backflow from Levisa Fork must be prevented. Various control structures were 
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investigated during the feasibility study and Tainter gates were determined to provide the most reliable 
structure at the lowest costs during construction and over the life of the project.  

Two Paint Creek control structure alternatives were designed for feasibility. The final selected structure 
will be decided at the start of the design phase after Hydraulics is completed and an accurate head loss 
caused by the flap gates and the orientation of the gate openings is incorporated in the Hydrological 
model. The initial open area required through the structure was determined by Hydrology based on the 
principle of “Do No Harm”. Since railroad and highway bridges upstream of the control structure 
constricted Paint Creek, Hydrology determined that this would be an acceptable starting point for the 
closure design. The control structure capital and maintenance costs are dependent on the size of the 
openings required through the control structure, so the number and size of openings will be further refined 
during design. However, the effect of reducing the flow will have to be further developed in order to not 
increase project risks or substantially increasing the internal flood wall heights. Depending on the results 
of hydraulic analysis and further refinement of the hydrological models, the features selected during 
feasibility could change.  

During the development of the feasibility study, three primary criteria guided the selection of the control 
structure and gates: 

1. Life-safety
2. Reliability
3. Maintainability

Life-safety is paramount, so the gate selection was guided both by what has been used successfully on 
past USACE projects and what is being chosen on current projects. The Fargo Diversion Project was used 
as a basis of design for the gate selection, because the project includes three different control structures 
similar in function and scale as the current Paintsville control structure. The project was also used as a 
basis of design, because each project included a wide range of experience from 9 or more USACE 
districts and 3 or more USACE divisions. The control structures on the Fargo Diversion Project 
incorporated best practices for flood control structures and hydraulic steel gates. Past projects in 
USACE’s inventory were also reviewed to determine what features that have performed safely over 50 or 
more years could be incorporated into design. 

Reliability of the gates is crucial for the performance of the flood protection project. Hydrology indicated 
early in the project that since a pump station would not be included in the recommended plan that the 
gates had to reliably open and close in a timely manner or the flood control system would not function as 
designed.  

The control structure also had to be easily and economically maintained, because the control structure will 
be turned over to the local sponsor who may have limited funds to maintain flood control structures. 
Since the reliability of the gates is highly dependent on proper routine maintenance, the maintenance 
costs of the gates must be kept low.   

Reliability and maintainability of a system are not always dependent on one another, so some decisions 
could increase reliability, but decrease maintainability. Other choices would increase reliability and 
maintainability, but increase capital costs. These choices are discussed in the following sections. 
Reducing the number of the gates will reduce the construction and maintenance costs.  
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3.2.1.1 (3) Tainter Gates Structure Alternative  
The (3) Tainter Gate Structure alternative includes an 85 feet deep x 95 feet wide x 61 feet tall monolith 
with (3) horizontally hinged radial gates (Tainter gates). Reference Exhibits S-011 through S-301 for 
concept drawings of the structure.  

3.2.1.2 Tainter Gate and Flap Gate Alternative 
The Tainter Gate and Flap Gates alternative includes an 85 feet deep x 35 feet wide x 61 feet tall monolith 
with (1) horizontally hinged radial gate (Tainter gate) and a 1 x 12 array of flap gate structures for 10 feet 
x 10 feet flap gates and sluice gates. (12) flap gates were determined to be equivalent to (2) Tainter gates 
by Hydrology for the purposes of the feasibility study.  

3.2.2 Features 
The control structure is comprised of multiple features which are discussed in subsequent sections. Each 
alternative shares features with the exception of the flap gates and its associated elements. The common 
features for each Alternative are discussed below. Features unique to the flap gate alternative are labeled 
as such.   

3.2.2.1 Tainter Gates 

3.2.2.1.1 Description of Selected Alternative 
One preliminary design for a single configuration of Tainter gate steel was completed for the Tainter 
gates. The openings through the control structure are located at different elevations in order to elevate the 
sill upstream of some the openings. Refer to the Approach Slab section for the reasoning behind an 
elevated approach slab for a portion of the gate openings.  

The three 25 ft x 25 ft openings were assumed in the hydrological model. The total opening area were 
determined by H&H based on the “do no harm” principle and the upstream bridge abutment. The opening 
sizes were not optimized by Hydraulics during the feasibility study and will need to be analyzed during 
design. Reducing the number and size of openings during design will have a significant impact on the 
construction and life-cycle costs of the project.  

The 25 ft width of the opening was selected based on a reasonable upper limit of vertical roller gates in 
the LRL levee and dam inventory. Vertical roller gates were not selected for the alternative, but the size 
was carried over to the Tainter gates in order to reduce the analytical effort for Hydrology during the 
feasibility study. The gate widths will be optimized during design with the goal of maximizing the gate 
widths and minimizing the number of openings. The gate number and widths will require coordination 
with Hydraulics, Hydrology, and Hydraulics. The gate widths will be designed based on the following 
factors: 

1. Maximum normal water flow to reduce risk of obstructions blocking gate operation. 
2. Reduce pieces of mechanical equipment. 
3. Reduce costs of gates. Opening widths must allow for economical construction and operation of 

both Tainter gates and emergency gates.  

Reducing the number of gates will also open the design up to more reasonable alternatives, such as 
storing a permanently installed emergency gate upstream of the closure openings. Storing an emergency 
gate on the closure would increase response time of closing the gates, although the costs of maintaining a 
permanent emergency gate in place along with the hoisting equipment will also need to be considered.  
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3.2.2.1.2 Discussion of Alternatives Not Selected 
Other gate types, such as bear traps, vertical rolling gates, miter gates, swing gates, and bottom hinged 
flap gates, were considered during the feasibility phase, but determined to not be as economical or reliable 
over the life of the project compared to Tainter gates.  

3.2.2.2 Tainter Gate Anchorage 
The trunnion girder anchorage into the pier will be constructed from passive anchors. The Tainter gates 
are loaded towards the concave profile of the gate which means the Tainter gate strut arms are primarily 
in tension, so the trunnion girder will transfer the strut arm loads into the pier through bearing. The 
trunnion girder anchorage will not be loaded for the primary loads. Since the possibility of the Tainter 
gates being accidentally loaded in reverse, where Paint Creek is higher than Levisa Fork, the anchorage 
will be designed for tension loads as well. The magnitude of the tension load will be determined using a 
risk based approach and all significant potential accidental loading conditions will be analyzed and the 
design will be based on the frequency or return period of the loading conditions.  

3.2.2.3 Emergency Gates 
An emergency gate will be provided on the upstream side of the control structure. Emergency gates are 
required for operations and USACE standard practice to intervene in case of gate failures. The gates will 
also be used as upstream maintenance bulkheads. Slots are provided on the upstream end of the pier to 
secure the emergency gates. 

3.2.2.3.1 Description of Selected Alternative 
The emergency gates will be stored on the site adjacent to the control structure and will require a mobile 
crane for installation. 

3.2.2.3.2 Discussion of Alternatives Not Selected 
The possibility of storing the emergency gate or multiple emergency gates above the openings was 
evaluated during feasibility. Since one of the primary driving goals of the project is high reliability, 
providing an emergency gate for each opening initially seemed like a good idea. However, once it was 
determined that the crane requirements for operating each gate would add a significant maintenance cost 
component to the project and also the increase risk that the cranes wouldn’t be tested and maintained 
could reduce the long term reliability of the control structure, it was decided that this alternative was not 
the best solution.  

A single gate could have been stored above a single gate opening, but shared between all of the openings 
by moving the gate with a trolley crane. The crane requirements to lift a 25x25 foot gate would be 
significant, likely much higher than the hoisting requirements for the Tainter gates. The benefit of each 
opening having a dedicated emergency gate would be realized during the events where Levisa Fork is at 
the top of the wall and nuisance leakage would be at its maximum. However, it was determined that 
nuisance leakage from the gates would not have a significant impact on the interior ponding elevation, 
because a 100 cfs pump station was determined to have an insignificant impact on the interior ponding 
elevation and the nuisance leakage from the gates would be much less than 100 cfs.  

Multiple emergency gates could have been provided by storing an emergency gate for each Tainter gate 
opening above the openings. The trolley and crane would not be required in this scenario, but an extra set 
of hoisting machinery similar to what is proposed for the Tainter gates would have been provided, which 
would also be heavier than the primary Tainter gate lifting equipment. The idea of providing redundant 
gates appeared to be excessive and uneconomical.  



Johnson County, KY  Volume 2 
Section 202 Project  ETA Tab 4 
 

23 | P a g e  

3.2.2.4 Maintenance Bulkheads 
Maintenance bulkheads will be provided on the downstream side of the control structure in order to 
dewater the sill for inspection and maintenance.  

3.2.2.4.1 Description of Selected Alternative 
Similar to the emergency gates, the maintenance bulkheads will be stored on-site adjacent to the control 
structure and will require a mobile crane in order to install the bulkheads. This solution is typical on other 
flood control projects where gates are only anticipated to be installed once every 10-15 years. 

3.2.2.4.2 Discussion of Alternatives Not Selected 
Since the sill would not need to be dewatered frequently, the responsibility of providing bulkheads could 
have been shifted to the local sponsor to provide when inspection or maintenance was required. 
Constructing temporary bulkheads could be contracted out when needed, which would reduce capital 
costs and possibly reduce maintenance costs. However, the added cost shifted to the sponsor would 
possibly increase the risk of routine maintenance not being implemented and possibly increase the cost of 
maintenance. Both would reduce the long term reliability of the control structure, so this alternative was 
not chosen.  

3.2.2.5 Machine Platform 
The hoisting machinery for the Tainter gates requires a maintenance platform for proper operations, 
maintenance, and inspections.  

3.2.2.5.1 Description of Selected Alternative 
A concrete slab maintenance platform doubling as a bridge between monoliths will be provided. 

3.2.2.5.2 Discussion of Alternatives Not Selected 
The bridge between monoliths could be independent from the machine platform, but it was determined to 
add little value to the project. 

Instead of a concrete platform, the platform could be of steel construction. However, it was assumed that 
steel will require more maintenance over time and increase maintenance costs.  

3.2.2.6 Flap Gates – Tainter Gate and Flap Gates Alternative 

3.2.2.6.1 Description of Selected Alternative 
The Tainter Gate and Flap Gates alternative will include an array of flap gates in lieu of (2) Tainter gates. 
The flap gates will be square, 10’x10’ cast iron or steel fabricated gate. This size flap gate was assumed to 
be the largest size flap gate designed and manufactured.  If the gates are steel fabricated, then additional 
QA requirements and design review will be required during construction, because the manufacturer will 
need to design the gates and the gates would then fall under the Hydraulic Steel Structure Engineering 
Regulation, ER 1110-2-8157 Responsibility for Hydraulic Steel Structures. 

3.2.2.6.2 Discussion of Alternatives Not Selected 
The Tainter Gate and Flap Gates Alternative was also planned to include an array of flap gates in lieu of 
only (1) Tainter gates, so that the structure would include (2) Tainter gates and (6) flap gates. However, 
due to time constraints, only the two cases were investigated. The optimal number of flap gates and 
Tainter gates will be determined during design.  

Instead of a horizontal array of flap gates, a 3 row-6 column array of flap gates was also proposed to 
reduce the footprint of the control structure as well attempt to increase the hydraulics of the numerous 
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flap gates. However, stacking the sluice gates was determined to be problematic and the idea of stacking 
flap gates vertically, especially large 10’ x 10’ flap gates, were abandoned in favor of a single row.  

3.2.2.7 Trash Racks 

3.2.2.7.1 Description of Selected Alternative 
Trash racks will only be used in front of the flap gate control structure alternative. The trash will be 
cleaned manually from the trash platform and after flood events from grade.  

3.2.2.7.2 Discussion of Alternatives Not Selected 
Tainter Gates 

Trash racks will not be installed upstream of the Tainter gate openings. Trash racks prevent large debris 
from blocking gate, but require routine maintenance to properly perform. If the trash racks create a larger 
head loss due to blockages, then the risk of the flooding would be increased.  

Most large gated openings do not require a trash rack, because large debris can simply pass through the 
openings. The hydraulics of the opening will have to be analyzed during design to prevent debris from 
settling on top of the sill around the gate.  

Flap Gates 

Automated trash rakes will not be provided, because of the increased maintenance costs associated with 
the equipment.  

3.2.2.8 Sluice Gates - Tainter Gate and Flap Gates Alternative 
Steel casting or fabricated sluice gates will be provided in front of the flap gates as a secondary means of 
closure. The 10’ x 10’ size was selected by Civil and Hydrology as a starting point for the largest feasible 
size of available flap gates. The size of the flap gates will be optimized during design if flap gates are a 
part of the recommended plan.  

3.2.2.9 Monolith Piers 
The monolith piers will be solid concrete sections. Slots for the emergency gates and maintenance 
bulkheads will be provide in the upstream and downstream ends of the pier, respectively.   

3.2.2.10 Monolith Abutment 
The monolith abutments will be solid concrete sections. Slots for the emergency gates and maintenance 
bulkheads will be provide in the upstream and downstream ends of the abutment, respectively.  The north 
abutment is expected to be taller than the south end due to the steep existing embankment. Since the north 
embankment is higher, access will be provided to the maintenance platform from the north.  

3.2.2.11 Sill and Deep Foundation Elements 
The control structure monolith footprint was based on a preliminary overturning analysis based on EM 
1110-2-2100. The analysis included both full uplift across the base decreasing linearly from the peak 
hydrostatic pressure on the flood side to the hydrostatic pressure on the protected side and no uplift 
conditions. The full uplift load case governed overturning and flotation and the no uplift load case 
governed the bearing pressure bearing pressures. Sliding was not analyzed with the general stability 
analysis spreadsheet, because the structure is founded on deep foundation elements.  

An exhaustive stability analysis will be performed during design, including risk-determined headwater 
and tailwater elevations.  
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The downstream sill elevation was selected so that the top of the sill matches the assumed bottom of creek 
elevation. The upstream sill elevation for the normal water elevation passage and the flood water 
elevation passage are different. The top of the sill is located at elevation 568 through the normal water 
flow elevation and at elevation 572 through the flood stage elevation. For feasibility, the bottom of the sill 
was assume to be at a uniform elevation for simplicity of analysis. The bottom of the foundation will be 
develop during design to reduce the thicknesses at the elevated platform area. The minimum thickness of 
the downstream heel of the elevation was determined based on the peak heel pressures transferred into the 
pile array. The minimum thickness of the upstream toe at the normal water elevation passage was also 
determined based on the peak pressures. The preliminary thickness determinations, the foundation sill 
was assumed to span between the piers as simple span slabs. A 3D FEA analysis will be performed during 
design including pile-spring supports in order to determine a more accurate load distribution to the 
foundation elements so that the foundation thicknesses can be more accurately designed.    

3.2.2.11.1 Description of Selected Alternative 
The structure will be supported by driven steel H-piles. H-piles are typical for riverine structures and 
since bedrock is relatively shallow at NAVG88 530 feet (35 feet deep piles) at the control structure, 
driven steel piles were assumed to be the economical choice.  

The piles were assumed to be spaced at 6 feet on center in each direction under the control structure 
foundation. 50% of the piles were assumed to require batter in order to resist lateral loads. 

The foundation of the control structure will be protected with a cofferdam, so it is anticipated that a 6” 
concrete mudmat will be installed directly below the foundation bearing elevation in order to provide a 
clean site for driving piles and QAQC.  

A pile load test program will be developed during design based on USACE best practices and lessons 
learned on similar projects.  

3.2.2.11.2 Discussion of Alternatives Not Selected 
Driven piles could be wood timbers or precast concrete. Wood timbers are not typically used on inland 
waterway structures. Precast concrete piles could be used, but the reliability of driving steel piles and the 
consistent quality of steel piles in comparison are better than precast concrete piles. The cost differences 
between the two were assumed to be negligible, so the more reliable and higher quality system was 
selected. 

Drilled caissons were also considered, but inspecting the drilled shaft inside the caisson is difficult in 
riverine environments and the construction of such as system has inherent safety risks that could be 
avoided with driven piles. A more frequent distribution of steel piles reduces the stresses in the 
foundation as well as bedrock compared to larger diameter drilled shafts, so the pressure distribution is 
represented as a uniform pressure instead of point loads in the case of drilled caissons.  

3.2.2.12 Approach Slab 
The approach slab will be constructed with two elevations. The normal water flow will be controlled 
through one opening in order to increase flow velocities and reduce the risk of sediment settling over the 
sill as well as help flush debris through the structure. The other remaining gates will only pass water when 
the water stage is about 2-3 feet above the normal water stage. The elevated slab will allow equipment 
closure to the normal water flow section to remove debris and sediment detrimental to the function of the 
gates. The elevated slab will also allow the other gates to remain in the dry which will increase the 
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efficiency of inspections and reduce corrosion and wear on the remaining gates, which would lead to 
reduced maintenance costs.  

The approach slab was assumed to be a minimum of 3 feet thick and would be supported on steel H-piles. 
H-piles are required under the slab despite the loads being significantly less than the control structure, 
because of uplift pressures and differential settlement with the surrounding features.  

3.2.2.13 Stilling Basin 
Since hydraulics of the stream will be changed through the structure and it is anticipated that the structure 
will either increase flow velocities due to the flow constrictions and paved channel, a stilling basin will be 
provided to dissipate energy in the water downstream of the structure. The need for baffle blocks will be 
determined during design by Hydraulics.  

The stilling basin slab was assumed to be a minimum of 3 feet thick and would be supported on steel H-
piles. H-piles are required under the slab despite the loads being significantly less than the control 
structure, because of uplift pressures and differential settlement with the surrounding features. 

3.2.2.14 Control Building and Equipment Enclosures 
Controls and power for the Tainter gates are required for operation of the Tainter gates and must be 
protected from weather and vandalism.  

3.2.2.14.1 Description of Selected Alternative 
Building Located Adjacent to the Control Structure 

The remote controls and main power panel will be located in a control building located on grade to the 
site on the north side of the control structure. The control building is located on grade in order to provide 
easier access as well as flexibility during design to reconfigure the control structure if needed. With the 
building located on grade, a concrete conduit duct bank will be installed between the building and control 
structure machinery. The building will be located as close to the control structure as practical.  

The building footprint is assumed to be 10 feet x 10 feet and the roof height is assumed to be 10 feet in 
order to provide adequate space for the electrical equipment. The building is assumed to be clad in brick. 
The doors and window will be made of robust construction to deter tampering, theft, and vandalism. 

3.2.2.14.2 Discussion of Alternatives Not Selected 
Control Building Located on the Control Structure 

The control building could have been located on the control structure. One of the benefits to this location 
is that the controls and power panel is located closer to where the machinery is located and it is quicker to 
operate the gates. The primary drawback is that the building would then need to be supported from the 
piers or abutment, which would complicate design and construction without adding significant value.  

Control Building Built Integrally with the Control Structure 

The control building could have been integrated into a building enclosure located over top of the entire 
control structure, which would also protect the mechanical equipment. This would remove the need to 
have metal shrouds protecting the lifting machinery as well as simplify the design concept. However, 
operability of the gates would have been reduced, because clear sight around and below the control 
structure would be limited. Enclosing the mechanical equipment with a building would allow for easier 
maintenance, but would also make removing and replacing equipment more difficult. Since a building 
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over the closure structure wasn’t a necessary component to the project, increased project costs, increased 
project maintenance costs, and had numerous O&M issues, it was not selected for the recommended plan.    

3.2.3 Design Criteria and Assumptions 
The resisting side soil forces are much lower than the T-Walls for overturning and bearing capacity 
analysis and design. The resisting side soil forces are considered for sliding analysis, but only acting 
laterally along the depth of the base of the structure. It is assumed that there is no soil above the base due 
to the location of the control structure, therefore, no soil pressure due to soil sitting on top of the structure 
is contributing to the resisting forces on the structure. In order to provide additional resistance to the 
structure against sliding, the base of the structure will bear on piles. 

The water height on the unprotected side of the structure corresponds with T-Wall load combination I2, 
with the water height at the top of the structure. This is due to the location of the structure because it is 
located in the body of water and it will have to remain stable when the water level reaches abnormal 
levels. It is assumed that a crack will form in the soil, allowing water to infiltrate the soil. 

The design of the concrete monolith portion of the gravity drainage control structure will follow a similar 
procedure to the concrete T-Wall, but taking into consideration the actual length of the elements of the 
overall structure. Therefore, the concrete monolith will be designed and sized in order to provide global 
stability to the structure in accordance with EM 1110-2-2502. 

Control elevations are summarized in Table 3.5. The maintenance deck is higher than the flood walls to 
provide clearance between the open Tainter gate and the platform to allow for inspection and maintenance 
while the gate is open. The maintenance deck elevation could be lowered if the width of the deck is 
decreased. The optimal width and elevation of the maintenance deck will be determined during design.  

Table 3.5 Control Structure Elevations 

Feature 
Elevation (NAVG88 

FT) 
Top of Maintenance Deck 625.0 
Tainter Gate Trunnion Elevation 597.0 
Top of Flood Flow Opening 593.5 
Top of Normal Flow Opening 593.0 
Elevated Channel Maintenance Deck 572.0 
Normal Flow Channel 568.0 
Bottom of Paint Creek 567.0 
Bottom of Monolith 563.0 

3.2.3.1 Hydraulics 
Hydraulics through the structure were not analyzed during the feasibility phase. The hydraulic 
characteristics of the control structure will be analyzed during design.  

3.2.4 Loading 
The stability of the control structure is affected by the headwater and tailwater elevations on each side. 
The elevations and relative elevations of the two streams are highly variable due to the streams being fed 
from different tributaries as well as the flash flood nature of the streams. The water elevations vary 
depending on the rainfall on the Levisa Fork tributary and Paint Creek tributary. The water elevations for 
Paint Creek are also dependent on the discharges from Paintsville Dam. For feasibility, the stability of the 
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control structure was based on the headwater and tailwater conditions shown in Table 3.6. The primary 
loading acts toward the control structure from the Levisa Fork side. However, reverse loading is possible 
due to accidentally not opening the gates promptly after Levisa Fork drops below Paint Creek, mechanical 
failures of the gates, or the inherent lag between opening the gates and draining Paint Creek due to 
submerged orifice flow through the gate openings.  

Table 3.6 Levisa Fork and Paint Creek Water Stages for Stability Analysis 

Headwater Elevation 
(Stream with HW) 

Tailwater Elevation (Stream 
with TW) Uplift Assumption 

618.0 (Levisa) 595.0 (Paint Creek) Full 
618.0 (Levisa) 595.0 (Paint Creek) None 
618.0 (Levisa) 610.0 (Paint Creek) Full 

610.0 (Paint Creek) 585.0 (Paint Creek) None 
610.0 (Paint Creek) 585.0 (Paint Creek) Full 

 

During design, the headwater and tailwater elevations will be determined using a risk based approach. 
The gates could close sooner than the elevation assumed during feasibility. It is also highly unlikely that 
the elevation of Paint Creek remains the same elevation from the time the gates are closed to the time that 
Levisa Fork is at the top of the flood walls. Elevations 618 and 610 was selected because the elevations 
correspond to the level of protection provided by the Levisa Fork and Paint Creek flood walls, 
respectively. Elevation 595 corresponds to the elevation that the gates were assumed to be closed in the 
hydrological model. For the reverse loading condition, elevation 585 was chosen because it seemed like a 
reasonable assumption for a situation rarely to occur but for which no current design information is 
available from the Hydrological models.  

Reverse loading conditions were also investigated during feasibility, but will be fully analyzed during 
design. The gates could be stuck closed once Levisa Fork starts to recede. Once the elevation of Levisa 
Fork drops below the elevation of Paint Creek, the structure would then be loaded in reverse from the 
primary loading. The maximum head differential for the reverse loading will need to be determined by 
Hydrology using a risk based approach. Although a head differential of 5 to 10 feet seems reasonable, 
many theoretical scenarios exist all the way to a fully drained Levisa and a maximum height Paint Creek. 
For this scenario, the head differential would be 40 feet, which would be a greater head differential than 
the primary loading direction with headwater from Levisa Fork.  

It should also be noted that the control structure is taller the design flood elevations, because the adjacent 
flood wall heights are limited to 618.  

Machinery Loads 

The nominal lifting loads applied to the structure are included in Table 3.7. Assume a minimum safety 
factor of 2 (load factor) will be applied during design.  

Table 3.7 Gate Lifting Loads 

Gate Lifting Load (lbs) 
25x25 Tainter Gate (each side) 70,000 

10x10 Sluice Gate 150,000 
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3.2.5 Method of Analysis 
The sections of the control closure monolith were analyzed as 2-dimensional rigid elements, meaning 
plane sections remain plane after bending and stress and strain vary linearly across horizontal planes, with 
spreadsheets. The analysis for feasibility was simplistic and will be further refined during design. As an 
example of the analysis simplification, the arc length of the Tainter gate section covering the openings in 
the control structure was simplified as vertical and horizontal segments and the pressure was assumed to 
be applied uniformly across the gate, because the gates will nearly always be submerged on both sides in 
operation, and the resultant was assumed to act from the center of the arc length to the trunnion hub. 
Conceptually, this simplification is accurate. 

The load acting on the Tainter gate was assumed to be uniform, since it was assumed that during the 
critical loading conditions the gate would always be submerged, so the only load acting on the gate would 
be from the head difference on the head water and tail water sides of the closure. In reality, some of the 
load will be transferred into the closure sills. A more realistic load transfer concept will be developed 
during design.  

Global stability was verified for the monolith, including sliding, overturning, uplift, and soil bearing in 
accordance with EM 1110-2-2502 Section 4-6 and Table 4-2 and EM 1110-2-2100 Section 3 and 
summarized in Table 3.8 

Table 3.8 Global Stability Criteria for Paint Creek Control Structure 

 
Load 
Case 

Loading 
Conditio

n 
Classific

ation 

Sliding 
Factor of 

Safety 
per 2100 
(2502) 

Overturning Criteria 
Base Area in 
Compression 

Minimum 
Bearing 
Capacity 

Safety 
Factor Buoyancy 

Soil 
Foundati
on 

Rock 
Foundation 

I1 Design 
flood 
(Infreque
nt flood) 

Unusual (1.5) 100% 100% 3.0 1.2 

I2 Water to 
top of 
wall  

Extreme (1.33) 75% 50% 2.0 1.1 

I3 Earthqua
ke 

Extreme (1.1) Resultant 
within 
Base 

Resultant 
within Base 

>1.0 1.1 

I4 Construct
ion 

Usual (1.33) 75% 50% 2.0 1.3 

 

3.2.6 Design Results 
The initial design of the gravity drainage control structure monolith incorporated a large central opening 
that is spanned by a steel gate. On both ends of this opening is a large concrete pier to support the steel 
gate that is raised and lowered vertically. On both ends of the control structure is a concrete wall. All of 
these elements of the control structure are supported by a concrete base. Future design iterations will 
include a mechanism to raise and lower the gate as well as addition structure to support this mechanism. 
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3.3 CONDUITS, HEADWALLS, FLAP GATES, AND GATE WELLS 

3.3.1 Description 
Levee conduits were selected by Civil and structural analysis was not performed during the feasibility 
phase. Since the LRL inventory includes a large amount of similar structures, developing the design 
during feasibility was not required in order to capture the scope and costs of the project.  

The headwalls and gate wells will be analyzed during design. Conduits will require headwalls on the land 
and river sides of the levee. Flap gates will be installed on the river side of the levee. Conduits greater 
than 30” will require a gate well as a secondary means of closure. 

Gate wells will be located on the river side of the levee and adjacent to the crown, which means a section 
of the conduit will be pressurized on the flood side of the levee. The benefits of locating the gate well 
near the crown instead of further towards the river side toe is that O&M personnel will be able to access 
the top of the gate well without bridges, stairs, or ladder, which increases operability and maintainability 
and reduces the level of effort of inspections.   

3.4 PUMP STATION (NOT INCLUDED IN RECOMMENDED PLAN) 

3.4.1 Description of Selected Alternative 
The pump station would be a concrete substructure. The superstructure would be constructed from either 
reinforced masonry or structural steel framing and a robust material for the skin, such as clay brick.  

CMU was chosen for its durability and economy. Concrete walls were considered due to their enhanced 
durability, but it was determined it would be uneconomical. Cold-formed steel stud walls were considered 
due to its enhanced economy, but it was determined it would not be durable enough.  

The pump station would be founded on deep foundation elements. A cut off wall would be located 
underneath of the pump station to control under-seepage.  

3.5 TEMPORARY EXCAVATION/COFFERDAM 
The Paint Creek control structure will require a temporary cofferdam for construction. Three different 
solutions were discussed during feasibility: (1) temporarily diverting Paint Creek to the south around the 
control structure and building a large temporary cofferdam, (2) phasing construction so that multiple 
temporary cofferdams would be constructed and demolished, and (3) building the control structure into 
the north embankment to minimize the disturbance to Paint Creek then permanently shifting the 
alignment of Paint Creek north through the control structure after construction. The temporary cofferdam 
concept will be further developed during design.  
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1 GENERAL  
The Paint Creek closure structure was determined to be necessary for controlling the water levels where 
Paint Creek meets the Levisa Fork. Originally, a 100 CFS pump station was considered that would have 
been located next to the closure structure, but the pump station had negligible benefits. For this reason, the 
pumps are not being considered further, but documented for reference only. 

The only mechanical alternative being proposed is the Paint Creek closure structure without a pump station. 
There are two arrangments suggested under the this alternative. The first proposed arrangement is a 25’ x 
25’ Tainter Gate, parallel to twelve 10’ x 10’ flap gates. The strengths of this first arrangement is that the 
flapgates do not require personnel interaction, allowing Paint Creek to drain to Levisa whenever differential 
head permits. The Tainter gate would lower the amount of debris passing through the flapgates at very low 
flows, and reduce the number of flapgates necessary for very high flows. The weaknesses of this 
arrangement is a high failure probability of flapgates due to debris, each flapgate will require its own 
dedicated sluice gate for secondary means of closure, and will require seasonal maintenance to keep the 
passages clear of debris to ensure operation. 

The second proposed arrangement is using up to three 25’ x 25’ Tainter gates. The strengths of this 
arrangement is that Tainter gates are very reliable and the larger openings greatly reduce the number of 
passages required, and they pass debris very efficiently. Tainter gates also require very low motor 
horsepower to operate, making them very suitable for high head operation. 

For simplicity, the mechanical appendix is broken down by feature, documenting the decision making 
process for each individual mechanical feature that was considered. 

 

2 MECHANICAL FEATURES  

2.1 25’ X 25’ TAINTER GATE CLOSURE 
 

2.1.1 Proposed System 
A Tainter gate is being recommended as the style of gate to seal a 25’ by 25’ opening. The gate is estimated 
to be about 75,000 lbs and the estimated max head differential is estimated to be 40 ft, but the machinery 
is never expected to operate at this condition. Mechanically, a Tainter gate is preferred to other styles of 
gates, due to the reduced lifting forces when compared to a vertical lift gate, especially when designed to 
lift against large head differential. These assumptions require a lifting force of approximately 117,000 lbs, 
but normal operating conditions will be much lower. Machinery is selected to be similar in design and 
layout to that of many Tainter gates on the Ohio River. This layout for machinery is selected because the 
reliability with correspondingly low maintenance. The cables and corresponding equipment should be 
designed using EM 1110-2-3200. The Tainter gate machinery will be designed following guidance in EM 
1110-2-2610. The estimated horsepower required to operate the gate is 5 hp. The lifting speed will be 10-
12 inches per minute. It’s estimated that it six 7/8” wire ropes will be attached to each side of the gate, 
operating in parallel. 
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2.1.2 Alternatives Considered 
A vertical lift gate was initially considered, but has several features that are not beneficial in this application. 
A vertical lift gate lowered by gravity may not seal under its own weight with head differential. Secondly, 
a vertical lift gate will require far more lifting force, requiring a larger machinery footprint. The higher 
lifting force requirement is due friction. The Tainter gate places much of the friction in the trunnion, and 
has a large lever arm to overcome friction. The vertical lift gate has friction located in the same plane as 
the lifting force. The friction of a 25’ x 25’ gate with 40’ of head is estimated to be on the order of 300,000 
lbs. 

Hydraulic operators were briefly considered, but were screened out. Hydraulic systems require more regular 
maintenance and repairs than a cable and gear system. Hydraulic systems potentially provide a lower first 
cost, but the O&M cost associated with hydraulic actuation will make the project unaffordable to the 
sponsor. 

 

2.2 10’ X 10’ FLAP GATES AND SLUICE GATES 
The secondary means of closure proposed for each of the 10’ x 10’ flap gates is to use sluice gate. The 
maximum estimated head is 40’. 10’ x 10’ flap gates and sluice gates would be cast iron. Two manufacturers 
offer the 10’ x 10’ size sluice gates and flap gates in cast iron. Trash rack will be installed to keep debris 
from preventing gate closure. The sluice gates will be operated via motorized actuators connected to the 
gate with an ACME threaded stem. The actuator for the sluice gate would be 15 to 20 hp, but may be 
reduced during design. This size will prevent the use of a portable actuator, requiring each gate to have its 
own actuator.  

Other actuator types were not considered due to project requirements. Closing under 40’ of head requires 
positive closure which eliminates using any type of cable system with the sluice gates. Hydraulic actuation 
was screened out due to the high O&M costs. 

2.3 PUMP STATION 
A pump station was considered but not recommended. This is due to a large pump station having a higher 
operational and maintenance cost than the sponsor can afford. The largest pump station that was estimated 
to be affordable to the sponsor was approximately 100 CFS. There was very little benefit associated with 
the small pump station, see Hydraulics and Hydrology appendix for details. 

The 100 CFS pump station considered was to use (2) pumps, each sized for about 50% capacity. For 
estimation purposes, (2) submersible column pumps were considered, each sized at 50% capacity. First 
operating point is 22,500 gpm at 40 ft of head. The second operating point is 31,000 gpm at 10 ft of head. 
These pumps require 375 hp motors. The pump discharge elevation would be above river flood elevations, 
and not require secondary means of closure apart from flap gates.  A trash rack was included for 
consideration, as well as an access platform for manual removal of debris. 
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3 DESIGN CALCULATIONS AND CUTSHEETS 

3.1 TAINTER GATE ESTIMATIONS 
Calculations provided below are not for actual equipment selection or to predict accurate operation, but 
for general equipment estimation. Hydraulic flow forces were not considered, many forces were roughly 
estimated. The tainter gate may experience load in either direction, but will only ever be operated with 
head pressure on the convex face. Equipment type and size is subject to change during design. 
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3.2 10’ X 10’ SLUICE GATE ACTUATOR CALCULATIONS 
Sluice gate calculations are used to estimate motor torque and speed requirements necessary to raise the 
gate. The stem size was roughly estimated and not checked for actual load conditions. The stem will have 
to be fully designed during the design phase. There may be an opportunity to reduce torque requirements 
by optimizing the stem design, possibly using two stems linked to a single motor. 
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Figure 3.1 Rotork Sizing Guide 
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3.3 PUMP SELECTION 

 

Figure 3.2 Sulzer Pump Curves 
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Figure 3.3 Sulzer Diagram 
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1 GENERAL  
Alternative 2 of the Engineering Technical Appendix indicates the considerations of constructing a pump 
station on Paint Creek in order to lower the level of water ponding on the protected side of the flood control 
structures. Ultimately, it was deemed unfeasible to provide a pump station which would both lower the 
ponding elevation significantly and be affordable to operate and maintain by the city of Paintsville. 
However, the electrical members of the project design team (PDT) have provided a conservative concept 
of what the station’s electrical components would entail.  It is proposed that the design to be installed for 
the Paintsville pump station will be similar to the pump station being installed at North 8th Street in Paducah 
Kentucky. The design shall follow guidance of engineering manuals 1110-2-1913, 1110-2-2400, 1110-2-
2610, 1110-2-2704, 1110-2-3102, 1110-2-3104, 1110-2-3105, and 1110-2-4300.  

A closure structure consisting of one to three tainter gates with twelve or zero actuator driven sluice gates 
respectively will be installed for this project regardless of if a pump station is ultimately deemed necessary.  
During the preliminary stages of design, it was determined that this type of closure structure was an optimal 
strategy for controlling the opening of the Paint Creek waterway. This closure structure will resemble Wild 
Rice River Structure installed for the Fargo-Moorhead Flood Risk Management System in Fargo, North 
Dakota.  The design shall follow guidance of engineering manuals 1110-2-1913, 1110-2-2400, 1110-2-
2610, 1110-2-2704, and 1110-2-4300. 

The proposed location of the Paintsville pump station is located near the intersection of Chessie Lane and 
the railroad tracks which cross Paint Creek. The closure structure will be constructed at the railroad track 
opening over Paint Creek. The power equipment location for the stand alone closure structure options will 
be behind the self-storage facility on Route 40. 

The subsequent paragraphs focus on the electrical requirements for: a pump station with a closure structure 
having one tainter gate, a closure structure consisting of one tainter gate, and a closure structure with three 
tainter gates.  The one tainter gate closure structure shall be discussed for the pump station/closure structure 
to provide an approximation for the largest electrical equipment required for this project. Further 
optimizations for the closure structures will occur in the future by the PDT. 

2 POWER 
One line diagrams have been provided in the drawing set (E-601 and E-602) for both the one and three 
tainter gate closure structures.  A one line diagram was not provided for the pump station due to the 
unlikelihood of this option proceeding. 

2.1 PUMP STATION WITH ONE TAINTER GATE CLOSURE STRUCTURE: 
The largest service size for the pump station/closure structure design is 1459 kVA at 480 VAC.  A motor 
control center (MCC) with a 1600 amp main breaker will be required and will house breakers for: motor 
starter circuits,and  a lighting transformer and panel for controls, lighting and receptacle loads.. The 
equipment list for the pump station will include: two 400 hp pump motors, one 5 hp tainter gate motor, 
twelve 20 HP actuators for sluice gate control, and a 45 kVA lighting panel for generic loads at the pump 
station. Motor starter circuits would include reduced voltage starters and power factor correction capacitors 
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to improve power factor at the station.  To prevent trouble from moisture, suitable heaters will be installed 
in these motors and starters. A lightning protection system will be installed on the roof of the pump station 
to alleviate surges caused from lightning strikes. Other surge devices will be added in accordance to NEC 
and EM requirements. 

2.1.1 One Tainter Gate Closure structure: 
The service size for the one tainter gate closure is 392 kVA at 480V. A 400A power panel will provide 
power to the tainter and sluice gate motors, controls, and lighting. The equipment list for this closure will 
include: one 5 hp tainter gate motor, twelve 20 HP actuators for sluice gate control, and a 45 kVA lighting 
panel for generic loads at the pump station. One NEMA 1 type reversing starter will be provided for the 
tainter gate motor.   

2.1.2 Three Tainter Gate Closure structure: 
The service size for the one tainter gate closure is 80 kVA at 480V. A 100A power panel will provide power 
to the tainter gate motors, controls, and lighting. The equipment list for this closure will include: three 5 hp 
tainter gate motor and a 45 kVA lighting panel for generic loads at the pump station. Three NEMA 1 type 
reversing starter would be provided for the tainter gate motor.   

2.2 CONTROL SYSTEM 

2.2.1 Pump Station Controls: 
The pump station would be provided with a simplified relay based control system which would allow the 
station to be operated in both manual and automatic mode. Sump elevation, along with Levisa and Paint 
Creek elevations would be provided to the operator in the station via submersible pressure transducers and 
digital readouts. Hand-Off-Auto switches at each pump determine manual or automatic operation. 
Pushbutton controls would allow the operator to manually activate the pumps. Relay logic allows the pumps 
to operate automatically via the submersible level transducer. 

2.2.2 Closure Structure Controls: 
The closure structure tainter gate controls for both the one and three tainter gate closure structures will be 
similar to the tainter gate controls at Ohio River high lift dams. Gate height will be manually manipulated 
via relay based controls. Traveling nut limit switches and rotational transducers will be incorporated for 
gate control aspects and height indication. A control structure will be located in close proximity to the 
closure, with systems such as climate control and lighting. Sheet E-501 shows a concept level panel layout 
typical for each tainter gate closure.  Sluice gate controls will be integral to the actual sluice gate. 

2.3 EMERGENCY POWER 
Emergency power for both the pump station/closure and the two closure structures will be provided in the 
form of generators or a dual feed system. Generators are being shown on the concept one line diagrams. 

2.3.1 Generators 
Generators will be of the standby type and be sized to support all operations per their respective facility 
(1.4 MVA for the pump station/closure facility, 400 kVA for the one tainter gate closure facility, and 80 
kVA for the three tainter gate closure facility). All options would require a manual transfer switch, which 
would double as a service disconnect switch (neutral position would be required). The pump station/closure 
option would be sized to 1600 amps, the one tainter gate option would be sized to 400 amps and the three 
tainter gate closure option would be sized to 100 amps.   



Johnson County, KY  Volume 2 
Section 202 Project  ETA Tab 8 
 

3 | P a g e  
 

Rental generators may be a viable route as a means to reduce the OMRRR costs that the sponsor will be 
required to perform if a generator is bought by the city of Paintsville.  This would require a receptacle area 
adjacent to the transfer switches mentioned above to connect the generator to the system and a rental 
agreement with a local generator rental company.  Further investigation is required to confirm. 

2.3.2 Dual Feed System: 
Another option would be to provide a dual utility feed system. To ensure maximum reliability, the feeds 
would have to originate from different substations. The local utility has indicated that a dual feed service is 
possible, but an outage of the primary feed would still require switching on their part to route power to the 
secondary feeder. Currently this would be accomplished manually and take hours to complete. There are 
plans in the future for this switching to be accomplished automatically, but a timeline when this would be 
completed has not been developed. 

2.4 LIGHTING 
The lighting system will be similar for the pump station/closure structure and both stand-alone closure 
structure options. A lighting panel would be supplied power from the MCC or a power panel.  A 480VAC 
to 120/208VAC transformer will be used to convert MCC/power panel power to the appropriate voltage to 
feed the lighting panel.  A tentatively sized lighting transformer load of 45 kVA was selected and added to 
the power one line diagrams for all options.   

3 REFERENCES 
The following references are used in Tab 6 Electrical Part 2 of this Engineering Technical Appendix.  

• 1110-2-1913,  
• 1110-2-2400,  
• 1110-2-2610,  
• 1110-2-2704, 
• 1110-2-3102,  
• 1110-2-3104,  
• 1110-2-3105,  
• 1110-2-4300 
• 1110-2-1913 
• 1110-2-2400  
• 1110-2-2610 
• 1110-2-2704 
• 1110-2-4300. 
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1 GENERAL 
This qualitative assessment of climate change impacts is required by U.S. Army Corps of Engineers 
(USACE, “the Corps”) Engineering and Construction Bulletin (ECB) 2018-14, “Guidance for 
Incorporating Climate Change Impacts to Inland Hydrology in Civil Works Studies, Designs, and Projects.” 
This assessment documents the qualitative effects of climate change on hydrology in the region and informs 
the Johnson County Flood Risk Management Feasibility Study of the potential impacts and risks drivers 
which can potentially be attributed to climate change. 

 

USACE projects, programs, missions, and operations have generally proven to be robust enough to 
accommodate the range of natural climate variability over their operating life spans.  However, recent 
scientific evidence shows that in some places and for some impacts relevant to USACE operations, climate 
change is shifting the climatological baseline about which that natural climate variability occurs, and may 
be changing the range of that variability as well.  This is relevant to USACE because the assumptions of 
stationary climatic baselines and a fixed range of natural variability as captured in the historic hydrologic 
record may no longer be appropriate for long-term projections of the climatologic parameters, which are 
important in hydrologic assessments for flood risk management in watersheds such as the Big Sandy River 
Basin. 

 

The Big Sandy River lies entirely within the State of Kentucky; however, the total watershed area of 4,283 
square miles also drains portions of Virginia and West Virginia.  Big Sandy River is formed by the junction 
of Tug and Levisa Forks at Louisa, Kentucky and flows in a general northerly direction for 27 miles to its 
junction with the Ohio River at Kenova, West Virginia and Catlettsburg, Kentucky. Levisa Fork and Tug Fork 
are the two largest tributaries of the Big Sandy River draining 2,325 and 1,559 square miles, respectively, of 
the total basin. The headwaters lie in the Appalachian Mountains, whereas the lower portion of the basin 
consists of relatively wide valleys and gentle, rounded hills, averaging about 300 feet in height. The total relief 
across the watershed is about 3,300 feet. The Big Sandy River Basin is irregular in shape, having a length of 
about 105 miles and a maximum east-west width of 91 miles.  The Big Sandy River Basin falls within the 
U.S. Geologic Survey (USGS) region 05 and makes up approximately 72% of the area in the 4-digit 
Hydrologic Unit Code (HUC) 0507. The rest of the HUC-4 region consists of the Guyandotte Basin, as 
seen in Figure 1.  
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Figure 1.  Map of the Big Sandy-Guyandotte HUC-4 0507 region 

 

Paintsville, Kentucky is located in the Big Sandy River Basin at the confluence of Paint Creek and Levisa 
Fork, a major tributary of the Big Sandy River. Approximately 2,143 square miles of the Big Sandy River 
Basin Watershed is upstream of Paintsville, KY, as can be seen in Figure 1 shaded in yellow.  

 

The Corps operates 6 dam and reservoir projects within the Big Sandy River Basin, five of which are 
upstream of Paintsville, KY. These projects serve a primary function of flood risk management, as well as 
other congressionally authorized purposes such as: irrigation, water supply, water quality, fish and wildlife 
conservation, forest resources conservation, and recreation. The first of the dams began construction in 
March 1946 and was placed in operation on July 1949. The last was the dam downstream of Paintsville, 
KY, completed in 1988, with filling complete in 1992. The 6 reservoirs constitute a total storage of 575,000 
acre-feet. In addition to the 6 USACE dam and reservoir projects within the Big Sandy River Basin, there 
are numerous local protection levee projects.  

 

Table 1 displays the names, flood storage capacity, top of dam elevation, and date of construction for the 6 
USACE reservoir projects within the Big Sandy River Basin. Figure 2 displays the location of these projects 
as well as the local protection levee projects within the watershed.  

 

 

GUYANDOT
 

BIG 
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Table 1. USACE Reservoir Projects within the Big Sandy Basin 

Location 
Relative to 
Paintsville, 

KY 

Name of Dam 
Flood Control 

Storage 
(acre-ft) 

Top of Dam 
Elevation 

(ft. NGVD29) 

Years of 
Construction Impoundment 

Upstream Dewey Dam 81,000 718.00 1946-1951 Jul 1949 
Upstream Fishtrap Dam 153,830 845.30 1961-1968  Dec 1963 
Upstream John W. Flannagan Dam 94,700 1460.00 1960-1968 Oct 1968 
Upstream North Fork of Pound Dam 9,398 1672.00 1964-1966 Sept 1964 
Upstream Paintsville Dam 32,760 757.00 1978-1980 Sept 1983 

Downstream Yatesville Dam 57,086 681.00 1984-1988 Apr 1991 
 

 
Figure 1.  Map of the Big Sandy River Basin including USACE Flood Risk Management 

Reservoirs 
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In total, there are 18 active stream gages distributed throughout the Big Sandy River Basin watershed: 12 
on the Levisa Fork, 5 on the Tug Fork, and 1 on the Big Sandy River. The gage that is the main subject of 
this study is located in Paintsville, KY on the Levisa Fork and has a drainage area of 2,143 acres, as shown 
in Figure 1. All of the other gages on the Levisa Fork are upstream of Paintsville, KY and all are regulated 
by the 5 USACE reservoirs. The Tug Fork gages are mostly unregulated since there are no USACE 
reservoirs along this fork, however local flood protection levees do exist. In order to separate out the 
hydrologic influence of observed climate change from other significant anthropogenic impacts, such as 
upstream regulation, an effort was made to identify a relatively “pristine” gage which was largely free of 
the effects of watershed modification. This gage, more or less, represents natural run-of-the-river 
morphologic conditions, allowing for greater insight into the impacts which may have been caused by 
climate change. While the pristine gage chosen for analysis was selected primarily because of the lack of 
regulation within its upstream watershed, preference was also given the site with lengthy annual peak 
streamflow period of record and to the site with relatively large drainage areas. Of the three pristine gages 
analyzed as seen in Table 2, the gage on Russell Fork at Haysi, VA was chosen. Land use change over time, 
such as urbanization and changing forestry practices, were not considered when selecting the pristine gage, 
which may have some impact on nonstationarity analysis. 

For the regulated gage at Levisa Fork at Paintsville, KY, both observed streamflow data and 
naturalized/unregulated streamflow data were analyzed in the various toolsets discussed below. The 
naturalized streamflow datasets represent simulated streamflows with the influence of regulation and 
irrigation removed. Naturalized streamflow data was only available from 1986-2013 from USACE 
Huntington District Water Management. 

Both analyzed gages and relevant parameters such as drainage area, peak streamflow, and period of record 
(POR) are in Table 2. It should be noted that reservoir operation was assumed to be consistent and uniform 
across the period of regulation. While there have been numerous deviations from the authorized water 
control plan, these changes were assumed to be relatively minor from a statistical and operational 
perspective. 

Table 2. Relevant Gages used in Qualitative Analysis 

 
USGS 

Gage # 
USGS Site Name Period of 

Record 
# of 

Observations 

Drainage 
Area 

(square 
miles) 

Regulation 

3212500 LEVISA FORK AT PAINTSVILLE, KY 1929-
2017 89 2,144 Regulated 

since 1949 

3208500 RUSSELL FORK AT HAYSI, VA 1927-
2017 91 286 Pristine 

3207800 LEVISA FORK AT BIG ROCK, VA 1957-
2017 51 297 Pristine 

3208950 CRANES NEST RIVER NEAR 
CLINTWOOD, VA 

1957-
2017 55 66.5 Pristine 

 

1.1 HISTORIC CLIMATE WITHIN THE BIG SANDY RIVER BASIN 
The climate of the Big Sandy River Basin is continental in nature.  The basin lies near the average path of 
moisture-bearing cyclones that move in a general easterly direction across the United States.  Annual 
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precipitation is approximately 25 percent above the national average and is well distributed with peaks in early 
spring and summer.  Snowfall occurrence varies from year to year but is common from November through 
March.  Average temperatures in the basin are fairly uniform during the colder months, but are generally 
higher in the southern part of the basin during the summer months. (Big Sandy River Basin Master Water 
Control Manual, 1996) 

Temperature. Temperatures in the Big Sandy River Basin area are generally higher during July and lowest 
during January.  Extreme summer temperatures usually exceed 100 degrees Fahrenheit and minimum 
temperatures of zero or lower can be expected during the months of December, January and February at most 
locations in the basin. (Big Sandy River Basin Master Water Control Manual, 1996) 

Precipitation. Most of the precipitation over the Big Sandy River Basin results from general storms which 
move easterly to northeasterly across the basin.  These storms vary considerably in frequency and character, 
producing a wide variation in precipitation for individual months and years.  Winter and summer-type storms 
have separate and distinct characteristics.  (Big Sandy River Basin Master Water Control Manual, 1996) 

An assessment of observed trends in historic temperature and precipitation was conducted using local 
climate data available from the Kentucky Climate Center for Eastern Kentucky. Data analyzed includes 
monthly mean and maximum average annual temperature, as well as annual precipitation and monthly 
maximum annual precipitation.  The Kentucky Climate Center obtained data from the National Center for 
Environmental Information’s Time Bias Corrected Divisional Temperature-Precipitation-Drought Index 
dataset (DSI-9640) and averaged data from all stations classified as being in Eastern Kentucky. This data, 
associated trends, and statistical significance values are displayed in Figure 3 and Figure 4 . No statistically 
significant trends (p-value < 0.05) were identified within the observed temperature or precipitation datasets 
analyzed at a 95% confidence level. Discussion of regional temperature and precipitation trends is discussed 
in more detail within the literature review below.
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Figure 2. Trends in Observed Temperature in Eastern Kentucky 
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Figure 3. Trends in Annual and Maximum Monthly Precipitation
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2 OBSERVED TRENDS IN CURRENT CLIMATE AND CLIMATE 
CHANGE 

2.1 LITERATURE REVIEW 

2.1.1 Recent US Climate Change and Hydrology Literature Syntheses 
A September 2015 report conducted by the USACE Institute of Water Resources summarizes the available 
peer reviewed literature related to trends in both observed and projected hydrometeorological variables for 
the Ohio Region (HUC02 05), which includes the Ohio River Valley. The Big Sandy River Basin is located 
in the southeast portion of the region. Figure 5 shows a summary of observed and project climate trends 
and literary consensus from the syntheses. It should be noted that this figure was created in 2015 and does 
not include any publications since that date. It should also be noted that the climate change characteristics 
of the Big Sandy River Basin may not necessarily match the trends of the Ohio River Valley region as a 
whole.  

Temperature. The 2015 USACE Literature Synthesis found a general consensus that the region spans a 
transition zone between a century-long warming trend toward the north and a cooling trend toward the 
south. However, the extent and seasonality of the warming and cooling zones vary between studies. In most 
studies, the Big Sandy River Basin has less drastic, or sometimes opposite, changes in temperature than the 
rest of the Ohio Region.  

Precipitation. According to the USACE Literature Synthesis: “A mild increasing trend in precipitation in 
the study region, in terms of both annual totals and occurrence of storm events, has been identified by 
multiple authors but a clear consensus is lacking. Results show increases in precipitation in some portions 
of the Ohio Region and show decreases in other portions. Recent reports indicate that rainfall may be 
concentrated more in larger events now than in the past.” In most evaluated studies, the Big Sandy River 
Basin is within areas of little-to-no increase or a decrease in precipitation. 

Hydrology / Streamflow. The 2015 USACE Literature Synthesis found split conclusions about streamflow 
trends in the Ohio Region; however, more literature supported an upward trend in streamflow.  
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Figure 4. Summary of Findings from 2015 USACE Literature Synthesis, Ohio Region 05  
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2.1.2 Fourth National Climate Assessment 
The Fourth National Climate Assessment (NCA4) Volume II, released in 2018, draws on science described 
in NCA4 Volume I and focuses on human welfare, societal, and environmental elements of climate change 
and variability for 10 regions and 18 national topics. Particular attention is paid to observed and projected 
risks, impacts, consideration of risk reduction, and implications under different mitigation pathways. Of 
specific interest to this qualitative analysis are the chapters regarding changing climate, water, and the 
Southwest region, which includes Virginia, Kentucky, Tennessee, Arkansas, Louisiana, Mississippi, 
Alabama, Georgia, Florida, South Carolina, and North Carolina. The Big Sandy River Basin is largely 
located in this region aside from a small portion located in West Virginia. The entirety of the area that 
drains through Paintsville, KY is included in this region. 

Temperature. Nationally, annual average temperatures have increased over the continental U.S. by 1.2°F 
from 1986-2015 and 1.8°F relative to the beginning of the last century. Figure 6, adapted from NCA4, 
displays observed changes in temperature for the period from 1986 – 2016, as compared with the historic 
average from the period of 1901 – 1960 (for the continental U.S.). Note that while virtually the entire U.S. 
has experienced warming of 1 to 2 degrees Fahrenheit, the southwest region has largely experienced 
negative or negligible changes in temperature over the observed period of record. In particular, the general 
area of the Big Sandy River Basin has observed changes of -1 to 1 degrees Fahrenheit.  The approximate 
study area is circled in red in the following figures. 

 

Figure 5. Observed changes in Temperature 
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Precipitation. Annual Precipitation since the beginning of the last century has increased across most of the 
northern and eastern U.S, whereas decreases have been observed across much of the southern and western 
U.S. There is much more regional variation in observed precipitation change as compared with observed 
temperature change, as the influence of temperature on precipitation varies greatly based upon terrain, 
elevation, and proximity to moisture sources. Figure 7 displays the percent change in annual precipitation 
for the period of 1986 – 2015, as compared with the historic baseline of 1901 – 1960. Looking more closely 
at the Big Sandy River Basin, most of the region has observed an increase in annual precipitation between 
0% and 5%, with some isolated areas experiencing a change between -5% and 10%. 

 

 

Figure 6: Observed Changes in Precipitation 
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Additionally, there have been observed increases in the frequency and intensity of heavy precipitation events 
throughout much of the U.S. Figure 8 displays the percent increase in the amount of precipitation falling during 
the heaviest 1% of events (99th percentile of the distribution). The left map within Figure 8 displays the percent 
difference between the 1901-1960 historic baseline versus the 1986-2016 period, whereas the right map displays 
linear trend changes over the period between 1958 and 2016. Note that in both the left and right side of the figure, 
the southeast has experienced a moderate increase in the precipitation falling during extreme events. In particular, 
the Big Sandy River Basin overlaps with the northeast region, which has even higher observed changes in annual 
precipitation. This indicates that extreme events have been becoming increasingly intense over the past decades. 
The observed trends in heavy precipitation are supported by well-established physical relationships between 
temperature and humidity. These increases in annual and extreme precipitation depths and volumes have various 
implications for reservoirs, particularly those intended for flood risk management. 

 

 

Figure 7. Observed percent change in the amount of precipitation falling during the heaviest 1% of 
events 

 

2.1.3 NCEI Kentucky State Climate Summary 
The National Centers for Environmental Information (NCEI) produced climate summaries for individual states. 
The Kentucky State Climate Summary, published in 2017, offers reviews observed and projected climate trends 
in Kentucky, where a majority of the Big Sandy River Basin lies. 

Temperature. While the United States as a whole has warmed by about 1.5 degrees Fahrenheit since 1900, the 
summary states: “Kentucky has not seen a significant overall increase in temperatures since the early 20th century, 
similar to the rest of the southeastern United States.” This is thought to be a result of the cooling that occurred in 
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the mid-20th century, but has not been fully explained. The summary also notes that the number of extreme heat 
days is near average, but the number of extreme cold days is below average in recent times. 

Precipitation. “There is no overall trend in average annual precipitation in Kentucky for the 118-year period of 
record, although it has generally been near to above average since 1990.” The overall number of extreme 
precipitation events, while highly variable, also has an upward trend. 

2.1.4 Virginia Journal of Science 
In 2019, Hoffman, Allen, and Labosier published the article Detecting Change: Observations of Temperature and 
Precipitation Across Virginia’s Climate Divisons. A portion of the Big Sandy River Basin lies in the Southwestern 
Mountain Climate Region of Virginia, as identified by this article. The article notes that while all climate divisions 
in Virginia showed increases in temperature, the Southwestern Mountain Region showed smaller changes on 
average. This result agrees with previous literature reviewed. 

2.2 CLIMATE HYDROLOGY ASSESSMENT 
The Climate Hydrology Assessment Tool (CHAT) developed by USACE and was utilized to examine trends in 
observed annual peak streamflow for the various gage locations shown in Table 2. The CHAT tool is used to fit a 
linear regression to the peak streamflow data in addition to providing a p-value indicating the statistical 
significance of a given trend. Many of the gages selected for CHAT analysis have been heavily impacted by 
regulation over different periods of time. For gages where the observed period of record includes the effects of 
regulation, the annual peak streamflow dataset cannot be considered homogeneous and it is difficult to draw 
conclusions based upon the trends identified within these datasets. In addition to assessing the entire period of 
record at regulated gage sites, subsets of data prior to and after reservoir construction were also analyzed.  

The gage on Levisa Fork at Paintsville, KY can be used to illustrate how periods of reservoir regulation influence 
trends in streamflow. Peak annual flow for this gage is available on a continuous basis from 1929 until 2014 in 
the CHAT. The annual peak data from 1929-1949 represents a pre-regulation dataset as no reservoirs were 
impounded upstream of the gage until 1949. The time period of 1949 – 1983 represents an era of dam building 
and reservoir filling upstream of Paintsville, KY; this period disrupts the homogeneity and homoscedasticity of 
the streamflow dataset. After 1983, reservoir operations became established and once again the period of record 
can roughly be considered homogeneous in terms of reservoir operation. For these reasons, the period of record 
for the Levisa Fork at Paintsville, KY was analyzed over 3 time periods: 1. complete heterogeneous period of 
record, 2. pre-regulation period, and 3. post-regulation period. 

When dividing the period of record into different intervals of regulation for each gage, consideration was given 
to ensure that the shortened record length remained adequate for trend analysis. Of the gage whose record was 
divided based on regulation, the shortest record length was the pre-regulation record length of 20 years. This 
shortened length may be impacting the linear regression analysis and the statistical significance of the data 
analyzed. Additionally, there is uncertainty regarding whether the post-regulation period of record reflects 
homogenous reservoir operation, since reservoir regulation is not always consistent over time and operational 
deviations are common. However, for the purposes of this analysis, reservoir operations were assumed to be 
consistent and the impacts of changes in regulation and deviations from typical operation were considered to be 
minor. Nonstationarity detection results, discussed below, offer further insight into the homogeneity of the peak 
streamflow dataset. 

Naturalized flows at Paintsville, KY were obtained from LRH for 1987- 2013, and a regression analysis was 
performed within Microsoft Excel using the entire period of record available. These regression results can be 
directly compared with the output from the CHAT. A pristine gage, Russell Fork at Haysi, VA (USGS 3208500), 
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with a longer period of record from 1928-2015, was also analyzed in the CHAT to analyze unregulated conditions 
within the Big Sandy River Basin. 

Individual graphical output for each gage and period of record analyzed is shown in Figure 9 through Figure 13. 
Note that only the complete period of record at Paintsville, KY had a strong statistically significant trends (p-value 
<< 0.05) detected. This trend was in the downward direction and was found when looking at the entire period of 
recorded flows at sites impacted by regulation. This is to be expected because the primary function of flood risk 
management regulation is to reduce peak flows. Thus, relative to the pre-regulation period, the post-regulation 
period consists of lower flood peaks resulting in the observed downward trend. When these same gages were 
examined either by limiting the period of record to pre-regulation or post-regulation, the trends became statistically 
insignificant. Additionally, when simulated naturalized flow datasets were examined at these same locations, no 
statistically significant trends were found.  

The agreement across the watershed and through various time periods indicates that the only statistically 
significant trend is likely due to the influence of upstream regulation, and likely not due to climatic shifts driving 
changes in hydrology. There were no statistically significant trends detected in any homogeneous period of record 
that would indicated changes in streamflow due to sources other than regulation. Trend detection and statistical 
significance was verified through the use of the trend analysis tab of the nonstationarity detection tool.

Figure 8. Levisa Fork at Paintsville, KY. Complete POR. 1929-2014. 
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Figure 9. Levisa Fork at Paintsville, KY. Pre-Regulation. 1929 – 1949. 

  

 

Figure 10. Levisa Fork at Paintsville, KY. Post-Regulation. 1983 - 2014 
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Figure 11. Levisa Fork at Paintsville. Naturalized Flows. 1987-2013 

 

Figure 12. Russell Fork at Haysi, VA. Complete POR 1928 - 2015. Pristine. 

 

2.3 NONSTATIONARITY DETECTION 
The USACE Nonstationarity Detection (NSD) Tool was used to assess whether the assumption of 
stationarity, which is the assumption that the statistical characteristics of a time-series dataset are constant 
over the period of record, is valid for a given hydrologic time-series dataset. Nonstationarities are detected 
through the use of 12 different statistical tests which examine how the statistical characteristics of the 
dataset change with time (Engineering Technical Letter (ETL) 1100-2-3, Guidance for Detection of 
Nonstationarities in Annual Maximum Discharges; Nonstationarity Detection Tool User Manual, version 
1.2). The NSD Tool was applied to the same stream gage sites listed previously in Table 2; both the 
observed period of record and naturalized stream flow datasets were analyzed. For the simulated naturalized 
streamflow datasets, the USACE Time Series Toolbox was used to perform the nonstationarity detection 
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routines. A nonstationarity can be considered “strong” when it exhibits consensus among multiple 
nonstationarity detection methods, robustness in detection of changes in statistical properties, and a 
relatively large change in the magnitude of a dataset’s statistical properties. Many of the statistical tests 
used to detect nonstationarities rely on statistical change points, these are points within the time series data 
where there is a break in the statistical properties of the data, such that data before and after the change 
point cannot be described by the same statistical characteristics. Similar to nonstationarities, change points 
must also exhibit consensus, robustness, and significant magnitude of change. 

Figure 14 displays the NSD Tool output for the complete period of record (minus historic flows with large 
data gaps) for the Levisa Fork at Paintsville, KY gage. Note that there are multiple nonstationarities detected 
throughout the period of record. Most notably are the seven nonstationarities detected around 1980. These 
nonstationarities can be attributed to a significant decrease in mean annual peak flow. This nonstationarity 
shows both consensus and robustness as it was detected by multiple statistical tests targeting different 
statistical properties (mean and overall distribution) all around the same time. The timing of this strong 
nonstationarity aligns neatly with the construction and impoundment of Paintsville Dam, whose primary 
intent is to lower peak flows and is in close proximity to the Paintsville, KY gage. Therefore, this 
nonstationarity can be attributed to the upstream regulation of Paintsville Lake.  

Figure 15 displays the application of 12 nonstationarity detection tests for the naturalized peak discharge 
record for Levisa Fork at Paintsville, KY. Since these simulated flows are absent of the influence of 
regulation and irrigation, it would be anticipated that the previously detected nonstationarities attributed to 
the construction of the dams would be absent. As is shown in the figure, no nonstationarities were detected. 
However, it should be noted that the period of record for the naturalized flows does not cover the time 
period where the nonstationarities were detected in the regulated data set around 1980.  

Figure 16 displays the NSD tool results for the gage at Russell Fork in Haysi, VA that was deemed to be 
‘pristine’ and largely free of influence from upstream regulation. None of the nonstationarities detected 
showed consensus or robustness and therefore do not indicate a non-homogeneity in the dataset.  

The nonstationarity detection tool’s trend analysis tab was used to independently verify the linear trend 
analysis performed above in the CHAT section. Agreement upon trend direction and statistical significance 
was found between the NSD tool and CHAT for both gages analyzed.  

After performing the nonstationarity detection analysis for the gage at Paintsville, as well as for “pristine” 
and naturalized streamflow conditions, various conclusions can be drawn. When the regulated annual peak 
streamflow period of record is analyzed, nonstationarity is evident at the Paintsville, KY gage and can be 
attributed to the construction and operation of reservoirs upstream from the stream gages. However, when 
the influence of regulation is removed through streamflow naturalization, no nonstationaries are evident. 
Additionally, no strong nonstationarities are detected at relatively pristine gage sites. Considering these 
related lines of evidence, it can be assumed that climate change, long-term natural climate trends, and land 
use/land cover changes are not significantly undermining the stationarity of the historically, observed, peak 
streamflow records on Levisa Fork at Paintsville, KY in the Big Sandy River Basin. 

Note that for all outputs generated from the Timeseries Toolbox, the following abbreviations apply for the 
statistical nonstationarity detection tests. CPM indicates a change point method. 
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Method 
Abbreviations Statistical Test Name 

CVM Cramer-Von-Mises (CPM) 
KS Kolmogorov-Smirnov 

(CPM) 
LP LePage (CPM) 

END Energy Divisive Method 
LW Lombard Wilcoxon 
PT Pettitt 

MW Mann-Whitney (CPM) 
BAY Bayesian 
LM Lombard Mood 
MD Mood (CPM) 
SLM Smooth Lombard Wilcoxon 
SLW Smooth Lombard Mood 

 

 

2.4 SUMMARY OF OBSERVED TRENDS IN CLIMATE 
Based on the literature review, there is little evidence of significant temperature or precipitation changes in 
the Big Sandy River Basin Region. There is, however, a general consensus of a moderate upward trend in 
precipitation. This is likely due to the region being a “transition zone” within the Appalachian mountain 
region, where the northern and southern Appalachian regions are being impacted by climate change in 
different, almost opposite, ways. There is also a general consensus of an increasing trend in the number and 
intensity of extreme precipitation events occurring in the region.   

Based on the results of the linear regression analysis performed with the CHAT and the nonstationarity 
analysis, there is little observed evidence of statistically significant increasing or decreasing trends or 
nonstationarities within the basin that can be attributed to climate change. There are statistically significant 
decreasing trends and nonstationarities in observed, peak streamflow that can be directly attributed to the 
construction of flood risk management projects.  
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Figure 13. Nonstationarity Detection for Levisa Fork at Paintsville, KY. Complete Period of 
Record. 1929-2014. 
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Figure 14. Nonstationarity Detection for Levisa Fork at Paintsville, KY. Naturalized flows. 
1987-2013. 
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Figure 15. Nonstationarity Detection for Russell Fork at Haysi, VA. Pristine Gage. Complete 
Period of Record. 1928 - 2015. 
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3 PROJECTED TRENDS IN FUTURE CLIMATE AND CLIMATE 
CHANGE 

3.1 LITERATURE REVIEW  

3.1.1 Recent US Climate Change and Hydrology Literature Syntheses 
In addition to the observed trends discussed previously, the 2015 USACE Literature Synthesis for the Ohio 
Region 5 also summarizes available literature for projected future trends in various hydrometeorological 
variables. These variables are projected using a variety of statistical methods in conjunction with global 
circulation models (GCMs). Figure 5 summarizes the findings of the literature synthesis regarding projected 
climatic trends. Additional discussion is provided in the following paragraphs. 

Temperature. The 2015 USACE Literature Synthesis found strong consensus in the literature that average 
and extreme temperatures in the Ohio Region show an increasing trend over the next century. Temperatures 
are projected to change across all months, however there is no consensus on the predicted amount of change. 
The intensity, duration, and frequency of extreme heat waves are projected to increase in the vicinity of the 
Big Sandy River Basin. The frost-free season, defined as the number of days without freezing temperatures 
between spring and fall, is expected to increase. 

Precipitation. The USACE Literature Synthesis states: “Although precipitation is projected to increase in 
most studies surveyed, there are no clear trends in the literature indicating the magnitude or geographic 
distribution of future changes to average or extreme precipitation.” Compared to the rest of the Ohio 
Region, the Big Sandy River Basin is projected to have lower increases in precipitation. 

Hydrology / Streamflow. Low consensus exists amongst the literature with regards to projected changes in 
hydrology for the region. Large variability in the projected hydrologic parameters (e.g. runoff, streamflow, 
SWE) exist across the literature and varied with location, hydrologic modeling approach, GCM used, and 
adopted emission scenario. 

3.1.2 Fourth National Climate Assessment 
In addition to the observed trends discussed previously, the NCA4 offers some insight into future climatic 
projections, as well as the implications of these projections on risk, infrastructure, engineering, and human 
health. 

Temperature. Increases in temperature of 1-3°F are expected over the next few decades regardless of future 
greenhouse gas emissions. Temperature increases ranging from 3°F to 12° are expected by the end of the 
century, depending on whether the world follows a higher or lower future emission scenario. Extreme 
temperatures are expected to increase proportionally to the average temperature increases. Figure 17 
displays future projected, annual, average temperatures for two future time periods, the mid-21st century 
and late 21st century. These are compared with the historic baseline period of 1986-2015. Additionally, 
projections are shown for two emission scenarios, or representative concentration pathways (RCPs) of 
greenhouse gases. RCP8.5 is a higher emission scenario and RCP4.5 is a moderate emission scenario. 

Note that in general, increases in projected temperature are greater in higher latitudes and lessen farther 
south in the country. Coastal states are largely projected to experience less warming than interior regions. 
The Big Sandy River Basin, circled in the figures below, is in a transition zone between the coastal and 
interior regions. Regardless of spatial variation, temperature increases are projected for the entire country 
under all emission scenarios. 
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Figure 16. Future projections of temperature for various time frames and emission scenarios 

Precipitation. Both increases and decreases in average annual precipitation are expected over the coming 
decades depending on location, season, and various other factors. Figure 18 displays the seasonal variation 
in annual precipitation in the later part of the century as compared with the historic period of 1986-2015. 
Note that there is significant variation in projections depending on location and season. Also note that red 
dots indicate that the projected trends due to climate change are considered to be large as compared with 
natural variations in climate, whereas the hatched areas show areas where the projected trends due to 
greenhouse gas emissions are considered to be relatively insignificant when compared to natural climate 
variability. Looking more closely at the Big Sandy River Basin project area circled in red, the trends in 
precipitation in summer and fall can be considered relatively insignificant as they are largely on the order 
of natural variability. The precipitation in the winter and spring, which is typically the flood season, is 
projected to increase by 10-15% and 5-10%, respectively.  
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Figure 17. Projected percent change in future precipitation for different seasons under a high 

emission scenario (RCP8.5) 

The observed increases in frequency and intensity of heavy precipitation discussed earlier are projected to 
continue into the future, with higher emission scenarios producing stronger increasing trends. Figure 19 
displays the projected change in total annual precipitation falling during the heaviest 1% of storms for a 
time period between 2070 and 2099. Note in the vicinity of the Big Sandy River Basin, under a moderate 
emission scenario (RCP4.5), the annual precipitation falling during the heaviest 1% of events is expected 
to increase by approximately 10% to 19%. Under a higher emission scenario (RCP8.5), the basin is expected 
to experience extreme event precipitation increases of 40% or more. These trends are consistent with what 
would be expected with warmer temperatures, as increased evaporation rates lead to higher levels of water 
vapor in the atmosphere which in turn leads to the potential for more frequent and intense precipitation 
events.  
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Figure 18. Observed percent change in the amount of precipitation falling during the heaviest 

1% of events under various emission scenarios 
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There is potential for climate change driven changes to hydrologic conditions to increase stress on 
infrastructure and water supply within the Big Sandy Basin. More frequent and intense extreme weather 
and climate-related events are expected to damage infrastructure, ecosystems, and social systems. 
Increasing temperatures and changes in precipitation are intensifying droughts, which can impact water 
supply. Heavy precipitation events are also expected to occur more frequently, making current 
infrastructure that is designed for historical climate conditions more vulnerable for future events. 

The NCA4 goes on to qualitatively discuss some of the risks associated with projected, future climate 
conditions. The NCA4 report emphasizes that the likelihood of hydrometeorological phenomena like 
droughts, extreme storms and flood events may be misrepresented when defined using historic records that 
are limited in length (approximately 10-100 years). Selected points from this discussion relevant to the Big 
Sandy Basin include: 

• Extreme precipitation events are projected to increase in a warming climate and may lead to more 
severe rainfall driven floods and a greater risk of infrastructure failure. 

• Long-lasting droughts and warm spells can compromise earthen dams and levees as a result of soil 
cracking due to drying, resulting in a reduction of soil strength, erosion, and land subsidence. 

• The procedures used to design water resources infrastructure, estimations of probability of failure, 
and risk assessments for infrastructure typically rely on 10-100 years of observed data to define flood 
and rainfall intensity, frequency, and duration. This approach assumes that frequency and severity 
of extremes do not change significantly with time. However, numerous studies suggest that the 
severity and frequency of climatic extremes, such as precipitation and heat waves, have in fact been 
changing due to human-driven climate change. These changes represent a regionally variable risk 
of increased frequency and severity of floods and drought. Additionally, tree ring based 
reconstructions of climate over the past 500 years for the U.S. illustrates a much wider range of 
climate variability than does the instrumental record (beginning around 1900). This historic 
variability includes wet and dry periods with statistics very different from those of the 20th century. 
Infrastructure design that uses recent historic data may underrepresent the risk seen from the paleo 
record, even without considering future climate change. 

• Statistical methods have been developed for defining climate risk and frequency analysis that 
incorporate observed and/or projected changes in extremes. However, these methods have not yet 
been widely incorporated into infrastructure design codes, risk assessments, or operational 
guidelines. 

• Climate change is expected to increase the frequency and/or intensity of many extreme events that 
affect infrastructure. Available vulnerability assessments for infrastructure show the prominent role 
that future extremes play. Since much of the existing infrastructure was designed and is managed for 
an unchanging climate, changes in the frequency and intensity of flooding, drought, wildfire, and 
heat waves affect the reliability of water, transportation, and energy services. 

 

3.1.3 NCEI Kentucky State Climate Summary 
In addition to the observed trends previously discussed, the NCEI Kentucky State Climate Summary also 
analyzed projected trends in climate change. Trends were extrapolated under both higher and lower 
pathways of greenhouse gas concentrations. 

Temperature. Temperatures in Kentucky are projected to exceed historical levels by the mid-21st century 
under both the higher and lower emissions pathways. Heat waves are projected to be more intense while 
cold waves are projects to be less intense. 
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Precipitation. Precipitation in Kentucky is projected to increase in the winter and spring under the higher 
emissions pathway. Changes in fall and summer precipitation is uncertain. The number and intensity of 
extreme precipitation events is also expected to increase in the future, following the recent observed trends. 

The Climate Summary also projects that future droughts and floods may be more intense in the region due 
to temperature-caused increases in evaporation and increased extreme precipitation events. 

3.1.4 West Virginia University 
Fernandez and Zegre (2019) of West Virginia University published a paper in the Journal of Applied 
Meteorology and Climatology entitled “Seasonal Changes in Water and Energy Balances over the 
Appalachian Region and Beyond throughout the 21st Century.” The publication examines the observed and 
projected trends in precipitation (atmospheric water supply) and evapotranspiration (atmospheric water 
demand) and use these to examine the regional impacts of climate change on water supply in Appalachia.  
Like the previous studies discussed, this study projects trends using both the high and low emissions 
scenarios.  

The study notes that like most other mountain regions in the world, “the Appalachians receive 
disproportionate amounts of precipitation in comparison to its underlying lowlands of the eastern Atlantic 
coast and Mississippi River valley.” The mountains also serve as “water towers” to the region, supplying 
water throughout to many of the valleys below and the Ohio River.  

It has been observed that the Appalachian Region has a relatively uniformly distributed precipitation 
regime, but most of the solar energy is concentrated in the summer months. Therefore, the most 
evapotranspiration occurs during those months. With climate change causing increasing temperatures in 
the region, the months with high energy will be extending from the summer into earlier in spring and later 
in autumn, increasing annual evapotranspiration. This increase in evapotranspiration can lead to more 
severe precipitation events in the future that can pose a risk for flood infrastructure that was designed based 
on historic events.  

This study notes that there is a “transition zone” in the mid-Appalachia region between the north getting 
wetter and the south getting dryer. This explains some of the inconclusive results from previous studies and 
literature reviews about climate change in eastern Kentucky and the Big Sandy River Basin. Regardless, 
the study shows that across the region, evapotranspiration is increasing at a higher rate than precipitation 
except for small areas at high elevations. Therefore, there will still be stress on the water supply in all 
regions of the Appalachians and the lowlands that they supply water to. 

 

3.1.5 Summary of Projected Trends in Climate 
Across the range of literature reviewed in this analysis, there is general agreement regarding the hydrologic 
trends which can be expected in the future. In general, the following statements represent the probable 
hydrologic future that can be expected within the Big Sandy River Basin: 

• Winter and spring precipitation is expected to increase while trends summer and fall precipitation 
are uncertain.  Projected increases fall during the typical flood season, which is likely to further 
increase peak streamflow and reservoir levels. This projection emphasizes the continued need flood 
risk management projects into the future. The associated increases in flows on the rivers in the Big 
Sandy Basin may lead to more frequent and higher loading of levees and other flood infrastructure 
in the region during the winter and spring flood season.  

• The frequency and intensity of extreme precipitation events is expected to increase, making current 
infrastructure that is designed for historical climate conditions more vulnerable for future events. 
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• Projected future temperatures are anticipated to increase significantly over historic norms. This has 
various hydrologic implications including increased atmospheric moisture, evapotranspiration 
rates, frequency of droughts, and water supply demand. 

3.2 CLIMATE HYDROLOGY ASSESSMENT 
The USACE Climate Hydrology Assessment Tool (CHAT) was used to assess projected future trends 
within the Big Sandy-Guayandotte Basin, HUC-0507. The tool displays the range of projected annual 
maximum monthly streamflows from 1950 - 2099, with the projections from 1950 – 1999 representing 
hindcast projections and 2000 – 2099 representing forecasted projections. 

Figure 20 displays the range of projections for 93 combinations of CMIP5 GCMs and RCPs produced using 
BCSD statistical downscaling. These flows are simulated using an unregulated VIC hydrologic model at 
the outlet of the Big Sandy-Guyandotte Basin (HUC-0507) into the Ohio River near Kenova, West Virginia 
and Catlettsburg, Kentucky. It should be noted that the hindcast projections do not replicate historically 
observed precipitation or streamflow and should therefore not be compared directly with historical 
observations. This is in part because observed streamflows are impacted by regulation, while the VIC model 
used to produce the results displayed in Figure 38 is representative of the unregulated condition.  

Upon examination of the range of model results, there is a clear increasing trend in the higher projections, 
whereas the lower projections appear to be relatively stable and unchanging through time. The spread of 
the model results also increases with time, which is to be expected as uncertainty in future projection 
increases as time moves away from the model initiation point. Sources of variation and the significant 
uncertainty associated with these models include the boundary conditions applied to the GCMs, as well as 
variation between GCMs and selection of RCPs applied. Each GCM and RCP independently incorporate 
significant assumptions regarding future conditions, thus introducing more uncertainty into the climate 
changed projected hydrology. Climate model downscaling and a limited temporal resolution further 
contribute to the uncertainty associated with CHAT results. There is also uncertainty associated with the 
hydrologic models. The large spread of results shown in Figure 20 highlights current climatic and 
hydrologic modeling limitations and associated uncertainty. 

Figure 21 displays only the mean result of the range of the 93 projections of future, climate changed 
hydrology which are shown in Figure 20. A linear regression line was fit to this mean and displays an 
increasing trend with a slope of approximately 11.5 cfs/yr. It should be noted that the p-value associated 
with this trend is less than 0.05, indicating that the trend should be considered as statistically significant. 

These outputs from the CHAT qualitatively suggest that annual maximum monthly flows, and therefore 
annual peak flows, are expected to increase in the future relative to the current time. Another important 
caveat is that the CHAT tool is simulating an unregulated watershed, comparable to the naturalized 
streamflows which have been discussed throughout this report. Reservoir operations can be expected to 
decrease the variance of flows shown in the CHAT, as well as decrease the magnitude of their peaks. The 
results indicated by the CHAT largely agree with many of the trends found within the literature review 
regarding projected future extreme event precipitation and streamflow. 
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Figure 19. Range of GCM/RCP projections for the Big Sandy-Guyandotte Basin, HUC-0507. 

 

 

Figure 201. Mean of GCM/RCP projections for the Big Sandy-Guyandotte Basin, HUC-0507. 
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3.3 VULNERABILITY ASSESSMENT 
The USACE Watershed Climate Vulnerability Assessment Tool (VA Tool) facilitates a screening level, 
comparative assessment of how vulnerable a given HUC-4 watershed is to the impacts of climate change 
relative to the other 202 HUC-4 watersheds within the continental United States (CONUS). The tool can 
be used to assess the vulnerability of a specific USACE business line such as “Flood Risk Reduction” or 
“Navigation” to projected climate change impacts. Assessments using this tool help to identify and 
characterize specific climate threats and particular sensitivities or vulnerabilities, at least in a relative sense, 
across regions and business lines.  The tool uses the Weighted Ordered Weighted Average (WOWA) 
method to represent a composite index of how vulnerable a given HUC-4 watershed (Vulnerability Score) 
is to climate change specific to a given business line.  The HUC-4 watersheds with the top 20% of WOWA 
scores are flagged as being vulnerable.  

When assessing future risk projected by climate change, the USACE Climate Vulnerability Assessment 
Tool makes an assessment for two 30-year epochs of analysis centered at 2050 and 2085.  These two periods 
were selected to be consistent with many of the other national and international analyses.  The Vulnerability 
tool assesses how vulnerable a given HUC-4 watershed is to the impacts of climate change for a given 
business line using climate hydrology based on a combination of projected climate outputs from the general 
circulation models (GCMs) and representative concentration pathway (RCPs) resulting in 100 traces per 
watershed per time period.  The top 50% of the traces is called “wet” and the bottom 50% of the traces is 
called “dry.”  Meteorological data projected by the GCMs is translated into runoff using the Variable 
Infiltration Capacity (VIC) macro-scale hydrologic model.  For this assessment, the default National 
Standards Settings are used to carry out the vulnerability assessment. 

Business lines included in the VA tool include: ecosystem restoration, emergency management, flood risk 
reduction, hydropower, navigation, recreation, regulatory, and water supply. All business lines were 
evaluated and vulnerabilities within the top 20% of HUC-4 watersheds existed for emergency management, 
navigation, and water supply for the “dry” scenario for 2050.  

Table 3 displays the overall vulnerability scores for the three vulnerable business lines as well as the flood 
risk reduction business line due to its relevance to this study. The scores are shown for both wet and dry 
scenarios and for both epochs. The indicators driving the residual vulnerability for the flood risk reduction, 
emergency management, navigation, and water supply business lines are shown in Figure 22, Figure 23, 
Figure 24, and Figure 25 respectively. Table 4, Table 5, Table 6, and Table 7 display the indicators 
contributing to vulnerability within the Big Sandy-Guyandotte for the all pertinent business lines; the tables 
are generally sorted from largest to smallest average indicator contribution to vulnerability. Additionally, 
the tables display the indicator code, name, and a brief description of the indicator’s meaning. 

Regarding the Flood Risk Reduction business line, the primary indicators driving vulnerability within the 
watershed are flood magnification (568C and 568L) and the runoff-precipitation elasticity index (277). The 
flood magnification factor represents how the monthly flow exceeded 10% of the time is predicted to change 
in the future; a value greater than 1 indicates flood flow is predicted to increase. For all epochs and scenarios 
within HUC 0507, the flood magnification factor is slightly greater than 1 and ranges between 1.01 and 
1.32. This agrees with the literature reviews which indicate there will be increasing amounts of extreme 
rainfall events in the future. The runoff-precipitation elasticity index is defined as the percent change in 
runoff divided by the percent change in precipitation. The values for HUC 0507 are 2.43-2.61, meaning for 
every 1% increase in monthly precipitation, there is a 2.43-2.61% increase in monthly runoff. With the 
projected increases in precipitation, the region will produce even more runoff that could cause flooding and 
stress on flood-control infrastructure. 



Johnson County, KY  Volume 2 
Section 202 Project  ETA Tab 7 

31 | P a g e  

Regarding the Emergency Management business line, the primary indicators driving vulnerability within 
the watershed are the percentage of people who are disabled (447), low flow reduction (700C and 700L), 
and the number of people living below the poverty line (443). The percentage of disabled people is 27.27% 
and is projected to be constant over time. Individuals who are disabled are disproportionately affected by 
disasters because they lack access to evacuation, response and recovery activities and are often left out of 
emergency preparedness plans. Low flow reduction factors represent how low flow is predicted to change 
in the future. For values of less than 1, the magnitude of low flow events is expected to decrease and 
therefore cause increased stress on the water supply. The HUC-4 0507 region has values less than 1 for all 
scenarios, likely due to the projected increases in temperatures that may lead to reduced summer flows. The 
population below the poverty line is 24,568 in 2050 and 4,060 in 2085. People below the poverty line have 
limited resources to address hardships from extreme weather events. 

Regarding the Navigation business line, the primary indicators driving vulnerability within the watershed 
are the 90% exceedance “low flow” runoff (570C), low flow reduction (700C), the runoff-precipitation 
elasticity (277) and flood magnification (568C). Increased temperatures may change the seasonality of 
precipitation and streamflow which may affect the magnitude of low flow regimes, increasing strains on 
dam operations and navigation water demands.  

Regarding the Water Supply business line, the primary indicators driving vulnerability within the watershed 
are sediment (156), the runoff-precipitation elasticity (277), and monthly covariance (221C). Sediment load 
due to change in future precipitation is anticipated to increase. Sediment load can be influenced by 
precipitation, basin area, land use patterns, soil composition, hydrologic modification, and topography. 
Increased sediment load can decrease the available storage area in reservoirs used for water supply 
throughout the region. As discussed previously, higher precipitation events could produce runoff amounts 
that could cause flooding that damages water supply infrastructure. Monthly covariance of runoff represents 
the variability of runoff across months. Changes in temperature and precipitation could result in changes to 
the dispersion of precipitation and runoff across months, impacting the water supply. 

Note that some of the indicators contain a suffix of “L” (local) or “C” (cumulative). Indicators with an “L” 
suffix reflect flow generated within only one HUC-4 watershed, whereas indicators with a “C” suffix reflect 
flow generated within a HUC-4 watershed and any upstream watersheds. In the case of the Big Sandy-, 
Guyandotte (HUC 0507), there are no upstream watersheds feeding into the HUC and therefore, both 
cumulative and local indicator variable computations should be computed identically. However different 
weights are assigned to each indicator variable and as a result of weighting the indicator values, the percent 
each variable contributes the overall vulnerability score will be different. Weighting schemes are dependent 
on the business line being analyzed. For additional information regarding vulnerability indicators and their 
calculation, consult the VA tool user guide (U.S. Army Corps of Engineers, 2016). 

It is important to note the variability displayed in the VA tool’s results highlights some of the uncertainty 
associated with the projected climate change data used as an input to the VA tool. Because the wet and dry 
scenarios each represent an average of 50% of the GCM outputs, the variability between the wet and dry 
scenarios underestimates the larger variability between all the underlying projected climate changed 
hydrology estimates. This variability can also be seen between the 2050 and 2085 epochs, as well as various 
other analysis within this report, such as output from the CHAT (Figure 20). 
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Table 3. Overall Vulnerability Scores for all Epochs and Scenarios 
 

Flood Risk 
Reduction 

Emergency 
Management 

Navigation Water Supply 

Epoch 2050 2085 2050 2085 2050 2085 2050 2085 
Dry 45.38 45.12 68.458 68.464 67.911 68.978 57.703 59.079 
Wet 52.67 52.74 66.598 66.664 67.455 69.145 56.452 58.307 
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Figure 212. VA Tool Summary of HUC Results for Flood Risk Reduction Business Line 
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Figure 22. VA Tool Summary of HUC Results for Emergency Management Business Line 
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Figure 23. VA Tool Summary of HUC Results for Navigation Business Line 



Johnson County, KY  Volume 2 
Section 202 Project  ETA Tab 7 

36 | P a g e  

 

Figure 24. VA Tool Summary of HUC Results for Water Supply Business Line 
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Table 4. Vulnerability Indicators for Flood Risk Reduction Business Line. Sorted by highest to lowest indicator 
contribution to vulnerability. 

Flood Risk Reduction Business Line 2050 2050 2085 2085 
Indicator 

Code 
Indicator Name Description Dry Wet Dry  Wet 

568C Flood Magnification Change in flood runoff: ratio of 
indicator 571C (monthly runoff 

exceeded 10% of the time, including 
upstream freshwater inputs) to 571C in 

base period. 

47.08
% 

50.70
% 

46.46
% 

50.88
% 

277 Runoff-Precipitation 
Elasticity 

Median of: deviation of runoff from 
monthly mean times average monthly 

runoff divided by deviation of 
precipitation from monthly mean times 

average monthly precipitation. 

29.03
% 

25.79
% 

29.70
% 

16.50
% 

568L Flood Magnification Change in flood runoff: ratio of 
indicator 571L (monthly runoff 

exceeded 10% of the time, excluding 
upstream freshwater inputs) to 571L in 

base period. 

15.45
% 

16.64
% 

15.25
% 

25.71
% 

175C Annual Covariance of 
Runoff 

Long-term variability in hydrology: 
ratio of the standard deviation of 

annual runoff to the annual runoff 
mean. Includes upstream freshwater 

inputs (cumulative). 

7.31% 5.89% 7.08% 5.65% 

590 Urban 500-year 
Floodpain 

Acres of urban area within the 500-
year floodplain. 

1.12% 0.97% 1.51% 1.26% 
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Table 5. Vulnerability Indicators for Emergency Management Business Line. Sorted by highest to lowest 
indicator contribution to vulnerability. 

Emergency Management Business Line 2050 2050 2085 2085 
Indicato
r Code 

Indicator Name Description Dry Wet Dry  Wet 

447 Disabled Percent of people who are disabled. 32.34
% 

32.54
% 

32.50
% 

32.73
% 

700C Low Flow 
Reduction 

Change in low runoff: ratio of indicator 570C 
(monthly runoff exceeded 90% of the time, 

including upstream freshwater inputs) to 
570C in base period. 

21.39
% 

19.96
% 

22.20
% 

20.57
% 

700L Low Fow 
Reduction 

Change in low runoff: ratio of indicator 570L 
(monthly runoff exceeded 90% of the time, 
excluding upstream freshwater inputs) to 

570L in base period. 

13.37
% 

10.03
% 

13.87
% 

10.33
% 

443 Poverty Population Number of people living below the poverty 
line. 

9.61% 6.24% 5.12% 5.16% 

277 Runoff-
Precipitation 

Elasticity 

Median of: deviation of runoff from monthly 
mean times average monthly runoff divided 
by deviation of precipitation from monthly 
mean times average monthly precipitation. 

7.58% 7.86% 9.64% 7.99% 

568C Flood 
Magnification 

Change in flood runoff: ratio of indicator 
571C (monthly runoff exceeded 10% of the 
time, including upstream freshwater inputs) 

to 571C in base period. 

5.64% 13.68
% 

6.93% 14.16
% 

130 Floodplain 
Population 

Population within the 500-year floodplain. 3.82% 3.85% 1.71% 1.72% 

450 Flood Insurance 
Communities 

Number of communities enrolled in the 
National Flood Insurance Program (NFIP). 

2.71% 2.72% 3.39% 3.41% 

448 Past Experience  Number of declared disasters. 1.83% 1.84% 2.29% 2.30% 
175C Annual Covariance 

of Runoff 
Long-term variability in hydrology: ratio of 

the standard deviation of annual runoff to the 
annual runoff mean. Includes upstream 

freshwater inputs (cumulative). 

1.31% 1.24% 1.02% 1.22% 

95 Drought Severity Greatest precipitation deficit: The most 
negative value calculated by subtracting 

potential evapotranspiration from 
precipitation over any 1-, 3-, 6-, or 12-month 

period. 

0.40% 0.04% 1.33% 0.41% 
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Table 6. Vulnerability Indicators for Navigation Business Line. Sorted by highest to lowest indicator 
contribution to vulnerability. 

Navigation Business Line 2050 2050 2085 2085 
Indicat
or Code 

Indicator 
Name 

Description Dry Wet Dry Wet 

570C 90% 
Exceedance 
Low Flow 

Runoff 

Low runoff: monthly runoff that is exceeded 90% 
of the time, including upstream freshwater inputs 

(cumulative). 

30.03
% 

22.85
% 

29.12
% 

22.37
% 

700C Low Flow 
Reduction 

Change in low runoff: ratio of indicator 570C 
(monthly runoff exceeded 90% of the time, 

including upstream freshwater inputs) to 570C in 
base period. 

21.57
% 

12.24
% 

21.40
% 

12.20
% 

277 Runoff-
Precipitation 

Elasticity  

Median of: deviation of runoff from monthly mean 
times average monthly runoff divided by deviation 
of precipitation from monthly mean times average 

monthly precipitation. 

15.80
% 

15.91
% 

15.50
% 

15.69
% 

568C Flood 
Magnification 

Change in flood runoff: ratio of indicator 571C 
(monthly runoff exceeded 10% of the time, 

including upstream freshwater inputs) to 571C in 
base period. 

11.99
% 

29.92
% 

11.34
% 

30.05
% 

156 Sediment The ratio of the change in the sediment load in the 
future to the present load. 

8.09% 7.91% 7.80% 7.71% 

570L 90 Percent 
Exceedance 

Low runoff: monthly runoff that is exceeded 90% 
of the time, including upstream freshwater inputs 

(local). 

6.06% 5.83% 4.64% 5.71% 

221C Monthly 
Covariance of 

Runoff 

Measure of short-term variability in the region's 
hydrology: 75th percentile of annual ratios of the 

standard deviation of monthly runoff to the mean of 
monthly runoff. Includes upstream freshwater 

inputs (cumulative). 

3.71% 3.68% 2.87% 3.64% 

441A 0.2 AEP 
Floodplain 

Area 

Area in the 0.2% Annual Exceedance Probability 
floodplain 

1.56% 1.52% 1.18% 1.49% 

95 Drought 
Severity 

Change in low runoff: ratio of indicator 570C 
(monthly runoff exceeded 90% of the time, 

including upstream freshwater inputs) to 570C in 
base period. 

1.16% 0.11% 6.11% 1.11% 

192 Urban/Suburb
an 

Land area that is urban or suburban as a percentage 
of the total U.S. land area. 

0.04% 0.04% 0.03% 0.03% 
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Table 7. Vulnerability Indicators for Water Supply Business Line. Sorted by highest to lowest indicator 
contribution to vulnerability. 

Water Supply Business Line 2050 2050 2085 2085 
Indicator 

Code 
Indicator Name Description Dry Wet Dry  Wet 

156 Sediment The ratio of the change in the sediment load 
in the future to the present load. 

50.49
% 

51.61
% 

45.32
% 

49.96
% 

277 Runoff-
Precipitation 

Elasticity 

Median of: deviation of runoff from monthly 
mean times average monthly runoff divided 
by deviation of precipitation from monthly 
mean times average monthly precipitation. 

27.18
% 

28.65
% 

16.13
% 

28.03
% 

221C Monthly 
Covariance of 

Runoff 

Measure of short-term variability in the 
region's hydrology: 75th percentile of annual 
ratios of the standard deviation of monthly 

runoff to the mean of monthly runoff. 
Includes upstream freshwater inputs 

(cumulative). 

12.88
% 

13.39
% 

7.65% 13.14
% 

175C Annual 
Covariance of 

Runoff 

Long-term variability in hydrology: ratio of 
the standard deviation of annual runoff to the 

annual runoff mean. Includes upstream 
freshwater inputs (cumulative). 

6.32% 6.04% 3.55% 5.76% 

95 Drought Severity Greatest precipitation deficit: The most 
negative value calculated by subtracting 

potential evapotranspiration from 
precipitation over any 1-, 3-, 6-, or 12-month 

period. 

3.13% 0.31% 27.36
% 

3.12% 
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4 SUMMARY AND CONCLUSIONS 
The Big Sandy River Basin flood risk management reservoirs, local levee projects, and this related Johnson 
County Feasibility Study operate to reduce risks and associated damages of flooding for Paintsville, 
Kentucky. Based on the literature review and observed trends as well as an analysis of locally observed 
data, there is little evidence of significant temperature or precipitation changes in the Big Sandy River Basin 
Region. There is, however, a general consensus of a moderate upward trend in precipitation. This is likely 
due to the region being a “transition zone” within the Appalachian mountain region, where the northern and 
southern Appalachian regions are being impacted by climate change in different, almost opposite, ways. 
There is also a general consensus of an increasing trend in the number and intensity of extreme precipitation 
events occurring in the region.  An assessment of observed peak annual streamflow by the CHAT and NSD 
tools revealed little evidence of statistically significant increasing or decreasing trends or nonstationarities 
within the basin that can be attributed to climate change. There are statistically significant decreasing trends 
and nonstationarities in observed, peak streamflow that can be directly attributed to the construction of 
flood risk management projects within the basin.  

Regarding projected future trends, there is generally a consensus of increasing temperatures, precipitation, 
and streamflow. These changes will likely vary seasonally, with greater increases in the winter and spring 
months. Additionally, the frequency of intense storms and rainfall is projected to increase. It should be 
noted that substantial uncertainty exists within future climate projections, this uncertainty is effectively 
illustrated by the range of GCM peak annual streamflow projections shown in Figure 20. At this time, each 
of the 93 climate projections included in this figure’s range can be considered equally likely to occur. 

All of these trends in observed and projected temperature, precipitation, and streamflow are driving 
vulnerability within the HUC-4 region and for Paintsville, KY. Paintsville’s flood risk is currently reduced 
by 5 of the 6 USACE flood protection reservoirs located upstream within the Big Sandy Basin. Other local 
levee protection exists within the basin outside of Paintsville.  

Table 8 displays the residual risk table required by ECB 2018-14. This table lists potential climatic triggers, 
hazards, harms, and approximate qualitative likelihood of occurrence. The table is primarily focused on the 
business line of interest, flood risk reduction, however that is not to say that other USACE business lines 
will not be impacted by climate change. Because this qualitative analysis is focused on the Johnson County 
Feasibility Study as a whole, only generic project features have been identified within the table. 

This Feasibility Study evaluated the addition of a closure structure on Paint Creek at its confluence with 
Levisa Fork that would be accompanied by a leveed interior ponding area. Increased frequency and intensity 
of rainfall has potential to increase streamflows on both Paint Creek and Levisa Fork, thereby increasing 
flood risk and vulnerability associated with this project. Potential resilience measures which could be 
implemented to reduce future flood risks associated with climate change may include structural 
modifications to levees or closure structures, acquisition of additional real estate to facilitate increased flood 
storage, removal of flood prone structures, and changes to operation procedures. It is recommended that 
stage-frequency, flow-frequency, and precipitation-frequency for Paint Creek and Levisa Fork be 
reevaluated periodically in the future to determine how projected trends manifest themselves in future 
observations. Depending on the results of these future analyses, additional flood risk reduction measures 
may be required.  

Based on this assessment, it is recommended that the potential, future effects of climate change be treated 
as occurring within the uncertainty range calculated for the current hydrologic analysis. If this assumption 
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proves to be inadequate when future observations or more refined projections become available, then a 
quantitative evaluation and revision of these results may be required.  

 

Table 8. Residual Risk Table for the Johnson County Section 202 Project 

Feature of 
Measure 

Trigger Hazard Harm Qualitative 
Likelihood 

Flood Risk 
Reduction - 
Reservoirs 

Increased 
precipitation 
volume from 

larger or more 
frequent storms 

Increased volume of 
runoff will result in 
more frequent and 

higher pools in 
upstream reservoirs 

Increased reservoir loading 
and frequency of high stages 
increases the probability of a 

dam failure upstream of 
Paintsville.  

Not Likely 

Flood Risk 
Reduction – 

Closure 
Structure 

Increased 
precipitation 
volume from 

larger or more 
frequent storms 

Increased volume of 
runoff will result in 

more frequent loading 
scenarios for closure 

structure and 
floodwalls 

Increased loading on 
floodwalls and closure 
structure increases the 

likelihood of coincident high 
stages that load the closure 

system and levee more 
frequently 

Likely 

Flood Risk 
Reduction – 

Closure 
Structure 

Change in 
seasonality of 

runoff 

Increased runoff 
occurring in the 
winter-time and 
spring-time flood 

season 

Increased runoff in the flood 
season could result in higher 
streamflows and increased 

stresses on flood risk reduction 
infrastructure 

Likely 

Flood Risk 
Reduction, 

Water Supply, 
and 

Environmental 
Flows 

Increased 
temperatures 

Increased 
evapotranspiration, 
especially during the 

summer and fall when 
there is less 
precipitation  

Increased evapotranspiration 
when streams are low could 
result in stresses on water 
supply and water quality 

Likely 
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1 GENERAL  
This tab summarizes the quality management principles that were followed during the production and 
review of this detailed project report. This Tab will be updated as the Engineering Technical Appendix is 
reviewed and comments are addressed.   

2 FEASIBILITY REVIEWS   
The Engineering Technical Appendix will following the direction of the signed Review Plan referenced 
above. The review plan covers the entire project cover to cover, this is a summary of the engineering 
reviews that will be associated with the ETA.   

2.1 DISTRICT QUALITY CONTROL 
The DQC will be an iterative process and conducted throughout the life of the design to avoid or 
minimize any delays in completion of the study or project. Documentation of DQC activities is required 
and will be in accordance with Louisville District’s and LRD QMS procedures, as well as EC 1165-2-
217. 

Each Project Delivery Team member will have their own DQC reviewer, and the entire product will be 
reviewed by reviewers from all disciplines. A summary of major changes resulting from the DQC review 
will be included in this Tab. 

2.2 AGENCY TECHNICAL REVIEW 
ATR ensures consistency with established criteria, guidance, procedures, and policy. The ATR assesses 
whether the analyses presented within the decision and design documents prepared for the project are 
technically correct and comply with published USACE guidance, and explains the analyses and results in 
a reasonably clear manner for the public and decision makers. The ATR process is managed within 
USACE by the designated RMO and is conducted by a qualified team from outside the District that was 
not involved in the day-to-day production of the project or products. The ATR teams will be comprised of 
senior USACE personnel who are CERCAP approved reviewers in their field of study and members of the 
related community of practice. The ATR Review Lead will be from outside of the MSC. 

Not every discipline will be represented in the agency technical review instead the entire report will be 
reviewed by critical disciplines specifically H&H, Geotechnical, and Structural will be the primary 
reviewers. Other reviewers may be added but are not required by the approved Review Plan.  

All comments will be received in Dr. Checks and all comments, responses, and resolutions will be 
included in this tab.  
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2.3 OTHER REVIEWS OCCURRING PRIOR TO DESIGN PHASE 

2.3.1 Risk Assessment 
A risk assessment is schedule to be performed during the ATR and Public review period for this DPR. 
The Risk Assessment is a critical document and review that will guide the PDT into the design phase with 
a clear scope and target for incorporating risk informed decision making.  

2.3.2 Value Engineering Study 
A VE study is planned to be held in Paintsville with an external review team along with the Project 
Engineer, Project Manager, and the project’s Cost Engineer.  

This VE will be completed prior to the start of design so the PDT will be more readily available to 
incorporate any findings that may either lower cost or improve the quality of the design.  

 

3 ENGINEERING DIVISION SERVICE AGREEMENT & QUALITY 
CONTROL PLAN 

The Quality Control Plan (QCP) is intended to meet the minimum requirements of ER 1110-1-12, 
Paragraph 2-3.  District Quality Control activities for this project will include seamless review; quality 
checks and reviews, PDT reviews, agency technical reviews (ATR); Biddability, Constructability, 
Operability, Environmental and Sustainability (BCOES) review; and quality control certification. 

The QCP includes the design schedule and budget as well as a discussion on the reviews that will be 
required for the plans, specification, and design documentation report. The QCP also serves as the ED 
service agreement between the Project Engineer Representing the Engineering team, and the Project 
manager. 

4 REFERENCES 
The following references are used in Tab 6 Quality Part 2 of this Engineering Technical Appendix.  

 
• United States Corps of Engineering (USACE) Engineering Regulation (ER) 1110-2-1150 - 

Engineering and Design for Civil Works Projects, 31 August 1999 
• Quality Checks and Reviews per ER 1110-1-12, Paragraph 3-6 
• Project Delivery Team Review per ER 1110-1-12, Paragraph 3-7 
• Seamless Review per ER 1110-1-12, Paragraph 4-6   
• Biddability, Constructability, Operability, Environmental and Sustainability (BCOES) Review 

per ER 415-1-11. 
• Johnson County Review Plan Sec 202 KY 03 Sept. 2019 
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Summary of Agency Technical Review  

Summary of Major Changes by Discipline:  

Structural 
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Engineering Division Service Agreement and Quality Control Plan 
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QUALITY CONTROL PLAN (QCP) 
 

PROJECT NAME:  Paintsville Flood Risk Management Project 

PROJECT LOCATION:  Johnson County Kentucky 

P2 NUMBER:  475556 

PROJECT ENGINEER/ARCHITECT:  Jacob Sinkhorn, P.E. 

 PHONE:  (502) 315-6286 

E-MAIL:  Jacob.C.Sinkhorn@usace.army.mil           

General: 
 
This Quality Control Plan (QCP) is intended to meet the minimum requirements of ER 1110-1-
12, Paragraph 2-3.  District Quality Control activities for this project will include seamless 
review; quality checks and reviews, PDT reviews, Biddability, Constructability, Operability, 
Environmental and Sustainability (BCOES) review; and quality control certification. 
 
Services Provided by Engineering Division:  
 
The budget in attachment #3 includes the full in-house design of the Paintsville Flood Risk 
Management Project. The Project Delivery Team will begin with the recommended alternative, 
AKA the “Tentative Selected Plan” from the Detailed Project Report (DPR) in February of 2020, 
and develop the plan into a full design. 
 
Along with the design the scope includes contracts for the following services:  

 Geotechnical investigation 
 Survey 
 Value Engineering Study 

 
Project Delivery Team:  
 
The names of the Project Delivery Team (PDT) members and the primary area of responsibility 
of each member of the PDT are included in Attachment #1.  Checkers performing the role 
required by ER 1110-1-12, Paragraph 3-6 are also identified in Attachment #1.   
 
Agency Technical Review Team: 
 
The names of the ATR team members and the primary area of review assignment of each 
member of the ATR team are indicated on Attachment #2.   
 
Agency Technical Review Process: 
 
The goal of the Agency Technical Review (ATR) is to meet the requirements and objectives of 
EC 1165-2-217, Chapter 9.  ATR is undertaken to "ensure the quality and credibility of the 
government's scientific information" consistent with this Circular and the Quality Manual of the 
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responsible MSC. All Civil Works products will undergo necessary and appropriate ATR, as 
well as DQC. This level of review will also cover a comprehensive review of the conclusions to 
ensure that the results and decisions are clearly supported by the information presented and are 
in compliance with current agency policy and procedures. 
 
At the completion of the ATR process the Completion of Agency Technical Review and 
Certification of Agency Technical Review (EC 1165-2-217, Figure 5) will be completed and 
signed by the Agency Technical Review Team Leader, Project Manager, and Chief of 
Engineering Division or designated Branch Chief.  
 
Independent External Peer Review: 
 
The Project Review Plan Waives the policy for IEPR both Type 1 and 2. Work associated with IEPRs are not 
included in the budget or schedule.  
 
Additional Reviews: 
 
The reviews below are being performed on all deliverables in addition to the ATR:  
  

 Quality Checks and Reviews per ER 1110-1-12, Paragraph 3-6 
 

 Project Delivery Team Review per ER 1110-1-12, Paragraph 3-7 
 

 Seamless Review per ER 1110-1-12, Paragraph 4-6   
 

 Biddability, Constructability, Operability, Environmental and Sustainability (BCOES) 
Review per ER 415-1-11. 

 
Risks and Special Considerations: 
 
When authorized this project came with a congressional directive to study, design, and construct 
the project in 5 years. While construction funds have been set aside for this project, design funds 
have not been fully allocated to the PDT. During development of the Detailed Project Report, the 
PDT experienced times of inadequate or delayed funding that led to delays in productivity and 
almost resulted in work stoppage. Because this project is primarily driven by schedule it is 
imperative that the PDT remain fully funded promptly as the project moves from milestone to 
milestone. While the challenge is great, the team will deliver with the only caveat being that full 
support of the budget in Attachment 3 is provided in a manner that prevents work stoppage and 
productivity delays.  
 
Engineering Design and Review Budget:   
 
Funds to be provided per discipline for design and review are included in Attachment #3.  
 
The project schedule from SQ Risk Assessment through Notice to Proceed is included in 
Appendix 4 of this document.  
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Engineering Schedule:   
 
The Project design schedule is set to begin February of 2020. The Final Plans, Specs and Design 
Analysis is due January of 2021. ATR, BCOES, and Sponsor Review will be complete by June 
of 2021 and ready to advertise. See Attachment 4 for the full design schedule.  
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Engineering Division Service Agreement:  
 
The jointly agreed to provisions below constitute a contract between Engineering Division 
represented by the Project Engineer, and the FRM Project Local Sponsor represented by the 
Project Manager. 
 
Prepared by:  This Quality Control Plan (QCP) was prepared by the PE/A. 
 
 
_____________________________________ _______________ 
Jacob C. Sinkhorn P.E.                             Date 
Project Engineer 
 
 
Section Chief Approval:  This QCP is approved by the ED Section Chief. 
 
 
          
Stephen C. Thibaudeau P.E.                                         Date 
Chief, Civil Section 
 
 
Services Agreement:  This document serves as the Services Agreement with P3MD. 
 
 
          
Michael Moore                              Date 
Project Manager 
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PROJECT DELIVERY TEAM 

Attachment #1 
 
TEAM MEMBERS:     NAME:              OFFICE SYMBOL: 
 
PROJECT MANAGER:      
 
PE/A:      Jacob Sinkhorn    CELRL-EDC-C   
 
SITE/CIVIL:  
 ENGINEER:     Jacob Sinkhorn    CELRL-EDC-C  
 CHECKER:     Rob Harris     CELRL-EDC-C  
   
MECHANICAL: 
 ENGINEER:    Keenan Burns   CELRL-EDD-M 
 CHECKER:    Brian Smith   CELRL-EDD-M 
 
ELECTRICAL: 
 ENGINEER:    Ricky Morrison    CELRL-EDD-E 
 CHECKER:    Jeff Timbas   CELRL-EDD-E 
 
STRUCTURAL: 
 ENGINEER:    Coty Young   CELRL-EDC-S 
 CHECKER:    Matt Watts   CELRL-EDC-N 
 
H&H: 
 ENGINEER:    Eric Allen   CELRL-EDT-H 
 CHECKER:    Brantley Thames   CELRL-EDT-H 
 
GEOTECHNICAL: 
 ENGINEER:    Megan Jones   CELRL-EDT-G 
 CHECKER:    Samantha Schardein  CELRL-EDT-G 
 
COST ENGINEERING: 
 ESTIMATOR:    Taylor Canfield   CELRL-EDM-C 
 CHECKER:    Chris Rutledge   CELRL-EDM-C 
 
CONTRACTING:     
      Heather Bauer   CELRL-CT-C 
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AGENCY TECHNICAL REVIEW TEAM 
Attachment #2 

 
 
PRIMARY AREA               
OF REVIEW             
RESPONSIBILITY:  NAME:                        OFFICE SYMBOL: 
 
TEAM LEAD/GEO:  Glen Bellew     CENWK-ED-G-D 
  
CIVIL:     Ron Jansen     CENWK-PMP-F 
 
H&H:     Kristine Meyer     CELRC-TS-D-H   
 
STRUCTURAL:   Duane Perkins     CEMVP-EC-D 
      Brit Henderson     CELRN-ECD-C   
 
MECHANICAL:   TBD   
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PROJECT BUDGET 
Attachment #3 
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