
FINAL REPORT

CONTAMINATION EVALUATION

Former Bomarc Missile Site
Raco, Michigan

Contract DACA -87-86-D-0045
Delivery No . 4

Prepared for

U .S . Army Corps ~of Engineers
St . Louis District

St . Louis, Missouri

and
U.S . Army Corps of Engineers

Huntsville Division
Huntsville, Alabama 200 . 1 e

E05MI002601 01 .09 0008
JULY91987

ENVIRODYNE ENGINEERS INC.
12161 Lackland Road St . Louis, Missouri 63146,(314)434-6960



Q_ ENVIRODYNE
_ ENGINEERS

,374

July 31, 1987
3067-40016

U.S . Army Corps of Engineers
St . Louis District
LMSED-PM
210 N . Tucker Boulevard
St . Louis, MO 63101-1986

Re : Contract DACA-87-86-DO045
Delivery Order No . 4

- Contamination Evaluation for the
Former Bomarc Missile Site, Raco, Michigan
Final Report

Gentlemen :

Enclosed are eight copies of the subject document . These include copies for
- distribution to HNDED-PM . The report has been prepared in accordance with

Section 4 .6 of the Scope of Work, and is submitted in conjunction with the
Hazardous Ranking System Form for the site .

As directed in contract documents, the HR.S form is based on limited
information collected in a one-day field investigation . Inspection of
building interiors and debris was not included in Scope of Work .

This submittal incorporates EEI's response to written comments and changes
agreed upon during our presentation on July 20, 1987, as summarized in
Appendix A.

Very truly yours,

6
Thomas M. Lachajczyk

-' Program Manager

TML/jam/ 158
_- Enclosures

cc : DAEN-ECE-B Washington
MRDED-L Omaha
MRDED-i'E Omaha
MROED-E Omaha
MRKED-S Kansas City
NCEED-Detroit



FINAL REPORT

FORMER BOMARC MISSILE BATTERY
HIAWATHA NATIONAL FOREST

RACO, MICHIGAN

Contract No . DACA-87-86-DO045
Delivery Order No . 4

U . S . Army Corps of Engineers
St . Louis District

St . Louis, Missouri 63101-1986

and

U . S . Army Corps of Engineers
Huntsville Division

Huntsville, Alabama 35807-4301

Envirodyne Engineers, Inc .
12161 Lackland Road

St . Louis, Missouri 63146

July 1987

3067-40016



This Final Contamination Evaluation for the Former Bomarc Missile Site, Raco,
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1 .0 EXECUTIVE SUMMARY

A contamination evaluation was performed at the former Bomarc Missile
Battery in Raco, Michigan . The site is currently owned by the U . S . Forest
Service (USFS) and is part of the Hiawatha National Forest . The contamina-
tion evaluation included a records review and visual site inspection ; instal-
lation of four groundwater monitoring wells ; collection of groundwater sam-
ples from each well ; collection of surface water samples from six missile

- silos ; and collection of near-surface soil samples from nine locations .
Samples from each site were analyzed for petroleum hydrocarbons, total metals
(including barium, cadmium, chromium, lead, arsenic, silver, selenium and
mercury), polychlorinated biphenyls (PCBs), and purgeab1e halocarbons and

- aromatics . In addition, water samples were analyzed for dissolved metals .

During the records review and visual site inspection, a site map was devel-
oped and locations of former Bomarc site facilities were identified . Several
buildings, 14 underground fuel storage tanks, and 28 underground missile
silos remain on the property . Currently, the property is not being used by
the owner .

During the visual site inspection, evidence of potential soil and water
contamination was found at several locations . This evidence included oil-
stained soil and gravel surrounding the transformer pad; stained soil in the
vicinity of the C-1 and C-2 underground oil storage tanks ; a dry wastewater
treatment lagoon and adjacent area with sparse vegetation ; and 28 missile
silos, most of which are partially filled with water and concrete rubble .
Two of the silos appeared to contain oil and/or paint wastes . No evidence of
surface contamination was noted at underground storage tanks other than C-1
and C-2. A Sampling/Analysis - Quality Assurance/Quality Control (S/A-QA/QC)
Plan was developed to evaluate potential contamination at these and other
sites on the property .

Based on the visual site inspection, six silos, which exhibited the highest
potential for contamination, were selected for sampling and analysis .

During well installation, the depth to groundwater was greater than origi-
nally anticipated . Total well depths (including 10-foot screens) ranged from
43 .1 to 56 .5 feet below ground elevation .

Permeability tests were performed on the four wells . The results ranged from
1 .5 x 10-1 to 9 .4 x 10-3 cm/sec . These results, combined with water level
measurements, verify that wells were positioned such that contaminants could
have been transported through the groundwater system to each well location
during the period since operations at the missile site ceased .

1 .1 GROUNDWATER

All metals concentrations in groundwater samples were found to be below pro-
- posed RMCL, MCL, RCRA groundwater protection criteria and State of Michigan

groundwater protection criteria . Petroleum hydrocarbons were detected in the
sample collected at monitoring well RG-3 at 1 .8 mg/1 . This may be due to the
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position of RG-3 downgradient of the wastewater treatment plant site and
underground fuel tanks . Three organic chemicals were also detected in the
RG-3 sample : trichloroethylene at 3 .0 ug/1, 2-pentene-3,4,5-trimethyl at 3 .4
ug/1, and 1-pentene-2,4,4-trimethyl at 20 .8 ug/1 .

Toluene was detected in the groundwater sample collected at RG-4 at a con-
centration (1 .9 ug/1) slightly higher than the lower detection limit . This

- could be due to the deuterated toluene that is in the surrogate spike used in
Method 8240 . Further sampling is recommended .

1 .2 SILO WATER

Low levels of barium and lead were detected in most of the silos . Chromium
' was found just above the detection limit in one silo . The concentrations of

the metals found in the silo water samples are below all applicable drinking
water standards . Petroleum hydrocarbons were detected in all silos tested,

- but at a concentration of 5 mg/1 or less in each except for RB-4. Silo RB-4
had a concentration of 1,810 mg/1 . Silo RB-4 also exhibited signs of organic
chemical contamination with benzene and toluene concentrations of 6.0 and 1 .2

- ug/1, respectively . No contamination was confirmed in silo 2 (RB-10), which
visually showed potential contamination . None of the other silos are
believed to contain significant contamination .

1 .3 SOTLS

Arsenic, barium and chromium were detected at low levels and lead was found
at 12 .4 ng/g in the soil sample from the former wastewater treatment lagoon .
The lagoon and adjacent denuded area do not appear to be a source of
significant metals contamination . There were comparatively low levels of

`- petroleum hydrocarbons detected at eight soil sampling locations (including
near the stained soil of the underground storage tank) . A high concentration
(8,530 ug/g) of petroleum hydrocarbons was found near the transformer pad .

- There is no evidence that this soil contamination has affected groundwater
concentrations downgradient . Methylene chloride and ethylbenzene were
detected in one sample and toluene was detected in three samples . Further

- sampling is recommended to verify organic chemical values .

PCBs were not detected in samples collected at the transformer pad, or in any
other soil or water samples .

There is no evidence that any underground storage tanks are leaking petroleum
hydrocarbons into the groundwater system .

Responsibility for the oil spill at the transformer pad is not known . Re -
sponsibiilty for potential contamination at monitoring well RG-3 is believed
to be due to the DOD's operation of the wastewater treatment plant at the
missile site or possible leakage or spillage at underground tanks . Petroleum
hydrocarbon and paint contamination in the silos is not believed to be the
DOD's because it appears that the sources of these contaminants were placed

-- there after DOD activities ceased .
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2 .0 GENERAL INFORMATION

2 .1 INTRODUCTION

The Department of the Army is responsible for administration of the Defense
- Environmental Restoration Account (DERA) . The objective of the DERA Program

is to identify and remedy environmental problems at facilities formerly owned
and operated by the DOD .

- The U .S . Army Corps of Engineers, Huntsville Division, contracted with
Envirodyne Engineers, Inc . (EEI) in March of 1986 (Contract DACA-87-86-D0045)
to survey DERA sites in USEPA Regions V, VI, VII and VIII . On April 14,

_- 1986, administration of this contract was transferred from the Huntsville
Division to the St . Louis District .

On September 17, 1986, EEI received Delivery Order No . 4 of this contract to
perform a contamination evaluation of the former Bomarc Missile Site in Raco,
Michigan .

2 .2 PROJECT OBJECTIVES, SCOPE AND APPROACH

The objective of the contamination evaluation was to make a preliminary de-
termination of the presence or absence of chemical contamination which may
have been caused by DOD related activities . In order to conduct the contami-
nation evaluation, EEI performed a site inspection, developed Safety, Mon-
itoring well Installation, and S/A-QA/QC Plans, and collected and analyzed
soils, silo water and groundwater samples from locations on the former Bomarc
site property . The work included collection and chemical analysis of near-

- surface soil samples from nine locations ; physical analysis of two samples
from each of the monitoring well borings ; collection and chemical analysis of
groundwater samples from four groundwater wells and also from an off-site

- well used as a source of drilling water ; and collection and analysis of water
samples from six underground missile storage structures . The samples were
analyzed for purgeable halocarbons and aromatics, petroleum hydrocarbons,
PCBs and total metals (including arsenic, barium, cadmium, chromium, lead,
mercury, selenium and silver) . In addition, water samples were filtered on-
site and analyzed for dissolved metals .

The sampling and analysis program was designed to ensure, to the greatest ex-
tent practical, detection of contaminants potentially present on-site . For
example, the sampling locations were selected to correspond with locations
where evidence of disposal and/or transport of contaminants was most likely
to be present . The project was not intended to allow determination of the
extent of contamination or the rate of transport from sources . The analyti-
cal program was designed to determine the presence or absence of the most

- probable poliutants, with quantitative measurements of the concentrations of
those found . This approach was reflected in the location of sampling points,
number of samples collected, and types of QA/QC procedures followed .

r Cuttings brought to the surface from auger borings were stored in drums on-
site pending results of the analytical program . Based on those results, EEI
has disposed of cutting at the Dafter Landfill . (For further information,
see Chapter 5 and Appendix K.)
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Based on the results of all project tasks, EEI has completed a Hazardous
Ranking System (HRS) form . The contents of this form include a summarization
and evaluation of existing information on the site, including preliminary
general information ; real estate search information ; previous pollution
abatement permits ; the status of waste storage areas ; hazardous substances ;
groundwater, surface water and air migration routes ; fire and explosion
hazards ; and ordnance and explosive waste risks and debris .

2 .3 SITE LOCATION AND PHYSIOGRAPHY

2 .3 .1 Site Location

The former Bomarc Missile site is located within the Hiawatha National Forest
- near Raco, Chippewa County, Michigan, approximately 20 miles southwest of

Sault Ste . Marie, Michigan . The property is just south of Michigan State
Route 28 . The site consists of 152 .45 acres and is divided into two parts .

-- The area east of the airstrip consists of the former composite building,
former assembly and maintenance building, several smaller stone or concrete
buildings, concrete building slabs, an abandoned wastewater treatment plant,

` 28 in-ground missile silos (each 23 feet x 25 feet x 8 feet deep), and
approximately six underground fuel storage tanks . There is also a large
(5,000 cubic yards) sawdust pile north of the composite building . West of
the airstrip there is an underground fuel depot consisting of approximately

- eight underground storage tanks . There are also various roads, walkways,
fences, standpipes and manholes throughout the property. The former missile
site has the approximate Michigan State Plane coordinates of 2,550,000 feet

_ west and 580,000 feet north. The locations of the missile battery and fuel
depot are shown in Figure 2-1 .

2 .3 .2 Physiography

The Raco Bomarc missile site and fuel depot parcels each lie on relatively
flat ground, with elevations ranging from approximately 900 to 915 feet above
sea level at the launch site and about 908 feet at the fuel depot. The
physiography of the area includes glacial outwash sand with gravel, cobbles,
and boulders [1] . Groundwater was found to be present approximately 33 to 46
feet below the surface . Previous groundwater investigations in the area have
reportedly indicated that surface and groundwater flow is toward the south-
southeast . This appears to be confirmed by the presence of low-lying areas,
swamps, and Prey and Sullivan creeks in that direction [2] .

2 .4 OWNERSHIP AND PRIOR USE

The former Raco missile site is part of an area that has been intermittently
controlled and used by the Department of Defense and its predecessor agencies
since 1895 . In 1925 the site was part of a 2,671-acre parcel of public
domain land given National Forest states by Executive Order 4243 . The Execu-
tive Order gave jurisdiction to the USFS subject to dominant use for defense

- purposes when needed by the Department of Defense . The Secretary of Agricul-
ture transferred 240 acres for Raco Airfield use by permit, dated August 27,
1942 . The airfield was constructed in 1942-1943 . Around 1960, the missile

_, base was constructed adjacent to the airfield . On January 29, 1964, by a
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- Memorandum of Understanding between the USFS and the Department of the Air
Force, the Air Force released the Raco Airfield property, except the 152.54
acres for the missile site . On June 30, 1973, another Memorandum of Under-
standing released the remaining 152.54 acres back to the USFS together with
all improvements .

Since June 30, 1973, the property has remained under USFS jurisdiction . The
USFS has entered into several agreements with outside interests that have
affected conditions at the site [3] . These are summarized as follows :

- 1) A special use permit was issued to a local Indian tribe on October 16,
1973, which allowed a sawmill to be operated in the 26,000 square foot Compo-
site Building . The mill was to benefit the local community by providing
employment and job training . The operation was discontinued and all related
equipment was removed . A large pile of sawdust, wood waste and other debris
created by the mill operation still remains adjacent to the building . The
USFS did not receive any significant benefit from this operation .

2) In September 1978, the USFS entered into a contract for the sale of six
buildings, a water tower and 28 missile silo shelters with a private contrac-
tor, which led to the demolition of the above-ground structures for salvage .
The USFS has stated that the funds were transferred to the U.S . Treasury and
did not directly benefit the USFS . The salvage activities, combined with the
unauthorized removal of items by trespassers, left little of value at the
site which could be classified as salvageable, with the exception of struc-
tural steel and portions of mechanical systems in the two large buildings .

-- 3) In November 1978, a building was sold to Michigan Technological Univer-
sity for $1 .00 through the Department of Health, Education and Welfare (HEW)
as approved by GSA. The building was removed from the site as a project for
educational purposes .

4) On September 4, 1981, the USFS entered into a two-month Special Use Per-
mit with a contractor which allowed the dumping of broken concrete and other
construction materials into the open missile silos . The USES allowed this
use to reduce the hazard to public safety created by the open missile silos .
A similar Special Use Permit was issued in August 1984 and was in effect
until October 1984 .

5) On July 11, 1983, the USFS entered into an agreement with Chippewa
County, transferring salvage rights for the two large buildings (26,000
square foot composite building and 6,000 square foot assembly and maintenance
building) to the county for $1 .00 each, conditional on the demolition of the
buildings . Demolition of the buildings was never initiated and did not take

- place under this agreement which terminated on September 30, 1984 .

6) Reportedly, the airfield is currently used during the winter months as
an automobile tire testing ground [4] .
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3 .0 SITE INVESTIGATION

3 .1 INTRODUCTION

Site investigations commenced with a visual site inspection conducted by EEI
on October 2, 1986 to identify potential hazardous or toxic pollutant

- sources . EEI personnel who participated in this survey include Thomas
Lachajczyk, Program Manager ; Paul Shetley, Project Geologist and Safety and
Health Coordinator ; and Cindy Dahl, P.E ., Principal Engineer . EEI personnel
met with Roger Jewell, Larry Burkhart and Joe Carrick of the USFS prior to
the site inspection .

As described previously, several above-ground buildings, 28 missile silos and
14 underground oil/fuel storage tanks remain on-site . Their locations are
shown in Figures 3-1 and 3-2 .

In order to proceed with the contamination evaluation, EEI requested a
written right-to-enter the property and approval to drill from the USFS, in
accordance with Section 3.4 .2 of the Scope of Work . The right-to-enter is
presented in Appendix B .

The following sources of potential contamination were identified during the
visual site inspection .

3 .1 .1 Transformer Pad Spill

Surface soil and gravel surrounding the transformer pad located outside the
southeast corner of the Composite Building are obviously stained with a
black, oil-like substance . There is an odor of oil at the site . Discolored
areas include a 14 ft x 20 ft area immediately west of the pad, a 17 ft x 5
ft area between the pad and the Composite Building, and a 10 ft x 20 ft area
immediately east of the pad . Of these three areas, the area west of the pad
appears most discolored . The area east of the pad is partially covered with
gravel and has been partially excavated .

3 .1 .2 C-1 Surface Soil

An underground oil storage tank is believed to be located below the C-1 sur-
face soil with liquid present in the tank . The surface is discolored in
places with a black, tar-like substance .

3 .1 .3 C-2 Surface Soil

Another underground storage tank is believed to be located below the C-2 sur-
face soil, with at least a small amount of liquid present . There are black
surface stains at this site .

3 .1 .4 Missile Storage Silos

The contents of each of the 28 open silos were inspected . Each silo had
dimensions of 23 ft x 25 ft x 8 ft deep . In general, each silo contained

3-1
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concrete rubble and was about half-filled with water . In most of the silos,
the water was fairly clear to greenish-brown in color . The color of the liquid
in each silo appeared to depend on the amount of leaves in them .

The following exceptions /additions to the general description above were noted :

Silo 2 . Observations included concrete rubble, tar (solidified), red
sludge-like material on the surface of the water, oil on the surface of the
water, water about 4 feet from top of silo .

Silo 3 . Beds, rags, mattresses, a hair dryer and other debris were noted .

Silo 9 . Water in this silo was about 1 foot from the top .

Silo 10 . Two 55-gallon drums were found in the silo above the other debris .
This indicates the drums were probably placed in the silo after DOD activities
were completed . One drum was labeled "concrete curing compound," the other
"white resin ." The liquid in this silo was noticeably contaminated with a
thick yellow material with an odor of organic solvents or petroleum distillates
floating on the surface, especially in one corner of the silo . Some oil sheen
was noted on the water's surface .

Silo 11 . A 20-gallon (approximate) open top fiber drum labeled "CITGO," an
antifreeze container and several small 12 volt batteries were found in this
silo . No oil was noted on the surface of the water .

Silo 15 . Approximately 50 cans were found in this silo, stacked in groups of 4
- or 5, and labeled "Seal Tight Hi-Spec Rubber Asphalt Joint Sealer, Caution

Vapor Harmful, 50-Pound Net Weight ." Lumber and concrete rubble were also
found . No water was present in this silo .

3 .1 .5 Wastewater Treatment Lagoon

The wastewater treatment plant lagoon (approximately 50 ft x 20 ft) was dry.
It apparently received domestic and industrial wastewater from the Composite
Building and Assembly and Maintenance Building .

3 .1 .6 De-nuded Area

A denuded area (approximately 200 ft x 100 ft) is located just north of the
wastewater lagoon . This sandy area had sparse vegetation but was not
discolored .

3 .1 .7 Borrow Area/Possible Dump Site

A borrow area and possible dump site is located in the woods, southeast of the
missile silos . Joe Carrick of the USFS stated that it is rumored this large
(several acres) borrow area was used to dispose of miscellaneous materials
during the Air Force's occupation of the site [4] . The site location is shown
in Figure 2-1 . This site was obviously used as a borrow area, but no direct
evidence of dumping was found . This site will be further evaluated by the
U .S . Army Corps of Engineers, Detroit District .
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3 .1 .8 Excavated Mound/Possible Dump Site

A large, excavated mound was located in the woods, southeast of the missile
- silo area and north of the sand road . The mound is not consistent with sur-

rounding topography and is believed to be man-made . A section of the mound
was excavated in a horse-shoe shaped configuration . The top of the mound was

- about 15 to 20 feet higher than the center . There was a pile of concrete
rubble in the center and water standing at the entrance . The location of the
mound is shown in Figure 2-1 .

3 .1 .9 Three Underground Tanks (C-3, C-4 and Near the Water Pump House)

These three tanks are present below ground level . No stained soil was noted
in these areas . Tank C-3 contained liquid . However, it is not known whether
the other tanks contained liquid since no open standpipes were found .

3 .1 .10 Wastewater Treatment Plant

A small plant, consisting of one 6 ft x 5 ft deep concrete pit and two smal-
ler pits, was located just east of the air strip. The location is shown in
Figure 2-1 .

3 .1 .11 Underground Fuel Tanks

It appears that nine underground tanks were located west of the airfield .
Several standpipes extend above ground and are open to the air . Several of
the tanks are at least partially full of liquid .

3 .2 MONITORING WELL INSTALLATION

In order to determine if groundwater has been contaminated, EEI supervised
. the installation of four groundwater monitoring wells and conducted a sam-

pling and analysis program . In conjunction with this activity, EEI prepared
- a Monitoring Well Installation Plan, which was approved in November 1986 .

Work was conducted according to this Plan .

3.2 .1 Well Locations

Information collected during the on-site inspection and from regional topo-
graphic maps indicated the direction of flow is to the south-southeast
toward Sullivan Creek. During the site inspection, the depth of an existing
well on the property was measured at 42 .3 feet below ground level .

Three of the wells were located downgradient of potential pollutant sources
in the Bomarc Launch Area (Figure 3-1) . The fourth well was located down
gradient of fuel tanks at the Fuel Depot (Figure 3-2) . Specific rationale
corresponding to positioning of each well is described as follows :
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MW-1 - This well was located downgradient of underground storage tanks C-1,
C-2 and C-3, and used to monitor any contaminants coming from the tanks .

MW-2 - This well was located downgradient of the silo storage area and used
to monitor any contamination emanating from the silos .

MW-3 - This well was located downgradient of the wastewater treatment plant
lagoon and used to monitor any contaminants leaching from the lagoon and into
the groundwater .

MW-4 - This well was located downgradient of the cluster of fuel tanks at the
fuel depot, west of the airfield, and used to monitor any contaminants coming
from the fuel depot.

3 .2 .2 Monitoring Well Construction

Monitoring wells were installed in accordance with Section 3 .5 of the Scope
of Work .

Drilling and installation of the four monitoring wells was performed by STS
Consultants of Green Bay, Wisconsin from December 4 through 9, 1986 and
supervised by Paul Shetiey of EEI .

All borings were completed with a 6-1/2-inch outside diameter, hollow stem
auger. Split spoon samples were collected from the boring continuously for
the first 10 feet, and at 5-foot intervals or stratum changes to the end of
the boring . Each split spoon sample was visually classified and logged . In
order to verify the classification, two samples from each boring were sub-
mitted for physical analysis (grain size, Atterberg limits and moisture con-

-- tent) . The samples were analyzed by STS Consultants and results are pre-
sented in Appendix C . Atterberg limit determinations were not practical
because the samples were composed of sand . Logs from each of the four
borings are presented in Appendix D. All remaining split spoon samples were
placed in glass jars and stored at EEI for future reference or physical
laboratory verification, if required .

To avoid any contamination during the drilling and well installation proce-
dure, all augers, bits, rods, split spoons and other equipment used were
thoroughly steam cleaned prior to drilling at each site . The split spoon
samplers were cleaned with an Alconox solution, rinsed with fresh water and
rinsed finally with acetone and hexane between each sample . All PVC well
casings and stainless steel screens were also steam cleaned prior to
installation .

Because of the sandy soil present at all four monitoring well locations, it
became necessary to add water to three of the borings to avoid heaving of
sand and collapse of the hole . This was done with the concurrence of the
Authorized Representative of the Contracting Officer . The volume of water
added to each well ranged from none to 100 gallons . EEI's standard operating
procedure includes removal of five times the volume added to each well during
development . The USFS work station well, located approximately 3 miles
northeast of the Launch Area, was the source of water used during
construction . The well water was tested for all parameters included in the
analytical program and was free from contamination .
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At each site, 10 feet of slotted stainless steel well screen was threaded
onto the PVC well casing . The screen consists of 2-inch stainless steel
casing pre-slotted to 0.010 inch . The entire length of schedule 40 PVC riser
was lowered into the boring through the auger center to a depth of 1 foot

- above the bottom of the boring . The 1 foot open hole and annulus around the
well screen to a height of 3 feet above the top of the screen was filled with
medium to coarse prewashed filter sand . The augers were successively removed
during this process to accomodate the placement of the filter sand .

After the filter sand pack was in place, bentonite pellets were added . To
insure a complete seal within the borehole, the pellets were forced out of
the bottom of the auger and into the annulus by using a "tamping rod ." The
pelleted seal had a minimum height of 3 feet above the sand filter . After
placement of this seal, the augers were completely removed and the borehole

- annulus filled with a bentonite cement slurry to the ground surface .

A 5-foot x 6-inch, round steel protector pipe with hinged lid was placed over
the PVC riser pipe and allowed to settle for 24 hours . The next day, the
cavity created by settling of construction material was filled in and the
grout surface was mounded to inhibit puddling of water around the well .
Three protective steel guard posts were erected radially around each cell .

- All pipes and posts were painted red for high visibility and protector pipes
were locked with a keyed padlock . Keys to each well were given to Mr . Roger
Jewell, United States Forest Service, Sault Ste . Marie, Michigan .

3 .2 .3 Well Development

-' EEI developed each well after receiving approval of construction logs from
the Authorized Representative of the Contracting Officer . The development
program was directed by Paul Shetley on January 12 through 15, 1987 . Initi-
ally each well was bailed for approximately one hour to remove sand and
turbid water . Then each well was pumped at a rate of approximately 3.0 gpm
using a rod pump . More than 500 gallons of water were removed from each
well . At the conclusion of each development period, photos were taken which
exhibited the clarity of the well water, and these were submitted to the
Authorized Representative of the Contracting Officer for his approval .

3 .2 .4 Permeability Testing

In-situ permeability testing was conducted by Paul Shetley and Randy Thompson
of EEI on January 15, 1987 . The results are presented in Appendix E and
summarized below .

The depth to water from the top of the PVC casing was measured at each well .
A PVC bailer (0 .14 feet outside diameter x 3 .86 feet long) was then lowered
into the well to fill the bailer, and then removed . This generated a slug

- with a displacement volume of 0.059 cubic feet (0 .441 gallon), composed of
water from the well and the PVC bailer . The water level was allowed to
stabilize until the depth to water measurement was the same as before the
bailer had been lowered into the well .

The slug test was then initiated by rapidly lowering the slug back into the
well closely followed by the water level indicator (a weighted, bell-type
popper attached to a tape measure) to measure the rate at which the water
level returned to the pre-slug level .
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- With the 2-inch (nominal) Schedule 40 pipe, the 0 .441-gallon slug would
create a calculated 2.68 feet instantaneous rise in the water level in the
well . Due to the high permeability of the aquifer, the water level returned
to the original level so quickly that only a few measurements were possible .
As shown by the data in Appendix E, this was at 0.35 feet or less above the
original (static) water level, and then stabilized in less than 30 seconds
after the slug was lowered into the well .

To ensure credible results from the limited amount of data the wells yielded
during the slug tests, two methods of data reduction were used . The Ferris

- and Knowles [5] method prescribed by the Scope of Work was compared with the
method described by Cooper, et al . [6] . The first method uses a line source
approximation of the well function, and is appropriate on wells where resid-
ual head is very small compared to initial head . The second method is a
curve matching technique, which matches the plotted data to a series of type
curves . Considering the characteristics of the Raco wells, both methods are
considered valid . The results are nearly the same (Table 3-1) . The methods,
calculations and graphs used to derive the coefficient of permeability for
each well are presented in Appendix E .

TABLE 3-1

SUMMARY OF AQUIFER TEST RESULTS

k, Coefficient of Permeability
Cooper, et al . Ferris and Knowles

Well No . (cm/sec) (cm/sec)

MW-1 3.5 x 10-2 1 .0 x 10-2

MW-2 1 .5 x 10-1 8.2 x 10-2

MW-3 1 .6 x 10-2 9.4 x 10-3

MW-4 7.8 x 10-2 2 .7 x 10-2

3.2 .5 Site Survey

After completion of monitoring well installation, a site survey of the four
monitoring wells was performed to establish the horizontal and vertical
location of each well, in accordance with Section 3 .5 .11 of the Scope of
Work . This work was conducted by Northwoods Land Surveying, Inc . of Sault
Ste . Marie, Michigan in January of 1987 . The results of the survey and the
location of the permanent monuments placed in the project area are presented
in Appendix F.

Based on the results of the monitoring well installations and the site
survey, groundwater elevations at each monitoring well were compiled and are
summarized in Table 3-2 . `
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TABLE 3-2

SUMMARY OF GROUNDWATER ELEVATIONS

TOC GS
Elevation Elevation Dw Elevation 1987

Well (feet) Stickup (feet) (feet) (feet) Date

MW-1 859 .33 2.28 907.08 47 .75 904.80 1/15
MW-2 859 .91 2.48 905.96 46 .05 903 .48 1/15
MW-3 858 .11 2.52 906.56 48 .45 904.04 1/15
MW-4 875 .29 2 .73 910.04 34 .75 907 .31 1/15

NOTES : MW = Monitoring Well
TOC = Top of PVC Casing
GS = Ground Surface
DW = Depth from top of PVC Casing to water level
GW = Groundwater

3 .3 SAMPLING PROGRAM

The sampling program consisted of :

1) Collection of one set of samples from each groundwater monitoring well,
as well as one set of samples from the source of water added to the wells
during construction .

2) Collection of soil samples from eight potentially contaminated locations,
plus one background site .

3) Collection of water samples from six of the 28 missile silos .

3.3 .1 Sample Locations and Collection Methods

3.3 .1 .1 Soil Samples - Soil sampling locations were designated RS-1 through
RS-9 and are shown in Figures 3-1 and 3-2 . These locations were proposed and
approved in the Monitoring Well Installation Plan . The rationale for selec-
tion of the sites is summarized below .

RS-1 - A composite sample was collected from areas immediately west, north
and east of the transformer pad . The site was selected based on obvious oil
contamination and potential PCB contamination due to a transformer spill .

RS-2 - This sample was collected from a single location near the center of
- the former wastewater treatment plant lagoon, which is now dry . The site was

selected because of the potential for presence of metallic, oil or solvent
residues which may have entered the treatment system from operational
buildings .
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RS-3 - This sample was collected from a single location near the center of
the disturbed area immediately north of the wastewater lagoon . The site was
selected because of its close proximity to the wastewater treatment system
and its possible use as a disposal area . The area is sandy and has very
sparse vegetation throughout .

RS-4 - This sample was collected in the western fuel depot area adjacent to
the fuel pump pit which served underground fuel storage tanks 3N, 4N, 5N and
6N . The location was chosen because of the potential for spills near the
fuel pump and because this pump served the largest number of fuel tanks .

RS-5 - This sample was collected in the area which covered the underground
tank designated C-1 . The soil in this area is obviously stained with a
black, oil-like substance .

RS-6 - This sample site is above the location of underground tank C-2 . This
soil is also stained .

RS-7 - This sample site corresponds to the location of underground tank C-3 .
No staining was observed .

RS-8 - This sample site corresponds to the location of underground tank C-4 .
No staining was observed, but the vegetation covering this area was more
sparse and different than surrounding areas .

RS-9 - This sample site was selected to represent background conditions . The
rationale for selection is that it would be unlikely that waste disposal
would intentially occur near the entrance to the facility .

Soil sampling was performed on December 2, 1986 and January 14, 1987 by Paul
Shetley and Randy Thompson of EEI . At each location, soil samples were col-
lected at a depth of approximately 2 feet by using a stainless steel bucket
auger . Prior to collection of each sample, the bucket auger was washed with
a solution of non-ionic detergent (Alconox) and distilled water and rinsed
with distilled water, acetone and finally hexane . The sample was tapped out
of the bucket auger into the appropriate containers . When necessary to
composite split samples, the soil was mixed in a stainless steel pan before
splitting into identical fractions . The mixing pan was washed with Alconox
and distilled water and rinsed with distilled water, acetone, and hexane
prior to sampling at each site .

At each of the soil sample sites, the following information was recorded in a
bound field notebook .

1 ) Date
2) Time of sampling
3) Sample site designation
4) Description and sketch of locations of samples relative to nearest

landmark
5) Description of vegetative cover at site
6) Description of soil encountered, including texture, color, moisture,

content, odor, and the presence of any foreign type material or other
characteristics

A rinsate sample was collected prior to sampling at site RS-7 . A summary of
contents of the field notebook are presented in Table 3-3 .

3-10



I 1 f I I ) I i 1 I I 1 ! I f 1 I I I

TABLE 3-3

SUMMARY OF SOIL SAMPLING FIELD NOTES

Collec- Sample
tion Depth Soil Description

Site Date Time (inches) Location at Sampling Depth Description of Vegetation

RS-1 01/14/87 1030 24 Composite from 3 sites east, Tan, fine to medium sand Gravel at the surface, a
north and west of pad at SE with no staining few weeds around the edge
corner of composite building

RS-2 12/02/86 1330 22-26 The center of the settling Light brown, medium sand Some moss and lichens,
basin, midway between the some grass, some areas void
two discharge pipes of vegetation

RS-3 12/02/86 1400 22-26 Center of sludge drying bed Tan, fine to medium sand, Very little growth . Only
very consistent sparse areas of moss and

grasses

RS-4 12/02/86 900 22-26 10 ft west of exposed pipes Tan, medium to coarse sand Weeds and grasses up to
at fuel depot with occasional staining 1 ft . Some shrubs and

trees 20' away
w
i

RS-5 12/02/86 1030 22-26 3-1/2 feet west of fill Tan, medium sand Weeds and grasses up to
spout at C-1 storage tank 1 ft high

RS-6 12/02/86 1100 22-26 Approximately 6 ft north Brown, fine sand Some weeds and grasses
of fill spout at C-2 in oil stained area . Weeds
storage tank and grasses up to 2 ft out-

side oil stained area

RS-7 12/02/86 1130 22-26 3-1/2 ft south of sealed Tan, fine sand Mainly grasses with some
spout at C-3 storage tank weeds up to 1 ft

RS-8 01/14/87 830 22-26 Composite from two points near Medium brown, fine to , Grasses and weeds
the northwest and southwest medium sand
corner of the C-4 underground
storage tank

RS-9 12/02/86 1430 22-26 Between site access road and Tan, fine sand Grass and mosses with a
airstrip, 75 ft southwest few trees
of the road, near two
birch trees



3 .3 .1 .2 Groundwater Samples - Groundwater sampling locations were designated
RG-1 through RG-4 and are shown in Figures 3-1 and 3-2 . The rationale for
selection of these locations was explained in Section 3 .2 .1 .

The collection of samples from each well took place after the wells were
developed . Samples were collected on January 13 through 15, 1987, by Paul
Shetley and Randy Thompson of EEI . Immediately prior to sample collection,
at least five times the volume of standing water in each well was purged from
the well using a rod pump . The amount to be purged from each well (PV) was
computed according to the formula :

PV (gal) = 5 [Db(ft) - Dw (ft) I x 0.174 gal/ft

where PV = Minimum purge volume (gallons)
Db (ft) = Distance from top of PVC casing to bottom of well
Dw(ft) = Distance from top of PVC casing to water level

0.174 gal/ft = Well volume per foot depth of 2-inch schedule 40 well
- casing

Water quality measurements were taken during each purging and prior to sample
collection . Purge volumes and water quality measurements are summarized in
Table 3-4 .

Samples at RG-1 through RG-4 were collected using a Teflon bailer . Samples
from the well at the USFS work station were collected from the truck-mounted
steel tank used to haul water from the work station to the site . Bailers,
filtration equipment and all other equipment (excluding sample containers)

- used in collecting the well samples were cleaned and rinsed between collec-
tion of samples at each well . A distilled water rinse was used on the
filtering apparatus and the monitoring equipment between sites .

3 .3 .1 .3 Missile Storage Structure Water - Silo locations designated RB-1
through RB-7 are shown in Figure 3-1 . During the initial site inspection,
27 of the 28 silos were found to contain some water . The locations chosen

- for sampling were those that exhibited the greatest potential for contami-
nation . The specific rationale for selection of silos for sampling is

- presented below .

RB-1 - Silo 2 was found to contain concrete rubble, solidified tar, a red
coating or sludge near the surface of the water, and an oil sheen on the
surface of the water .

RB-2 - Silo 3 was found to have a white powdery material that coated the
concrete rubble below the surface of the water .

RB-3 - Silo 8 contained debris and concrete blocks covered with a layer of
asphalt . However, there was no visible contamination in the water .

RB-4 - Silo 10 contained the most obvious evidence of contamination, includ-
ing two 55-gallon drums, the presence of a yellow, sludge-like material with
an odor of organic solvents or petroleum distillates floating on the surface,
and an oil sheen on portions of the surface of the water .
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TABLE 3-4

MONITORING WELL DEVELOPMENT/COLLECTION DATA

Cumulative
Volume

1987 Db Dw Ht PV Purged Temp Cond
Site Date (ft) (ft) (ft) (gal) Time ( gallon) °C Comments Odor pH (umhos/cm)

RG-1 01/13 1000 0 7.5 Very turbid None 8.4 360
1130 40 7.5 Somewhat turbid None 8.8 110
1300 310 8.0 Clear with some sand None 7.8 80
1400 490 7 .5 Clear None 7.6 80
1430 Collected samples in

triplicate
01/15 57 .8 47 .75 10 .05 8.74 1545 Measured depth to water

RG-2 01/13 1000 0 7 .0 Turbid None 7.8 150
1115 70 6.5 Starting to clear None 7.4 110
1245 340 7 .0 Clear with some sand None 7.4 100

55 .9 46 .05 9.85 8.57 1405 580 7.0 Clear, very little None 7.4 100

i
sand ; collected samples

w RG-3 01/14 48 .88 1100 0 7.0 Turbid, very sandy None 7 .0 100
1200 25 7.0 Clear with some sand None 7.6 110
1315 250 7.0 Clear with little sand None 7 .2 110
1515 610 7.0 Clear, very little sand None 7.4 120

01/15 58 .7 48 .45 10 .25 8.92 1615 610 Collected samples None 7.4 120

RG-4 01/12 45 .9 34 .88 11 .02 9.59 1800 0
1805 0 8 .0 Very turbid with sand None 5.5 620
1900 165 8 .0 Clear, but with sand None 5.6 450
2100 525 8.0 None 5.4 540
0855 705 6.5 None 6.6 540

01/13 0930 705 Collected samples

NOTES : Db - Distance from top of PVC casing to bottom of well , feet .
Dw = Distance from top of PVC casing to standing water level, feet .
Ht - Height of water column in well, feet
PV = Required purge volume, gallons before sampling



RB-5 - Silo 11 was chosen for sampling because it contained a 20-gallon,
fibrous, open-top drum labeled CITGO, an antifreeze container, and small
batteries . The water had a brownish-green to clear color believed to be a
result of leaves falling into the water .

RB-6 - Silo 21 was chosen in order to sample a silo from the third row . The
appearance of its contents was simlar to others in that row ; yellowish brown
water, containing leaves .

RB-7 - Silo 26 was chosen in order to sample a silo from the fourth row . Its
- appearance was similar to Silo 21 and many of the other silos . This sample

was deleted on 1/14/87 by the direction of an Authorized Representative of
the Contracting Officer .

No other silos were visually found to contain strong evidence of the presence
of hazardous or toxic materials.

Samples were collected using a portable peristaltic pump . Teflon tubing was
coupled to a stainless steel weight and lowered to the proper depth in the
structure to pump out the water . Because of its flexibility, silastic tubing
was used through the pump head . Samples for dissolved metals were filtered
prior to filling the sample containers .

The pump tubing was rinsed thoroughly with distilled water prior to sample
collection . Sampling blanks for all analytical parameters were collected
prior to collection of samples from one of the missile storage structures, to
ensure that no contamination occurred due to sampling equipment and proce-
dures. Sampling tubing was replaced for each sample set to avoid cross-
contamination .

At each of the sample locations, pertinent information was recorded in the
field notebook and is summarized in Table 3-5 .

During sampling it was found that the water level in Silo 8 (RB-3) had re-
ceded and was insufficient to sample . Therefore, Silo 9 was sampled instead
and designated RB-3 . This was not considered to be a significant deviation
from the Monitoring Well Installation Plan, since Silo 8 and 9 were found to
be similar during the visual inspection .

Sampling of the silos was performed according to optional Task Numbers 17
through 23 . Sites RB-1 through RB-6 were sampled on December 3, 1986 . Sam-
ples from RB-7 were collected on January 13, 1987 . Samples from RB-7 were
not analyzed in accordance with verbal instructions received on January 14,
1987 from the Authorized Representative of the Contracting Officer .

3 .3 .2 Sample Preservation

EEI filtered and preserved samples for dissolved metals analysis in the
field . This was done at the collection site immediately after collection .

` Tables 3-6 and 3-7 describe the preservatives used and associated holding
times . Filter apparatus included a Masterflex peristaltic pump coupled to a
Geotech 142 mm filter stand with a 0.45 micron filter . Filters were replaced
between samples, and the filter stand and all tubing were thoroughly rinsed
with distilled water . All samples were placed in insulated containers and
iced for holding . Transportation was via United Parcel Service next day
delivery service to the laboratories .
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i
TABLE 3-5

i
SUMMARY OF SILO SAMPLING

Depth to Water Depth of Water Corner of Silo
From Top of Silo Sampled From Which Sample

Site Date Time (feet) (feet) Was Collected

RB-1 12/03/86 1100 4 .0 0 - 1 .5 Southwest

RB-2 12/03/86 1030 4 .0 0 - 1 .5 Southeast

RB-3 12/03/86 1130 1 .0 0 - 1 .5 Northeast

RB-4 12/03/86 1330 4.5 0 - 1 .8 Northeast

RB-5 12/03/86 1300 4.3 0 - 1 .5 Northeast

RB-6 12/03/86 1000 4.0 0 - 1 .5 S-iithwest
r

RB-7 01/13/87 1200 4.5 0 - 1 .5 Southeast

Condition of
Water

Clear with medium yellow tint

Clear, no color

Clear, no tint

Y->>owish, slimy, scummy,
organic smell with oily
(yellow) layer highly visible

Clear, very slight yellow tint

Clear with slight yellow tint

Clear with slight yellow tint



TABLE 3-6

SUMMARY OF WATER COLLECTION, PRESERVATION AND
STORAGE REQUIREMENTS FOR EACH SAMPLE

Maximum
Holding Container

Parameter FFa Preservative Time Containers Preparation

Purgeable No 4°C 14 days Two 40 ml glass vials, Purchased new (pre-cleaned
Aromatics/ with Teflon-lined by Pierce Chemical)
Purgeable septum and screw caps
Halocarbons

Petroleum No 5 ml HC1, 28 days Duplicate 1 liter, wide Rinse with freonf rinse
Hydrocarbons 4°C mouth glass bottles with with DI water ; air dry

Teflon-lined lids

Total Metals No HN03, pH <2, 6 months, 32 ounce high density New ; rinse with dilute
4°C except Hg polyethylene bottles HN03 and then with DI

28 days ' with Teflon-lined lids water
w

Dissolved Yes HN03, pH <2 6 months ;, 32 ounce high density New ; rinse with dilute
Metals after filtration polyethylene bottles HN03 and then with DI

4°C with Teflon-lined lids water

Polychlori- No 4°C 7 days before 32 ounce glass bottles New ; wash with Alconox,
nated Biphenyls extraction, with Teflon-lined lids rinse with tap water, rinse
(PCBs) 40 days after with DI water, rinse with

extraction acetone, rinse with
methylene chloride

NOTE : QA bottles will be provided by MRDED-L
aFF = Field Filtered



TABLE 3-7

SUMMARY OF SOIL COLLECTION, PRESERVATION AND
STORAGE REQUIREMENTS FOR EACH SAMPLE

Preser- Holding Container
Parameter vative Time Containers Preparation

Purgeable 4°C 14 days Two 40 ml glass Purchased new
Aromatics/ vials, with (pre-cleaned by
Halocarbons Teflon-lined Pierce Chemical)

septum and
screw caps

Petroleum 4°C 28 days 250 ml amber wide Rinse with freon ;
Hydrocarbons mouth glass with rinse with DI water;

Teflon-lined lid air dry

Total Metals 4°C 6 months, 250 ml amber wide New; rinse with
except Hg mouth glass with dilute HN03 and
28 days Teflon-lined lid then with DI water

PCBs 4°C 7 days 40 mL glass vial Purchased new
before and with Teflon-lined (pre-cleaned by
40 days septum and screw Pierce Chemical
after caps
extraction

NOTES: a40 ml vials will be used to collect shallow soil samples .
QA bottles will be provided by MRDED-L .
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3 .3 .3 Sample Transportation and Custody

An example of a chain of custody transfer form is presented in Exhibit 3-1 .
- Each sample was identified by affixing a pressure sensitive gummed label on

the container . The sample collection, source of sample, preservative used,
the collector's initials, and analyses required were identified . The form
includes documentation concerning offering split samples to the site owner .
All records were filled out legibly in ink . Examples of sample identifica-
tion labels being adapted for use by EEI are illustrated in Exhibit 3-2 .

The sample container(s) was then placed in a transportation case along with
the chain of custody record form, pertinent field records, and analysis
requests as needed . The samples were then iced and the transportation case
sealed and labeled .

All packages were shipped daily to the laboratory by United Parcel Service
_ next day delivery and were accompanied by the Chain of Custody Record and

other pertinent forms . A copy of these forms was retained by the field crew
and transferred to the project files upon completion of the sampling .
Completed forms are included in Appendix G.

3.3 .5 Samples Shipped to External QA Laboratory

Samples shipped to the external QA laboratory conformed with labeling and
packing requirements stated in "Sample Handling Protocol for Low, Medium and
High Concentration Samples of Hazardous Waste" (U .S . Army Corps of Engineers,
MRDED-L, 3/86) [7] . The procedures are consistent with those specified for
low concentration samples .

3 .3 .6 Laboratory Custody Procedures

When transferring the possession of the samples, the transferee signed and
recorded the date and time on the chain of custody record . Custody transfers
account for each individual sample, although samples may be transferred as a
group. Every person who took custody filled in the appropriate section of
the chain of custody record . To prevent undue proliferation of custody
records, the number of persons involved in the chain of possession was
limited to those with a direct need to handle samples .
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4 .0 ANALYTICAL RESULTS

4.1 INTRODUCTION

This chapter contains an identification of the analytical parameters included
in the contamination evaluation at the former Bomarc Missile site at Raco ; a
description of the analytical methods and QA/QC employed and the lower detec-
tion limits associated with these methods ; criteria for evaluation of the
results, a presentation of the results of the sampling and analysis program,
and interpretation of results . Analytical results are provided in their
entirety in Appendix H .

All samples collected were analyzed for the same parameters, including purge-
able halocarbons and aromatics, PCBs, petroleum hydrocarbons, and total
metals (mercury, arsenic, selenium, silver, barium, cadmium, chromium and
lead) . In addition, water samples were analyzed for dissolved metals .

4 .1 .1 Analytical Methods and Detection Limits

Analytes, analytical methods used, and minimum detection limits for each
parameter are summarized in Table 4-1 . The specific purgeab1e halocarbons
and aromatics included in the analytical program, and their detection limits
in soil and water samples, are identified in Table 4-2 .

4 .1 .2 Quality Assurance/Quality Control

The QA/QC Program was conducted to insure the validity of data generated
through the sampling/analytical program . As a part of the QA/QC Program, the
U .S . Army's Missouri River Division (MRD) Laboratory served as an external QA
laboratory . Results of their analyses are included in Appendix I .

The specific role of various types of QA/QC procedures are briefly described
in the following paragraphs .

-' 1) Travel Blanks - These blanks were duplicate, 40 ml vials, filled in the
laboratory with organic-free DI water, transported to the site, handled like
a sample, and analyzed to ensure contamination was not present due to con-

- tainer preparation or shipping procedures (for purgeab1e organics and halo-
carbons only) . One set consisting of replicate 40 ml travel blanks was
obtained for the project and one vial was analyzed by EEI and one vial was
analyzed by MRD laboratory .

2) Sampling Blanks - A complete set of containers was filled with organic-
free distilled water . Ibis water was passed through the sampling equipment,

- filtered where necessary, preserved identically to other samples of this
type, and analyzed to demonstrate that sampling equipment was not a source of
contamination . In this project, sampling blanks were collected prior to
collection of samples at the missile sites .

3) Split Samples - After collection, split samples were divided into two
parts and sent to two different laboratories for duplicate analyses . One

"- part was analyzed by EEI while the other part was analyzed by the MRD Lab .
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TABLE 4-1

SUMMARY OF ANALYTICAL METHODS, ANALYTES
AND MINIMUM DETECTION LIMITS

Soil Water
Detection Detection

Parameter Analyte Method Numberd Limit Method Numberd Limit

Total Metals Mercury cold vapor AAb 245.5 0 .2 ug/g cold vapor AA 245.1 0.2 ug/1
Arsenic furnace AA 3050/7060 0.35 ug/g furnace AA 206.2 3 .5 ug/1
Selenium furnace AA 3050/7740 0.32 ug/g furnace AA 270.2 2.1 ug/1
Silver furnace AA 3050/7760 0.2 ug/g furnace AA 272.2 1 .4 ug/l
Barium ICAPC 3050/6010 5.0 ug/g ICAP 200.7 5.0 ug/l
Cadmium ICAP 3050/6010 1 .0 ug/g ICAP 200.7 1 .0 ug/1

Chromium ICAP 3050/6010 1 .0 ug/g ICAP 200.7 5.0 ug/1
Lead ICAP 3050/6010 5 .0 ug/g ICAP 200.7 5.0 ug/1

Dissolved Mercury Not Required cold vapor AA 245.1 0.2 ug/1
Metals Arsenic Not Required furnace AA 206.2 3.5 ug/1

Selenium Not Required furnace AA 270.2 2.1 ug/1
Silver Not Required furnace AA 272 .2 1 .4 ug/1
Barium Not Required ICAP 200 .7 5 .0 ug/l
Cadmium Not Required ICAP 200.7 1 .0 ug/1
Chromium Not Required ICAP 200.7 5 .0 ug/1
Lead Not Required ICAP 200.7 5 .0 ug/1

Petroleum 418 .1 1 .0 ug/g 418.1 0 .5 mg/1
Hydrocarbon

Purgeable Library GC/MS with 8240 plus 0.4-5 .9 ng/ga GC/MS with 8240 plus 0.4-5 .9 ug/la
Hydrocarbons/ Search purge and library purge and library
Aromatics trap search trap search

PCBs PCBs GC 8080 22 ug/g GC 8088 0.22/ug/l

NOTE : aApproximate range of values, depending on specific compound, see Table 4-2 .
bAA=Atomic Absorption
cICAP=Inductively Coupled Plasma
dRefers to Analytical Methods



TABLE 4-2

PURGEABLE HALOCARBONS AND AROMATICS EVALUATED
AND THEIR DETECTION LIMITS IN SOIL AND WATER

Detection Limits
Parameter Soil (ng/g) Water (ug/1)

Benzene 0.5 0.5
Bromoform 3.2 3 .2
Carbon Tetrachloride 1 .5 1 .5
Chlorobenzene 0.6 0.6
Chlorodibromomethane 2.0 2 .0

Chloroethane 2.4 2 .4
2-Chloroethylvinyl Ether 5.9 5.9
Chloroform 0.8 0.8
Dichlorobromomethane 1 .1 1 .1
1,1-Dichloroethane 0.8 0.8

1,2-Dichloroethane 1 .5 1 .5
1,1-Dichloroethylene 1 .9 1 .9
1,2-Dichloropropane 1 .5 1 .5
1,3-cis-Dichloropropylene 1 .5 1 .5
1,3-trans-Dichloropropylene 1 .5 1 .5

Ethylbenzene 0.4 0.4
Methyl Bromide 1 .5 1 .5
Methyl Chloride 1 .6 1 .6
Methylene Chloride 1 .1 1 .1
1,1,2,2-Tetrachloroethane 1 .4 1 .4

Tetrachloroethylene 1 .5 1 .5
1,3-Dichlorobenzeneane 3.5 3 .5
Trichlorofluoromethane 1 .3 1 .3
Toluene 1 .0 1 .0
1,2-trans-Dichloroethylene 1 .5 1 .5

1,1,1-Trichloroethane 1 .2 1 .2
1,1,2-Trichloroethane 1 .6 1 .6
Trichloroethylene 1 .3 1 .3
Vinyl Chloride 1 .2 1 .2
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4) Field Duplicates - Field duplicates, collected at the same time and
location and placed in separate sample containers, were used to assess the
precision of the overall sampling and analysis procedures .

5) Laboratory Blanks - Laboratory blanks were analyzed with each group of
soil and water samples to determine if laboratory procedures were responsible
for introduction of contaminants .

6) Surrogate Analyses - Surrogate analyses involve the introduction into
the sample of compounds which behave similarly to the compounds of interest .
They were used in purgeable analyses . Surrogates were used to establish con-
trol limits for analyses, as well as to estimate the recovery of the target
analytes within the sample matrix .

7) Check and Calibration Standards - Check and calibration standards were
used for instrument calibration and to establish control limits for analyti-
cal parameters .

8) Rinsate Sample - After soil sampling equipment was cleaned and before
the sample was collected, distilled water was poured over the sampling
equipment into the appropriate sample containers and preserved to determine
if sampling equipment was responsible for introduction of contaminants .

9) Background Sample - A sample taken from a nearby site thought to be
contaminant-free . The site was selected to be as geographically similar to
the actual sample sites as possible .

Samples collected in duplicate at one of the missile silos (RB-7) were not
analyzed, at the direction of the Authorized Representative of the
Contracting Officer, due to lack of funds in the contract .

4 .1 .3 Evaluation Criteria for Analytical Results

4 .1 .3 .1 Resource Conse rvation and Recovery Act Regulations - The Resource
Conservation and Recovery Act (RCRA) established criteria by which wastes are
classified as hazardous . The eight metals selected for analysis in this
program are identical to those metals used in the characterization of EP
Toxicity .

The EP Toxicity test involves combination of a solid waste with 16 times its
weight of DI water. If the pH of the resulting solution is greater than 5.0,
the pH of the solution is lowered to 5 .0 by addition of 0.5N acetic acid
[8) . A solid waste exhibits the characteristic of EP Toxicity if, using the
test methods described in 40 CFR 261, Appendix II, the extract from a repre-
sentative 100 gram sample contains any of the metals listed in Table 4-3 at a
concentration equal to or greater than the respective value given in that
table . If the waste contains less than 0.5% filterable solids, the waste
after filtering is considered to be the extract .

Although EP Toxicity testing was not performed, it is possible to . estimate
whether a soil sample could potentially exhibit EP Toxicity characteristics
by computing the maximum amount of each metal which might leach from a 100
gram sample, assuming 100% extraction, and then computing the resulting con-
centration in 1,600 grams DI water .
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TABLE 4-3

MINIMUM CONCENTRATION OF CONTAMINANTS
FOR CHARACTERISTIC OF EP TOXICITY

Metal

Arsenic

Barium

Cadmium

Chromium

Lead

Mercury

Selenium

Silver

Minimum
Concentration

(mg/1)

5 .0

100.0

1 .0

5 .0

5 .0

0.2

1 .0

5.0
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- In addition to toxicity, wastes are classified as hazardous if they exhibit
characteristics of ignitability, corrosivity and reactivity . These tests
were not included in the Program .

4 .1 .3 .2 Groundwater Protection Criteria - Regulations published in 40 CFR

264, Subpart F, apply to owners and operators of hazardous waste treatment
storage and disposal facilities . Subpart F establishes groundwater concen-
tration limits for the eight metals included in the analytical program .
These limits are presented in Table 4-4 [8] . In addition, hundreds of addi-
tional hazardous constituents defined in Appendix VIII of 40 CRF 261 are sub-

'- ject to regulation if detected in groundwater . These hazardous constitutents
include some of the purgeable aromatics and halocarbons included in the
analytical program . If detected in groundwater due to operation of a hazard-

- ous waste storage, treatment or disposal facility, it is the responsibility
of the USEPA Regional Administrator to set limits for Appendix VIII compounds
[8, 9] .

4 .1 .3 .3 Evaluation Criteria Related to the Safe Drinking Act - The Safe
Drinking Water Act (SDWA) requires the USEPA to establish primary drinking
water regulations . These regulations apply to public water systems . They

- specify contaminants which, in the judgment of the Administrator of the EPA,
may have an adverse effect on the health of persons . They also specify for
each contaminant either MCLs or treatment technologies . The regulations are

_ presented in this report as criteria for comparison of analytical results
with standards .

In accordance with SDWA, the USEPA has promulgated final RMCLs for organic

-- chemicals and proposed RMCLs for inorganic chemicals . RMCLs are defined as
"non-enforceable health goals which are to be set at levels which would
result in no known or anticiptaed adverse health effects with an adequate

-- margin of safety ." RMCLs have no legal impact on public water system or the
public . No system is bound to remove contaminants to this level or take
other action regarding contaminants . RMCLs are initial goals used by USEPA
in the course of development of MCLs .

MCLs for inorganic chemicals have been promulgated while MCIs for organics
have been proposed but not yet promulgated . MCLs are enforceable standards
and are to be set as close to the RMCIs (health goals) as is feasible . They
are based on treatment technologies, costs, and other feasibility factors
such as availability of analytical methods and treatment technology, and

- costs for achieving various levels of removal .

RMCLs and proposed MCLs for organic chemical parameters included in the Raco
Bomarc Missile Site Contamination Evaluation are presented in Table 4-5 .
Proposed RMCLs and promulgated MCLs for inorganic chemicals evaluated in the

project are included in Table 4-6 [9]

In addition to the regulatons noted above, regulations for other volatile
organic compounds are in the process of being developed . Proposed RMCLs for
additional synthetic organic chemicals are presented in Table 4-7 . Also, a

_ proposed regulation to require monitoring additional volatile organic chemi-
cals in drinking water would result in monitoring for contaminants `listed in
Table 4-8 MI .
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TABLE 4-4

MAXIMUM CONCENTRATION OF CONSTITUENTS
- FOR GROUNDWATER PROTECTION

(Source : 40 CFR 264, Subpart F)

Constituent

Arsenic

Barium

Cadmium

Chromium

Lead

Mercury

Selenium

Silver

Endrin (1,2,3,4,10,10-hexachloro-1,7-epoxy-1,4,4a,5,6,7,8,9a-
octahydro-1, 4-endo, endo-5,8-dimethano naphthalene)

Lindane (1,2,3,4,5,6-hexachlorocyclohexane, gamma isomer)

Methoxychlor (1,1,1-trichloro-2,2-bis(p-methoxyphenylethane)

Toxaphene (C10H10C16, Technical chlorinated camphene,
67-69% chlorine)

2,4-D (2, 4-dichlorophenoxyacetic acid)

2,4,5-TP Silvex (2,4,5-trichlorophenoxypropionic acid)

Maximum
Concentration

(mg/1)

0.05

1 .0

0.01

0.05

0.05

0.002

0.01

0.05

0.0002

0.004

0.1

0 .005

0 .1

0 .01
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- TABLE 4-5

FINAL RMCLs AND PROPOSED MCLs FOR ORGANIC CHEMICALS
AND STATE OF MICHIGAN DRINKING WATER STANDARDS

State of
'" Final RMCL Proposed MCL Michigan

Compound (mg/1) (mg/1) (mg/1)

-- Benzene zero 0.005 0.025

Vinyl Chloride zero 0.001 -

Carbon Tetrachloride zero 0.005 -

1,2-Dichloroethane zero 0.005 -

Trichloroethylene zero 0.005 -

_ 1,1-Dichloroethylene 0 .007 0 .007 -

1,1,1-Trichloroethane 0 .02 0 .200 -

p-Dichlorobenzene 0 .75 0 .750 -

Toluene - - 1 .0

Ethylbenzene - - 3 .4

Xylene x
3 .6
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TABLE 4-6

PROPOSED RMCLs AND PROMULGATED MCLs FOR INORGANIC CHEMICALS
AND STATE OF MICHIGAN PRIMARY DRINKING WATER STANDARDS

Proposed Promulgated State of
RMCL MCLS Michigan

Parameter (mg/1) (mg/1) (mg/1)

Arsenic 0 .050 0.050 0 .01

Barium 1 .5 1 .0 1 .0

Cadmium 0.005 0.010 0 .01

Chromium 0.12 0.05 0.05

Lead 0.020 0.05 0.05

Mercury 0.003 0.002 0.002

Selenium 0.045 0.01 0.01

Silver - 0.05 0.05
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TABLE 4-7

ADDITIONAL PROPOSED RMCLs FOR VOLATILE ORGANICS

Proposed Proposed
RMCL RMCL

Parameter (mg/1) Parameter (mg 1)

Acrylamide 0 Ethylbenzene 0.68
Alachlor 0 Heptachlor 0
Aldicarb, Heptachlor Epoxide 0
Aldic arb sulfoxide, Lindane 0.0002
Aldicarb sulfone 0.009 Methoxychlor 0.34

Carbofuran 0.036 Monochlorobenzene 0.06
Chlordane 0 Pentachlorophenol 0.22
cis-1,2-Dichloroethylene 0.07 Styrene 0.14
DBCP 0 Toluene 2.0
1,2-Dichloropropane 0 .006 2,4,5-TP 0.052
o-Dichlorobenzene 0.62 Toxaphene 0
2,4-D 0.07 trans-1,2-Dichloroethylene 0 .07

-- EDB 0 Xylene 0.44
Epichlorohydrin 0

4-1 0



TABLE 4-8

ORGANIC COMPOUNDS PROPOSED TO BE MONITORED

Chloroforma
Bromodichloromethanea
Chlorodibromomethanea
Bromoforma
trans-1,2-Dichloroethylene
Chlorobenzene
m-Dichlorobenzene
Dichloromethane
cis-1,2-Dichloroethylene
o-Dichlorcbenzene
1,2,4-Trichlorobenzene
Fluorotrichloromethane
Dichlorodifluoromethane
Dibromome thane
1,2-Dibromomethane
1,2-Dibromo-3-chloropropane
Toluene
p-Xylene
o-Xylene
m-Xylene
1,1-Dichloroethane
1, 1, 2, 2-Tetrachloroethane
Ethylbenzene
1,3-Dichloropropane
Styrene

Chloromethane
Bromomethane
Bromochloromethane
1,2,3-Trichloropropane
1,2,3-Trichlorobenzene
n-Propylbenzene
1, 1, 1, 2-Tetrachloroethane
Chloroethane
1,1,2-Trichloroethane
Pentachloroethane
bis-2-Chloroisopropyl ether
2,2-Dichloropropane
1,2,4-Trimethylbenzene
n-Butylbenzene
Napthalene
Hexachlorobutadiene
o-Chlorotoluene
p-Chlorotoluene
1, 3, 5-Trimethylbenzene
p-Isopropyltoluene
1,1-Dichloropropene
iso-Propylbenzene
tert-Butylbenzene
sec-Butylbenzene
Bromobenzene

NOTE: aAlready regulated .
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4.1 .3 .4 Toxic Substances Control Act - The Tbxic Substances Control Act
establishes limitations related to concentrations of PCBs in soil . Disposal
of PCBs is regulated at concentrations exceeding 50 ug/g (ppm) [10] . Concen-
trations below 50 ppm are not regulated .

4 .1 .3 .5 Comprehensive Environmental Response Compensation and Liability
Act - The purpose of the National Oil and Hazardous Substance Pollution
Contingency Plan is to effectuate the response powers and responsibilities
created by the Comprehensive Environmental Response Compensation and Lia-
bility Act (CERCLA) of 1980 . The National Oil and Hazardous Substance Pollu-
tion Contingency Plan establishes methods and criteria for determining the
appropriate extent of response when hazardous substances are released . The
states are encouraged to undertake a series of actions in case of a potential
release of hazardous substances . These steps include discovery and notifica-
tion, preliminary assessment, immediate removal, evaluation and determination
of appropriate response, planned removal, remedial action, and documentation
and cost recovery [11] .

CERCLA requires that the relative potential of uncontrolled hazardous sub-
stance facilities to cause health and safety problems or ecological or envi-
ronmental damage be assessed . Assessment is performed using the Hazardous
Ranking System (HRS) form which has been completed and submitted together
with this contamination evaluation [11] . The HRS form will be used by the

- Army to evaluate the results of the contamination evaluation .

Under Section 102a of CERCLA, regulations designate those substances which
are considered hazardous, establish reportable quantities for these sub-
stances, and set forth the notification requirements for releases of these
substances . Reportable quantity means that quantity of release which
requires notification pursuant to regulations ; the total amount of release,
not the amount of contaminant in the release . Several hundred substances are
considered hazardous substances and are identified in the Code of Federal
Regulations [10] . Results of the contamination evaluation will be inter-
pretted with respect to compounds which may have been spilled and may be
hazardous substances .

4 .1 .3 .6 State of Michigan Standards - As a primary standard, the State of
Michigan Groundwater Quality Rules prohibit degradation of groundwater
quality beyond background levels defined by upgradient wells . As a secondary
standard, Michigan adopts pertinent USEPA Drinking Water and Groundwater
Standards . However, it is not permissible to degrade water quality even if
water quality standards will be maintained [12] . Michigan has also defined
primary drinking water standards for metals and organics, as noted in Tables
4-5 and 4-6 . Michigan's Standards are presented in Appendix J.

4 .2 GROUNDWATER ANALYSIS RESULTS

Results of metals, PCB, and petroleum hydrocarbon analysis of samples col-
lected at RG-1 through RG-4 and the USFS Work Station (used as a source of
water and added to wells during construction) are presented in Table 4-9 .
Results of analyses for purgeable halocarbons and aromatics are presented in
Table 4-10 .
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TABLE 4-10 . SUMMARY OF RESULTS OF TESTING AT GROUNDWATER MONITORING WELLS FOR PURGEABLE HALOCARBONS AND AROMATICS
(Results in ug/1)

RG-1 Travel
Site : RG-1 Split RG-2 RG-3 RG-4 Well Installation Blank Lab Blanks

Parameter Date :a 1/29 1/28 1/29 . 1/29 1/28 Water 12/17/86 1/29 12/17 1/28 1/28 1/29

Benzene <0.5 <0.5 <0.5 <0.5 <0 .5 <0.5 <0.5 <0.5 <0.5 <0 .5 <0.5
Bromoform <3 .2 <3.2 <3.2 <3 .2 <3 .2 <3 .2 <3 .2 <3.2 <3.2 <3.2 <3 .2
Carbon Tetrachloride <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
Chlorobenzene <0 .6 <0.6 <0.6 <0 .6 <0 .6 <0.6 <0 .6 <0.6 <0.6 <0.6 <0 .6
Chlorodibromomethane <2 .0 <2 .0 <2.0 <2 .0 <2 .0 <2 .0 <2 .0 <2.0 <2.0 <2 .0 <2 .0
Chloroethane <2 .4 <2.4 <2.4 <2 .4 <2 .4 <2 .4 <2 .4 <2 .4 <2 .4 <2 .4 <2 .4
2-Chloroethylvinyl Ether <5 .9 <5 .9 <5.9 <5 .9 <5 .9 <5 .9 <5 .9 <5 .9 <5 .9 <5.9 <5 .9
Chloroform <0 .8 <0.8 <0.8 <0 .8 <0 .8 <0 .8 <0 .8 <0 .8 <0 .8 <0 .8 <0.8
Dichlorobromomethane <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1
1,1-Dichloroethane <0 .8 <0.8 <0.8 <0 .8 <0 .8 <0 .8 <0 .8 <0.8 <0 .8 <0 .8 <0.8
1,2-Dichloroethane <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
1,1-Dichloroethylene <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <t .9 <1 .9 <1 .9
1,2-Dichloropropane <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
1,3-cia-Dichloropropylene <1 .5 <1 .5 <1 .5 <1 .5 <105 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
1,3-trans-Dichloropropylene <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
Ethylbenzene <0 .4 <0.4 <0.4 <0 .4 1 .5 <0 .4 <0 .4 1 .0 1 .0 0 .8 1 .1

,p Methyl Bromide <1 .5 <1 .5 <1 .5 <1 .5, <1 .5 <1 .5 <1 .5 (1 .5 <1 .5 <1 .5 <1 .5
Methyl Chloride <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6
Methylene Chloride 5 .5 4 .9 3 .5 3 .8 4.6 22 .0 7 .0 14 .7 17 .1 22 .3 10 .4
1,1,2,2-Tetrachloroethane <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4
Tetrachloroethylene <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
Trichlorofluoromethane <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3
Toluene <1 .0 <1 .0 <1 .0 <1 .0 1 .9 <1 .0 <1 .0 <1 .0 <1 .0 <1 .0 <1 .0
1,2-trans-Dichloroethylene <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
1,1,1-Trichloroethane <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2
1,1,2-Trichloroethane <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6
Trichloroethylene <1 .3 <1 .3 <1 .3 3 .0 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3
Vinyl Chloride <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2
Unknown 7.3 5.8 6 .6 10 .0 7 .1 6 .6 6
2-pentene,3,4,4-trimethyl- 3.4
1-pentene,2,4,4-trimethyl- 20.8

NOTE : x12/1986 or 1/1987 Date of Analysis



- The levels of metals in groundwater samples and well installation water were
near or below detection limits except for barium . The levels of metals found
in groundwater did not exceed the proposed RMCL, MCIs (currently in effect)

_ and RCRA groundwater protection criteria as shown in Table 4-11 . The total
mercury and lead levels in the installation water is above the detection
limit but below RCRA groundwater protection criteria .

- Petroleum hydrocarbons in monitoring wells RG-1, RG-2 and RG-4 were below
detection limits . There is some evidence of petroleum hydrocarbons in the
well installation water and monitoring well RG-3 . Concentrations ranged from
1 .7 mg/l in the well installation water to 1 .8 mg/l in RG-3 . The low level
contamination of the well installation water may be due to an old oil seal on
the pump at the Forest Service's Raco Work Center (where the water was
obtained) . The low level of petroleum hydrocarbon contamination found in the
water from RG-3 may have been caused by the addition of 100 gallons of
installation water to the borehole during drilling, but this does not seem
likely for three reasons

1) Contamination of RG-3 by the installation water would not account for any
dilution that would occur .

2) A large amount of water (510 gallons) was removed from the well during
development to protect against contamination from installation water . This
purging should have removed all or most of the installation water lost during

-" drilling .

3) Neither of the other two wells that received installation water exhibited
signs of petroleum hydrocarbon contamination .

Interpretation of organic chemical data in Table 4-10 requires consideration
of results from QA/QC samples such as travel blanks and lab blanks .
Methylene chloride and ethylbenzene were found in lab blanks analyzed on
December 17, January 28 and 29, and in travel blanks analyzed on January 29,
at levels near or greater than the concentrations found in monitoring well

- samples . Methylene chloride is a commonly used organic laboratory solvent,
and its presence in blanks is routinely encountered . Ethylbenzene is also
sometimes found in low levels in lab blanks and samples due to its presence

,_ in the organic laboratory .

Several unknown compounds were detected in RG-3, RG-4, travel blanks (January
29) and lab blanks (December 17, January 28, 29) . These unknowns (ranging
from 5.8 to 10 .0 ug/1) may have been present in the sample or may have been
caused by analytical technical problems such as GC column bleed-down or a
similar problem during GC/MS analysis . Unknown compounds are sometimes

- encountered at concentrations less than 10 ug/1 .

Toluene was detected in the sample collected from the RG-4 well at a concen-
tration of 1 .9 ug/1, and was also found in the sampling blank and other
blanks . This level is slightly above the detection limit . Toluene might be
present in RG-4 (near underground fuel tanks) and further testing of the well
would confirm whether toluene is present . Toluene is an Appendix VIII
compound and is not regulated under SDWA. It might be possible tha-c toluene
was present in low levels in the surrogate spike which uses deuterated

-toluene as part of Method 8240.
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TABLE 4-11

COMPARISON OF MAXIMUM GROUNDWATER CONCENTRATIONS
FOR EACH METAL WITH STANDARDSa

RCRA
Groundwater Michigan

Highest Protection Proposed State
Parameter Observation Well Limits RMCL MCL DWSb

Arsenic <3 .5 All 50 50 50 10

Barium 78 RG-3 1,000 1,500 1,000 1,000

Cadmium <1 All 10 5 10 10

Chromium 6 RG-1 50 120 50 50
Split

Lead 9 RG-2 50 20 50 50
Split

_ Mercury 0.87 Well Installation 2 3 2 2
Water

Selenium <2 .1 All 10 45 10 10

Silver <1 .4 All 50 - 50 50

NOTE : aAll concentrations in ug/1 .
bDWS = Drinking Wate r Standards
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Trichloroethylene was detected in the well sample designated RG-3 at a con-
centration of 3.0 ug/l and was not detected in any other well or lab blanks .
This compound is regulated under the SDWA with a RMCL of zero and a proposed

- MCL of 5 ug/1 . Trichloroethylene is a common solvent used for cleaning and
degreasing and may have been used during Bomarc missile site operations .
Because it was detected only slightly above the detection limit, further
sampling is needed to confirm if trichloroethylene is present in well RG- .

Two compounds, 2-pentene-3,4,4-trimethyl and 1-pentene-2,4,4-trimethyl, were
also found in RG-3 at concentrations of 3.4 and 20.8 ug/1, respectively .

- These compounds were not found in any other blank or sample . They are not
found in Appendix VIII or regulated under SDWA. Further testing would be
necessary to confirm the presence and source of these compounds in ground-

_ water well RG-3 .

No other organic compounds were detected in any of the groundwater wells or
well installation water . PCBs were not detected in any groundwater sample or
blank analyzed . All metals concentrations were well below applicable
standards .

4 .3 SILO WATER SAMPLING AND ANALYSIS RESULTS

Results of metals, PCB and petroleum hydrocarbon analysis of silo water
samples collected at RB-1 through RB-6 are presented in Table 4-9 . Results
of analyses for purgeable halocarbons and aromatics are presented in Table
4-12 .

The highest level of each metal detected in silo water is compared to RMCL,
MCLS and RCRA groundwater protection criteria in Table 4-13 . None of the
eight metals exceeded any present or proposed SDWA . Total lead concentration
was close to the proposed RMCL limit in two of the silos (RB-3 and RB-4) .
Dissolved lead in all silos analyzed was above the detection limit but below
any SDWA regulation . These levels show that some lead contamination does
exist in the silo water . These levels pose no imminent danger to groundwater
supplies and might be caused by lead based paint once used in the upkeep of

' the missile silos .

Petroleum hydrocarbons were found in low levels in most of the Bomarc missile
silos . These low levels (5 .0 mg/1 or less) in RB-1, RB-2, RB-3, RB-5, and
RB-6 might be due to oil on concrete debris or asphalt residues that were
placed in the silos after release of the property to the USFS . A high level
of petroleum hydrocarbons was found in RB-4 . The sample was taken from vari-
ous depths to create a composite sample . Petroleum hydrocarbons in RB-4 had

-' a concentration of 1,810 mg/l rich was most likely caused by the contents of
two 55-gallon barrels which were found in the silo . These barrels had leaked
and released an oily organic substance into RB-4 (Silo 10) . These barrels

- may have been placed there by the contractor who had received a special use
permit from the USFS to dump highway construction debris into the silos, but
this is speculative .

Interpretation of purgeable halocarbons and aromatics results in missile
silos requires consideration of results of blanks . Methylene chloride and
ethylbenzene were present in both lab and travel blanks at or near concentra-
tions found in silo samples . There is no evidence that these compounds are
present in any of the silos ( Table 4-12) .
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TABLE 4-12 . SUMMARY OF RESULTS OF TESTING AT MISSILE SILO SITES FOR PURGEABLE HALOCARBONS AND AROMATICS
(Results in ug/1)

RB-7
Sampling Travel

Site : RB-1 RB-2 RB-3 RB-4 RB-5 RB-6 Blank Blank Lab Blanks
Parameter Date :a 12/15 12/15 12/15 12/17 12/17 12/17 1/28 R13 -7b 1 /29 12/15 12/17 1/28 1/28 1/29

Benzene <0 .5 <0.5 <0.5 ~(5' <0 .5 <0.5 <0.5 <0 .5 <0 .5 <0 .5 <0.5 <0.5 <0 .5
Bromoform <9 .2 <3 .2 <3.2 t3.2 <3 .2 <3.2 <3.2 <3.2 <3 .2 <3.2 <3 .2 <3.2 <3 .2
Carbon Tetrachloride <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
Chlorobenzene <0 .6 <0 .6 <0.6 <0.6 <0 .6 <0.6 <0.6 <0.6 <0 .6 <0.6 <0.6 <0.6 <0 .6
Chlorodibromomethane <2 .0 <2 .0 <2.0 <2 .0 <2 .0 <2 .0 <2 .0 <2 .0 <2 .0 <2 .0 <2.0 <2 .0 <2 .0
Chloroethane <2 .4 <2 .4 <2.4 <2.4 <2 .4 <2 .4 <2 .4 <2.4 <2 .4 <2 .4 <2 .4 <2 .4 <2 .4
2-Chloroethylvinyl Ether <5 .9 <5 .9 <5.9 <5.9 <5 .9 <5 .9 <5 .9 <5.9 <5 .9 <5.9 <5 .9 <5 .9 <5 .9
Chloroform <0 .8 <0 .8 <0.8 <0.8 <0 .8 <0.8 <0 .8 <0.8 <0 .8 <0.8 <0 .8 <0 .8 <0.8
Dichlorobromomethane <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1
1,1-Dichloroethane <0 .8 <0 .8 <0.8 <0.8 <0 .8 <0.8 <0 .8 <0.8 <0 .8 <0.8 <0 .8 <0 .8 <0.8
1,2-Dichloroethane <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
1,1-Dichloroethylene <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9
1,2-Dichloropropane <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
1,3-cia-Dichloropropylene <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
1,3-trans-Dichloropropylene <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
Ethylbenzene .07~ <0 .4 <0.4 <0.4 1 <0 .4 ~I <0 .4 1 .2 1 .1 1 .0 1 .0 0.8
Methyl Bromide <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <T:5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
Methyl Chloride <1 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6
Methylene Chloride 9:7 16.7)

~
~20- .a, /2:1

~
3, 7 .0 22 .7 15 .2 17 .1 14 .7 22 .3

1,1,2,2-Tetrachloroethane T4 <1 :~ 1 4< <1 .4 1 .4 q1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4
Tetrachloroethylene <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
Trichlorofluoromethane <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 ? <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3
Toluene <1 .0 <1 .0 <1 .0

_
~~ <1 .0 <1 .0 <1 .0 1 .2 <1 .0 <1 .0 <1 .0 <1 .0

1,2-trane-Dichloroethylene <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
1,1,1-Trichloroethane <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2
1,1,2-Trichloroethane <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6
vinyl Chloride <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2
Additional Peaks :
Unknown Hydrocarbon 8 6
Unknown

NOTE : a12/1986 or 1/1987 Date of Analysis .
bRB-7 not analyzed

>5.0 6.6 7.1 10.0



TABLE 4-13

COMPARISON OF MAXIMUM SILO WATER CONCENTRATIONS
-- FOR EACH METAL WITH STANDARDSa

_ RCRA
Groundwater Michigan

Highest Protection Proposed State l
Parameter Observation Well Limits RMCL MCL

/
DWSb J~'

Arsenic <3 .5 All 50 50 50 10

Barium 15 RB-3 1,000 1,500 1,000 1,000

Cadmium <1 All 10 5 10 10

Chromium <5 All 50 120 50 50

Lead 19 RB-3 50 20 50 50

Mercury 0.23 RB-6 2 3 2 2

Selenium <0 .21 All 10 45 10 10

Silver <1 .4 All 50 - 50 50

NOTE : aAl1 concentrations in ug/1 .
bDWS = Drinking Water Standards
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Benzene and toluene were detected in RB-4 at concentrations of 6.0 ug/l and
1 .2 ug/1, respectively . Toluene was also detected in sample and lab blanks,
and could possibly have come from the surrogate spike that uses deuterated

- toluene (some non-deuterated toluene could be present) . Detection of these
compounds, especially benzene, may be due to an oily substance that has
leaked from barrels rather than from DOD operations . Benzene and toluene
were not detected in any other silo and are not believed to be present in the
other silos . Further sampling and analysis are to be done to confirm these
results .

- Unknown compounds were detected in sampling blanks, travel blanks, and lab
blanks but not in any silo water sample . Trichlorofluoromethane and toluene
were detected in the sampling blank. The source of these contaminants are
not known but their presence did not affect the interpretation of analytical
results .

No other organic compounds were detected in any silo water samples analyzed .
PCBs were not detected in any sample or blank analyzed from the Raco Bomarc
missile site .

4 .4 SOIL SAMPLING AND ANALYSIS RESULTS

Results of metals, PCBs and petroleum hydrocarbon analyses of soil samples
are presented in Table 4-9 . Results of analyses for purgeable halocarbons
and aromatics are presented in Table 4-14 .

- No cadmium, mercury, selenium, or silver was detected in any soil samples .
Arsenic, barium and chromium were detected at low levels in all samples
including the soil blank. Total lead was found at a concentration of 12 .4
ug/g only in RS-2 (wastewater treatment -lagoon basin), and this is slightly
above the detection limit. Concentratioris of all metals found are insuffi-
cient to result in an EP Toxicity classification . Metals results are not
indicative of a problem in any of the soil sampling areas .

Concentrations of petroleum hydrocarbons (24 to 63 ug/g) in RS-2, RS-3, RS-4,
RS-5, RS-6, RS-8 and RS-9 (background) may be due to vehicular traffic

- before, during or after DOD occupation or decay of vegetation . It is not
known whether the presence of petroleum hydrocarbons is due to naturally
occurring sources but the background sample (RS-9) equalled 24 ug/g so there
might be a naturally occurring compound present which is quantified in method
418.1 . RS-1 (transformer pad) and RS-7 (underground tank C-3) showed
concentrations of petroleum hydrocarbons at 8,310 ug/g (8,530 ug/g - RS-1
Duplicate) and 264 ug/g, respectively . The transformer pad area showed
visible oil stains around the area where transformers once operated . RS-7
had no visible oil staining around the area sampled that would indicate a
possible cause of petroleum hydrocarbon presence . Concentrations in these

.- areas are probably caused by spillage of substances containing petroleum
hydrocarbons after decommissioning occurred, due to vandalism or salvage
operations .

As with groundwater and silo water samples, several purgeable halocarbons/
aromatics were detected in soil samples and lab/travel blanks . These com-
pounds are methylene chloride and ethylbenzene . Methylene chloride appeared
in most site samples at levels higher than lab or travel blanks but is not
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believed to be present in samples . Methylene chloride in RS-1 was high
(130 .6 ng/g), but the duplicate RS-1 sample showed a more acceptable level
(28 .3 ng/g) . Methylene chloride and ethylbenzene were present in higher con-
centrations in both analyses (RS-7 was rerun) when compared to lab blanks .
Some organic contamination might be present at the RS-7 site (underground
tank C-3) because other organic compounds were found in analyses (Table
4-14) . Confirmation through further sampling is recommended .

Toluene was detected in RS-1, RS-1 duplicate, RS-2, RS-8 rinsate, RS-7, RS-7
rerun and the lab blank dated December 17 . Some toluene might have come from
the surrogate spike which uses deuterated toluene, but higher levels found in
RS-1 indicates possible site contamination .

- Other halocarbons/aromatics were detected in RS-1, RS-1 duplicate, and RS-7
rerun that were not found in any lab/travel blank or any other sample . These
two areas also showed elevated levels of petroleum hydrocarbons that might
explain the unknown halocarbon/hydrocarbon and cyclohexane isomers that were
found at RS-1 and RS-7 . Further sampling is probably needed to determine the
amount and the extent of contamination at these two locations .

Analysis of RS-8 Rinsate indicated the presence of trichlorofluoromethane
(5 .2 ug/g) . The source of this contamination in the sample rinsate is not
known, but it was not found in any sample .

PCBs were not detected in any soil analyses . The analysis of the soil around
transformer pad (RS-1) gave no indication that transformers used on-site
contained PCB contaminated oil which might have leaked onto the ground .
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TABLE 4-14 . SUMMARY OF RESULTS OF TESTING AT SOIL SAMPLING SITES FOR PURGEABLE NALOCARBONS AND AROMATICS
(Results in ng/g)

N
N

Site : RS-1
Parameter Date :a 1/29

Benzene <0 .5
Bromoform <3 .2
Carbon Tetrachloride <1 .5
Chlorobenzene <0 .6
Chlorodibromomethane <2 .0
Chloroethane <2 .4
2-Chloroethylvinyl Ether <5 .9
Chloroform <0 .8
Dichlorobromomethane <1 .1
1,1-Dichloroethane <0 .8
1,2-Dichloroethane <1 .5
1,1-Dichloroethylene <1 .9
1,2-Dichloropropane <1 .5
1,3-cis-Dichloropropylene <1 .5
1,3-trans-Dichloropropylene <1 .5
Ethylbenzene <0 .4
Methyl Bromide <1 .5
Methyl Chloride <1 .6
Methylene Chloride 130 .6
1,1,2,2-Tetrachloroethane <1 .4
Tetrachloroethylene <1 .5
Trichlorofluoromethane <1 .3
Toluene 9 .7
1,2-trans-Dichloroethylene <1 .5
1,1,1-Trichloroethane <1 .2
1,1,2-Trichloroethane <1 .6
Trichloroethylene <1 .3
Vinyl Chloride <1 .2

RS-1
Dup . RS-2

1/29 12/15

<0 .5 <0 .5
<3 .2 <3 .2
<1 .5 <1 .5

<0 .6 <0 .6
<2 .0 <2 .0
<2 .4 <2 .4

<5 .9 <5 .9
<0 .8 <0 .8

<1 .1 <1 .1
<0 .8 <0 .8
<1 .5 <1 .5

<1 .9 <1 .9
<1 .5 <1 .5
<1 .5 <1 .5
<1 .5 <1 .5

1 .1 <0 .4
<1 .5 <1 .5
<1 .6 <1 .6
28 .3 42 .8
<1 .4 <1 .4

<1 .5 <1 .5

<1 .3 <1 .3
3 .6 1 .1

<1 .5 <1 .5
<1 .2 <1 .2
<1 .6 <1 .6
<1 .3 <1 .3
<1 .2 <1 .2

RS-3
12/15

<0.5
<3 .2
<1 .5

<0 .6
<2 .0
<2 .4
<5 .9

<0 .8

<1 .1
<0 .8
<1 .5

<1 .9
<1 .5

<1 .5
<1 .5

1 .1
<1 .5
<1 .6
36 .2
<1 .4
<1 .5
<1 .3
<1 .0
<1 .5
<1 .2
<1 .6
<1 .3
<1 .2

NOTE : aDecember 1986 or January 1987 date of analysis

RS-4
12/19

<0.5
<3.2
<1 .5
<0.6
<2 .0
<2 .4
<5 .9
<0.8
<1 .1
<0.8
<1 .5
<1 .9
<1 .5
<1 .5
<1 .5
<0.4
<1 .5
<1 .6
36.2
<1 .4
<1 .5
<1 .3
<1 .0
<1 .5
<1 .2
<1 .6
<1 .3
<1 .2

RS-5 RS-6 RS-7
12/12 12/12 12/12

<0.5 <0 .5 <0.5
<3 .2 <3 .2 <3.2
<1 .5 <1 .5 <1 .5
<0.6 <0.6 <0.6
<2 .0 <2 .0 <2.0
<2 .4 <2 .4 <2.4
<5 .9 <5.9 <5.9
<0.8 <0 .8 <0.8
<1 .1 <1 .1 <1 .1
<0.8 <0 .8 <0.8
<1 .5 <1 .5 <1 .5
<1 .9 <1 .9 <1 .9
<1 .5 <1 .5 <1 .5
<1 .5 <1 .5 <1 .5
<1 .5 <1 .5 <1 .5
<0.4 <0.4 8.4
<1 .5 <1 .5 <1 .5
<1 .6 <1 .6 <1 .6
24 .7 21 .3 50.9
<1 .4 <1 .4 <1 .4
<1 .5 <1 .5 <1 .5
<1 .3 <1 .3 <1 .3
<1 .0 <1 .0 2.4
<1 .5 <1 .5 <1 .5
<1 .2 <1 .2 <1 .2
<1 .6 <1 .6 <1 .6
<1 .3 <1 .3 <1 .3
<1 .2 <1 .2 <1 .2

RS-9
RS-7 Soil RS-8 Travel
Rerun RS-8 BkGJ . Rnst Blank Lab Blanks
12/12 1/28 12/15 1/29 1/29 12/12 12/15 12/19 1/28 1/28 1/29

<0 .5 <0 .5 <0 .5 <0 .5 <0.5 <0.5 <0 .5 <0.5 <0.5 <0 .5 <0 .5
<3 .2 <3 .2 <3 .2 <3 .2 <3 .2 <3 .2 <3 .2 <3 .2 <3 .2 <3 .2 <3 .2
<1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
<0 .6 <0 .6 <0.6 <0 .6 <0.6 <0.6 <0 .6 <0.6 <0 .6 <0.6 <0.6
<2 .0 <2 .0 <2 .0 <2 .0 <2 .0 <2.0 <2 .0 <2 .0 <2.0 <2 .0 <2 .U
<2 .4 <2 .4 <2 .4 <2 .4 <2 .4 <2 .4 <2 .4 <2 .4 <2 .4 <2 .4 <2.4
<5 .9 <5 .9 <5 .9 <5 .9 <5.9 <5.9 <5 .9 <5.9 <5.9 <5 .9 <5 .9
<0 .8 <0 .8 <0.8 <0.8 <0 .8 <0 .8 <0 .8 <0 .8 <0 .8 <0 .8 <0.8
<1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1 <1 .1
<0 .8 <0 .8 <0.8 <0.8 <0 .8 <0 .8 <0 .8 <0 .8 <0 .8 <0.8 <0.8
<1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
<1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9
<1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
<1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
<1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
5 .8 0 .6 1 .0 0.7 <0.4 <0 .4 1 .2 <0.4 1 .0 1 .0 0.8

<1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
<1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6
54 .5 25 .5 19 .5 4 .0 7 .0 15.2 22 .7 10.4 14.7 17 .1 22 .3
<1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4
<1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
<1 .3 <1 .3 <1 .3 5 .2 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3
2.4 <1 .0 <1 .0 9 .0 <1 .0 <1 .0 1 .2 <1 .0 <1 .0 <1 .0 <1 .0

<1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
<1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2
<1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6
<1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3
<1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2

(Continued on the following page)



TABLE 4-14 . SUMMARY OF RESULTS OF TESTING AT SOIL SAMPLING SITES FOR PURGEABLE HALOCARBONS AND AROMATICS
(Results in ng/g)

(Continued) RS-9
RS-1 RS-7 Soil RS-8 Travel

Sites RS-1 Dup . RS-2 RS-3 RS-4 RS-5 RS-6 RS-7 Rerun RS-8 BkGd . Rnst Blank Lab Blanks
Parameter Date :a 1/29 1/29 12/15 12/15 12/19 12/12 12/12 12/12 12/12 1/28 12/15 1/29 1/29 12/12 12/15 12/19 1/28 1/28 1/29

Additional Peaks :

Unknown Hydrocarbon 7 37 B
Unknown Hydrocarbon 66
Dimethyl Cyclohexane Isomer 18
Tricyclodecane 38
Trimethyl Cyclohexane Isomer 135
Trimethyl Cyclohexane Isomer 23
Ethyl Methyl Cyclohexane 95
Isomer

Trimethyl Bicycloheptane 109
Isomer
Ethyl Methyl Cyclohexane 161
Isomer

Unknown Hydrocarbon 46
Unknown Hydrocarbon 443
Unknown Hydrocarbon 109
Decahydro Naphthalene 312
Hexane 5 .0
Tricyclo(3 .3 .1 .1 .3,7)-
decane 14.8 58.5
Cyclohexane compound 14 .2 53 .9
Phenol compound 116.5
Unknown 12 .0
Substituted decahydro-
naphthalene 17 .5 91 .2
Unknown 95 .4 24.2 10 .0 7 .1
Tricyclo(3 .3 .1 .13,7)-

decane,-1,3-dimethyl 375.6
Alkyl substituted phenol 330.7
Hydrocarbon mixture 48.5



- 5 .0 CONCLUSIONS AND RECOMMENDATIONS

1) As a result of visual site inspection, several potential sources of envi-
ronmental contamination were identified at locations within the former
Bomarc Missile Site, Raco, Michigan . Most notable are :

a) An area where oil was spilled onto a transformer pad and nearby
soil . This area has a dark oil stain and the odor of oil was
evident . It is not known when this spillage occurred .

b) Two 55-gallon drums were found in Silo 10 (RB-4) and were apparently
leaking an oily substance with the odor of organic solvents or
petroleum distillates . The two barrels were marked "Concrete Curing
Compound" and "White Resin ." It appears that disposal of these drums
occurred after DOD transferred ownership of the site to the U.S .
Forest Service . Detroit District, U.S . Army Corps of Engineers will

-- sample the drums and remove them as part of the Raco Debris Removal
Project .

c) Oil-stained soil was evident near access plates and vents of the
underground tanks C-1 (RS-5) and C-2 (RS-6) . This could lead to
contamination of underlying soils and could have occurred at any time
during or after DOD activities .

d) Sparse vegetation was evident near the wastewater treatment plant .
The cause of sparse vegetation is not known .

2) Based on sampling and analysis, it was determined that PCBs are not
present in the locations sampled including the composite sample taken
near the transformer pad . this area had the highest possibility of PCB
contamination .

3) Based on testing, no metals above applicable standards were found in any
silo, monitoring well, or soil sample .

4) Results of sampling and analysis indicate petroleum hydrocarbons and
purgeable halocarbons/aromatics are present in some soil and water sam-
ples . The conclusions based on the analytical results are summarized
below .

a) Petroleum hydrocarbons and purgeable organics are present in soil
samples RS-1 (transformer pad) (>8000 ug/g) and RS-7 (underground
tank C-3) (264 ug/g) . A RCRA ignitability test should be performed
at RS-1 to determine if the material is classified as hazardous . The
depth and extent of contamination should be defined through more
sampling and analysis . There is no indication that the underground
tanks are presently leaking .

b) Petroleum hydrocarbons (1810 mg/1) and purgeable halocarbons/
aromatics (e .g . benzene, 6 ug/1) were present in Silo 10 (RB-4) .
Water is not believed to be leaking from the silo . It is believed
that the two 55-gallon drums were placed in silo 10 during post-DOD
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activities based on their positions in the silo above other
construction debris . No contaminants are believed to be present in
Silo 2 (RB-1) . Silos 2 and 10 will be resampled by the Corps of
Engineers, Detroit District .

c) Detroit District is currently soliciting bids for an approved project
at the former Raco Bomarc Missile site . The project includes testing
and removal of the contaminated soil near the transformer pad,
testing and removal of the underground storage tanks, testing and
removal of the two 55-gallon drums and testing and disposal of the
water in the missile pits in addition to debris removal and site
restoration . The contract is scheduled for a September 1987 award .
POC concerning this ongoing effort is Mr . Carl Woodruff, CENCE-ED-D .

d) Petroleum hydrocarbons were found in low levels (1 .7 to 1 .8 mg/1,
which is slightly above the detection limit) in the well installation
water and monitoring well RG-3 . The concentrations exceed Michigan
State Drinking Water Standards (0 .2 mg/1) (Appendix J) . Several
other organics were also detected at RG-3, including an unknown (7 .3
ug/1), 2-pentene, 3,4,4-trimethyl (3 .4 ug/1), and 1-pentene,
2,4,4-trimethyl (20.8 ug/1) . EEI recommends resampling to verify
these results .

e) Trichloroethylene (a degreaser/solvent) was found in low levels (3 .0
ug/1) in monitoring well RG-3 . This well was intended to determine
if the wastewater treatment plant was leaching any contaminants into
the aquifer . Re-sampling would confirm whether this solvent is actu-
ally found in the well water . Trichloroethylene may have been used
at the Bomarc missile site .

- f) Toluene was found in low levels in RG-4 monitoring well, silo sample
RB-4, and several soil samples . It was also detected in sampling
blanks and some lab blanks . It is not believed to be present in RG-4

- and RB-4, but re-sampling would confirm this . Deuterated toluene is
used as a surrogate spike and possibly some non-deuterated toluene
was present in the spike .

5) Cuttings generated during installation of each well were retained in nine
drums and have been stored on-site . No contaminants were found in wells
RG-1 and RG-2 and EEI will arrange for emptying these drums into a silo,
since the material could be considered clean fill . Wells RG-3 and RG-4
are possibly contaminated with the organic chemicals described above .
Thm Polasek of the Hazardous Materials Section of the Michigan DNR was
contacted regarding the proper handling of this material . He stated that
this material would not be considered a hazardous material under RCRA
regulations and could be accepted by any DNR-approved Type II landfill .
The Dafter Sanitary Landfill (Route 1, Box 51, Dafter, MI ; telephone
906-632-6186), located 15 miles east of Raco, is a Type II landfill and
accepted the waste on June 30, 1987 (Appendix K) .

6) The DERP Inventory Report and Hazardous Ranking System Evaluation are
included in Appendix L .

X
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Disposition of Comments



Q ENVIRODYNE 1216' Lackidnd toad,
S : . Lcus, Wss~.n 63146ENGINEERS X3;4 ; 434_6~~~')

July 22, 1987
3067-40027

Mr . John Hallquist
- Authorized Representative of the

Contracting Officer
U . S . Army Corps or Engineers

_ LMSED-PM
210 N . Tucker Boulevard
St . Louis, Missouri 63101

Subject : Minutes of Meeting 1/20/87
Delivery Order No . 4

Dear Mr . Hallquist :

Attached are the minutes of the project presentation meeting held on
7/20/87 . Also included are EEI's responses to written comments furnished by
Tom Furdek . We expect additional information from you before incorporating
these comments into the final report . The minutes of the meeting and dis-
position of comments will be included as an Appendix to the Final Report . If
you are in disagreement with any of the proposed changes to the Final Report,
please bring it to our attention .

Very truly yours,

Thomas M . Lachajc zyk
Associate

- TML/jam/200
Enclosure



-- MINUTES OF THE MEETING

Comment : Further sampling which has been recommended will be performed by
The Corps of Engineers and is also being conducted by the Michigan Department
of Natural Resources .

Comment : Debris portion of the HRS may not be accurate .

Response : State in the cover letter : "As directed in contract documents,
the HRS form is based on limited information collected in a one-day field
investigation . Inspection of building interiors and debris was not included
in the Scope of Work" .

Comment : Please have boring logs typed to improve legibility .

Response : Typed boring logs will be included in an Appendix to the Final
Report . Original field logs were hand written .

Comment : State in the report the location of keys to the monitoring wells .

Response : Add to the last paragraph of Section 3 .2 .2, page 3-7 : Keys to
each well were given to Mr . Roger Jewell, United States Forest Service,
Sault Ste . Marie, Michigan .

Comment : Page 2-1, Section 2 .2, first paragraph, line 6 : change Nike to
Bomarc .

Response : Agree .
+n

Comment : Include a letter describing disposal of cuttings at the Dafter Land
Fill .

Response : The letter will be included as an Appendix . Reference to the
Appendix and disposal will be shown on page 2-1 and 5-2 .

Comment : Insert additional information, to be supplied by the Corps of
Engineers, concerning the status of on-going work at the site recommended in
the report .

Response : Additional information to be supplied will be included in Chapter
5 .

Comment : Section 3.1 .6 . The possible sludge drying bed's dimensions are
inconsistent with use as a drying bed .

Response : No contaminants were found in the soil sample at this area .
Change to "De nuded Area" .



Comment : P 3-5, first line . "Army" is incorrect .

Response : Change to "Air Force" .

Comment : Insert at the end of Section 3.1 .7 "This site will be further.
evaluated by the U. S . Army Corps of Engineers .

Response : Will be changed as stated .

Comment : P 3-6, Section 3.2 .2, Paragraph 4, line three, change "after
completion of" to "prior to" .

Response : To be changed as stated .

-- Comment : P 3-10, RS-5, first line, correct spelling of "covered" .

Response : Agree .

Comment : Table 4-2 . Trichlorofluoromethane listed twice, with different
detection limits .

Response : Remove one of the references . The correct detection limit is 1 .3
ug/1 .

Comment : Explain the presence of trichlorofluoromethane in sampling blank
and rinsate .

Response : Contamination in the organic laboratory is not believed to be
likely since trichlorofluoromethane is not used in that laboratory, which is
separated from EEI's other facilities . Therefore, it is more likely that the
contamination occurred during sampling, due to an unknown source . This will
be stated in the report .

Comment : P 5-1, Section 1b . Remove the last sentence, beginning with the
word Responsibility . Replace with : "It appears that disposal of these drums
occurred after DOD transferred ownership of the site to the U . S . Forest
Service . Detroit District, U . S . Army Corps of Engineers will sample the
drums and remove them as part of the Raco Debris Removal Project .

Response : Changed as shown .

Comment : P 5-1, paragraph 1d . Change "in the apparent sludge drying bed" to
"near the wastewater treatment plant" .

Response : To be changed as shown . Labels on figures should also be changed .

EEI Comment : P 5-1, paragraph 4 . Insert "analytical" prior to results in
the fourth line of paragraph 4.



Comment : p-5-2, paragraph 4d . Add to the end of paragraph "several other
organics were also detected at RG-3, including an unknown (7 .3 ug/1),
2-pentene, 3,4,4-trimethyl (3 .4 ug/1), and 1-pentene, 2,4,4-trimethyl (20.8
ug/1) .

Comment : P-5-2, paragraph 4e . State that surrogate spikes may be the reason
toluene was detected at site RG-4 .

Response : This will be stated on pages 5-2, 4-23 and 4-20 .

Comment : P-4-22 . Why are results for RS-7 and RS-7 rerun identical?

Response : The surrogate recovery during analysis of RS-7 was outside control
limits, requiring a re-run . A library search was performed for the re-run,
not for the original sample analysis . One library search was performed . The
results were reported in both columns erroneously, and will be removed from

_ RS-7 results on page 4-22 .

Comment : Check the number of underground tanks referred to in the report .
It should state 14 tanks .

Response : The number of tanks will be referred to as 14 .

Comment : State in the conclusions that silos number 2 and 10 will be
resampled .

Response : Change on page 5-1, Section 4b .

Comment : The report is inconsistent in the use of the term DI for deionized
versus distilled water which was used? Distilled water may be a source of
contamination .

Response : Distilled water was purchased in a store and used in the field .
Sampling blanks and rinsates were collected and documented whether the
distilled water is a source of potential contamination . EEI will plan to use
deionized water in the future . "DI" will be changed to "distilled" where
appropriate .

In addition, EEI has received witten comments concerning the Draft Final
report and plans to response to these comments as follows

MRD QA/QC comments :

Comment : P-2 of 4, pg 4 . Trichlorofluoromethane listed twice with different
detection limits on all tables .

Response : This is an error in the data reporting . Trichlorofluoromethane
should be reported only once, with a detection limit of 1 .3 ug/l (water) or
1 .3 ng/l (soil) .



- Comment : P-2 of 4, pg 5 . Ethylbenzene - not a common lab solvent, but here
apparently laboratory contamination .

Response : It is possible that trace quantities of ethylbenzene are present
in the surrogate spike . Since ethylbenzene was found more often in lab
blanks and sampling blanks than in actual samples it is not believed to be
present in the samples . Ethylbenzene is not routinely detected in blanks in

- EEI's laboratory, so a definite explanation for its presence in lab blanks
and sampling blanks in this project is not available .

Comment : P-2 of 4, pg 5 . No duplicate for silo water .

Response : Analyses of samples RB-7 and RB-7 replicate were deleted from the
project at the direction of the Authorized Representative of the Contracting
Officer on January 14, 1987 .

Comment : MRD feels that trichlorofluoromethane and toluene being detected in
RS-8 rinsate and RB-7 sampling blank (no sampling blank or rinsate for

._ groundwater samples was collected) calls into question the values reported
for toluene in field samples . We note that QA/QC results confirm EEI results
for RB-7 sampling blank, RS-1, and RS-8 rinsate (see tables 2, 4, 5) .

Note : Not all field samples have toluene so field contamination was not
systematic .

- Note : Highest values for toluene for field samples are RS-1 and RS-7 . In
addition RS-1 and RS-7 are the field samples with highest values for pet.hc's
and "additional peaks" (see AE's comment, p-4-23 pg 2 in 3, 4, 5 in DFR) .

_ Pe t.hc's and "additional peaks" were not found in controls RS-8 rinsate or
RB-7 sampling blank . Therefore toluene in RS-1 and RS-7 may not come from
the same source as that in RS-8 rinsate and RB-7 sampling blank .

Conclusion : Cannot tell from this data if toluene found in the field samples
is a field contaminant or derives from the sample collected .

- Response : EEI is required through Method 8240 to spike all samples with
surrogates, including deuterated toluene . Although EEI uses the purest
surrogates available, deuterated toluene contains some non-deuterated toluene

- as a contaminant . 'Ibis is the most reasonable explanation for detection of
toluene in some samples and QA/QC samples .

Conversely, detection of benzene and toluene in the same sample (RB-4) is
- reasonable since these compounds often are present in the same mixture .

EEI agrees with the comment's conclusion, and this question can be answered
only through further sampling .

Comment : p-3 of 4, last pg on page . Why would QA/QC analysis use a method
(503 c,d) which cannot be compared with EEI's method (418 .1)? We note that
MRD agrees EEI used preferred method for these samples .

Response : EEI originally proposed to use Method 503 but switched to 418 .1
based on MRD's comments .



Comment : Note : RB-7 - no available comparison with EEI .

Response : See a previous response . EEI was directed to not analyze RB-7 .

Comment : MRD again questions Toluene results (see page 2-4, paragraph 5
above) .

Response : Toluene is possibly present in the surrogate .

Comment : Failure of reporting all internal QC information by EEI results in
problem evaluating metals data by MRD .

Response : Please advise us if additional QC information is required .

Comment : Table 1 : RB-7 (silo #26) - No comparison with EEI result possible
since EEI did not assay this sample . All QA results except Ba++ and toluene
below detection limit .

Response : EEI did not analyze this sample at the direction of the Authorized
Representative of the Contracting Officer .

Comment : Table 2 : RB-7 sampling blank . Note : QA lab got comparable value
for toluene as EEI .

Comment : Table 3 : RG-1 (well #1 ) . No comments .

Comment : Table 4 : RS-1 (transformer pad) . Note ; QA lab got a significant
value for toluene as did EEI .

Comment : Table 5 : RS-9 rinsate . Note : Again toluene found at level similar
to EEI!

Response : EEI assumes that the external QA lab also spikes with deuterated
toluene (as required by Method 8240), so they may experience similar
problems .

Comment : Table 6 : Travel blank. Note : Displayed in tables 4-10, 4-12, and
4-14 of DFR . Only purgeable compounds analyzed . QA, EEI results agree .

Response : Analysis of only purgeable compounds for travel blanks is as per
EEI's plan . EEI does not normally collect travel blanks for parameters other
than purgeables .

Comment : Page 1-2, paragraph 4 in 10 . Can one conclude that toluene was
really present in soil samples RS-1, RS-2 and RS-7? Apparently nct . (See
page 2-4 paragraph 5 of notes on MRD QA/QC results) .

Response : See previous discussion of toluene in surrogates . The report will
state this possibility . EEI does not believe it can be concluded that
toluene is definitely present in any sample .



_ Comment : p-3-4. P 3-2 is numbered page 3-4 .

Response : Will be corrected .

Comment : p-3-5, pg 5 in 1 . The word "approximately" ; should not statement
be quantitative (i .e ., the number of tanks either does or does not equal
nine)?

Response : The word "approximately" was used because the above ground
evidence of underground tanks left some doubt as to the precise number of
tanks present . The sentence will be changed to "it appears that nine
underground tanks were located west of the airfield" .

Comment : p-3-9, see 3 .3 SAMPLING PLAN, part 3 . "collection from six missile
silos" agrees with modification of 3/23/87 but differs from table 1, page 9

- of "PLAN" where are 7 numbers . Note : See page 3-14 paragraph 9 below .

Response : See previous explanation concerning deletion of one silo sample .

Comment : p-3-10 pg 7 . Can the location of RS-9 be indicated in one of the
figures, 2-1, 3-1, or 3-2 as appropriate?

Response : RS-9 is shown in Figure 3-1 (northwest corner of the map) .

Comment : p-3-14 pg 9 . Samples from RB-7 not analyzed . Note : This sample
supposed to be one of the MRD split controls (see table 1, p-9, QA/QC PLAN) .
Q: Will one of the remaining silo samples be split for MRD analysis? The
answer, No (see table 1 of notes on MRD QA/QC results) .

Response : This comment has been previously addressed .

Comment : p-4-2 . Q: Why does table 4-1 list method 8240 for both soil and
water samples while in SOW (p-30) #8020 is listed for soil and #602 for water
samples?

Response : EEI proposed to use method 8240 (GC/MS) instead of 602 and 8020 .
This method allows use of a library search to identify additional unknown
compounds .

Comment : p-4-15 pg 2 . Apparently pet . hc's detected in RG-3 (just above
detection limit) is real .

Response : Several additional organics were found in RG-3 .

Comment : p-4-15 pg 7 in 1 . RG-4 travel --> RG-4, travel .

Response : A correction will be made .



Comment: p-4-15 pg 7 . Should a question concerning the quality of the lab
work be raised with regard to the unknowns in travel and lab blanks?

Response : The GC/MS method is semi-quantitative . The concentration of
unknowns reported were less than or equal to 10 ug/l (very low) . The
presence of unknowns in blanks has not affected the interpretation of results
of sample analysis .

Comment : p-4-15 pg 8 . Toluene detected in RG-4 slightly above detection
limit . What to make of if anything? In view of notes on MRD QA/QC results,
p-2 of 4 pg 5, the result is questionable?

Response : See previous discussion concerning toluene .

Comment : p-4-15 pg 9 . Trichloroethylene in RG-3 . What if anything to do
- about it? Note : See communication of 12 May 1987 from DOD, Wash . D.C . ;

apparently someone is going ahead with remedial investigation (RI) of this
groundwater .

Response : The potential presence of trichloroethylene in the sample from
RG-3 should be confirmed through further sampling and analysis . Please note
that the concentration (3 ug/1) reported is less than the official minimum

"' detection limit for SW-846.

Comment : p-4-20 pg 1 . In RB-4, benzene and toluene were detected . The
paragraph concludes that detection of toluene in RB-4 is real . It suggests
detection of toluene in sample and lab blanks does not change this conclusion
since none of these were analyzed on safe day as RB-4 . We noted that MRD
concludes RB-4's toluene value is questionable (see p-2 of 4 pg 5 of notes on
MRD QA/QC results) .

Response : This section should be revised to indicate that the detection of
toluene (at 1 .2 ug/1) should be confirmed through further sampling and
analysis .

Comment : p-4-20 pg6 in 1 , 2, 3 . Q: Of these values from 24-63 ug/g, can any
of them be considered "real" in view of the soil background RS-9 = 24? MRD

- opinion : Talked to Dr . Solsky (6/15) . Concerning RS-2-6,8 values in range 24
to 63 ; they are not significantly different from RS-9 (background) value of
24 ug/g . Therefore these values should not be described as "low levels" .

Response : EEI will revise the report to state that values from 24 to 63 ug/g
should not be considered significantly different than background .

Comment : p-4-20 pg 7 . RS-7 runs are consistent for ethylbenzene and
methylene chloride, therefore apparently RS-7 actually contains ethylbenzene
and methylene chloride . Note : But see comment in notes on MRD QA/QC results
p-2 of 4 pg 5 concerning ethylbenzene) .

Response : EEI does not believe one should conclude that ethylbenzene and
methylene chloride are present in RS-7 . However since many other organic
compounds were detected, the possibility of methylene chloride and
ethylbenzene also being present cannot be dismissed . Confirmation through
further sampling and analysis is recommended .



Comments : p-4-23 pg 1 in 3,4 . Q: With regard to the conclusion that only
RS-1 has high enough toluene value to suggest possible site contamination .
See the "conclusion" in comments in notes on MRD QA/QC results p-2 of 4 pg
5 . Note : No lab blank is dated Dec . 17 in table 4-14 . Perhaps Dec . 12 is
meant?

Response : Since the results for toluene at RS-1 are higher than at other
- sites, it raises uncertainty as to whether toluene is actually present or is

due to presence in surrogates . Further sampling and analysis may confirm
toluene's presence . GC rather than GC/MS should be considered . No samples
or blanks were analyzed on Dec . 17 .

Comment : p-4-23 pg 2 in 1,2 . Q: Why are the values in columns for RS-7 and
RS-7 rerun identical (see p-4-22)?

Response : The surrogate recovery for RS-7 was not within limits . The sample
was re-run, including library search . No library search was done for RS-7 .
No results should have been reported . Results for RS-7 library search will
be deleted .

Comment : p-5-2 pg 1 in 3,4 . I have not found the Michigan Std referred to
here?

Response : Michigan DNR standards have been obtained and will be included in
an Appendix and referred to in the text .

Comment : p-5-2 pg 3 . Q: I do not see toluene in any samples and blanks for
_ Jan . 29 . Also the date for RG-4 is 12/29, not 1/29? Therefore why is the

date Jan . 29 mentioned?

Response : Some of the dates referred to in table 4-10 are incorrect and will
be revised . i .e ., RG-2 1/29; RG-3 1/29 ; RG-4 1/28 .

The following comments and responses refer to the HRS form .

Comment : p-2 #25 . Therefore answer Q's 100-399 and 500-599 .

Response : EEI answered these questions .

Comment : p-7 #101 . How many 55-gallon drums? Booklet binder hole obscures
number .

_, Response : 'Iwo . This problem will be noted in production of the Final
Report .

Comment : p-7 #104. Is this the desired answer?

Response : If not - advise .



Comment : p-7 #105 . What is "CY" in the question?

Response : Cubic yards .

Comment : p-7 #108 . Is this answer equal to 0 since the drums are in silo
"below" the earth's surface?

Response : EEI assumed the silos are not leaking .

Comment : p-8 #112 . Note : Idea apparently to "mention" a substance if it is
even detected .

Response : EEI believes this is the required approach .

-- Comment : How decide if a cpd is "hazardous" and therefore includable? i .e .,
ethylbenzene, methylene chloride, cyclohexane, tricyclo( . . .)decane, not
listed in 40 cfr, 261, app . VIII?

Response : EEI did not list non-specific compounds e .g ., "unknown
hydrocarbon" .

Comment : p-8 #113 . Why is not phenol also listed? It is rated "HIGH" in
Sax .

Response : Phenol should have been listed .

Comment : p-8 #115 . Note : None of the substances in #113 are listed in table
6, thus apparently the reason EEI answered "assumed"?

Response : Correct .

_. Comment : p-8 #117 . Note : Trichloroethylene in RG-3 (groundwater), therefore
not mentioned here . Note : Phenol should be in #112, since in RS-1 (a soil
sample), therefore should it be mentioned here?

Response : Phenol will be listed .

Comment : p-9 #121 . If phenol should be in #122, and since found in RS-1 (a
soil sample), should it be listed here?

Response : Phenol will be listed .

Comment : p-27 #294 . Storage area - RG-3 (trichloroethylene), RS-1, RS-7,
RB-4 (pet . hydrocarbons) . Agree . Q : RS-2-6, RS-8 see comment p-4-20 pg 6 in
1,2,3 .

Response : The anwser will be modified to RS-1, R-7 RB-4 .



- Comment : Q : RB-1 -3, RB-5-6 talked to Dr . Solsky at MRD (6/15) ; he indicated
from their experience analyzing many of these water samples that these values
may be "real" . Therefore agree .

Response : None

Comment : Q: RG-3 (pet . hc's) (may be "real") . Its been detected, therefore
agree to including it here . That is if the idea is to include anything
detected even if may not be detected in a duplicate run by EEI or the QA/QC
lab .

Response : None

Comment : Material - add phenol see comment p-8, #113 .

-- Response : Agree .



APPENDIX B

RIGHT OF ENTRY



-' a United States Forest
I Department of Service
AgricuRure

Reply to : 2700

I"Raco Missile Base

T° Envirodyne Engineers
12161 Lackland Road
St . Louis, MO 63146

4000 I-75 Business Spur
Sault Ste . Marie, MI 49783

°'"e October 2, 1986

You are herein granted permission to enter Forest Service property in and around the
former Raco Missile Site for the purpose of determining the existence of environmental
hazards to the public . You may insert sample wells to test ground water for the

-- above purpose .

All materials should be removed when project is completed .

V L'
J ert i

t ~gerDiss t I~at

S



APPENDIX C

SOILS'- PHYSICAL TESTS
x



STS Consultants Ltd.

CONSULTING SOIL & FOUNDATION ENGINEERS
1909 Enterprise, Marquette, Michigan 49855 (906) 225-1417
3340 Ranger Road, Lansing, Michigan 48906 (517) 321-4964
540 Lambeau St., Green Bay, Wisconsin 54303 (414) 494-9656

/V l//,/'D r(/~e- Liti

Z"1".,4 lev a-cc

Attention : ' V ~~G "( Q ~~ C Z `~ "

Gentlemen :

Herewith

Date /Z-/ ;~ o

STS Job No. I7 AO r7

Structure Z;71=IJ 1~e -f' -~1

Location 4~o /t~
.11

We are sending sets of prints of
0 under separate cover

Soil Boring Location Diagram
Boring Logs

El Laboratory Compaction Data
El Field Compaction Control Data

Classification Test Data
O Consolidation Test Data
El Jar Samples

Rock Core Samples
Caisson Reports

El Concrete Report #

D

for the above job .

Remarks

Yours truly,

STS Consultants Ltd.

2r:2~

CG 657083 R



r `,
STS Consultants Ltd .

540 LAMBEAU ST., GREEN BAY, WIS. 54303

REPORT OF ANALYSIS OF AGGREGATES

-- Architect
Engineer

Envirodyne Engineers Contractor

Project Raco Missile Silos Source

REPORT OF TESTS OF -Mw-1 S-7 9-10 .5'

Sieve
Size or No .

Weight
Retained

%
Retained

4'o
Passing

Specifi-
cations

3-Inch

2-Inch

1 V.-Inch

1-Inch

3/4-Inch

V.-Inch

3/8-Inch

No. 4 0.0 0.0 100

No. 8

No. 10 0 .1 --- ---

No . 16 0 .8 0 .4 99 .6

No. 20

No. 30

No. 40 64 .5 29 .1 70 .5

No . 50

No. 80

No. 100 146.7 66 .3 4.2

No . 200 5.6 2 .5 1 .7

Pan 1 .5 1.7

Fineness Modulus

Received at Laboratory

Quantity Represented 221 .2 grams

Submitted by

Sampled From 9-10 .5'

Identification Mw-1 S-7

Date Sampled 12-5-86

Intended Use

Remarks :

Organic matter, colorimetric

Coal and Lignite

Clay Lumps

Chert

Soft Particles

Percent Absorption

Specific Gravity

Dry Rodded Wgt.

Washed Gradation xx

Percent Passing No. 200 Sieve 1 .7 orb

Fine to medium sand (SP)

Water Content 3 .4%

Checked By: Kenneth D. Kujava

CG i64R
Bob Mottl
Tested By

Project No.

STS Job No. 14Rnn

Date 12-15-86

Report No. 1



STS Consultants Ltd .
- 540 LAMBEAU ST., GREEN BAY, WIS. 54303

REPORT OF ANALYSIS OF AGGREGATES

__ Architect
Engineer

Envirodyne Engineers Contractor

- Project Raco Missile Silos Source -

REPORT OF TESTS OF MW-1 S-15 48-49.5'

Sieve
Size or No .

Weight
Retained

%
Retained

%
Passing

Specifi-
cations

3-Inch

2-Inch

1 1/2-Inch

1-Inch

3/4-Inch

'/2-Inch

3/s-Inch

No . 4

No . 8

No. 10

No. 16 0.0 0.0 100

No. 20

No . 30

No . 40 1 .5 0 .7 99 .3

No. 50

No. 80

No. 100 151 .7 72 .6 26 .7

No. 200 41 .5 19 .9 6.8

Pan 14 .3 6 .8

Fineness Modulus

Received at Laboratory

Quantity Represented

Submitted by

Sampled From 48-49.5'

Identification MW-1 S-15

Date Sampled 12-5-86

Intended Use

Project No . -

STS Job No.

Date

Report No. _

Remarks :

Organic matter, colorimetric

Coal and Lignite

Clay Lumps

Chert

Soft Particles

Percent Absorption

Specific Gravity

Dry Rodded Wgt.

Washed Gradation xx

Percent Passing No. 200 Sieve 6 .8

Slightly silty fine sand (SM-SP)

Water Content 21 .3%

Checked By: Kenneth D . Kuiava

-- Bob Mottl
Cr. 1642R Tested By

14800

12-15-86

209 .0 grams

2



---

ICE-16;] STS Consultants Ltd.
540 LAMBEAU ST., GREEN BAY, WIS. 54303

REPORT OF ANALYSIS OF AGGREGATES

Architect
Engineer

Envirdyne Engineers

Project Raco Missile Silos

REPORT OF TESTS OF MW-2 S-12

Contractor

Source -

33-34 .5'

Sieve
Size or No .

Weight
Retained

%
Retained

%
Passing

Specifi-
cations

3-Inch

2-Inch

1 V2-Inch

1-Inch

3/4-Inch

V.-Inch

3/6-Inch

No. 4

No. 8

No . 10

No. 16 0.0 0.0 100

No . 20

No . 30

No. 40 4 .9 2 .2 97 .8

No. 50

No. 80

No. 100 195 .2 87 .7 10 .1

No . 200 18 .0 8 .1 8 .0

Pan 4.5 2 .0

Fineness Modulus

Received at Laboratory

Quantity Represented 222 .6 grams

Submitted by

Sampled From 33-34 .5'

Identification MW-2 S-12

Date Sampled 12-7-86

Intended Use

Remarks :

Organic matter, colorimetric

Coal and Lignite

Clay Lumps

Chert

Project No .

STS Job No. 14800

Date 12-15-86

Report No. 3

Soft Particles

Percent Absorption

Specific Gravity

Dry Rodded Wgt.

Washed Gradation xx

Percent Passing No. 200 Sieve 1 8 .0 aYo

Slightly silty fine sand (SM-SP)

,. Water Content 3 .8%

Checked By : -Kenneth D. Kujava

Bob Mottl
A Tested By



[i6i] STS Consultants Ltd .
540 LAMBEAU ST., GREEN BAY, WIS. 54303

REPORT OF ANALYSIS OF AGGREGATES

- Architect
Engineer

Envirodyne Engineers Contractor

Project Raco Missile Silos Source

REPORT OF TESTS OF MW-2 S-15 -48-49 .5'

Sieve
Size or No .

Weight
Retained

%
Retained

%
Passing

Specifi-
cations

3-Inch

2-Inch

11/2-Inch

1-Inch

3/4-Inch

'/z-Inch

3/e-Inch

No. 4 0.0 0.0 100

No. 8

No. 10 1 .6 0 .6 99 .4

No . 16 2 .1 0 .8 98 .6

No. 20

No. 30

No. 40 84 .1 30 .3 68 .3

No. 50

No. 80

No. 100 183 .6 66 .1 2.2

No . 200 4.6 1 .6 0.6

Pan 1.6 0 .6

Fineness Modulus

Received at Laboratory

Quantity Represented

Submitted by

Sampled From 48-49.5'

Identification MW-2 S-15

Date Sampled 12-7-86

Intended Use

277 .6 crams

Remarks :

Organic matter, colorimetric

Coal and Lignite

Clay Lumps

Chert

Soft Particles

Percent Absorption

Specific Gravity

Dry Rodded Wgt.

Washed Gradation xx

9~OPercent Passing No . 200 Sieve 0 .6

Fine to medium sand (SP)

Water Content 20 .0%

Checked By: Kenneth D . Kujava

- Bob Mottl
cc 16.2R Tested By

Project No .

STS Job No.

Date 12-15-86

Report No . 4



STS Consultants Ltd.
540 LAMBEAU ST., GREEN BAY, WIS . 54303

Project No.

STS Job No.

Date

Report No. -

REPORT OF ANALYSIS OF AGGREGATES

Architect
Engineer

Envirodyne Engineers

Project Raco Missile Silos

REPORT OF TESTS OF MW-3 S-4 4 .5-6 .0'

Sieve
Size or No .

Weight
Retained

%
Retained

%
Passing

Speciti-
cations

3-Inch

2-Inch

1 '/z-Inch

1-Inch

3/4-Inch

'/z-Inch

3/e-Inch

No. 4 0.0 0.0 100

No. 8

NO. 10 0.7 0.2 99 .8

No . 16 4 .8 1 .6 98 .2

No. 20

No. 30

No.40 96 .2 31 .9 66 .3

No. 50

No. 80

No.100 143 .6 47 .6 18 .7

No.200 2 .5 0 .8 17 .9

Pan 1 53 .8 17 .9

Fineness Modulus . i I `

Contractor

Source -

14800

12-15-86

5

Received at Laboratory

Quantity Represented 301 .6 grams

Submitted by

Sampled From 4 .5-6 .0'

Identification MW-3 S-4

Date Sampled 12-8-86

Intended Use

Reiiaarks :

Organic matter, colorimetric

Coal and Lignite

Clay Lumps

Chert

Soft Particles

Percent Absorption

Specific Gravity ,

Dry Rodded Wgt.

Washed Gradation xx

Percent Passing No. 200 Sieve 17 .9

Silty fine to medium sand (SM)

Water Content 5 .1%

Checked By: Kenneth D . Kuiava

Bob Mottl
cc 16.2R Tested By



r
STS Consultants Ltd.

540 LAMBEAU ST., GREEN BAY, WIS. 54303

REPORT OF ANALYSIS OF AGGREGATES

Architect
Engineer

Project No.

STS Job No. 14800

Date 12-14-86

Report No . 6

Envirodyne Engineers Contractor

Project Raco Mis sile Silos Source

REPORT OF TESTS OF MW-3 S-15 48-49 .5'

Sieve
Size or No .

Weight
Retained

%
Retained

%
Passing

Specifi-
cations

3-Inch

2-Inch

1 V.-Inch

1-Inch

3/4-Inch

1/2-Inch

3/8-Inch

No. 4

No. 8

No . 10

No. 16 0 .0 0.0 100

No. 20

No . 30

No .40 0 .5 0 .2 99 .8

No . 50

No . 80

No.100 135.1 61 .3 38 .5

No.200 59 .5 26 .9 11 .6

Pan

F

25.6 11 .6

Fineness Modulus

Received at Laboratory

Quantity Represented 220.7 grams

Submitted by

Sampled From 48-49 .5'

Identification MW-3 S-15

Date Sampled 12-8-86

Intended Use

Remarks :

Organic matter, colorimetric

Coal and Lignite

Clay Lumps

Chert

Soft Particles

Percent Absorption

Specific Gravity

Dry Rodded Wgt.

Washed Gradation xx

Percent Passing No . 200 Sieve 11 .6

Slightly silty fine sand (SM-SP)

Water Content 22 .1%

Checked By: Kenneth D . Kujava

-' Bob Mottl
Cr. ,6.2R Tested By



, .

r
ICE_ Allb;STS Consultants Ltd.

- 540 LAMBEAU ST., GREEN BAY, WIS. 54303

Project No .

STS Job No. 14800

Date 12-15-86

Report No . 7

REPORT OF ANALYSIS OF AGGREGATES

- Architect
Engineer

Envirodyne Engineers

- Project Raco Missile Silos

REPORT OF TESTS OF MW-4 S-10 18-19 .5'

Sieve
Size or No .

Weight
Retained

%
Retained

%
Passing

Specifi-
cations

3-Inch

2-Inch

11/2-Inch

1-Inch

3/4-Inch

'/2-Inch

3/e-Inch

No . 4 0.0 0 .0 100

No. 8

NO. 10 0.7 0.3 99 .7

NO . 16 1 .6 0 .7 99 .0

No . 20

No. 30

No. 40 56 .5 25 .2 73 .8

No. 50

No. 80

No. 100 154.3 69 .0 4.8

No. 200 8.3 3 .7 1.1

Pan 2.5 1 .1

Fineness Modulus

Contractor

Source -

Received at Laboratory

Quantity Represented 223 .9 grams

Submitted by

Sampled From 18-19.5'

Identification MW-4 S-l0

Date Sampled 12-4-86

Intended Use

Remarks :

Organic matter, colorimetric

Coal and Lignite

Clay Lumps

Chert

Soft Particles

Percent Absorption

Specific Gravity

Dry Rodded Wgt.

Washed Gradation xx

Percent Passing No. 200 Sieve 1 .1

Fine to medium sand (SP)

Water Content 6 .0%

Checked By: Kenneth D . Kujava

Bob Mottl
CG 16"2R Tested By



L'~ STS Consultants Ltd .
540 LAMBEAU ST., GREEN BAY, WIS . 54303

Project No .

STS Job No. 14800

Date 12-14-86

Report No . 8

REPORT OF ANALYSIS OF AGGREGATES

- Architect
Engineer

Envirodyne Engineers

Project Raco Missile Silos

REPORT OF TESTS OF MW-4 S-14 38-39'

Contractor

Source

Sieve
Size or No .

Weight
Retained

°ib
Retained

%
Passing

Specifi-
cations

3-Inch

2-Inch

1 '/z-Inch

1-Inch

3/4-Inch

1/2-Inch

3/s-Inch

No . 4

No. 8

No. 10 0 .0 0 .0 100

No. 16 0 .7 0 .3 99 .7

No. 20

No. 30

No. 40 104.4 41 .5 58 .2

No. 50

No. 80

No. 100 141 .0 56 .1 2 .1

No . 200 3 .4 1 .3 0 .8

Pan 2.1 0 .8

Fineness Modulus

Received at Laboratory

Quantity Represented 251 .6 grams

Submitted by

Sampled From 38-39'

Identification MW-4 S-14

Date Sampled 12-4-86

Intended Use

Remarks :

Organic matter, colorimetric

Coal and Lignite

Clay Lumps

Chert

Soft Particles

Percent Absorption

Specific Gravity

Dry Rodded Wgt.

Washed Gradation - xx

Percent Passing No. 200 Sieve 0 .8

Fine to medium sand tSP)

Water Content 20 .9%

Checked By : Kenneth D Kujava

- Bob Mott 1
CG ,6.2R Tested By



APPENDIX D

WELL CONSTRUCTION
AND BORING LOGS



\_L ENVIRODYNE
ENGINEERS

December 12, 1986
3067-40006

- Air . John B . Hallquist, P .E .
Contracts Management Group
Engineering Division
US Army Corps of Engineers
St . Louis District
210 North Tucker Boulevard
St . Louis, Missouri 63101

12161 Lackland Road,
St Louis, Missouri 63146
(314) 434-6960

Re : Delivery Order No . 4
Contract Number DACA 87-86-D-0045

- Confirmation Study at Former Bomark Missile Battery in
Raco, Michigan .
Boring and Well Construction Logs

Dear Mr . Hallquist :

Enclosed are the original copies of field boring logs and Well Construction
logs for the four monitoring wells MW-1,2,3 and 4 drilled at the Bomark
Missile Battery, Raco, Michigan . The information is supplied in accordance
with Section 3 .5 .10 of the Scope of Work . The information was prepared
by Paul Shetley, and checked by Don Monnot, EEI's Senior Geohydrologist .

The well logs do not include the exact reference elevation required in
Section 3 .5 .11 of the Scope of Work . This information will be supplied
after the site survey is completed .

Two samples from each boring have been submitted for physical testing
including grain size (sieve only), and moisture content .

Auger Boring Sample Numbers

MW-1 7 & 15
MW-2 12 & 15
MW-3 4 & 15
MW-4 10 & 14

If further information is required or you wish to discuss any aspect of
this submittal, please contact me .

Sincerely,

r

Thomas M. Lachajczyk
Program Manager

PWS/jag
Enclosure



ENVIRODYNE
ENGINEERS

SUMMARY OF DRILLING

Boreholes were drilled using a truck mounted Mobile Drill, model B61 drillinq
rig . The boreholes were advanced using a 6~ inch O.D . hollow stem auger.

Soil samples were collected using a 2.0 inch x 18 inch split spoon sampler,
and driven with a 140 pound hammer .

The borings were drilled to approximately 10 feet below the encountered
.- groundwater level . After drilling was completed a 2 inch ID well consisting

of a 10 foot stainless steel screen (0 .010 slots) and PVC blank pipe was
installed using the methods prescribed in the scope of work . A three inch
steel, locking, protective pipe along with a 3 foot square cement pad were
also installed at the surface for each well .

The wells were logged using USCS nomenclature and abbreviations . Other
abbreviations used were as follows :

Brwn = brown
w/ = with

SUMMARY OF WELL CONSTRUCTION

Monitoring Well Total Depth of
x
Water Level Protective Case

Number Well TOC Highth

1 56 .5' 46 .5' 2 .4'

2 53 .5' 46 .8' 2 .5'

3 56 .2' 45 .8'* 2 .6'

4 43 .1' 34 .6' 2 .9'

*
Measured while drilling - below ground level .

t



Z ENVIRODYNE Wet! Construction Details
ENGINEERS

Date of Installation 12-6-87 Job No . 3067 Boring No . MW-1

Ground Surface Elev . 905 Time Started 2 :00 pm Time Completed 5 :00 pm

Logger Paul Shetley Drill Firm STS, Inc . Driller E . Vande Hey

All depth measurements of well detail are from ground surface unless otherwise indicated.

OHeight of Protective Casing Above Ground 2 .4'

2O Total Length of Protective Casing 4.2'

3O Height of Standpipe Above Ground 2 .3'

O Depth to First Joint 6 .4'

Joint Interval 10 .0 Type Flush thread

SO Total Length of Blank Pipe 48 .8'

6O Type of Blank Pipe Sch .40 PVC Diam . 2 .0°

OT Length of Screen 10 .0'

O8 Type of Screen Johnson wrap Stainless steel

9O Total Depth of Boring 62 .5' Hole Diam
0.6 .51 o

10 Type of Material Formation sand & filter sand

II Depth to Bottom of Screen 56 .5'

12 Type of Screen Filter Course sand

Quantity Used 120#

13 Depth to Top of Filter 43 .0'

14 Type of Seal 1a" Bentonite pellets

Quantity Used 1;a x 50# buckets

16 Depth to Top of Seal 41 .0'

16 Type of Backfill Grout

I7 Depth of Top of Backfill Ground level

18 Type of Protective Casing 3" Black steel pipe

19 Depth of Concrete Grout 41 .0'

Type of Grout Mixture 1/9 - Bentonite/Cement

® Type of Pipe Cap Threaded PVC

Remarks :

Well had approximately 4' of sand blowin so we overdrilled to set well on top of
_ blowin . Bentonite bridged in augers at approximately 42' BGL so augers were pulled

and bentonite pellets were poured into borehole .



ENGINEENGINEERS FIELD BORING LOG Sheet 1 of 7
- FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery JOB N0. 3067

LOCATION South - Southeast of Composite Building ELEV. 905 BORING NO. Mw-1

WHILE DRILLING 48 .2 DATE 12-6-86 DRILL CO . STS

GROUND BEFORE DEVELOPMENT TIME START 3 :00 pm DRILLER _E . Vande Hey_

WATER AFTER DEVELOPMENT TIME END 5 .30 pm LOGGER P. Shetley

w S.S . Die 1 .5 v v-oo w
3 a W

w
o VISUAL FIELD CLASSIFICATION Weight 140# ao Wy REMARKSo

<Z 0 Q o W Drop 30"
ao
n~ 3 o

N
c

1 7/12 L5 L 0-0 .3 Dark brown silt clay (CL)
11

Augered w/solid
0 .3-0 .5 Dark brown fine sand (SM) - auger from 1st
0 .5-1,5 Tan fine to medium sand (SM) 10' . Advanced

1A s . spoon before
1 auger .

2 4/8 5 L

2
Same tan (SM) as above w/a few pieces
black gravel ~" diameter scattered
throughout .

3 ? .5 L5
3
Same tan (SM) as above with a 1" zone at
4' that had black & white gravel V diam .

4

4 1/5 5 L5 w/no4,5' to 5 .5' same tan (SM) as above7
gravel .

Tan medium sand (SP) w/25 to 30% black
grains .

5 3/22 L5 1 5 6.
Same medium sand (SP) as above
6 .0 to 7 .0

7
Tan fine sand (SM) w/a few coarse black

1 5 l
sand grains scattered throughout .

6 ? . ,

8
Tan fine sand, same as above (SM) w/out
black sand grains .

7 8/26 1.5 L 9
Tan fine sand (SM) same as above .

10



ENINEEYNE FIELD BORING LOG Sheet 2 of 7ENGINEERS
FOR -St . Louis Corps of Engineers/DERA - Raco Missile Battery ,JOB N O . 3067

LOCATION South - Southeast of Composite Building ELEV. 905 BORING NO. Mw-1

WHILE DRILLING 48 .2 DATE 12-6-86 . DRILL CO. STS

GROUND BEFORE DEVELOPMENT TIME START 3 :00 pm DRILLER B. Vande Hey
WATER AFTER DEVELOPMENT TIME END 5 :30 pm LOGGER - P . Shetley

W o W w S.S . Die 1 .5 ~' 0 v

i0. 0
Co _j
3 0. w> >O VISUAL FIELD CLASSIFICATION W6i ht 140#9 do _5

Uw~ REMARKS
a Z a

_
o w Drop 30"

49X0_j ;o
to C~ U

. Began drilling
10 .0 w/hollow stem

augers at 10 .5'

10 5 Augers : 34 ID.
6~ OD

11

12

8 1 5/38 51 1 2 1_1. .
Tan fine sand (SM) w/some black sand
grains scattered throughout .

14

15

16

17

9 /30 .5 . 18
Tan fine sand (SM) w/a pinkish tint .

19

19 .5



ENVIRODYNE
p�, ENGINEERS FIELD BORING LOG

FOR St . Louis Corps of Engineers/DERA - Raco Missle Battery

LOCATION South - Southeast of Composite Builidng ELEV. 905'

Sheet 3 Of 7

JOB NO . 3067
BORING N0 . Mw-1

WHILE DRILLING 48 .2 DATE 12-6-86 . DRILL CO . STS

GROUND BEFORE DEVELOPMENT TIME START 3 :00 pm DRILLER E . Vande Hey
WATER AFTER DEVELOPMENT TIME END 5 ;30 pm LOGGER P. Shetlev

W
z w
o W W S.S . Dio 1 .5

o 3 a j o VISUAL FIELD CLASSIFICATION Weight 140# dp
W
Jy REMARKS

2
o W Drop 30 " X j ; o

m y b V

1 9 . 5

20

21

22

10 9/33 1 .5 1.5 2

Tan fine to medium sand (SP) w/pink sand
grains scattered occassionally .

24

25

26

27

111 9/45 L5 L5 28-
Tan medium sand (SP) w/coarse sand grains::
scattered throughout . 1" zone of sand
w/black grains 1/32" diameter at 28 .8'



ENVIRODYNE
ENGINEERS FIELD BORING LOG

FOR St . Louis Corps of Engineers/DERA - Raco Missle Battery

LOCATION South - Southeast Composite Building ELEV. 905'

Sheet 4 Of 7

JOB N0 . 30 6_7_
BORING NO. Mw-1

WHILE DRILLING 48 .2 DATE 12-6-86 , DRILL CO. STS
GROUND BEFORE DEVELOPMENT TIME START 3 :00 pm DRILLER E . Vande Hey
WATER AFTER DEVELOPMENT TIME END 5 ; 30 pm

_
LOGGER - P . Shetley

w
z CC
O ui

r
Ixw 3.S . Die 1 .5 v H

a o go -J3 a w>_ >O VISUAL FIELD CLASSIFICATION Weight 140# ao w~ REMARKS
z z O 2

N
OC
a

V
w rop 30"

Q O2: -j 31: uz
V) 0 U

29

29-5

30

31

32

12 8/18 1.5 1. 33
Tan fine sand (SM) w/occassional orange
sand grains .

34

35

36

37

13 0/24 5 38.
Tan fine sand (SM)

38 .5



ENVIRODrNE
ENGINEERS FIELD BORING LOG

_ FOR St, Louis Corps of Engineers/DERA - Raco Missle Battery

LOCATION South - Southeast of Composite Buildincr ELEV. 905'

Sheet 5 Of 7

,SOB NO . 3067
BORING NO. Mw-1

WHILE DRILLING 48 .2 DATE 12-6-87, DRILL CO. STS

GROUND BEFORE DEVELOPMENT TIME START 3 :00 pm DRILLER E . Vande Hey

WATER AFTER DEVELOPMENT TIME END 5 :30 pm LOGGER P . Shetley
- -

S.S . Die 1 .5 v

-ia o m -i3 a w> >0 VISUAL FIELD CLASSIFICATION Weight 140# Q. CD wN REMARKS
a Z ° a

_
o w

-
Drop 30" 30

to m y ~ n V

38,5 Tan fine sand (SM) w/occassional
orange sand grains .

39

39 .5

40

41

42

14 V46, .5 . 43
Tan fine sand (SW) w/traces of" gravel Sand moist at

scattered throughout . Sand becoming moist 43 .7',

at 43 .7' .

44

45

46

47

48



ENVIRODYNE
ENGINEERS FIELD BOR ING LOG

FOR St . Louis Corps of Engineers/DERA - Raco Missle Battery

LOCATION South - Southeast of Composite Building ELEV. 905'

Sheet 6 of 7

JOB NO . 3067
BORING NO. Mw-1

WHILE DRILLING 48 .2 DATE 12-6-86 DRILL CO . STS
GROUND BEFORE DEVELOPMENT TIME START Pm DRILLER E . Vande Hey

WATER AFTER DEVELOPMENT TIME END :30 pm LOGGER P . Shetley

r

.
S.S . Die 1 .5 c> j

-J W o VISUAL FIELD CLASSIFICATION Weight 140# d~ Wry- Rv ao 'n
3

EMARKS
N o m Drop 30" ~-~ 0

0

15 10/19 1.5 5 48 .0
Tan very fine to fine sand (SM) orange
specks scattered throughout, sand very we

49

50

51

52

16 /34 .5 l. 53
Tan fine sand w/black and orange specks

Sand blowing up

throughout, into augers appr
imately 0 .5' .

54

55

56

57

x-



ENVIROD'YNE
y� ENGINEERS FIELD BORING LOG

FOR St . Louis Corps of Engineers/DERA - Raco Missle Battery

LOCATION South - Southeas t of Composite Building ELEV. 905 1

Sheet 7 of 7

JOB NO . 3067

BORING NO . MW-1

WHILE DRILLING 48 .2 DATE 12-6-86 DRILL CO . STS
GROUND BEFORE DEVELOPMENT TIME START 3 :00 pm DRILLER E . Van e Hey
WATER AFTER DEVELOPMENT TIME END 5 :30 Pm LOGGER P . Shetley

W Zp W
r
W S.S . Die 1 .5

~e 3 a
VISUAL FIELD CLASSIFICATION Weight 140# a o JN

Z " ~
0
3

REMARKS

N m y ° Drop 30 0
U

57

17 53 0. L

Tan fine sand (SM) probably blowin from Sands blowing
below auger into augers

approximately
3 .7' .

59 .0

60
Water level 45 .5 measured w/tape through
augers at 1 :15 pm .

61

62
Overdrilled hole to 66 .5 compensate for
blowin .

TD 62 .5'



1
ENVIRODYNE Well Construction Details~ZOIL ENGINEERS

Date of Installation 12-7-86 Job No . 3067 Boring No . MW-2

W Ground Surface Elev . 905 Time Started 12 :00 (noon) Time Completed 4 :00 pm

Logger Paul Shetley Drill Firm STS, Inc . Driller E . Vande Hey

All depth measurements of well detail are from ground surface unless otherwise indicated .

Remarks :

OHeight of Protective Casing Above Ground 2 .51

0 Total Length of Protective Casing 4 .2'

3O Height of Standpipe Above Ground 2 . 41

4O Depth to First Joint 3 .4'

Joint Interval 10 .0 Type Flush thread

5O Total Length of Blank Pipe 45 .9'

6O Type of Blank Pipe Sch .40 PVC Diam . 2 .0"

TO Length of Screen 10 .0'

O8 Type of Screen Johnson Wrap Stainless steel s o

O9 Total Depth of Boring 56 .5' Hole Dian . 6 .5"

10 Type of Material Formation sand & filter sand

11 Depth to Bottom of Screen 53 .5'

12 Type of Screen Filter Course sand

Quantity Used 200#

13 Depth to Top of Filter 41 .5'

14 Type of Seal Y' Bentonite pellets

Quantity Used 3/4 of 50# bucket

IS Depth to Top of Seal 38 .71

16 Type of Backfill Grout

IT Depth of Top of Backfill Ground level

18 Type of Protective Casing 3" Black steel pipe

19 Depth of Concrete Grout 38 .7

Type of Grout Mixture -1/9- - Bentonite/Cement

O Type of Pipe Cap Threaded PVC

Added four gallons of water to wash out sand bridge .



_ ENVIRODYNE
ENGINEERS FIELD BORING LOG

- FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery

LOCATION South of Silo Complex ELEV. =905'

Sheet 1 Of 6

JOB NO . 3067
BORING NO.-MW-2

WHILE DRILLING 43 .3 DATE 12-7-86 . DRILL CO. STS

GROUND BEFORE DEVELOPMENT TIME START 9 :30 am DRILLER E . Vande Hey
WATER AFTER DEVELOPMENT TIME END 11 :30 am LOGGER P . Shetley

0 W ,,,, S.S . Die 1 . 5 o
J

o 3 a j o VISUAL FIELD CLASSIFICATION Weight 140# a co W~ REMARKSc~ a0
;co N-j c Drop 30" n~ o

1 2/7 5 1.4
0-0 .5 Brown medium sand (SF) . Drilled w/solid

auger w/3 .5" bit

Tan medium sand (SP) to 10 .5' .

1

2 /13 5 12

2
Tan fine to medium sand (SM) w/scattered
black specks .

3 /11 5 5 3
Some fine to medium sand (SM) as above to
3 .8' .

4
Tan fine sand (SM) w/black specks

4 6/15 5 1.5 scattered throughout .

4 6/15 1. 5 1.5 5 .2 to 5 .4 moist fine sand w/trace of sil
(SM) . 5 .4 to 5 .7 tan fine sand (SM) .
5 .7 to 6 .0 tan fine sand w/pebbl-s (GM)

5 7/18 1.5 15
3/8" diameter .
6
6 .0 to 6 .9 tan fine to medium sand (SM) .
Tan fine sand (SM) w/pinkish tint and Fe
bands .

6 7/36 5 L 7

Same

8 _
Sand tan as above but w/gravels (GM) up
to 1" diameter .

7 11/2D S 51.
Tan fine sand (SM) to 9 .0' .

9 .O to 10 .5 tan fine sand SM w
alternating bands of Fe and FeMn .



ENVIRODYNE
ENGINEERS FIELD BORING LOG

FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery

LOCATION South of Silo Complex ELEV. =905

Sheet 2 of 6

JOB NO . 3067
BORING NO. MW-2

WHILE DRILLING 43 .3 DATE 12-7-86 DRILL CO. STS

GROUND BEFORE DEVELOPMENT TIME START 9 :30 am DRILLER E . Vande Hey
-WATER AFTER DEVELOPMENT TIME END 11 ;30 pm t1eyLOGGER P. She

z W S.S . Die 1 .5 c~
o 3 a j o VISUAL FIELD CLASSIFICATION Weight 140# do ~~W REMARKS

a Z -J a a W Drop 30
in m y ~ C1 U

Drilled w/solid

10 auger to 10 .3' .
Began drilling w/
hollow stem augers

10 .5 at 10 .31 .

11 Augers : 314 ID
6~ OD

12

8 7/28 1.5 1. 5 13 Top 0 cave-in

13 .5 to 14 .5 tan fine to medium sand
'

w/approximately 20% coarse sand graining .
7

(SW)
14

15

16

17

9 12/33 1.5 L 18
Tan fine sand (SM) w/a 3/8" Fe conc . at
19 .3' .

19

19 .5



ENVIRODYNE
ENGINEERS FIELD BORING LOG

- FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery

LOCATION South of Silo Complex ELEV. =905'

Sheet 4 Of 6

JOB NO . 3067
BORING NO. Mw-2

WHILE DRILLING 43 .3 DATE 12-7-86 , DRILL CO. STS

GROUND BEFORE DEVELOPMENT TIME START 9 :30 am DRILLER E . Vande Hey

WATER AFTER DEVELOPMENT TIME END 11 :30 am LOGGER P . Shetley

W O W W S.S . Die 1.5 V v

O 3 a o VISUAL FIELD CLASSIFICATION Weight 140# ao wN REMARKS
4%Z ° a o W Drop 30" ~-j 30
to m co V' U

29 28,8 to 29 .5 medium sand w/scatterd
coarse grains (SP)
29 .5

30

31

32

12 -Y34 1.5 L 33
Tan fine sand (SM), very uniform grain
distribution .

34

35

36

37

13 9/23 L0 1.2 . 38

Fine to medium sand (SP)



ENVIRODYNE
_ ENGINEERS FIELD BORING LOG

FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery

LOCATION South of Silo Complex ELEV. =905'

Sheet 5 Of 6

JOB NO. 3067
BORING NO. Mw-2

WHILE DRILLING 43 .3 DATE 12-7-86 DRILL CO. STS

GROUND BEFORE DEVELOPMENT TIME START 9 ;30 am DRILLER E . Vande Hey

WATER AFTER DEVELOPMENT TIME END 11 :30 am LOGGER P. Shetley-

W Z
0 W W B.S . Die 1 . 5- i-i

C;
Co -J-p a.:

W
>

>
0 VISUAL FIELD CLASSIFICATION Weight 140#

-
Uj REMARKS

z 0 2<
a:
0

0
W

-
Drop 30" ~ _j 30

N m y ~ d V

38 .5
Fine to medium sand (SP)

39

39 .5

40

41

42

14 5/17 5 .4 43 Sand wet at
Fine to medium sand (SP) tan . Sand 43 .3' .
becoming wet at 43 .3' .

44

45

46

47

6 1 1 48- =



ENVIRODYNE
ENGINEERS FIELD BORING LOG

FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery

LOCATION South of Silo Complex ELEV. =905'

Sheet 6 of 6

JOB NO . 3067
BORING NO. -MW-2

WHILE DRILLING 43 .3 DATE 12-7-86 . DRILL CO. STS

GROUND BEFORE DEVELOPMENT TIME START 9 ;30 am DRILLER E . Vande Hey
WATER AFTER DEVELOPMENT TIME END 11 :30 am LOGGER P--Met eY_- 1A

W o W
r
W S.S . Dia 1 .5 0

o 3 a j o VISUAL FIELD CLASSIFICATION Weight 140# ~o WH REMARKS
z Z O X

J Q
CC
0

V
W Drop 30 "

Q O
~J 30

m t/) ix V' V

15 7/13 1 5 1 48 Sample very wet.. .
Brown fine to medium sand (SP) w/scattered
coarse grains throughout .

49

50

51

52

16 8/51 LO 1 .5 53 Approximately 3
Fine to medium sand (SP) . Sample probably of sand blow-in
all blown in . in hole .

54
Water level 43 .9 measured w/tape through
augers .

55
Over drilled to compensate for blow in .

56 TD 56 .5'

TD



ENVIRODYNE
ENGINEERS FIELD BORING LOG

FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery

LOCATION South of Silo Complex ELEV. =905

Sheet -1 of 6
JOB NO . 3067
BORING NO. Mw-2

WHILE DRILLING 43 .3 DATE 12-7-86 . DRILL CO. STS
GROUND BEFORE DEVELOPMENT TIME START 9 :30 am DRILLER E . Vande Hey
WATER AFTER DEVELOPMENT TIME END 11 :30 am LOGGER - e ey

O W W . S~S.S . Die 1 .5 c>
-1 oIL 3 a w

> p VISUAL FIELD CLASSIFICATION Weight 140# Q. CD
_j It

~-w
;

REMARKS
H

_5 -a 0 Uj Drop 30" ~-~ O
V

20

21

22

10 9/31 15 15 23
Fine tomedium sand (SM) w/scattered
black grains throughout

24

25

26

27

11 11/3 3 1.5 1 .5 2 8

28 .0 to 28 .8 same (SM) as above .

29



- EN\/IRODYNE
ENGINEERS

Date of Installation 1 2-9-86

'- Ground Surface Elev. 905

Logger Paul Shetley

Well Constru ction Details

Job No . 3067

Time Started 8 :00 am

Drill Firm STS, Inc .

Boring No . MW-3

Time Completed 12 : 30 pm

Driller E . Vande Hey
- All depth measurements of well detail are from ground surface unless otherwise indicated .

1O Height of Protective Casing Above Ground 2 . 6'

2O Total Length of Protective Casing 4 .2 '

3O Height of Standpipe Above Ground 2 .5'

O4 Depth to First Joint 6 .2'

Joint Interval 10 .0 Type Flush thread

O5 Total Length of Blank Pipe 48 .7'

O6 Type of Blank Pipe Sch.40 PVC Diam . 2 .0"

OT Length of Screen 10 .0'

O8 Type of Screen Johnson Wrap Stainless steel
0 .0 s o-

9O Total Depth of Boring 56 .5' Hole=Diam . 6.5"

10 Type of Material Formation sand

II Depth to Bottom of Screen 56 .2'

12 Type of Screen Filter Course sand

Quantity Used 100#

13 Depth to Top of Filter 43 .0'

14 Type of Seal Y' Bentonite pellets

Quantity Used A x 50# buckets

15 Depth to Top of Seal 41 .0'

16 Type of Backfill Grout

IT Depth of Top of Backfill Ground level

18 Type of Protective Casing 3" Black steel pipe

19 Depth of Concrete Grout 41 . 0'

Type of Grout Mixture 1/9= - Bentonite/Cement

O Type of Pipe Cap Threaded PVC

- Remarks :

Had approximately 4 .0' of blowin in augers, tried to wash out sand blowin with water .
Pumped water through well screen and pulled up augers to force out blowin, used approxi-
mately 100 gallons of water . Able to set well near desired depth of 56 .0' .



ENVIRODYNE
ENGINEERS FIELD BORING LOG

FO R St . Louis Corps of Engineers/DERA - Raco Missile Battery
LOCATION South of WWTP/Southeast of Maintenance B1da .ELEV. =905

Sheet 1 of 6

JOB NO . 3067
BORING NO . Mw-3

WHILE DRILLING 43 .9 DATE 12-8-86 . DRILL CO . STS
GROUND BEFORE DEVELOPMENT TIME START 11 :00 am DRILLER E . Vande Hey
WATER AFTER DEVELOPMENT TIME END 3 ;00 pm LOGGER P - S 1_et1eY

W p W W S.S . Dla 1 . 5 " o
_j C; (n _j

3: IL
W
> p VISUAL FIELD CLASSIFICATION Weight 140# IL CD

a W
Q o Wv>

3
REMARKS

CD CO Drop 30" n ~ 0
Q

1 13/1( 3.5 .2 0 .0 to 0 .5 Tan, fine sand w/gravel .up to
1 .0" in diameter (GP)

Very cold, every-
thing freezin -g

0 .5 to 1 .5 Tan, fine to medium sand (SP) 5'F .

1
Temperature at

2 5/19 1 5 5
7 :00 am, approx-

. . imatel 10 Fy . .

2 - Drilled w/solid

Tan fine to medium sand (SP)
auger to 10 .5'

3 6/14 1.5 1.4 3

Tan fine to medium sand (SP) w/ orange
grains scattered throughout . A few large
grains (10%), scattered throughout .

4

4 4/12 1.5 L5

5
Tan fine to medium sand (SP) w/coarser
'black grains scattered througout.

5 8/24 1.5 1. 6
Brown silty sand (SM) I
Tan fine to medium sand (SP) sand scatter
black grains, becoming gravelly at 6 .8

(GP)7

6 2/2 E 1. 5 L2

8
Tan fine sand (SM) w/a few black specks
and a trace of gravel .

7 7/24 5 L ine to very fine sand (ML) w/2 FeMn
bands at approximately 9 .0' and 9 .1' .

10



ENINEEYNE FIELD BORING LOG Sheet 2 of 6ENGINEERS
FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery JOB NO .3067

LOCATION South of WWTP/Southeast Maintenance Bldg . ELEV. =905' BORING NO . MW-3

WHILE DRILLING 43 .9 DATE 12-8-86 DRILL CO . STS

GROUND BEFORE DEVELOPMENT TIME START 11 :00 am DRILLER E . Vande Hey
WATER AFTER DEVELOPMENT TIME END 3 :00 pm LOGGER Tetley

O W W S.S . Die 1 . 5 v v

0
u)
3 a

w o VISUAL FIELD CLASSIFICATION Weight 140# do W~ REMARKS

m w
Drop 30"

.40
n 3 0

N U

10

10 .5 Began drilling
w/hollow stem
augers at 10 .5 .

11

Augers : 3'a ID
6~ OD

12

8 9/35 1 5 1 5- .
Tan fine to very fine (ML) to 14 .0'

14
sandy ravel 1" diameter (SW1" la er Of-

tan fine to medium sand (SP)

15

16

17

9 9/29 L5 1.5 18
Tan fine td medium sand (SP) 18 to 18 .5_

^Tan fine sand (SM) w/thin band of FeMn
at 19 .0' . .

19

19 .5



ENVIRODYNE
ENGINEERS FIELD BORING LOG

FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery

LOCATION South of WWTP/Southeast of Maintenance B1dg .ELEV. =905

Sheet 3 of 6

JOB NO . 3067
BORING NO.-MW-3

WHILE DRILLING 43 .9 DATE 12-8-86 DRILL CO. STS

GROUND BEFORE DEVELOPMENT TIME START 11 :00 am DRILLER E . Vande Hey
WATER AFTER DEVELOPMENT TIME END 3 :00 pm LOGGER P . --etleY

W o W W S.S.Die 1 .51 c~
o 3 o. ~ o VISUAL FIELD CLASSIFICATION Weight 140# ap W~ REMARKSQO

3Drop 30" ft: 0
v

19 .5

20

21

22

10 8/28 .5 L5 23
1" layer of Fe cemented sand tan w F
stains . Tan fine sand w/occassional Fe
conc . approximately" diameter .

24

25

26

27

11 15/5 9 1 5 3 28. .
an tine t6 medium sand SP w/course

sand grains scattered throughout .

29



ENVIRODYNE
ENGINEERS FIELD BORING LOG

FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery
LOCATIONSouth of WWTP/Southeast of Maintenance Bldg . ELEV. =905 '

Sheet 4 of 6

JOB NO . 3067
BORING NO . Mw-3

WHILE DRILLING 43 .9 DATE 12-8-86 DRILL CO . STS
GROUND BEFORE DEVELOPMENT TIME START11 :00 AM DRILLER E . Vande Hey
WATER AFTER DEVELOPMENT TIME END 3 :00 PM LOGGER ~etley~'

W p W W S.S . Dlo 1 . 5 o
o VISUAL FIELD CLASSIFICATION W'Iqht 140#

z ON U Q0 W t/)
3

REMARKS
m y ° Drop 30" n-' 0

U

29

30

31

32

12 8/28 1 .5 1.5 33 .
Tan fine sand (SM) to 33 .8' becoming
fine to medium (SP), 33 .8 to 34 .5

34

35

36

37

38



ENVIRODYNE
ENGINEERS FIELD BORING LOG

FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery

LOCATION South of WWTP/Southeast of Maintenance B1dg .ELEV. =905

Sheet 5 of 6

JOB NO.3067
BORING NO. Mw-3

WHILE DRILLING 43 .9 DATE 12-8-86 DRILL CO. STS
GROUND BEFORE DEVELOPMENT TIME START 11 :00 am DRILLER E . Vande Hey
WATER AFTER DEVELOPMENT TIME END 3 :00 PM LOGGER et ey~

r
S.S . Die 1 .51, c~

H

o 3 a W o VISUAL FIELD CLASSIFICATION Wtfpht 140# dp WN
X° 3 z

REMARKS

N m y ac Drop 30" -

13 8/21 L5

Tan fine sand (SM) w/a,zone of coarse
sand (SM) at 38 .5 approximately 1" thick .

39

40

41

42

14 2/ 1.5 .5 43
Tan fine to medium sand (SP) becoming wet Sand saturated
at 43 .9' . at 43 .9' .

44

45

46

47



ENVIRODYNE
ENGINEERS FIELD BORING LOG

FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery
LOCATION South of WWTP/SE of Maintenance Bldg, ELEV. =905

Sheet 6 of 6

JOB NO.3067
BORING NO. Mw-3

WHILE DRILLING 43 .9 DATE - 12-8-86, DRILL CO. STS
GROUND BEFORE DEVELOPMENT TIME START 11 :00 am DRILLER E . Vande Hey
WATER AFTER DEVELOPMENT TIME END 3 :00_2m LOGGER et ey

W p W W S.S . Dfo 1 . 5r c> j
c; 3 a > o VISUAL FIELD CLASSIFICATION Weight 140# X9L

_J It
02z 0 2 v a p W'n
;

REMARKS
N m y Drop 30" ~ _j O

V

47

15 70/27 1.5 1.3 48
Fine to very fine sand (ML) very wet

49

50

51

52

16 26/42 10 1.
53 -
Tan fine to medium sand (SP) most of Approximately 2'
sample probably blowin . of blow-in

Measured water level at 45 .8' at 8:00 am
(12-9-86)

TD 56 .5'
Approximately 4'
of blow-in, pumped
out blow-in w/
approximately 100
gallons of water .



\,A,,Z N """DYNE Well Construction DetailsENGINEERS

Date of Installation 12-6-86 Job No . 3067 Boring No . MW-4

- Ground Surface Elev . 915 Time Started 2 :45 pm Time Completed 7 :30 pm

Logger Paul Shetley Drill Firm STS, Inc . Driller E . Vande Hey

All depth measurements of well detail are from ground surface unless otherwise indicated .

ID Height of Protective Casing Above Ground '2 .9

2O Total Length of Protective Casing 4.2'

3O Height of Standpipe Above Ground 2 .8

4~ Depth to First Joint 3 .1

Joint Interval 10 .0 Type Flush thread

O5 Total Length of Blank Pipe 35 .9

6O Type of Blank Pipe Sch.40 PVC Diam . 2 .0"

TO Length of Screen 10 .0'

O Type of Screen Johnson Wrap Stainless steel
sit

O9 Total Depth of Boring 43 .1
0 .010

Hole Diam . 6 .5"

10 Type of Material Formation sand

II Depth to Bottom of Screen 4 3 .1

12 Type of Screen Filter Course sand

Quantity Used 120#

13 Depth to Top of Filter 31 .0'

14 Type of Seal 'a" Bentonite pellets

Quantity Used 1 x 50# bucket

15 Depth to Top of Seal 29 .1'

16 Type of Backfill Grout

IT Depth of Top of Backfill Ground level

18 Type of Protective Casing 3" Black steel pipe

1g Depth of Concrete Grout 29 .1'

Type of Grout Mixture 1/9 - Bentonite/Cement

O Type of Pipe Cap Threaded PVC

Remarks :

Sand blown in at 43', pumped approximately 20 gallons through rods to the bottom of the
hole to remove sand .



ENVIRODYNE
ENGINEERS FIELD BORING LOG

FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery
LOCATION Southeast of Fuel Depot ELEV 915

Sheet 1 of 5

JOB NO .3067
BORING NO. MW-4

WHILE DRILLING 32 .25 DATE 12-4-86
,

DRILL CO . STS
GROUND BEFORE DEVELOPMENT TIME START 8 :30 am DRILLER E . Vande Hey
WATER AFTER DEVELOPMENT TIME END 11 :15 am LOGGER ~eeY

- --

j z W0 W W
°CW S.S . Die 1 .5 0_

C;
_j
CL > 0 VISUAL FIELD CLASSIFICATION Weight 140# FC _jj it

0 g p~ U
W

0. aQ )p W v~
3

REMARKS
U) _j -C 0 Drop 30" n_

j
0
v

1 7/12 5 L
0- .4 reddish brown fine sand rozen
,4- .7 dark brown to black fine sand (SM) Weather cold and
(organic) . 0.7 0 .9 gray snowing
Fine sand SM . 0 .9 1 .5' reddish brown -

2 1 fine sand (SM) w/trace of silt . Drilled w/solid
rod to 10 .5 .

r

Pulled bit and
3 3/15 1.5 .5 sam led w/SSp

sample, bit size
2 approx . 3 .5" .

Tan fine sand (SM) w/very little silt

4 6/14 L5 L 3

Same fine (SM) sand as above w/thin bands
of Fe conc . at 4 .4 ;

5 6/13 1.5 L

x

4 .5
Same tan fine sand (SM) as above w/Fe
conc . to 5.2' and alternating thin 0.01'
bands of Fe & Mn from 5 .2 to 6 .0

6 4/11 1.5 1.5 6 .0
Tan fine to medium sand (SM) w/alternatin
thin (0 .01') bands of Fe & Mn to 7 .1 .
No banding after 7 .1, same sand .

7 6/13 L .5 7.5
Tan-fine sand (SM) w/alternating bands
of Fe & Mn .

8 4/1 L5 5
Same ¬in~l (SM) sand as above . 0 .1'
diameter gravel at 10 .2' .



ENINEE NE
ENGINEERS FIELD BORING LOG Sheet 2 of 5

-- FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery JOB NO . 3067

LOCATION Southeast of Fuel Depot ELEV. 915 BORING NO. Mw-4

WHILE DRILLING 32 .25 DATE 12-4-86 . DRILL CO . STS

GROUND BEFORE DEVELOPMENT TIME START 8 ;30 DRILLER E . Vande Hey

WATER AFTER DEVELOPMENT TIME END 11 :15 LOGGER P . Shetley

w
z 0:O W

Ix
W S.S .DIQ 1.5 0 v

ap
C� J
3 0.

w
>

>
O VISUAL FIELD CLASSIFICATION Weight 140# _j IX

wN REMARKS
49 a

_
o W Drop 30" w

.40
30

m N U

Began drilling
w/hollow stem
augers at 9 .0'

11 .0 Auger 3~ ID
6 ~ OD

12 .0

9 7/20 5 5 13 .0
Tan fine sand (SM) w/Y" band of small
gravel 14" diameter at 13 .4'

14 .0

15 .0

16

17

18

10 10/34 .5 .5 Tan fine to medium sand (SM), some Fe
staining .

19

19 .5

20 .0



ENVIROD'YNE
p� ENGINEERS FIELD BORING LOG

-- FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery
LOCATION Southeast of Fuel Depot ELEV. '-915

Sheet -1 of '

JOB NO. 3067
BORING NO. Mw-4

WHILE DRILLING 32 .25 DATE 12-4-86
.

DRILL CO . STS
GROUND BEFORE DEVELOPMENT TIME START 8 :30 DRILLER E . Vande Hey
WATER AFTER DEVELOPMENT TIME END 11 :15 LOGGER P . ShetTey

o w
r
w S.S.010 1.5" 0

v

m a j p VISUAL FIELD CLASSIFICATION Weight 140# _j 2:
v ao ;Z REMARKS

y m y o U' Drop 30" n o
v

20 .0

21

22

11 9/26 5 1.5 23
Tan fine to medium sand (SM) w/Fe stains .
V' band of coarse sand at 24 .1'- .

24

24 .5

25

26

27

12 10/3 L5 L 28
Fine to medium sand (SM), tan w/Fe sins. Hammer broke

replaced w/extra .

29 .0

29 .5



ENVIRODYNE
ENGINEERS FIELD BOR I NG LOG

FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery

LOCATION Southeast of Fuel Depot ELEV. X15

Sheet 4 of 5

JOB NO .3067
BORING NO. Mw-4

WHILE DRILLING 32 .25 DATE 12-4-86 DRILL CO. STS

GROUND BEFORE DEVELOPMENT TIME START 8 ;30 DRILLER E . Vande Hey
WATER AFTER DEVELOPMENT TIME END 11 ;15 LOGGER Tetley

W
z cc
0 w Crw 3.S . Die 1 .5" v

o 3 a o VISUAL FIELD CLASSIFICATION W*Ight 140# do WH REMARKS
aZ -j a o w

-
Drop 30"

410
-~

U)
30

t/ C9 U

29 .5

30 .0

31 .0

32 .0 Water level 32 .25 Inner rod's wet
at approximately

MeMeasured w/tape .
31 .0'

13 2/12 1 5 L5 33 dS t. an we
Light brown fine to coarse sand (Sp) w/
some to" gravel scattered throughout .

Brown fine sand w/silt (SM) from 34 :to
34; 5

34 5.

35

36

37

38

39



~ ENVIRODYNE FIELD BORING LOGENGINEERS
- FOR St . Louis Corps of Engineers/DERA - Raco Missile Battery

LOCATION Southeast of Fuel Depot ELEV. =905

Sheet 5 of 5

JOB NO .3067
BORING NO . MW-4

WHILE DRILLING 32 .25 DATE 12-4-86 DRILL CO. STS

GROUND BEFORE DEVELOPMENT TIME START 8 :30 DRILLER E . Vande Hey

WATER AFTER DEVELOPMENT TIME END 11 :15 LOGGER P- Shetley

z 0:z
0 , .r w 8.S . Die 1 .5" 2

I--

a
0

u) as
3

> o VISUAL FIELD CLASSIFICATION Weight 140# ao
REMARKS

aZ °° a c ~U+' Drop 30"
3Z
o

N m N V

14 37A8L 0 . 0 40 Sand wet
Brown fine to medium sand (SM) w/black &
red specks throughout .

41

Spoon refused at 39' Sand blowing in
through bottom
of auger .

42

15 4/17 1.5 1.0
43 TD = 43 .0 At 43' pumped

Brown fine to medium sand (SM) w/small approximately 20

reddish specks throughout . gallons through
drill rods from

44 bottom of hole
to remove sand
blowin .

44 .5

After drilling, 1 :15 pm, water level 31 .8'

TD = 43 .0

We have 1 .1' of sand blown in .



APPENDIX E

-; AQUIFER TESTING



SLUG TEST

Field Procedures

At each well, the depth to water from the top of the PVC casing was mea-
sured . A PVC bailer (0 .14 feet outside diameter x 3.86 feet long) was then
lowered into the well to fill the bailer, and then removed . This generated a
slug with a displacement volume of 0 .059 ft3 (0 .441 gallon), composed of
water from the well and the PVC bailer . The water level was allowed to
stabilize until the depth to water measurement was the same as before the
bailer had been lowered into the well .

The slug test was then initiated by rapidly lowering the slug back into the
- well closely followed by the water level meter (a weighted, bell-type popper

attached to a tape measure) to measure the rate at which the water level
returned to the pre-slug level .

With the two-inch (nominal) schedule 80 pipe, the 0.441-gallon slug would
create a calculated 2.68 feet instantaneous rise in the water level in the
well . Due to the high permeability of the aquifer, the water level returned
to the original level so quickly that only a few measurement was possible .
As shown by the data, this was at 0 .35 feet or less above the original
(static) water level, and then stabilized in less than 30 seconds after the
slug was lowered into the well .

Data Reduction Procedures

Two methods of data reduction were used in order to see how closely the
results compared . The first method used was as described in "Response of a
Finite-Diameter Well to an Instantaneous Charge of Water" by Hilton H .
Cooper, Jr ., John D. Bredehoeft, and Istavros S . Papadopulos, published in
Water Resources Research , First Quarter, 1967 (copy enclosed) . The second
method used was as described in "The Slug-Injection Test for Estimating the
Coefficient of Transmissibility of an Aquifer" by John G. Ferris and Doyle
B . Knowles, published in the USGS Water Supply Paper , No . 1536-1, 1963, pp .
299-304 (copy enclosed) . The first method is a curve matching technique
matching the plotted data to a series of type curves . The second method uses
a line source approximation of the well function . As Cooper, et al . pointed
out, this closely approximates an exact solution when the residual head is
very small compared to the initial head . Since this was clearly the case for
all four of the wells tested, both methods are considered valid, and as Table
1 shows, the two methods compare very closely .



TABLE 1

SUMMARY OF SLUG TEST RESULTS

k Coefficient of Permeability
Cooper et al (cm/sec) Ferris & Knowles (cm/sec)

MW-1 3 .5 x 10-2 1 .0 x 10

Mw-2 1 .5 x 10- 1 8 .2 x 10

- MW-3 1 .6 x 10-2 9 .4 x 10

MW-4 7 .8 x 10-2 2 .7 x 10



1) Project 3067-40012 DERA

2) Location Former Raco Missile Battery Raco, Michigan

3) Date January 15, 1987 5) Well or Boring No . MW-1

4) Personnel PWS/RJT 6) R=Radius of Well 1 (in-.)

- 7) L=Length of Screen 10 .0 (ft .)
(from well detail sheet)

well r-- R 8) Static Water Level 47 .75 (ft .)
(depth to water)

9) Total Well Depth 56 .5 (ft .)
Gzound Surface

- Y 77 10) Slug Volume 0 .059 (ft3)
Static Water

11) Saturated Screen Length 10 .0 (ft .)Level (SWL)

N +~ c
.~ 1

G Q °L

Y

.a

Slug Test

Trial #4

Depth to Water
(After Baildown) _2** _3**

Reading* Time (Start) Dt Dt-Sk'L=Ht Ht/Ho

1 to 0 .0 Do 50 .43 H°
2 tl 8 sec D1 47 .50 H1

3 t2 12 sec D2 47 .65 H2 0-10 n n-1 -71

4 t317 sec D3 47 .70 H3 0_05 O_Ojq

5 t421 sec 14 47 . 75 H4 0_00 o-on

6 t5 D5 H5

7 t6 D6 H6

8 t7 D7 H7

9 to D8 H8

10 t9 D9 H9

11 t10 D10 H10

12 tll Dll I'll

13 t12 D12 H12

14 t13 D13 H13

*Take readings until well is stabilized, if tight soils - test may be stoppea

` prior to stabilization as necessary .

**Disregard Columns 2 and 3 during baildown test . They are for office calculations .



1) Project 3067-40012 DERA

2) Location Former Raco Missile Battery Raco, Michigan

'- 3) Date January 15, 1987 5) Well or Boring No . MW-1

4) Personnel PWS/RJT 6) R=Radius of Well 1 (in .)

- 7) L=Length of Screen 10 .0 (ft .)
(from well detail sheet)

Well ~-- R
8) Static Water Level g7_75 (ft .)

(depth to water)

Ground Surface 9) Total Well Depth 56 .5 (ft .)
.a
3: 10) Slug Volume 0 .059 (ft3 )_,

Static Water
Level (SWL) 11) Saturated Screen Length 10 .0 (ft .)

N }+
S

.. C
D O

T O

Slug Test

Trial #5

- Depth to Water
(After Baildown) _2** _3**

Reading* Time (Start) Dt Dt-SWL=Ht Ht/Ho

-" 1 to
0-0

Do Ho 2 .68 1 .00

2 tl Dl 47 41; Hl 0 .30 .112

- 3 t2 D2 H2 0 .10 .03711 se 47-er
4 t3 D3 H3 0 .00 0 .00-Z 19 47 7c;a
5 t4 D4 H4-

6 t5 D5 H5

t 7 t6 D6 H6
- 8 t7 D7 H7

9 tg D8 H8

- 10 t9 D9 H9

11 t10 D10 H10

- 12 tll Dll Hll
13 t12 D12 H12

14 t13 D13 H13

*Take readings until well is stabilized, if tight soils - test may be stopped
- prior to stabilization as necessary .

"Disregard Columns 2 and 3 during baildown test . They are for office calculations .



- 1) Project 3067-40012 DERA

2) Location Former Raco Missile Battery Raco, Michigan

- 3) Date January 15, 1987 5) Well or Boring No . MW-1

4) Personnel PWS/RJT 6) R=Radius of cell 1 (in .)

7) L=Length of Screen 10 .0 (ft .)
(from well detail sheet)

Well
-

R 47 758) Static Water Level . (ft .)
(depth to water)

9) Total Well Depth 56 .5 (ft .)
Ground Surface

-
3 ` 10) Slug Volume 0 .059 (ft3)cn

Static Water
11) Saturated Screen Length 10 . 0 (ft .)Level (SWL)

cv +-+ C
S

- C r+ °C~
D O

.r
S c

.a

Slug Test

Trial #3

Depth to Water
(After Baildown) _2** _3**

Reading* Time (Start) Dt Dt-SWL=Ht Ht/Ho

1 to
n f) Do 50 .43 H02 .68 1 .00

2 tl 10 sec . Dl 47 .70 H10 .05 0 .019

3 t2 15 sec . D2 47 .75 H20.00 0 .00

4 t3 D3 H3

5 t4 D4 H4

6 t5 D5 H5

7 t6 D6 H6

8 t7 D7 H7

9 to D8 H8

10 t9 D9 H9

11 t10 D10 H10

12 tll Dll Hll

13 t12 D12 H12

14 t13 D13 H13

*Take readings until well is stabilized, if tight soils - test may be stopped
prior to stabilization as necessary .

"Disregard Columns 2 and 3 during baildown test . They are for office calculations .



1) Project 3067-40012 DERA

2) Location Former Raco Missile Battery Raco, Michigan

' 3) Date January 15, 1987 5) Well or Boring No . MW-2

4) Personnel PWS/RJT 6) R=Radius of Well 1 (in .)

7) L=Length of Screen 10 .0 (ft .)
(from well detail sheet)

Well ~- R
' B) Static Water Level 46 .05 (ft .)

- (depth to water)

Ground Surface 9) Total Well Depth 53 .5 (ft .)
..a
5 ~.` .c~`G~ \ 10) Slug Volume 0 .059 (ft3)

Static Water
Level (SWL) 11) Saturated Screen Length 9 .95 (ft .)

c°
C

z_. c -;
D D C'

- S C

.a

Slug Test

Trial #1

Depth to Water
(After Baildown) _2** _3**

Reading* Time (Start) Dt Dt-SW'L=Ht Ht/Ho

1 to 00 sec D0 48 .73 Ho 2 .68 1 .00
2 tl 4 sec D1 46 .00 H1 0 .05 .019
3 t2 7 sec 12 46 .05 H2 0 .00 0 .00
4 t3 D3 H3

5 t4 D4 H4

6 t5 D5 H5

7 t6 D6 H6

8 t7 D7 H7

9 t8 D8 H8

10 t9 D9 Hg

11 tlo D10 H10
12 til Dll Hll
13 t12 D12 H12

14 t13 D13 H13

*Take readings until well is stabilized, if tight soils - test may be stopped
- prior to stabilization as necessary .

**Disregard Columns 2 and 3 during baildown test . They are for office calculations .



1) Project 3067-40012 DERA

2) Location Former Raco Missile Battery Raco, Mi chigan

3) Date January 15, 1987 5) Well or Boring No . MW-2

4) Personnel PWS/RJT 6) R=Radius of Well 1 (in .)

7) L=Length of Screen 10 .0 (ft .)

(from well detail sheet)

Well ~- R 8) Static Water Level 46 .05 (ft .)
(depth to water)

9) Total Well Depth 53 .5 (ft .)
Ground Surface

10) Slug Volume 0 .059 (ft3)

Static Water
11) Saturated Screen Length 9-95 (ft .)

i Level (SWL)

N J~ C

n o
t = c

Slug Test

Trial #2

Depth to Water
(After Bai ldown) _2" _3"

Reading' Time (Start) Dt Dt-SWL=Y.t Ht/Ho

1 to 0 .0 D0 48 .73 Ho 2 .68 1 -on

2 tl 4 sec D1 46 .00 hl 0 .05

3 t2 6 sec D2 46 .05 H2 0 .00 0-00

4 t3 D3 H3

5 t4 D4 H4

6 t5 D5 H5

7 t6 D6 H6

8 t7 D7 H7

9 t8 D8 H8

10 tq D9 H9

11 t10 D10 H10

12 tll Dll Hll

13 t12 D12 H12

14 t13 D13 H13

*Take readings until well is stabilized, iz tignt soils - te5L may oe bLuvpcu

prior to stabilization as necessary .

"Disregard Columns 2 and 3 during baildown test . They are for office calculations .



-- 1) Project 3067-40012 DERA

2) Location Former Raco Missile Battery Raco, Michigan

._ 3) Date January 15, 1987 5) Well or Boring No . MW-2

4) Personnel PWS/RJT 6) R=Radius of Vell 1 (in .)

7) L=Length of Screen 10 .0 (ft .)
(from well detail sheet)

Well J- R
8) Static Water Level 46 .05 (ft-)

(depth to water)

Ground Surface
9) Total Well Depth 53 .5 (ft .)

.a
10) Slug Volume 0 .059 (ft3)

-' Static Water
i Level (SWL) 11) Saturated Screen Length 9.95 (ft .)

ca
.1

<v 4-+ C
S

T C

Slug Test

.7

Trial #3

Depth to Water
(After Baildown) _2** _3**

Reading* Time (Start) Dt Dt-SA'L=Ht Ht/Ho

1 to
00

Do Ho

2 tl Dl H10 .05 .019

3 t2 D2 H20 .00 0 .00

4 t3 D3 H3

5 t4 D4 H4

6 t5 D5 H5

7 t6 D6 H6

8 t7 D7 H7

9 t8 D8 H8

10 ty Dg Hg

11 t10 D10 H10

12 tll Dll Hll
13 t12 D12 H12

14 t13 D13 H13

*Take readings until well is stabilized, if tight soils - test may be stopped
prior to stabilization as necessary .

"Disregard Columns 2 and 3 during baildown test . They are for office calculations .



- 1) Project 3067-40012 DERA

2) Location Former Raco Missile Battery Raco, Michigan

- 3) Date January 15, 1987 5) Well or Boring No . MW-3

4) Personnel PWS/RJT 6) R=Radius of Well 1 (in .)

- 7) L=Length of Screen 10 .0 (ft .)
(from well detail sheet)

Well ~ R
i

--
8) Static Water Level 48_45 (ft .)

- (depth to water)

9) Total Well Depth 56 . 2 (ft .)
Ground Surface

- 77 10) Slug Volume 0.059 (ft3)
Static Water
Level (SWL) 11) Saturated Screen Length 10 .0 (ft .)

N c
S

G D

- S c

.a

Slug Test

Trial #2

Depth to Water
(After Baildown) 2** 3**

Reading* Time (Start) Dt Dt-SWL=Y.t Ft/Ho

1 to 00 Do 51-13 Ho 1 .00

2 tl 5 sec
Dl 48 .20 Hl

n 9,; .093

3 t2 8 sec D2 48 .30 H20 .15 .056

4 t3 12 sec D3 48-40 H30 .05 .019

5 t4 16 sec D4 H40 .00 .00

6 t5 D5 H5

7 t6 D6 H6

8 t7 D7 H7

9 t8 D8 H8

10 t9 Dg H9

11 t10 D10 H10

12 tll Dll Hll

13 t12 D12 H12

14 t13 D13 H13

*Take readings until well is stabilized, it tight sorts - test may De stoppea

- prior to stabilization as necessary .

**Disregard Columns 2 and 3 during baildown test . They are for office calculations .



' 1) Project 3067-40012 DERA

2) Location Former Raco Missile Battery Raco, Mi ch igan

3) Date January 15, 1987 5) Well or Boring No . MW-3

4) Personnel PWS/RJT 6) R=Radius of Well 1 (in-)

--- 7) L=Length of Screen 10 .0 (ft .)
(from well detail sheet)

Well r-- R 8) Static Water Level 48 .45 (ft .)
- (depth to water)

9) Total Well Depth 56 .2 (ft .)
Ground Surface

_ .a3 10) Slug Volume 0 .059 (ft3)
Static Water
Level (WL) 11) Saturated Screen Length 10 .0 (ft.)

N +~ C

D

+-

D

t x

.a

Slug Test

Trial #4

Depth to Water
(After Baildown) _2** _3**

Reading* Time (Start) Dt Dt-SWL=Ht Ht/Ho

11 to 00 D0 51,13 Ho 2 .68 1 .00

2 t1 5 sec D1 48-10 Hl 0 .35 .131

3 t2 9 sec D2 48 .20 H2 0 .25 .093

4 t3 12 sec
D3

48-30
H3 0 .15 .056

5 t4 15 sec D4 48 .40
H4 0 .05 .019

6 t5 21 sec
D5

48 .45
H5 0 .00 0 .00

7 t6 D6 H6

8 t7 D7 H7

9 tg D8 H8

10 t9 D9 H9

11 t10 D10 H10

12 til Dll H11

13 t12 D12 H12

14 t13 D13 H13

*Take readings until well is stabilized, i= tignt soils - test may ne stoppeo

prior to stabilization as necessary .

**Disregard Columns 2 and 3 during baildown test . They are for office calculations .



' 1) Project 3067-40012 DERA

2) Location Former Raco Missile Battery Raco, Michigan

3) Date January 15, 1987 5) Well or Boring No . MW-3

4) Personnel PWS/RJT 6) R=Radius of Well 1 (in .-)

7) L=Length of Screen 10 .0 (ft .)
(from well detail sheet)

Well ~-- R
8) Static Water Level 48 .45 (ft .)

- (depth to water)

Ground Surface 9) Total Well Depth 56 .2 (ft .)
a

- ~.` .ct`G~~Gc~\ 10) Slug Volume 0 .059 (ft3)
Static Water
Level (SWL) 11) Saturated Screen Length 10 .0 (ft .)

<v i+ C
2 +j

D Cl C~i

- 2 O

.a

Slug Test

Trial #5

Depth to Water
(After Baildown) _2** _3**

Reading* Time (Start) Dt Dt-SWL=P.t Ht/Ho

1 to 00 Do 51 .13 HO 2 .68 1 .00
2 tl 5 sec . Dl 48 .10 H1 0.35 .131
3 t2 8 D2 48 .20 H2 0.25 .093
4 t3 12 D3 48 .30 H3 0 .15 .056
5 t4 15 D4 48 .40 H4 0 .05 .019
6 t5 19 D5 48 .45 H5 0 .00 0.00
7 t6 D6 H6

8 t7 D7 H7

9 t8 D8 H8

10 t9 D9 H9

11 t10 D10 H10
12 tll Dll Hll
13 t12 D12 H12
14 t13 D13 H13

*Take readings until well is stabilized, if tight soils - test may be stopped
- prior to stabilization as necessary .

**Disregard Columns 2 and 3 during baildown test . They are for office calculations .



W 11 Proiect 3067-40012 DERA

2) Location Former Raco Missile Battery Raco, Michigan

3) Date January 15, 1987 5) Well or Boring No . MW-4

4) Personnel PWS/RJT 6) R=Radius of Vell 1

- 7) L=Length of Screen 10 .0
(from well detail sheet)

Well

1

J-- R 8) Static Water Level 34 .75

(depth to water)

9) Total Well Depth 43 .10
Ground Surface

3 10) Slug Volume 0.059
Static Water

11) Saturated Screen Length 10 .0
i Level (SWL)

Slug Test

Trial #4

Depth to Water
(After Baildown) 2** 3**

Reading* Time (Start) Dt
_

Dt-SWL=Ht Ht/Ho

1 to 00 Do 37 .43 HO 2 .68 1 .00

2 t1 6 sec . D1 34 .65 H1 0 .10 .037

3 t2 8 D2 34 .70 H2 0.05 .019

4 t3 11 D3 34 .75 H3 0.00 0 .00

5 t4 D4 H4

6 t5 D5 H5

7 t6 D6 H6

8 t7 D7 H7

9 t8 D8 Hg

10 tg D9 H9

11 t10 D10 H10

12 til Dll H11

13 t12 D12 H12

14 t13 D13 H13

(in .)

(ft .)

(f t .)

(ft . )

(ft3)

(ft .)

*Take readings until well is stabilized, it tight soils - test may De stoppeu

- prior to stabilization as necessary .

**Disregard Columns 2 and 3 during baildown test . They are for office calculations .



1) Project 3067-40012 DERA

2) Location Former Raco Missile Battery Raco, Michigan

"` 3) Date January 15, 1987 5) well or Boring No . MW-4

4) Personnel PWS/RJT 6) R=Radius of Well 1 (in .)

7) L=Length of Screen 10 .0 (ft .)
(from well detail sheet)

Well ~-- R 34 75B) Static Water Level . (ft .)
- 11 (depth to water)

9) Total Well Depth 43 .10 (ft .)
Ground Surface.a

~ ~.7 .c«"Gc~\ 10) Slug Volume 0 .059 (ft3)
Static Water
Level (SWL) 11) Saturated Screen Length 10 .0 (ft .)

N JJ C
S

._ C ~-+
~ D Ci

T C

.a

Slug Test

Trial #5

Depth to Water
(After Baildown) _2** _3**

Reading* Time (Start) Dt Dt-SWL=Ht Ht/Ho

1 to 00 Do 37 .43 Ho 2 .68 1 .00

2 tl 5 sec . Dl 34 .60 H1 0 .15 .056

3 t2 9 D2 34 .70 H2 0 .05 .019

4 t3 12 D3 34 .75 H3 0.00 0 .00

5 t4 D4 H4

6 t5 D5 H5

7 t6 D6 H6

8 t7 D7 H7

9 t8 D8 H8

10 tg D9 H9

11 t10 D10 H10

12 tll Dll H11
13 t12 D12 1112 -

14 t13 D13 H13

*Take readings until well is stabilized, if tight soils - test may be stopped
_ prior to stabilization as necessary .

**Disregard Columns 2 and 3 during baildown test . They are for office calculations .



1) Project 3067-40012 DERA

2) Location Former Raco Missile Battery Raco, Michigan

.- 3) Date January 15, 1987 5) Well or Boring No . MW-4

4) Personnel PWS/RJT 6) R=Radius of Well 1 (in .)

7) L=Length of Screen 10 .0 (ft .)
(from well detail sheet)

Well J- R 34 758) Static Water Level . (ft .)
(depth to water)

Ground Surface
9) Total Well Depth 43 .10 (ft .)

.c~`G~`C~c~\77 10) Slug Volume 0 .059 (ft3)
atic WaterSt

i Level (SWL) 11) Saturated Screen Length 10 .0 (ft .)

N 1~
S

C ~-+ C°

_.r

t S

.a

Slug Test

l Trial #6

Depth to Water
(After Baildown) _2** _3**

Reading* Time (Start) Dt Dt-SWL=Y.t Ht/Ho

1 to 00 Do 37 .43 Ho 2 .68 1 .00

2 tl 4 sec . D1 34 .65 H1 0 .10 .037
3 t2 6 D2 34 .70 H2 0 .05 .019
4 t3 8 D3 34 .75 H3 0 .00 0.00

5 t4 D4 H4

6 t5 D5 HS

7 t6 D6 H6

8 t7 D7 H7

9 t8 D8 H8

10 t9 Dg H9

11 t10 D10 H10
12 tll Dll Hll `
13 t12 D12 H12

14 t13 D13 H13

*Take readings until well is stabilized, if tight soils - test may be stopped
prior to stabilization as necessary .

"Disregard Columns 2 and 3 during baildown test . They are for office calculations .



AQUIFER TESTS - CALCULATIONS

Method : Cooper et al . (curve matching)

_ Formula T = r 2 when _H vs t matchesc
t Ho

- _H vs Tt = 1
Ho r2

c

Where T = Transmissivity in cm2/second

rc2 = Radius of the well casing, squared (cm2)

t = Time in Seconds

rc2 = 6 .45 cm2 for all wells installed

Formula K = T_
L

Where K = Coefficient of permeability in cm/second

- T = Transmissivity in cm/second

L = Saturated screen length in cm

Matching Point T L
Well No . Log t in minutes t (sec) (cm /sec) (cm)

MW-1 0 .01 0 .6 10 .75 304 .8
- MW-2 0 .0025 0 .15 44 .79 303 .3

MW-3 0 .023 1 .38 4 .77 304 .8
MW-4 0 .0046* 0 .28 23 .89 304 .8

Mean

K

-(cm/sec)

3 .5 x 10-2
1 .5 x 10_-2
1 .6 x 102
7 .8 x 10_2
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Method : Fer

Formula : T =

where T =
q =

tm =
s =

Formula : k =

where k =
T =
L =

AQUIFER TEST-CALCULATIONS

ris and Knowles (Line Source Approximation)

114 .6q(1/tm)
s

transmissivity in gallons per day per foot
slug volume in gallons
time in minutes
residual head at time = t., in feet

_T X 4.89 X 10-5
L

coefficient of permeability, in cm/sec
transmissivity in gallons per day per foot
saturated screen length in feet

__ MW1

T = 144 .6 X 0 .441 (4 .2) = 2122 .6 gpd/ft
0 .1

K = 2122 .6 X 4 .89 X 10-5 = 1.0 X 10-2 cm/sec
10 .0

MW2

- T = 144 .6 X .441. (16 .5) = 16677 .7 gpd7ft
0 .05

K = 16677 .7 X 4 .89 X 10-5 = 8.2 X 10-2 cm/sec
9 .95

KW3

T = 144 .6 X .441 (3 .8) = 1920 .5 gpd/ft

0 .1

K = 1920 .5 X 4 .89 X 10-5 = 9.4 X 10-3 cm/sec
10 .0

MW4

T = 114 .6'X .441 (11) = 5559 .3 gpd/ft
0 .1

K = 5559 .3 X 4.89 X 10-5 = 2 .7 X 10-2 cm/sec
10
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OSOVND-WATER 8nRAVUes

(treat care moat be exercised in oDn-

I I le,d to erroneous oonclueione.
the ,4 in analyzing the data end, most P°T~'iculsrl

ducting

y, in

e molts to the solution of field problems. Nevertheless,
applying

"c; of the tee justifies its use provided the assumptions

~,e formula is based ice essentially fulfilled and the
the simpll t7
upon which
limitations of the test s» fully rec°Bn~ "

1 ~ 'on for residual head
in an metantsneone vertical line dim

~ squab
is vnntten 6 (1)

II Sonq--
1

where
/.the residual hesA after the injection of a "lug of

distance from the injection well to an Observation
well,

r the and
the slug was injected,

t=shetime since
volume of the slug .

q=tbe
o~ � tsnsll volume of water can be injected into s well

Ordinarily, y acted slug usually ie

as a slug . For this reason, the reaction to the injected
mediate vicinity of the

. ~ not me~anrsble in the aquifer beyond tmadeonly in the

1I well. Therefore, the water-level measurements

the distance is then the radius, r++ of the well . For

ejection well ; ially where S is small (as for artesian

1.~ . values of r as small 83 fe" eaPeC t becoTnel
nt of s in equation I approaches zeroNO

snuifers) the expone prosches unity. TheN
I Lhe exponential terms aP'

large and thevalue Of I day per foot, 9 in Minutes'

i is expressed in gallons, Tin gallons rrthe form
f q be written in
end s in feet, equation I Can

8

wbas red from the average of the 011110

examthe time in minutes meaffn ion of the injection-

marking the beginning and cesS9
t. thes derived by Skibitske i1i t1*

pApstions I and 2 are equivalent vertical line sourm The

ir for drawdowns near a
preceding Pape , of water Into IL 'Well 0

effects of instantaneouslY injecting a Slug
on to those of instsnt,116neougly

jentics, in the opposite direct, ITell ; thst A
5qU&l Volume frOTn the same '

drawing III, slug Of water of I the injection of a slug equab

the rge
of water.level decline following the withdrawal Of a out

the rste
of water.le", recovery following

of equal volume-
~ r~l,oosnvss "a A aLVQ-nNsz°'~°s '~

scum ,
convenient s ps»tuR for instsntane°usly injecting water int°

A convene P n sdsp~d for go

salt is shown in figure 89d " An oil drum has tree

I l LEAH- T1_.o7tiII8&,eii .CTT I I 301
-- }, ,AND DRAW

Oil drum of known volune

N-
Rope

~Z COW plate with fixed eyebo4

fosket OttachMd to cowplate

Block drum Up above well easing to
provide for escape of air

A. APPARATUS FOR INJECTING SLUG OF WATER INTO WELL

Pipe

Lead filler

Eyebolt for attaching steel tape

Shallow depression in the lead

PERCUSSION INSTRUMENT FOR RAPID MEASUREMENT OF WATER LEVELS

rrootta w.-swlpm,ot br OBEa,1084Ofsottn ore.

taiga 0-4e--.g

Flange and nipple making water.
tight connection with bottom of
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CYCLIC WATER-LEVEL FLUCTUATIONS A9 A BASIS FOR
DETERMINING AQUIFER TRANSMISSIBILITY
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In an aquifer bounded by a body of tidal water or by a regulated stream,

the water level responds to changes In stage of the surface-water body. If the
stage fluctuates as a simple harmonic motion, a train of alnusoldal waves Is
propagated through the ground-water body. Because the amplitude of each
transmitted wave decreases as the distance from the boundary Increase@ and the
time lag of a given maximum or minimum Increases as the distance from the
boundary Increases, the transmissibility of the aquifer rAo be found by either
the stage-ratio method or the time-lag method . The solution of the formula for
each of these methods Is facilitated b7 the use of a straight-line plot. For the
stage-ratio method, the logarithm of the ratio of the ground-water stage In an
observation wPll to the surface-water state is plotted against the dtatance of the
observation well from the boundary . For the time-lag method, the time between
a chance In surface-water stage and the corresponding maximum or minimum
ground-water stage In an observation well Is plotted against the distance of the
observation well from the boundary . Both methods can be applied to fluctuations
that are limited In duration to a single maximum or minimum

AC=NOWLBDG3MTr
The author is greatly indebted to D. L. Erickeon, city engineer and

director of parks, public property, and improvements for Lincoln,
Nebr., and to members of his staff for their hearty cooperation and
effort in making available the data on which this paper is based. The
basic data were assembled under the direct supervision ofH. A. Waits,
district geologist of the U.S . Geological Survey at Lincoln, Nebr.

CYCLIC FLUCTUATION$ OF WATIa LZPSIL

In coastal areas, many wells near bodies of tidal water exhibit
sinusoidal water-level fluctuations in response to periodic changes in
the tidewater stage. In many inland places, the regulation of a surface
reservoir similarly produces correlative water-level changes in wells
that are near either the reservoir or the stream which carries releases
from the reservoir . As the surface-water stage rises, the head upon the
subaqueous outcrop of the aquifer increases and thereby either in-
cmases the rate of flow into the aquifer or reduces the rate of flow from
it. The increase in recharge or reduction in discharge results in a
general rise of the water level in the aquifer. Conversely, a falling
surface-water stage causes a corresponding decline of the water level
in the aquifer . When the stage of the surface-water body fluctuates
as a simple harmonic motion, a train of sinusoidal waves is propagated
inland through the subaqueous outcrop of the aquifer . With increas-

I The analysis un which thh
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tt &qvnsc of a Finite-Dinrttctcr Wcll to an Instuntutuous
Charge of Watcri

HILTON H . COOPER, JR., JOHN D. BREDEHOEFT, AND
ISTAVROS S. PAPADOPULOS

Water Resourrcs Division, U. S. Cr"~dupical Curncd, lt'a4ir.ptmj, D. C.

.Abstract . A oDlution is pmsentrd for the change in water level in a w . .ll of finite diameter
OW a known vulumc of w-atcr in suddenly inievlevl or withdrawn . A rvt of tyt .1- curves .4mn-
Vukd from this solution permits a determination of thr tmnRiniwil,ility of the aquifer . (hey
iordi . Aquifer tents ; groundwater ; hydraulics ; permeability)

1TCTRODCMOIC

Ferri, end Knowles [1954] introduced a
.bad for determining the transniFsibiloh of
,quiter from observations of the water level
,sell after a know-n volume of Water is sud-

.+r injected into the well . (See also Ferris
i [190) ). They reasoned that for practical
..*9t.- the well may be approximated by an
,nteneous line Source in the infinite region,
which the residual head differences due to
injection are dcz~cribed by

(1*/4wTi)c ''s"" (1)

well of finite diameter, a determination of the
transmLKibility can be obtained from the slope
of a plot of head H versus the reciprocal of
time (110 .

Since the volume of water injected into the
well is wr;11,, where r, is the radius of the cas-
ing in the interval over which the water level
fluctuates and H. is the initial hcid incre.-iac in
the well, equation 1 can be written

k/Ho - (r,*/4Tt)e"s"" (3)
and equation 2 can be written

H/11, - r,'/4Tt (4)

R . change in head at distance r and time t
i due to the injection ;
E ; . distance from the line tourer or center of

i well ; -
time since instantaneous injection ;

a. volume of water injected ;
transmissibility of aquifer;

a. coefficient of storage of aquifer.

Y- reasoned further that the bead H in the
- ~. -tcd well would be descrilmd closely b)' (1)

--n r i set equal to the effective radius r,
- ., ~Nnb, 1947, p. 1049] of the screen or open

- Tbm, since r, is small, the exponential &p .-
the* unity quickly, so that the equation

' rosehes H - V/4rTt, which can be written

_ . T 1-(1/t)/4vH (2)
tbc estent that the equation is valid for a

1 Ipublieation authorised by Lbe Director, U. S.
'cal Survey.

263

Recently Bredchor/t rl e. [1!0;] demon-
strated by means of an electrical analog model
of a well-aquifer ryFtem the- " equation 3 gives a
satisfactory approximation of the bead in an
injected well only after the time t is large
enough for the ratio 11/H. to be very small
(see Figure 1) . The observed discrepancy- ap-
pears to arise from the assumption that the in-
jected well can be approximated by a line source .
We present here an evict eolution for the

head in and around a well of finite diameter
after the well is instantaneously charged with a
known volume of water. .

ANALTSIS

Consider a nonflowing well eased to the tom`- _
a homogeneous isotropic artesian aquifer of uni-
form thickness, and screened (or open) through-
out the thickness of the aquifer (Figure 2) . Sup- -
pose that the well is instantaneously charged
with a volume V of water. (We w111:aqtssidcr
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Lv -
1
Type curve for cc= IT

D 9 j from fig. 3 _
n

1e

D .B ~+ t -
.t

t
t ~Anobp Resuh,

D .7 t -
t
t
t

D6- line-source solution-4 -
1

D.S H, ITI 1 -1
1

7.6crn t
) 3- S = IC)- . ; -

t
T = 929 cm', sec _

t
o T = 92 9 cm 'Aec

o T = 9-29 cm '/sac \

D.1 \

o

2rr.T[ah(r. + 0 . O]/ar

s *TAM(t)/at) (t > 0) (W
k(r, 0) = 0 (r > r,) (ill

H(o) = He = Y/rr,'

Equation S it the differential equation god
ing aonateady radial flow of confined grotmk
water. (See, for example, Jacob, 1850, p. 332)
Boundary condition 5a states that after the 60
instant the head in the aquifer at the face of
well is equal to that in the well . Boundary OW
dition 5b states that As r-appneaches in5nfi
the change in bead approaches zero . Fquatio
Sc expresses the fact that the rate of flow f
water into (or out of ) the aquifer is eqtul to dr
rate of decrease (or increase) in volume of with ;
within the well . The conditions 5d and St dix
that initiallv the change in bead is sero evw"
where outside the well and equal to H, iO
the well .
By applying the Laplace transform with 0'

spect to time the problem is seduced to

lo' lo' 10, lo' a'i/ar' + 1/r ("/ar) _ (S/T) (PA) h

Firs . 1 . Comparison of analog results with curve A(W . P) = 0 `
repress-Dting lice-source solution .

[ah(r, + 0. P)]/&
an injection as a positive charge and a with- _ (r,'/2r,T)[pAl(r, + 0, p) - He)
drawal as a negative one.) The water keel in
the well inst3ntaneouFly moves to the height for which the solution is
H. = Y/sr,' above or be)o%v- its. initial level and
immediately begins to return to its initial level A(r. P) r.Sl!�K�(rq)
according to some function of time 11(t). Mean- Tqlr,qK.(r,q) -} 2alt;e(r,q)]
while the head in the surrounding aquifer vark-, where q c (p8/T)#, and a - r;S/r,'.
according to h(r, t) . Our objective is to find a The solution A(r, t) is the inverse trandam
solution for h(r, t) and 11(t ) . The inertia of which ie available from the analogous p
the column of water in the well will be neglected. in heat flour (Caraiau and Jacprr, 1059, p.
(Sm, in this; connection, Bredchoc/t et at.
(196-6)) . Since the eollltion to lvc obtained cats

i
Z11A I" _0., .

)e ( Jour/rh °on, we canbe superposed on hay initial condit .* e
Simplify the Problem without lw of generality
by a%snmillg that the heal ix initially uniform -(u )-,(u) - 2a 1-,(u)] - Y.(w/ra
and constant .
?he problem is described mathematically by " [� Je(u) - ?aJ,(u)] [

dup(w)

eA/r9r' f 1/r(ah/ar)
where P c Tt/r:and

= R/T(rih/atj (r > r,) (5)
it(r, + 0, 0 = 11(t) (t > 0) (5a) 0M _ WOW - 32Jt(ti)r

A(- . t7 = 0 (t > 0) (5b) + [V UU) - lay,(

a

1

7

1

[

Fig. 2. 1 . ;

The brad 11 t
atituting r =

t
A

H = (811,x_ -

Values of 11
tearating oqnc . "
amputed ft,a .

r : hots 3 and a,
~! the vahlv : fp-1

family- of fi"
mensionle, ti :
curve for earli
a = r'S/r,` .
curve, are th,-

Zt iF aplrin .,
figure 3 th:o
proposed bi F
4oae apProXall"
O omIx for 131

' ft/r.'. The a17
4. We for Tt/r,'
` Yor H/H. lc-
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rWell screen or
well of open AOle

AqvilOr ' . . 1 - - -

Fig . 2 . Idealised reprCtirntntion of a well into which a v'oluinc 1 " of water is suddenly
injected .

, :e bead H(t) inside the well, obtained by sitlr-
. :uting r = r. in equation 8, is

:1 = (BNwQ~t~ C-o"', dul(u aw)
0

VAtles of 11/11, computed by numcricalh' in-
:".iting equation 9 are given in Table 1 . Values
-;lxlttd from the line-snnrcc solutions, eTi3-
1= 3 and 4, are given in Table 2. In Fipirc 3
values iron) Table I are represented as a

Huh- of five curves. of H/ll. Versus the di-
-u.--ion)ct;-, time parameter /1 = Tt/r,', one
-,r for each of five values of the parametcr

r,`S/r;.-2Uso 'represented, by a dashed
-ve, arc the valnes computed frown equation

it is aplrlrcnt from Tables I and 2 and from
" nirc 3 that the line-sourcc solutions 3 and 4
.,,posed by Ferris and Knowles [19354] give �
.,w approximation of the finite-source solution
only for large values of the time parameter

'' 1r:. The approNimation eecrnF to be aceepta-
" for Tt/r; greater than 100 (or, equivalently,
H/11, 1e-4 than about 0.0025) . (In the test

,~ gpeedwal' City, Indi :aua, used by Ferris and
~nnwles to exemplify their method, B/R.
,r4ed from 0.01 to 0.001, and the value of

transmissibility determined from these data
agreed fairly well with one obtained by another
method . )

.-pe curves plotted on ftemilog"A family of IN
arithmic paper, as in Figure 3, permits a de-
termination of the transmissibility . The method
is fimilar to the Tbeis graphical method [Wen-
zel, 1N:] . A test on a well near Dawsonville,
GeoTgi:i, will be used to demonstrate the method.
This well is eased to 24 m with 152-cm Winch)
eaFing and drilled as a 152-em open bole to a
depth of 122 m. Figure 4 is a reproduction of a
chart showing tits hydrograph of the well after
the sudden withdrawal of a long we-*gbted float
from the well . The weight of the float was 10.16
Eilogran)s, and lonicc by the principle of Archi-
mcdc_ it had displaced a volume of 0.01016 m'
of water when flaming in the well . Its with-
drawal was therefore equivalent to a negative
charge of V = 0.01016 m'. From the relation
A, = V/wr; the initial bead change is found to

-be 11. = 05691 m. 447t--
The hydrograph in Figure 4 was recorded

eiretricalh' from a pressure transducer, which
wait intFpcndcd below the water surface in the
well . Table 3 lists data from this chart. To de-
Icrmine the acptifer eppstawts the flits are

Insfanfancous Charge

V "

W" tar level iww"di"telp
+ after Iwjection

Water level " f time f

Head ;w " qrr ;ler

1 M(r) at time f

.? ,

. ~l

.

r

r-

x?'

C.

Cr±I

.

rh

i-

T-~

r -

- ,) r
i

t

- ~r
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- F ` TAWX 1. Values of H/H, for a Well of Fiai te Diameter t

- -
~' (computed from equation 9)

2 I
10 I

` H/H

tE

.09
S 7-1/r,' t~ 10-1 101 t " 10-~ x " 1076 ~~10" .

OP :
3 . 1 .0D X 10-4 0.951 0.9920 0.9e69 0 .9995 OAM

= 2 .15 X 10- 0 .9659 0 .9876 0 .9949 0 .9974 0 .9965
J 7 4 .64 X 10-8 0.9490 0 .9807 0.9914 0 .9954 0 .991-0 0 7 ;
C 41 1 .00 X 10-2 0 .9'-.48 0 .9693 0 .415.53 0 .9915 0 .41942

2.15 X 10-+ 0 .W60 0.9505 0 .9144 0 .9941 0 .9998
4 .64 X I" 0 .8293 0 .9187 0 .9545 0 .9701 0 .9781 00
1 .00 X 10-1 0 .7460 0.8655 0 .9193 0 .9434 0 .9572

0140 9 2 .15 X 10-1 0 .6299 0.7782 0 .8539 0 .B935 0 .9167 905 -1 4 .64 X in-, 0 .47FU 0 .6436 0 .7436 0.8031 0 .8410
/s i o 1 .00 X Icy' 0 .3117 0.459A 0 . 57rr 0.6520 - 10 .70Fn
i*3 i,f 2 .15 X 10' 0 .1665 0 .2597 0.3543 0.4364 0 .5438 04
I /.t 4 .64 X 10' 0 . 07415 0 .1086 0.1554 0 . 2062 0 .2620 -

,J i1 7 .00 X 10. 0.04625 0 .06204 0.06519 0 .1161 0.1521
,y 1 .00 X 10' 11 .03065 0 .03780 0.0482'1 0 .06355 0.08376 03

1 .40 X HP 0 .02n!r2 0 .02414 O .WM4 0 .03492 0.04426
2.15 X 101 0.01297 0 .01414 0 .0154 .5 0 .01723 0.01999

- f 7 3 .00 X IIP 0 .00(K)70 0 .009615 0 .01016 0 .01063 0.01169 02 .
is 4 . 64 X 10' 0.M5711 0 . 005'.1111 0 .006111 0 .006319 0.0065M
17 7 mo X to, 0 .1103722 0.003" 0 .0038 :4 0 .0113962 0 .004(x46

- =Z ,b 1 .00 X 11r 0.00'2577 0.OV2G1s 0 .0026::3 0 .0(MRS 0 .00'2725
- s) 2 .15 X HP 0.0411179 0.0011S7 0 .001194 0 .001201 0 .00120S

00
plotted on mmilol-arithmic paper of the same With the arithmetic axes coincident, the dot,

' scale of tlmt of the type eurves in Figure 3, plot is translated horizontally to a poFitit t
- and this plot is Eurcrlio-ed on the t, .lw curves . where the data best 5t the t3-pe curves, 0

Fig .
TABLE 2 . \'alt. of H/H, for Line+ouroe Approximation of a Well

.//,, from equation 3 Shown in Ficim " :H/H. fi~
7-1/r,l 10-0 10-0 10'4 10-6 sq . t - 11 Pec (in flit-

`overlie the v.ilnr 7' "
- 1 .00 X to-2 . A .OfXXKNI 20 . ;x2 194 .7 243 .8 249.4 250 .0 Cuoniinati"S. 114-110 .

2.15 X 10-4 0.001035 36.35 103 .5 115 .0 116.2 116 .3 Puted to lie
s 4.64 X 10-' 0 .2463 31 .44 61 .05 33 .59 53.85 63 .89
' 1 .00 X 10-y 2.052 19.47 24 .38 24 .94 24 .99 25 .00 + 1 .(~ = (I
- 2.15 X 10-+ 3.635 10 .35 11 .60 11 .62 11 .63 11 .63 3

,
' 11' _

4.64 X 1" 3 .144 5.105 .6 .359 5 .38,5 5.3x8 s .388
1 .00 X 10-1 1 .947 2 .438 2 .494 2 .499 2 .500 2.500 ' In prin c iple thrn
2.15 X 10- 1 .035 1 .150 1.162 1 .163 ;1.143

dn
t-aetesmine dne b~- i4 .64 X 10-3 6 .5105 0 .5354 0-5385 0.S388 0 .00

the eurvn timt 1i "1 .00 X 10' 0.2435 0 .2494 0.2499 0.2500 0.2500
2.15 X 108 0 .1150 0 .1162 0.1163 0.1163 plot in the m3tchr-
4 .64 X 10' 0 .05359 0 .W3M O.0538S 0.05381 temple jnct decrrilo
7 .00 X I(r O.n35wSR O .Onrrill 0.03.571 0.03S71 1frOUld be = l0
1 .0u X 10' 0 .0244-4 0.02499 0.02500 0.02500 on,= S. 6o that1 .40 X 10' 0 .01783 0 .01766 0.0170 .a
2 .15 X lOt 0 .01162 0 . 01163 0 .01163 for e = 10'. 11mv .
3 .00 X 10, O .OOt a26 O.Otlg333 0 .008351 : data plot to the t %

_ 4 .64 X la 0 .005.W O.OOS.W 0.0050 Mapes of the t)'l .'7 .00 X l(1' OAM&TO 0.Wib71 O.OOUn w-hcn n ~ lilPIiRbtlt"1 .00 X UP OAKt14a'! 0 .0(]600 0.0025M
2 .15 X 1a 0.001163 O.OD11R 0 determin.tk3n for

Poaable Trlsahllh\' .
" 1!

+ i .
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Fib . 3. Type curves for inctantancoua charge in well of finite diameter.

q .

b

WHO f =bown m Figure S. In this position the time The determination of T i< not 9o rcoi--itive to ;
- aq- 4 , = 11 we on the data coordinates is found to the choice of the c+tnves to be matched. Whereas ; s
--~ ~arlie the ralae Tt/,' e 2 .0 on the type-curve the determined value of S will change by- an
250_0 ,~ordirwes . Hence the transmissibility is eom- r : t
316 .8 ~rttcd to be z
03 .8

.00
21 .6.3 5 .3 en1'/secT
5.U8

t _ .. (11)-
- 2.500 In principle the coefficient of storage can be

1 .163 ,Mtcrmined by interrelating from its values for
,be curves that lie on either side of the data

0.1163 plot in the matched poFition . Thus, in the ex-
0 .05M

t
unple just described, the coefficient of storage

0 .03571
0 .02500 .

would be S = 10~, since for this; well r, = r�
0.01784 .- .o that a = S, and the points fall on the curve
Omls3 " (~: s = 10''. However, because the matching of
0. d,ts plot to the type curves depends upon the

0 00357

8

s}uprs of the type curves, which differ only

t -t-
~+ l-

. - I 12 sac ' -

141
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0 . iilthtlv when odiffers by an order of magnitude, Fig- 4. Hydrograph of well at Daw-sonrille,
0 .0011 , determinsti n of S by this method has ques- Geortr;a, ahow-iDg reepmee of water krll to the

amble reliability. sudden withdrawal of a.6AUted Goat
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TABLE 31l.' Rise of Water Level in Dawronwilk 1 .0
Well Jitr Instantaneous Withdrawal

of Weighted Float
00

t (sec) 1/t Head (m) H W BIN*
o.e

0 .9%
0 0 .336 0 .56o 1 .000
3 0.33 :1 0 .439 0 .45, 0 .916 0 7
6 0 .167 0 .503 0.34'-' 0 .700
9 0 .111 0.551 0.345 0 .616
12 O .o&tt 0.S&S 0.308 0 .S%

Ob

15 U . 0667, 0.616 0.280 0.50(1
1 f3
21

0 .05 :14'0
0 .0474 ;

0-644
11 .672

0.252
0 .2'24

0 .450
0 .400 0.5

24 0 .0417 O.6M 0 .205 0.366 =
27 0 .037(1 0 .7a.1 0 .167 0.3.34 030 0 .03Ss 0721t 0 .168 0.300
33 0 .o .'V>:S 0 .747 0 .149 0.2W
36 U .02,~ 11 .756 0 .140 0 .2.i(1 0 .
:59 U .tr.' al 0.X41 U.l31 0 .234
42 0.1r'a%~ 0 .7rc4 0.112 0.200
45 11.02.4: o .7t :N 0.105 0.193 0 .2
48 tu .Mus 0.go:; O.al:; U.16G
51 0 .019E 0 .807 0.0R9 0.15!1
54 0 .01P;, 0.814 0.082 0 .14E 0.1
5i 0 .0175 0.PU1 (1 .075 0 .154
fits 0 .01G, 0 tM5 O.U41 0.127

0

Type curve for t1=10"'

(See Flo 3)

r
r,= r, 7.6 con

T = 1 01 r,'
i

(10 )(7 61'
11

= 5 3 CFO'/sec .

Dots ropresfnt

doto from roil o In
-well otDo-son .illo,
(See Table 2) -_^10

n

c
63 0 .01-2 U .b31 U.0W V .11G 1 10 100 100

t (sac )

Fig . S . Plot of data from test at Dow:
.-mvilkGeorgia,surerposed on type curve .

order of magnitntlv when the dita plot is moved
from one type curve to another, that of T will
change rmuh ". From 3 knowledge of the
geologic couditioos nod other considcrttions niM
ran ordinarily m6neltc S within an order of
magnitude and thcr:"1 :% . eliminate some of the
doubt n= to what valov of a iF to lie ttwd fur
malehln- the data plot .

Firurr 6 shows the d:tt:t fnutt the test on tlse
Dawsonvillc well plottnl according to the Fer-
tris-Knowlvs mcthal. The points do not fall
along a straight line ns lwtstulated in this method
but, instead, fall along live trace of the type
curve for Q = 10', which has been transferred
frorn . Fiptn: 5 . Als~o Ehown in a EtrAight lute
through Ilse origin wltnse PIL re, wbeu used ar-
rording to the Ferris-Konwles method, will yield
the transmissibility of 53 eme/aoc obtainoal 1 :%.
ttnatchinc the data to the type curves.

ooruavsrox

The jndgmrnt of an cMv.tionced hydrolneiet
ix nmvlt"d to decide tike nilmificaner, if any, of a
determination of T 1sy tltc mcthnd of inrrantanc-

cut- charcr . A .: Frv'rea "t r#1 . f l!wr'i Irrohcfh
warnn1

rise durnlion of a `Rlua' trrt i~ vcnv short.
6cnrc the er-tiniated transiui .-vibility deter-
mined from the tit will be rrrre-entativ-e
only of the watcr-bearinc material r-lo-c to tlw
well . Serious errors will be intm.biny! uoiew
the . . . well is fully develop-41 and eom-
plctclY pcnctrates the aquifer.

Few- wells cornpletely penetrate sin aquifer, but
it iot iMvertbekxs paviblc under twme eirestm'
Ptances for a hydrologist to derive armful ill'
formation from a teat on a lxtrtially pcnetrstW
well . Siwr Ilse vertical pcrntcabilitic-, of MW
stratified aquifers are only tanall frlctions of
the horisumt :d pcrmcabiliticw, the 'induced liar
within the small rndiut of the cone that it
telops during the short period of cAPrrt-atiO s
likely to be tx r~ntially 2-dime-iwiowil . TbCW
fore, Ilw determitwil rai,M of T would tcptO'st
approximately 11M intuani-similitv of that W

of
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Doh +apralent doto
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Jf

1++* whose slops yields
T = 5 .3 cm '/sec . obtomisd

` from type curve atotct+

(Us flours 3)

i

0 005 0.10 015 0.20
1/t Issc-i

- Fir . 6. Data from test on well of Daxaonvil1c, Georltia, alotied arrordin6 to the Ferris.
Knowles method .

- tbc aquifer in which the welt is fcreened or
�pen, provided that the acluifcr is reasonably
.Omorneon= and isotropic in planes parallel

the bedding and provided that the effective
�ditto r, can be e"imated clwly.
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APPENDIX F

SURVEYING RESULTS



- LAND SURVEYING, INC.

Thomas M . Lachajczyk
Envirodyne Engineers
12161 Lackland Road
St . Louis, Missouri 63146

RE : Raco-Bomarc Missle Site Survey

125ARLINGTON ST . . SUITE I

SAULT STE . Mi'Hj~,Al: 49783
PHONE906-632-1500

February 16, 1987

Dear Mr . Lachajczyk :

- Enclosed are (6) copies of the above referenced survey along with
the field book as required by the specifications . If you have
any questions or need additional data, please feel free to contact

- our office .

Should you need services such as ours in the future, we have licensed
- land surveyors on staff with active licenses in the States of

Michigan, Colorado, Wisconsin and Florida . Thank you .

- Very truly yours,
NORTHWOODS LAND SURVEYING, INC .

L~~ aL, 3 . ~...-
William L . Karr, L .S .



- SURVEY AT RACO MISSILE
- LOCATED IN SECTION 28, 29, & 33, T 46

SUPERIOR TOWNSHIP, CHIPPEWA COUNTY, P

_ N

SCALE 1"= 300,

300 150 0 300 600 900

LEGEND
N - NORTHING (Y) .
E - EASTING (X)

- MONITORING WELL
E - CONTROL MONUMENT - 2-I/2 O.D . x 4 .0~ PIPE W/ 3

STAMPED BRASS CAP
- G.L .O . CORNER POSITION

-- - SECTION LINE
FUEL DEPO

NOTE : ALL ELEVATIONS ARE BASED ON N . G V .
SEA LEVEL DATUM OF 1929 .



i

V

CORNER IS A G.L0 . PIPE W/BRASS CAP
WITNESSES :
JACK PINE 10" S63°E 144 .8'
JACK PINE I I " N35°W 293 5'
JACK PINE 5" N50°E 82 8'
CEDAR POST SOUTH 3 0'
N= 580,225.626
E= 2,555, 028 06

MONITORING WELL NO 3

MONITORING WELL NO . 1

ELEV. P.V.C . 907.08
ELEV BRASS DISK 904.80

STATE PLANE COORDINATES
(MICHIGAN NORTH)
N= 578, 242.552 MISSILE
E= 2,554,132 .78

COMPLEX

:OORDINATES ARE BASED ON
SYSTEM (LAMBERT POOJECTION)

?IANGULATION STATIONS LOCATED
WATER TOWER N = 578, 479 . 70

E = 2,553,783 . 93

D FIRE TOWER N =582,873 .247
E =2,559,944 .59

FOR THE PROJECT LOCATION WAS 0 .99990357

ELEV . P.V C . 906 56
ELEV . BRASS DISK 904 04
STATE PLANE COORDINATES
(MICHIGAN NORTH)
N= 578, 400 . 356
E= 2,554,634 .05

I
MONITORING WELL NO 2
ELEV . PVC 905 96
ELEV BRASS DISK 903 48
STATE PLANE COORDINATES

(MICHIGAN NORTH)
N = 577, 492 . 644

E= 2,554,503 .41

r-

DRAFTED BY = C. A PARIS R36 - no



75 WIC

.> : ~~ PIPE W/ 3°

FUEL DEPOT AREA

MONITORING WELL NCa
' ELEV P.V.C . 910 .04

ELEV BRASS DISK 9C

STATE PLANE COORDINi

(MICH+ 3AN NORTH)
N = 579, 434 .145
E = 2, 547, 371 . 44

U
i
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fR4~;'q`' yk,~yE.t".

u

.4.,T

f. `/
r"

Ie



e 40!1.
1C' ~+ P, .t ti` i

r 11 r =i
r

I I
~-7o I' . Le n r-". /~I ICo . .

36 -o 7 . 28

~6~ - 32 3-5 Z ~ 3 =:

q j .5

3L3-~. - ~=

/8K E 9 _ ~.~ - . .. .

2 4_.

-5~-59-6~
92
267-~1- _5 _`

(tiZ - LK - 1 ~)

~-
3s9-6~

IC . z o6 - ti3-vy

3s `~ 55
r^> , (Z g - 43-

7 9 s

9c, - 037 -/z

.l

.3S' °-s 9 -s~

I I I I ! I ! i IL

Q33

°l_
z 1~~ 54Z

68s3d~~
i~73,9d;
ii73
367 .8b9

Set

a

.(J

k

D/c~ ~ /~,ss~~

M
'V/

J



3y9-yo-6, 90-zl-.S3 6by .17

i L .

/D

J G ,u G8 . i8,

6 6!z c,3 .

.

-TCC~ Ol/
~J

~_

41
roll

a rgue

f- CA

r~
�

-D

i



I rc/ i

90-06 .5,9

0_9_ . 5y-_~~ zb9 5Z S~

Z 35 a -o 3
69- ,5 .11 -3

. N,
"

the' ii

11n,~~sr~1 a .,

6~3 .3b 'i

t'Y~ ' ~' .N ~ 'l1

}TT/4

67 :' ~3'-?

i

f
hF

I I i I I 1
ma-__nk /_Zbie

LE,J 1TAP
^/ y J

0 0

Con.L t"c~o "t~^q5. }or La~"'~er ~-o~,.~er

p fI f
_ ~OJL0. S' U " ~" I



I 1 I I1~ N /
~Or .LOn.>ai

® iz-3S- zz

-311 7 - f< </J
Z03 `` .3S 9-5 91~

1~- F /Z �'~
3 . 7

9-5 9
3°' j- i2-

1` -3'17-Z-1_ LIP

9o-yZ-3~=-

Z6 9-i7- z0
3.5957 -5

90-17-

-s3

I

z 89,0::
ZB3- 16
7'$1Z.

Z 8 7, t;Y r
Z 8 -7 , 89

- -7 y- z 2 - 58 90
59(, .3--

_s 9- ~4 ,.;h ~S y`s9X81.777

b E 741-19-
Z86

3
-110

35 9-59 -40
y 7q-19- z8

-85-qo-32
s59-5 9-~

z ~9- y~-y~
359-s9 ~so

596
5 9tA5-181

.858 ,

' ,a t

I I I I I I I

^-e~74/ 14e
All

X000 i

TD /e l .s o . 3 Ca~~ ; I

A4, Lj
/lCJS, n` TU(

«<

Z~' ,(.7('a3 3 r~ 0/ ~ fu( it.+ ~.J . r.3

i
of /1'0 as

` y
;C



o 7/~~~ Low

AAo, Ofk4187

z199S go - Z91-o

_

65Z .95
70 A9- /--j9L 55Z. 9y_ (ZD7 o, ; a ` ~,. ~~. w

27 ,S /9 0 , S
J71I

o 0 .5 r-~ .'l l LO '

Lr %0c, o^

P

199 - 16 L 90 55" 4c
170 Y3 L

3,59-5 9-7 -5----G-
r _

~70-

~,-ej+r '~R`fC(Ytt. .



1

.,o
~JIV~~l

10

C'3~

l'.{
{~~_{-%t

Z-,-
L

;i6°
hh
_h+7.o>6

{

-

c-~n-O~.Z

S~'~X5-68
-LL/

5-2-,917-:'8/130/

~"rvoZ~-~~~"7

!7{
dy



fiti:s+~''
s 4 .F ~±.~,±~5RVI-S, rt': 'F.

1 'i. 4
fp,:V'.L, w ~,lFf.+i Y it"'I~h!'.F 'Wif.wr~~ f.~a'o.` 4*r ".fit.,D_'2,f' ,s >s.~aS h~ia''it,"~`t,fir. , fir qS'1ISi~f7a`d,'+

a

f

x

V

~S,~~a6S9hh8

59

Cl/7

C,C

GS~S~q"vs-o~`~
LZ~s-6h-9Z8S"L,h-76/,

8l'/ll-zo/-05'7-/-z7,/

L~TBZ~10
fir

//o~~v~~e(,ie7lJpfylt4`,i,`3i
i'/I



7v.!~~.dyr

-

�t

7yy

f~r

iZ~T7~1`~

-r

f f~

9'8/6I6'9
------

L5,916aVnTo 5L.OLL

5s'rh's
~F'61

/-

~.2f7U~Pl~''J}c'~J1'�a~ ~ 4-

t

u'-oCS'9/6~~'s9117
J-

cn

i

B~~57,5 _

. r



i I ~ I 1 1 I

STS ,ls.S /y'1 `3

9Z~ . ! 3
r d~ S.~Y Y ;.'~ 9/ 9- .9)

9Z5 u5
4/.S/ 9z o 9J

1- .51-1/ 5/,/y

I " I I I I i I

. _ T _ . . /%A v~ OI 261D 7

r

. ..~G-~JM
O f l ` :

~J A C ~ 7 j
i

To0. So
9/3 . yZ

i

. . , �.f ~sf



r . r ~ S . » ~ ;'
f ~ I I / 1
Yer ~~~~ C.ontra

T 27

LE~,l/rAr
6.S f"~l "̀s ~e J Esc J _

,S 7'1V ~lo .~ c~ y ~~JS °

a. 9113, yZ -

T, P.s S. z4 7 3q ;';; 6°

7- ~1-9 7 67 z1 7 9,,

3 . o f 4.90 q .

a, J b~

T i' ~8 y. 6 G . y ~o
9/S. v,a

- ._ .90 9/o o~ y/o oy _ .

c" .T~y 70 907

5-7- ~r 5.~a 907,3/ r
9i 9i

. , ~~". , . . �. . �,. .
1,A . ~,y ss,.o ~. 2 . 8 7 910, 0 4

4 .51 y. yo 9oS" z~

y tti xi,;:

IS .T dy
,A A,

.a ¢,/

-~t J 907.3 /
i



I f
~er ;'t' r tL~al v .~ a

90.72 .
/ p`7 y 9' 3 ./0 9

3
77- F 5. 7L S. 07. 91/ V~

t ° 91713
7- -7 .6Z 5 S/ 9//67

9i9. Z c
5-.,97 91.5. y

t : 53 .9 7 53 .98

l

ol~Uw

~~t



v¢ i

0 7 9/3, _
9/9 --

q ~. yy 5. /,V 9/y 35
-- 9ip C3Y

C,

9/ 1_ -74 --

~~. f' /,77 ~. ~~ 7 6 , i .; 9~ . 6 I

9/o
/5 ~' .? n 9o~. 1 -

9c~%1 vC .

8.,,,r3 y" 6z- 9o5. zy 9o5 .zz,

~~, .ti~ 3 y z s
90

905,2Z

S~

I I I I I I I

_. T~e ~ t 1 z.~ ~i

(,~ "i /~~ 4' ~ ~O S" L

`t



.
~L

&~f,/
.
Jt~eJ

. 9o° ~l7 . --
+I SO , 9oq, 9 / y.

- --
gio . 4 q

T 5 .98 3 . 83 906 . 1
9/2.59

7- /0 s . 9~ 3. 5 9 go?,

91y 95 _
1" t 91/

9/7-03

~~ ~ . 59 y y~ 9,~ ~~-
9ie ?I

91Q .`'`
., ..` s. i5 4/. S7 91ti 35

919 .so
6 .06 9)3 .Uy 9~3 .q

t= 79-74 7 9, 7z

I I I I f r I

I

,. .aw,ay-



Ve r

a`~_ S r~ Tss h~- T~5 - ~Eie

,8 . t 3 . y7 z
Q00 iu9 V . 98

_ % /Pi6 y. 55 9 903-71

. ~o90,9 -
e! 90

907 -57
T f'i~y ~! . 09 41,99 9o

Son °~
y. 6 o 5.-5'3 ti `1 _

9a6 . o4 _

7T :r' ' h! 8 41.-75 9~1, 79

£~9 y yo y 9. 9/

' ~~.rtiee ~o o -l - -

. ~i 6 . z ~I 8 9 9 . 9
90 6 . ~5 ---~

è
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t ENVIRODKNE CUSTODY TRANSFER RECORD/LABORATORY WORK REQUEST
ENC71NEERS
12161LOtYlandRd.

/ [~ ~~ ~s
PROJECT NUMBER: 3rOt77~7D(~H,~DATE WORK IN : -~L~-p~ REPORT TO : T Page_)

o1;7-

ST. Louis, MO 63146
1314) 434-6960 REQUESTED BY : L C- 01,E RECEIVED BY : ~1 YDUilrg DATE REQUIRED : /

CPFCIAI INSTRUCTInNS- MElXLS'_ A,/s6 P/` /"rl- AHA,I/, . S,-
7-- ~V ANALYSES REQUESTED

' SAMPLE IDENTIFICATION

LAD NO .
SITE CODES

SAMPLE DESCRIPTION

DATE

COLLECTED PRESERV. CONTAINER
~. p
O O '` COMMENTS

1 R13-7 situ 6 1-13-Y7 6
Z - -

j / ~Lf' /\ - r

° - ~0~ X
5

--
7 hUP Sao

-
_.L., xy

6
' V'

~2~!

-7 SAmP1-1N6 6aAw 1 x
10 N~s X

L~L~
13 -/ ELL
14
15
16

ITEMS TRANSFERRED RELINQUISHED BY Date Time RECEIVED BY Date Time REASON for TRANSFER

ip c'

D 0"W/1 - ---- 3'.S5

9 l' 8~7 _~ Z00
-

oC~ 8-~ '
,

y A~n 500 ThK

DISTRIBUTION! WHITE -50MPIQfoUS1001orn r,nR--oltc . ~a ...Qw,

YELLOW- Records GOLD-Field Copy



- _ ENVIRODYNE CUSTODY TRANSFER RECORD/LABORATORY WORK REQUEST
ENGINEERS ~ ~

I 12161LeoklondRd. PROJECT NUMBER: ,p7yDD~~ GATE WORN IN : 1-1 1-1-97 REPORT TO : 7-177L PepV2of4Z
' ST. Louis, MO $3146

(314)434-6960 REQUESTED BY : SI ` c.r(/~ RECEIVED BY : DATE REQUIRED :'1' y

S PECIAL INSTRUCTIONS: /~~~ = t~ LSE

W

1

_3
_4
5
6

_8
_9
1_0
_11
_11
_13
_14
_15
16

SAMPLE IDENTIFICATION

LAB NO .
SITE CODE/ GATE

SAMPLE DESCRIPTION COLLECTED PRESERV. CONTAINER

)e6-1 .SP,-,r ideal 1-1.3-87 Cot-,b

-'-1 UJEtt
X

ANALYSES REQUESTED

COMMENTS

ITEMS TRANSFERRED RELINQUISHED BY Date Time RECEIVED BY Date Time REASON logy TRANSFER

PC 1~
7

/

GL .C1!!C -42_

v l ` -v . , d ~'f' ~'s~'I,S

DISTRIBUTION, WHITE -SampleCustodlon PINK- Prolecl Manager
YELLOW- Records GOLD-Field Copy
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CUSTODY TRANSFER RECORD/LABORATORY WORK REQUEST

, ;~treklena . PROJECT NUMBER :3bb7 "4t002, DATE WORK IN : ( 3~' REPORT TO : Page!ofLeC
#T. Le01" , U0 631"f
(31+) 43+-6990 REOUESTED BY ; -S QL. C~CY RECEIVED BY : DATE REOUIRED :

:CIAL INSTRUCTIONS : PW Sn-A g~~ SRO n~/4T~Cs /jr/~1. a C~}/~ ~.+rS

Gofer- SET-A<- I ` l`~~5'~w~D AleT/kl'~N I r . ANALYSES REQUESTED

SAMPLE IDENTIFICATION y~,t~ t- P

F LAO NO .
SITE CODE/

MPLE DESCRIPTION

DATE

COLLECTED PRESERV. CONTAINER
n` ` l/
. ~~ COMMENTS''

1 : .,Z~J~ WEU-A- ' . 3 Y Z~ G s G
iZ G -Y - - =r l~ 7_~ cI . U
R~1 __ (~Pts

_ _
GZ, T P - - - A~ 13~C~- C~ t~6 , ,

4 FIG -1.
r

'' to 1i l . /l to at r r

_l!~ A~~_a
K G -1 5 -, + 1k- - ui I~l ~-~- Zx 0Yc' l
R G - l,f:S Z ti ~l~ v X

10 A^9
11 -Cz - W~~c.~+ H tQ Z ~ &TC( tRo~c 4~Gc.wz6"
12 2
13 ,C C - H 1'jo~ - 1-c Tr' A. ;
14 ~(1 - ~- ~, , r r tr e . i< <~ u < <

15 T 1 SZ Arrvw(3
16

- -L .uve~ ~~Aw - N_"i-a. ~-~ W-~ (J -
ITEMS TRANSFEVRED RELINQUISHED BY Date Time RE EIVED . BY Dale Time REASON for TRANSFER

-~1~~
I�,`(. .

DISTqI8UTI0N° WHITE -SOmDI " Custodian PINK- Pea 100 MOnOp " r
/QJl T !7r/'!rl~+{1~ fGfZt-i "L,~ , ~ ~f~ Y/ ~~_~ YELLOW- Records 001_0-Field Copy



_ CUSTODY TRANSFERTRANSFER RECORD/LABORATORY WORK REOU6T,
PROJECT NUMBER : ~k O ~'r - I l

av;
DATE WORK IN : ~1 REPORT TO : Pe a o1_

Mj.AtMr~r "" 0 " 0
6rtrtu.~061146

q,4r .34-6060 REQUESTED BY : S T L Q E RECEIVED BY : DATE REQUIRED :
r /~p

t~I r~~t'~I~AI.E a12c+at1~T~G ;/N/~LvC/ f3oN~'I WA. .. rueTAUCTIONS

__~a ImgT,40 9 Orj 3 ; SS:zt1ud0 1s'16 -71k. S 8 Ar4 ANALYSES REQUESTED

SAMPLE IDENTIFICATION
F

1 L 3
12

l++r LAB N0 .
SITE CODE/

SAMPLE DESCRIPTION

DATE

COLLECTED PRE3ERV. CONTAINER
01

$y
/ //

COMMENTS
/

1 R - :~ I c. .1 ? 6 ' I 3 Z A t, T C; 1 ~( PE T2~ (.EC,t w~ K cancI ~Rrs;~r s
2 1Q - I c( 2-x -qj..-e _V

-
-

3 ~(Zl> _ N,w~ 01 1 P I RS R~_:, cr t ~b A m s~
4 (~(~ _~ I L vl r~ I II It tl l~ r~ I< <<' rr

s
R~3 --i- - _ ct: l d I A~_

TG I
x

'PETea Lcu1,, N : ~~~ c.la,:,
7 ~3 ~.~~ z 2 u,,.

`` ~~ p 1 c. T P I x As Bx'G C&. Pb r5~-
s r~t3-T 1)" l> A/ J,
10
11 ~' (3 -~{ S I ~~ g44,.k 'L L ( ~, C, ot~u.~. N o c/~et5~rs

112 y x `
13 C.d b , Se

114 I ( I . rr rl t I r, I! "c"

L15 1 \V L J Amp
16 -

.

ITE1A3 TRANSFERRED RELINQUISHED 8Y Dole 71me RECEIV D BY Dais Time REASON for TRANSFER

I-

I
DISTRIBUtIONWNItE -Sample Cuirodlon PINK - prolrtl Manaqtr

f1 I,( N!'~ Q~~/n /
YELLOW- Rttordt GOLD-field Copr
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ENVIRMNE CUSTODY TRANSFER RECORD/LABORATORY WORK REQUEST
ENGINEERS

_ 12161LoeulondRd . PROJECT NUMBER ; ,0167yX;2y DATE WORK IN . /, /b-,R7 REPORT 70 : 7A-n Page I oil
_ 9T.Loulu,M083148 r~~n

(31+) 434-6960 REQUESTED BY : STL L~SFfWERECEIVED BY : YUONC`7 DATE REQUIRED :

SPECIAL INSTRUCTIONS : h7ETAL,5 =45 . /-le, 11-7e, . '5e-
ANALYSES REQUESTED

SAMPLE IDENTIFICATION '--J

LAS NO .
SITE CODE/

SAMPLE DESCRIPTION

DATE

COLLECTED PRESERV. CONTAINER
t~(J~~ U

COMMENTS

1 Q6-a cJCLia 1-15-9 7 e- x ~V,

- -3 /C X4 i ..~ -p

5 A\ Fc.06 - ~ 3 can~D.W X
s ~'

a ~ ,
s
to
11
12
13 --
14

--- ----

15
16

ITEMS TRANSFERRED RELINQUISHED BY Date Time RECEIV D BY Dole Time REASON for TRANSFER

A 4 V,
.~3 7 c_<~,7<- 1-; (530

l01 Nf 1704 ~~ l- -d

DISTRIBUTION! WHITE -SampleCU71001on PINK- Pro loci manager
YELLOW- Records GOLD-ri " Id Copy
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ENVIRODYNE CUSTODY TRANSFER RECORD/LABORATORY WORK REQUESTE
I

NGINEERS
I La 1 4

NUMBER :01111,
a

"
1 .

.

mo e

PROJECT -3 " DATE3

- L'

4
3 .

694

121671 Lackland Rd . -~ WORK IN : REPORT 10 : Page of
ST. Louis, MO 63146

RECEIVED By . DATE REQUIRED :(3141434-6960 REQUESTED BY :

SPECIAL INSTRUCTIONS O 'ur;"L-' /At (ait.tfrf;: :+S Zohlt7i C 5

.~~ 11ACAL ~~ - 0' c NCO G?Yl s d,dk~ ANALYSES REQUESTED

SAMPLE IDENTIFICATION j,

LAB NO .
SITE CODE/

SAMPLE DESCRIPTION
DATE

COLLECTED PRESERV. CONTAINER b COMMENTS

- - - w Z I -1.1 iJ zx qo,j v.
2 Z(~ -Z- ._

Ivo I tk ZK QTCI 1-l A~, AlLr
3 -~-Z

_

4 2 -7 - Z,

+
I ~( (I G l ~' t ' 1

5 ~, - Z ' v U j/ .tack M2~c A
6 L~r'r"T,i, z .;

~
Co cl -l

_
Zxdov.Q

-T P s g~: C:r ( ,h p
'IC U 7 I I x t! l~ A Li r : L~ t. I .

10 - - -
11

-12
13 ---- --
14

-15
--- - -

16

ITEMS TRANSrERRED RELINQUISHED BY Dais Time RECEIVED BY Dots Time REASON I r TRANSFER

v04 7 /447 I so Avul'w Z- I l_-LE ~SCc~ ~--0

i _ 1\ it - 1,~ OISTRIBUiION WHILE --
Records

PINK- Proj e ct Manager

4" tl/^-,((~-y`1w cl ~~r~ kl-tiJL'~`~IJ' YELLOW- Ord! GOLD- Eltl
d

CopyIlll' 1 ~JJJ" °~/~~)Y~dJ-1



D~ Z f~ - IZ Aco
ENVIRMNE

_
CUSTODY TRANSF ER RECORD/LABORATORY WORK REQUEST- ENGINEERS

12161LacklondRd .

-3 Ob "a-
PROJECT NUMBER : 40c) ?-Ii DATE WORK IN : / -L/-

'~
REPO TO : y ~~S Page of J

ST. Louis . MO 63146
(31 14-6960

,.
REQUESTED BY : SYL C,yl; RECEIVED BY : C`7 DATE REQUIRED: o~

ITEMS TRANSFERRED RELINQUISHED BY Date Time RECEIVED BY Date Time REASON fo TRANSFER

7 IZ j 4Jo ) /

7 _ - >
_

Ap T~ l>-`~
~1 ,Z 9 ~oy5 1i~1 pL_

1Z
_

l~a 1 U 1~S- - --- ---- _ -_
DISTRIBUTION! WHITE-SonplaCusladlan PINK- ProJoel Manager
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,'IC!

- ENVIRODIYNE CUSTODY TRANSFER RECORD/LABORATORY WORK REOUEST
o_ ENGINEERS 3 o64 ~

IlI61LaetlandRd. PROJECT NUMBER : OU'ZS DATE WORK IN : (/v REPORT 10'. /C S P~pe_OI_~
ST. Louie, MO63146
(314) 434-6940 -REQUESTED 8Y : STtr COI. RECEIVED BY : KJAIA DATE REQUIRED : 24

PECIAL INSTRUCTIONS: Pi-r eAPLE H14-Lc~epRg:~wL iZemR ' S
Z ~11ETIILS % wkw. C1k :uw. CSt,,f. C Ro ' CERit3 W1MC112 SC AI S,, .(.VC` R- ^Z ANALYSES REQUESTED

SAMPLE IDENTIFICATION O t

LAB NO .
SITE CODE/

SAMPLE DESCRIPTION

DATE

COLLECTED PRESERV. CONTAINER P ' m
y GJoe OMMENTS

IL l7 - 4 S,cT_Lcli N V t ='~3 ff6 ~-U C1 Z J `C Op ,p~f'

2 4 ,C CL1 PE71?0LE,,, A ~rJCA4e0
3 Q -4 _ Nd3 T PL BA As (&-CJ ph SSe, A
a

-- -
,, I, ,

5 v` R'`~ _ Q'I3 L c- 0.7 A t% B _ rN PO-60_-
40Jv,h_

,U `' 2B~S M ek ,< aT G ET~o~~4~. ~l ~~ ~~~
- --- Ra-~ H o, WT PL_ 9a, A CC 0 Pb N s
g V_ 7ZQ- S' ~, a ,

0
a n r~ 1, II r, I

10 -1zy -S _ 1 4 T A .5c4 dM-N'~ tnl f~2.~P
1 r V - G I

_
Zk401.E V, AL

12 I g b I~-~.J_~- /. QT (-+ l
13 ~i3 . 6 - Via ; Q & ( 'A As u td N5 4 Se d
14

9

0 ,< <I I,
115 u C.~ L C-( Arc J^Je r
~s ±

1 1 - n::J

ITEMS TRANSFERRED RELINQUISHED BY Date Time R CEIVED BY Date Time REASON for TRANSFER

145, 3 4u~ l'

5 1 )0) /5 If IOV5 "I'

' ln,y..-- .̀ \~ 11 t5J 6~i l~ tl 67
;41

-p
e �(u SCD /A _e . Jug) _/_ _ ~~. DISTRIBUTIONS WHITE -Sample Custodian PINK- Project Manager

-..LJ!lr11J r.�,p,/ .~ I ~7 FCC JJ,L~V. Y IV, ,~ YELLOW- Records GOLD-Field Copy



I' I !I ( ^ I I I I t I `~72i4co I C I " J ! I

1~'~'l ' I I r`
ENVIRMNE
ENGINEERS

CUSTODY TRANSFER RECORD/LABORATORY-1, WORK REQUEST_l Vr
12161LocklandRd.

uG C
PROJECT NUMBER : 1ovLj DATE WORN IN : 046

7 2
REPORT TO : TEL Page Jo1J

6T. LoaIs, rro63146
(314) 434-6960 REQUESTED BY : ~(-(, 6GC RECEIVED BY :

~ - -
DATE REQUIRED:

1 ~~
ECIAL INSTRUCTIONS: ?V1`e,4A6LE ItAkoCRRQU,,IARor~h71L,

. ~~~~CS ;~AQ,~lxa..CIQd'" La I^~(town',~.^N. a2 'n-,46, n /11t Q Sc( l4`^,/ Z ALYSES REQUESTED

SAMPLE IDENTIFICATION

_
LAB NO .

SITE CODE/
SAMPLE DESCRIPTION

DATE

COLLECTED PRESERV. CONTAINER
,,
~'~ m ~A g COMMENTS

1 WELL Ird414q^l,r,~_,. IWAra IZ73/dL 3-,~ C3 I c~ ZA40S V.AL x

{-1 U I2A Q T C, RoCA¢pT

ry
__ _

Q T ~'
_

g C.r Cd k s P6 NJse
q ~~- I

-
l H r, r, ~, 1 b . I

5 _C ..o I d ,Aw,~~~ cbms Jaw . IV
6

a
s
to _

'11
11
13
14
15
16

ITEMS TRANSFERRED RELINQUISHED BY Date Time R CEIVED BY Date Time REASON for TRANSFER

45-

J IZ O ~~` " U1h

r~r I l
_

GltiL~--

40 L'~ n I rr la 1T <~ " ~1 " CT ` V _'----- _ --
1

/ r ,IS /`e.~u5tD
C`

�r n~) QILI DISTRIBUTIONS WHITE -Sample Custodian PINK - Pro )Oct Manager
I r bi f, 1 /~ .7 ~1` l~+R''1 YELLOW- Records GOLD-field Copy
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ENVIRMNE CUSTODY TRANSFER RECORD/LABORATORY WORK REQUEST
,~ ENGINEERS ,/~ y '-~
` D_ 161Loc111dndRd . PROJECT NUMBER30t 1'140~~ GATE WORK IN : J'7 U PORT TO : /v Pepe_Lof

ST . Louis,MO 63146

(

I

Y : 71- f5-97314) 434-6960 REOUESTED 8 RECEIVED BY : DATE REauiAED :

SPFCIAL INSTRUCTIONS : lI ) '1 UM2. AF) Lc: N"L G a~(~~ "+ ? IAA: -%N'I
~'~(.~X. I~~ ~~I-S OK'-TC`~-'S~ 3 I (IZ-L,(;(~.~"" K Ct:Pv ~~wS ANALYSES REQUESTED

SAMPLE IDENTIFICATION I
W LAB NO .

SITE CODE/
SAMPLE DESCRIPTION

DATE
COLLECTED PRESERV. CONTAINERz'AA 01j V. _w jj

COMMENTS

2 5 s~,( _PA1) -- I

s S .1 'LSvc1_4 8~. (4-, ~b
7 13-T

4

- -
1z v F

8 S ~ Iv 4- v

to

12
13
14

--- -- --

15
is I l l l l l l l l l

ITEMS TRANSFERRED RELINQUISHED BY Date Time RECEIVED BY Dale Time REASON for TRANSFER

13 UANN /-M l3so- -- - /07).7 1115
-- _

- --r'ev~= i41~ ~~ '/ Y~6 t
'A--

r 1-097 IS3D ' vsz._','
DISTRIBUTIONS WHITE - Cu7lodipn GOLD- lec' -09g,

/-~,(J C~TJ ~')`{/y~ ~Y'`+ K~(fVy"(/11J~--L' Xy,~ y 11 ~L~C ~ YELLOW-- Records GOLD- Fie ld Copy



1 I I t~" ' ~~~ r " ~ ( 1 I I I I I
v

r III"/

CUSTODY TRANSFER RECORD/LAB RAT RY WORK REQUESTJ)
. T 3 06 -- 4 tic" Lt'y' PROJEC NUMBER : 3 C GATE WORK IN ; I REPORT TO : Pepe~of

,=o.00 e3i+s G
.soap REQUESTED BY :

1"
~TC~'COL RECEIVED 6Y DATE REQUIRED : 2-1 1-57

fplP ' f~ , ,
eA

,,~
W61AL INSTRUCTIONS :

n
I'" A I`lt~LlJ 2l~~NS Lv+~A

,,I
;,

.,~
Il` .~

F LAB NO

1

2
3
4 i _
5 '
6

8 '
9
10
11
12
13
14
15
16

:in ki
v -

SAMPLE IDENTIFICATION /

SITE CODE/ DATE
V

_
SAMPLE DESCRIPTION COLLECTED PRESERV. CONTAINER

.S I r I /~T~T I ~t 1 ~1 24

S-~ ',v

S-8 I

v

ANALYSES REQUESTED

COMMENTS

5 C

ITEMS TRANSFERRED RELINQUISHED BY Date Time RECEIVED B Date Time REASON for TRANSFER

l 7~U~' 1 1~~_ I~ 1 S

_ 1 - , y~ _ ~~- ,~,oo c d -
- - ;7 //,;'o C
3 l~~'7 I/530 h .CLr-~n o,~. h

I ~ `~ oc~A~R

I DISTRIBUTION4 WHITE -Sample Custodian PINK- ProJoel Manager
YELLOW- Records GOLD-field Copy



- ,_ ENVIRODYNE CUSTODY TRANSFER RECORD/LABORATORY WORK REQUESTENGINEERS 3 Obi - _
12161Lac11eadRd . PROJECT NUMBER : QOQZ,S DATE WORK IN : - I~~~gr~ REPORT 70 6ELS Page

. ST. Loele,M063146

(314) 434-6960 REQUESTED BY : SYL COC RECEIVED BY : IDATE REQUIRED : 2 -6-8
SPECIAL INSTRUCTIOND Pw A&c: C~~oQIqRIS~rS v^ ti T'L-.i

T lr~LS : seN ;t gRv'.I ...,n (pro ; Wk Sk6vl ~~7~Iu~12 ANALYSES REQUESTED

SAMPLE IDENTIFICATION
'

LAB NO .
SITE CODE/

SAMPLE DESCRIPTION

DATE
COLLECTED PRESERV. CONTAINER

lJ G

xs
C'L
GC

1 COMMENTS

1 5- 5~ . ( ZZ'=Z6" e6 ~;e I 2x~~~' yh~ _
2 b`~~' ~ZS~F _ 4a1*.Q V, 44(-
3 (Z S ~ Z504 AwB a CI ,C~ A , Fl 6 5 A

_ y._ -_ 'TI2~tc.w»- J~r~9eso1..r
5 - 57 1S 3~, 2 A40.,X V14-t.

6 -s'
_

4 of VVlk )Z
7 5~ Z ;`owe OrxR (3c . cd er A. p6 sa R
8 Z,5' S ~( ~, (V l7-i2~Lew. . It c1,e4Aadw

10 - 4( uj 1!1ALI
11 S' Z~h,.eAhtg 13~. Cj Cr, fps K Pb S~
1? alro(+,I~llG6
13 X11 ,~,5- I i 3~ 2,,c 4QJY1
14 S.} --- j Vi aLIto
15

_
2SU,,.2 gr,~ { r ~6 S~

16 ~2. S- ~] V Q
_ _

- U L/a~ ICI,~.,~. K y

ITEMS TRANSFERRED RELINQUISHED BY Dole Time RECEIVED BY Date Time REASON lo, TRANSFER

z0 Atr
oy

lam
F
/

v~, ~ DISTRIBUTION' WHITE -SompleCusladlon PINK- Pro jeclMonaqer

/ ~A70r / i! ! . . ~l~- .?~ r'~



- CUSTODY TRANSFER RECORD/LABORATORY WORK REQUEST

1°MW11.0olr16"ine. PROJECT NUMBER: 4007 ~ DATE WORK IN : REPORT 70 : -~zS Pepezol Z
.�: $7u9l..ro 63144

(31+)434-6960 REQUESTED BY : 57L C.*6 RECEIVED BY : i DATE REQUIRED :

IAI. INSTRUCTIONS : l;/ (I"~~I Q Age N4~Vfdw11/,4Ryw~T,`S.!$FPEC~~
_r,x #'Ie C ' /1 11: Ae w." C~. iw- (-,?,4;) C ' ' ;4y0R ANALYSES REQUESTED

. SAMPLE IDENTIFICATION U P (1~ E

LAB NO .
SITE CODE/

SAMPLE DESCRIPTION

DATE

COLLECTED PRESERV. CONTAINER
L
f3

1~
1

T
COMMENTSL

COW Zx q0y4
p~~ ~Z - Z _ ~, v~~a~

3 25- L -_ 2_5"u .-i4W6 X
_

8.~ Cd Cr ~b I~5 N
4 S Z _ Z _ ,~, cl!'.~td N dro & Bold
5 IZS- 3 Z x4(;JV;al. )(
6 7'~ s-3

_
Zi09V141 X

R5-3 . - Z Su r-4 4Irc 8u Cd Cr Pb AS A , K , 5e_95-3 v I Iu ~r 74 ~n~ C
9 - - Z30 Zx ~tJI,,.~Q Uid
10 iv ,~. S- - ~(,.-.r I;jlc=
1l Cf P6 4s ,I/ct, Se
?

-

,,

13
14

-15 - -

16 I I H+ I I I I I I I - J
ITEMS TRANSFERRED RELINQUISHED BY Date Time RE EIVED BY Date Time REASON lot TRANSFER

3 iC.~ 1 Z Z ~J~
42 K~ 16M

_

1-
-( Z lCJ ~ c . z , Z,-' l_.!°

~IL
- -

~I U- - ------- -
idao

I~ ---
I'~S rWfAAAaj DISTRIBUTION! WHITE -SomDIeCoslOdlon PINK-ProJoel Manager

~ M~17.~A-~
_A"

YELLOW- Records GOLD-yield Copy
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ENVIRODYNE 12161 Lackland Road,

ENGINEERS S lours, M,!ssoun 63146
(3,14) 434-6960

March 20, 1987
3067-40024

Mr . John B. Hallquist
Authorized Representative of the Contracting Officer
US Army Corps of Engineers

- St . Louis District
210 North Tucker Boulevard
St, Louis, Missouri 63101

u Re : Delivery Order No . 4
Contract DACA 87-86-D-0045
Results of Laboratory Analyses

Dear Mr . Hallquist :

Enclosed please find results of all laboratory analyses of field samples and
QA/QC samples for the Subject Delivery Order .

Very truly yours,

-- Thomas M . Lachajczyk
Program Manager

TML/jag

CC : HNDED-PM
MRDED-L
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10
TABLE 4-?, . SUmAR1! or RESULTS Or TE9riNG AT GROUNDWATER MONITORING WELLS tOR PURGEAHLE IIALOCARSONS AND AROMATICS

(Results in uq/1)

RG-1 Travel
Sites RG-1 Split RG-2 RG-3 RG-4 well Installation Blank Lab Blanks

Parameter Datesa .1129 1/28 12/15 12/15 12/19 Water 12/17/86 1/29 12/17 1/28 1/28 1/29

Benzene <0.5 <0 .5 <0.5 <0 .5 <0.5 <0.5 <0 .5 <0 .5 <0 .5 <0.5 <0 .5
HromoforTA <3.2 <3.2 <3 .2 <3.2 <3.2 <3.2 <3 .2 <3.2 <3.2 <3.2 <3 .2
Carbon Tetrachloride <1 .5 <1 .5 <t.5 <1.5 <1 .5 <1.5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
Chlorobenzene <0.6 <0 .6 <0.6 <0.6 <0.6 <0.6 <0 .6 <0.6 <0.6 <0.6 <0.6
Chlorodibraeomethene <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2 .0 <2.0 <2.0 <2 .0
Chloroethane <2.4 <2 .4 <2.4 <2.4 <2.4 <2.4 <2 .4 <2.4 <2.4 <2.4 <2.4
2-Chloroethylvinyl Ether <5.9 <5.9 <5.9 <5.9 <5.9 <5.9 <5 .9 <5.9 <5.9 <5.9 <5 .9
Chloroform <0.8 (0.8 <0.8 <0.8 <0.8 <0.8 <0 .8 <0.8 <0.8 <0 .8 <0.8
Dtchlorobraesomethane <1.1 < 1 . 1 < 1 . 1 < 1 . 1 < 1 . 1 < 1 . 1 < 1 . 1 < 1 . 1 < 1. 1 < t. 1 < 1 . 1
1,1-D1.chloroethane <0.8 <0 .8 <0 .8 <0 .8 <0.8 <0.8 <0 .8 <0.8 <0.8 <0 .8 <0.8
1,2-Dichloroethane <1 .5 <t .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
1,1-Dichloroethylene <1.9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <t .9 <1 .9
1,2-Dtchloropropane <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 (1 .5 <1 .5 <1 .5
1,3-cis-Di.chloropropylens <1.5 <1 .5 <1 .5 <1 .5 <1 .S <1 .S <1 .5 <1 .5 <1.5 <1 .5 <1 .5
1,3-trams-Dichloropropylene <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
Ethylbenzene <0.4 <0 .4 <0 .4 <0.4 1 .5 <0 .4 <0 .4 1 .0 1.0 0 .8 1 .1
Methyl Bromide <1.5 <1 .5 0.5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
Methyl Chloride <1.6 <1 .6 <1 .6 <1.6 <1 .6 <1 .6 <1 .6 <1 .6 <1.6 <1 .6 <1 .6
Methylene Chloride S.S 4 .9 3 .5 3 .8 4.6 22.0 7 .0 14.7 17 .1 22 .3 10.4
1,1,2,2-Tetrachloroethane (1.4 <1 .4 <1 .4 <1.4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4
Tetrachloroethylene <t .5 <1 .5 <1 .S <1 .5 <1 .5 <1 .S <1 .5 <1 .5 <1 .S <1 .5 <1 .5
Trichlorofluoromethane <i.3 <1.3 0.3 0.3 <1 .3 0.3 <1 .3 <1 .3 <1 .3 0.3 <1 .3
Toluene <1 .0 <1 .0 <1 .0 <1.0 1 .9 <1 .0 <1 .0 0.0 <1 .0 (1 .0 <1 .0
1, 2-trams-Dichloroethylene 0.5 <1 .5 <1 .5 <1.5 <1 .5 0.5 0.5 0.5 <1 .5 0 .5 0.5
1, 1, t-Trtchloroethans <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <t .2 <1 .2 <t .2 <1 .2 <1 .2
1,1,2-Trtchloroethans <1.6 <1.6 <1.6 <1.6 <1 .6 <1 .6 <1 .6 <1 .6 <t .6 <1 .6 <1 .6
Trtchloroethylene <1 .3 <1 .3 <1 .3 3.0 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3
Trtchlorofluoromethane 0.2 (1.2 <1.2 <1.2 <1 .2 <1.2 0.2 <1.2 <1.2 0-2 <1.2
Vinyl Chloride <1 .2 <1 .2 <1 .2 <1.2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2
Unknown 7.3 5.8 6.6 10.0 7.1 6.6 6
2-pentene,3,4,4-trimethyl- 3 .4
t-pentene,2,4,4-trimethyl- 20.8

NOTE : 812/1986 or 1/1987 Date of Analysis



TABLE 4-11 . SUMMARY OP RESULTS OP TESTING Or MISSILE SILO SITES FOR PURGEABLE HALOCARRONS AND AROMATICS
(Results in ug/1)

RB-7
Sampling Travel

Sites RB-1 RB-2 RB-3 R8-4 RB-5 RB-6 Blank Plank Lab Blanks
Parameter Dete :a 12/15 12/15 12/15 12/17 12/17 12/17 1/28 RB-7b 1/29 12/15 12/17 1/28 1/28 T/2-9

Benzene <0.5 <0 .5 <0 .5 6.0 <0 .5 <0 .5 <0 .5 <0.5 <0 .5 <0 .5 <0 .5 <0.5 <0 .5
Bromofore <3.2 <3.2 <3.2 <3.2 <3 .2 <3 .2 <3 .2 <3.2 <3 .2 <3 .2 <3 .2 <3.2 <3.2
Carbon Tetrachloride <1 .5 <1 .5 <1 .5 <1 .5 <1 .S <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
Chlorobenzene <0 .6 <0.6 <0 .6 <0.6 <0 .6 <0 .6 <0 .6 <0.6 <0.6 <0 .6 <0 .6 <0.6 <0.6
Chlorodibromomethans <2.0 <2.0 <2 .0 <2.0 <2 .0 <2 .0 <2 .0 <2 .0 <2 .0 <2.0 <2 .0 <2 .0 <2 .0
Chloroethane <2.4 <2.4 <2.4 <2.4 <2 .4 <2 .4 <2 .4 <2.4 <2 .4 <2 .4 <2 .4 <2.4 <2.4
2-Chloroethylvinyl Ether <5.9 <5.9 <5.9 <5.9 <5 .9 <5 .9 <5.9 <5.9 <5.9 <5 .9 <5 .9 <5.9 <5 .9
Chloroform <0.B <0.8 <0.8 <0.8 <0 .8 <0 .8 <0 .8 <0.8 <0 .8 <0 .8 <0 .8 <0.8 <0.8
Di chlorobromomethane 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0 .1 0.1 0.1 0.1
1,1-Dichloroethane <0.8 <0 .8 <0.8 <0.8 <0 .8 <0 .8 <0 .8 <0 .8 <0 .8 <0 .8 <0 .8 <0.8 <0.8
1,2-D1.chloroethane <1 .5 <1 .5 <1 .S <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
1,1-D1.chloroethylene <1.9 <1 .9 <1 .9 <1.9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9
1,2-Dlchloropropene <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
1,3-cf.a-Dichloropropylene <1 .5 <1 .5 <1.5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1.5 <1 .5
1,3-trans-Dichloropropylene <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .S <1 .S <1 .5 <1 .S <1 .5 <1 .5
Ethylbenzene 1 .0 <0 .4 <0.4 <0 .4 1 .1 <0.4 0.8 <0 .4 1 .2 1.1 1 .0 1 .0 0 .8
Methyl Bromide <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1.5 <1 .5 <1 .5
Methyl Chloride <1 .6 <1 .6 <1.6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6
Methylene Chloride 9 .7 16 .7 8.2 20 .4 29 .4 12.1 6.2 7 .0 22.7 15 .2 17.1 14.7 22 .3
1,1,2,2-Tetrachloroethans <1 .4 <1 .4 <1.4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1 .4 <1.4 <1 .4 <1 .4
Tetrachloroethylene <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
Tr 1 chlorofluoromethane 0.3 0.3 <1 .3 0.3 <1 .3 <1 .3 3.2 0.3 0.3 0.3 0.3 0.3 <1 .3
Toluene <1 .0 <1 .0 <1 .0 1 .2 <1 .0 <1 .0 9.2 <1 .0 1 .2 <1 .0 <1 .0 <1 .0 <1 .0
1,2-trans-Dichloroethylene <1 .S <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1.5
1,1,1-Trichloroethane <1 .2 <1 .2 <1.2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2
1,1,2-Trf.chloroethane <1 .6 <1 .6 <1.6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6
Trfchloroethylene <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3
Trichlorof luoromethane <1-2 <1 .2 0.2 <1 .2 <1-2 <1 .2 <1 .2 0.2 <1 .2 0.2 <1 .2 <1.2 0.2
Vinyl Chloride <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2
Additional Peaks:
Unknown Hydrocarbon 8 6
Unknown >S.0 6 .6 7 .1 10.0

NOTEt 212/1986 or 1/1987 Date of Analysis .
bRB-7 not analyzed



TABLE 4-12 . SUM14ART O!' RESULTS Or TESTING AT SOIL SAMPLIIIG SITES FOR PURGEABLE HALOCARBORS AND AROMATICS
(Results in ng/g)

RS-9
RS-1 RS-7 Soil RS-8 Travel

Sites RS-1 Dup. RS-2 RS-3 RS-4 RS-5 RS-6 RS-7 Rerun RS-8 BkGd . Knot Blank Lob Blanks
Parameter Datesa 1/29 1/29 12/15 12/15 12/19 12/12 12/12 12/12 12/12 1/28 12/15 1/29 1/29 12/12 12/15 12/19 1/28 1/28 1/29

Benzene <0 .5 <0.5 <0.5 <0.5 <O .S <0 .5 <0 .5 <0 .5 <0 .5 <O.S <0 .5
8romoforu <3.2 <3.2 <9 .2 <3.2 <3 .2 <3 .2 <3 .2 <3 .2 <9 .2 <3 .2 <3.2
Carbon Tetrachloride 0.5 0.S <1 .5 0.S <1 .5 0.5 0.5 < 1 . 5 0.5 0 .S 0.5
Chlorobenzene <0.6 <0.6 <0.6 <0.6 <0 .6 <0 .6 <0 .6 <0 .6 <0 .6 <0 .6 <0.6
Chlorodibromomethane <2.0 <2.0 <2.0 <2.0 <2 .0 <2 .0 <2 .0 <2 .0 <2 .0 <2.0 <2 .0
Chloroethane <2.4 <2.4 <2.4 <2.4 <2 .4 <2ti4 <2 .4 <2 .4 <2 .4 <2 .4 <2.4
2-Chloroethylvinyl Ether <5.9 <5.9 <5.9 <5.9 <5.9 <5 .9 <5 .9 <5 .9 <5.9 <5.9 <5 .9
Chloroform <0.8 <0.8 <0.8 <0.8 <0 .8 <0 .B <0 .8 <0 .8 <0 .8 <0.8 <0 .8
DI chlorobrowaoethene 0.1 0.1 <1 .1 0.1 (1 .1 0.1 0.1 0.1 0.1 <1 .1 (1 .1
1,1-Dichloroethene <0.8 <0.8 <0.B <0.8 10.8 <0 .8 <0 .8 <0 .8 <0 .8 <0.8 <0.8
1,2-Dichloroethane <1 .5 <1 .5 <1 .5 <1 .S <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
1,1-Dichloroethylene <1 .9 <1.9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9 <1 .9
1,2-Dichloropropane <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
1, 3-cie-Dichloropropylene < 1 . 5 0.5 < 1 .5 < 1 . 5 < 1 .5 < 1 . 5 < 1 . 5 -0 .5 0.5 < 1 .5 0.5
1,3-trane-Dichloropropylene <1 .5 <1.5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
Ethylbenzene <0 .4 1.1 <0.4 <0 .4 <0 .4 8 .4 5.8 0.6 1 .0 0 .7 <0.4 1 .2 <0 .4 1 .0 1 .0 0 .8
Methyl Bromide <1 .5 <1.5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
Methyl Chloride <1 .6 <1.6 <1.6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6
Methylene Chloride 130 .6 28.3 42.8 36.2 36.2 24 .7 21 .3 50 .9 54.5 25.5 19 .5 4.0 7 .0 15.2 22 .7 10.4 14 .7 17.1 22 .3
1, 1, 2, 2-Tatrachloroethane 0.4 <1.4 0.4 0 .4 0.4 <1 .4 0.4 <1 .4 <1 .4 <1 .4 <1 .4
Tetrachloroethylene <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5 <1 .5
Trichlorofluoroeethane <1 .3 <1.3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 5.2 <1 .3 <1 .3 <1 .3
Toluene 9.7 3 .6 1 .1 <1 .0 <1 .0 <1 .0 <1 .0 2 .4 2 .4 <1 .0 9.0 <1 .0 1 .2 <1 .0
1, 2-trang-Dichloroethylene $1 .5 <i.5 < 1 . 5 (1-5 0.5 <1 .5 0.5 <1 .5 <1 .5 < 1 .5 0.5
1,1,1-Trlchloroethane <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2
1,1,2-Trichloroethane <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6 <1 .6
Trichloroethylene <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3 <1 .3
Trichlorof luoromethane 0.2 0.2 <1 .2 <1 .2 0.2 <1 .2 0.2 0.2 0.2 0.2 <1 .2
Vinyl Chloride <1 .2 <1 .2 <1.2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2 <1 .2



TABLE 4-12 . SUMMARY Or RESULTS O! TESTING AT SOIL SAMPLING SITES FOR PURGEABLE HALOCARBONS AND AROMATICS
(Results fn nq/q)

(Continued)

RS-9
RS-1 RS-7 Boil RS-8 Travel

Bites RS-1 Dup. RS-2 RS-3 RS-4 RS-5 R9-6 RS-7 Rerun RS-8 BkGd . Rnst Blank Lab Blanks
Parameter Datesa 1/29 1/29 12/15 12/15 12/19 12/ 12 12/12 12/12 12/12 1/28 12/15 1/29 1/29 12/12 12/15 12/19 1/28 1/28 1/29

Additional Peaks :

Unknown Hydrocarbon 7 37 37 8
Unknown Hydrocarbon 66 66
Dimethyl Cyclohexane Isomer 18 18
Trlcyclodecane 38 38
Triseethyl Cyclohexane Isomer 135 135
Trlmethyl Cyclohexane Isomer 23 23
Ethyl Methyl Cyclohexane 95 95
Isomer

Trimethyl Bicycloheptane 109 109
Isomer

Ethyl Methyl Cyclohexane 161 161
Isomer
Unknown Hydrocarbon 46 46
Unknown Hydrocarbon 443 443
Unknown Hydrocarbon 109 109
Decahydro Naphthalene 312 312
Hexane 5 .0
Tricyclo(3.3.1.1.3,7)-
decane 14 .8 58.5

Cyclohexans eosipoun4 14 .2 53.9
Phenol compound 116 .5
Unknown 12 .0
Substituted decahydro-
naphthalene 17 .S 91 .2
Unknown 95 .4 24 .2 10 .0 7.1
Tricyclo(3 .3.1 .13,7)-
decane,-1,3-dimethyl 375.6
Alkyl substituted phenol 330 .7
Hydrocarbon mixture 48.5



VOLATILE ORGANICS ANALYSIS
SITE : RS-1 TRANSFORMER DAD
DATE OF ANALYSIS : 1-29-87
ALL RESULTS IN UG/KG

BENZENE ( 0.5
BROMOFORM ( 3.2
CARBON TETRACHLORIDE ( 1.5
CHLOROBENZENE ( 0.6
CHLORODIBROMOMETHANE ( 2.0
CHLOROETHANE ( 2.4
2-CHLOROETHYLVINYL ETHER ( 5.9
CHLOROFORM ( 0.8
DICHLOROHROMOMETHANE ( 1 .1
1,1-DICHLOROETHANE ( 0.6
1,2-DICHLOROETHANE ( 1 .5
1,1-DICHLOROETHYLENE ( 1 .9
1, 2-DICHLOROPROPANE ( 1 .5
1, 3-cis-DICHLOROPROPYLENE ( 1 .5
1, 3-trarfs-DICHLOROPROPYLENE ( 1 .5
ETHYLBENZENE ( 0.4
METHYL BROMIDE ( 1 .5
METHYL CHLORIDE ( 1 .6
METHYLENE CHLORIDE 130.6
1, 1, 2, 2-TETRACHLOROETHANE ( 1 .4
TETRACHLOROETHYLENE ( 1 .5
TRICHLOROFLUOROMETHANE ( 1 .3
TOLUENE 9.7
1,2-trarss-DICHLOROETHYLENE ( 1 .5
1,1,1-TRICHLOROETHANE ( 1 .2
1,1,2-TRICHLOROETHANE ( 1 .6
TRICHLOROETHYLENE ( 1 .3
TRICHLOROFLUOROMETHANE ( 1 .2
VINYL CHLORIDE ( 1 .2

SURROGATE COMPOUND RECOVERIES :

D4-1,2-DICHLOROETHANE 89%
D8-TOLUENE 114%
4-RROMOFLUOROHENZENE 103%

LIBRARY SEARCH DATA :

HEXANE 5.0
TRICYCLO C3. 3. 1 . 13, 73DECANE 14 . 8
CYCLOHEXANE COMPOUND 14 .2
PHENOL COMPOUND 116.5
UNKNOWN 12 .0
SUBSTITUTED DECAHYDRONAPHTHALENE 17 .5
UNKNOWN 95 .4



VOLATILE ORGANICS ANALYSIS
SITE : RS-1 SPLIT
DATE OF ANALYSIS : 1-29-87
ALL RESULTS IN UG/KG

BENZENE ( 0.5
$ROMOFORM ( 3.2
CARBON TETRACHLORIDE ( 1 .5
CHLOROHENZENE ( 0.6
CHLORODIHROMOMETHANE ( 2.0
CHLOROETHANE ( 2.4
2-CHLOROETHYLVINYL ETHER ( 5.9
CHLOROFORM ( 0.8
DICHLOROBROMOMETHANE ( 1 .1
1, 1-DICHLOROETHANE ( 0.8
1,2-DICHLOROETHANE ( 1 .5
1,1-DICHLOROETHYLENE ( 1 .9
1, 2-DICHLOROPROPANE ( 1 .5
1, 3-cis-DICHLOROPROPYLENE ( 1 .5
1, 3-traris-DICHLOROF'ROPYLENE ( 1 .5
ETHYLPENZENE ( 0.4
METHYL BROMIDE ( 1 .5
METHYL CHLORIDE ( 1 .6
METHYLENE CHLORIDE 28.3
1, 1, 2, 2-TETRACHLOROETHANE ( 1 .4
TETRACHLOROETHYLENE ( 1 .5
TRICHLOROFLUOROMETHANE ( 1 .3
TOLUENE 3.6
1,c^-trans-DICHLOROETHYLENE ( 1 .5
1,1,1-TRICHLOROETHANE ( 1 .2
1, 1, 2-TRICHLOROETHANE ( 1 .6
TRICHLOROETHYLENE ( 1 .3
TRICHLOROFLUOROMETHANE ( 1 .2
VINYL CHLORIDE ( 1 .2

SURROGATE COMPOUND RECOVERIES :

D4-1,2-DICHLOROETHANE 91%
D8-TOLUENE 116%
4-HROMOFLUOROBENZENE 76%

LIBRARY SEARCH DATA :

UNKNOWN 24.2
TRICYCLO C3.3.1 .13.7]DECANE 58.5
CYCLOHEXANE ISOMERS 53.9
ALKYL SUBSTITUTED PHENOL 330.7
HYDROCARBON MIXTURE 48.5
SUBSTITUTED DECAHYDRONAGHTHALENE 91 .2
TRICYCLO C3. 3. 1 . 13, 7]DECANE, -

1 . 3-D I METHYL- 375.6



VOLATILE ORGANICS ANALYSIS
SITE : RS-8
DATE OF ANALYSIS : 1-29-87
ALL RESULTS IN UG/KG

BENZENE
PROMOFORM
CARBON TETRACHLORIDE
CHLOROKENZENE
CHLORODIE+ROMOMETHANE
CHLOROETHANE
2-CHLOROETHYLVINYL ETHER
CHLOROFORM
DICHLOROBROMOMETHANE
1,1-DICHLOROETHANE
1,2-DICHLOROETHANE
1,1-DICHLOROETHYLENE
1,2-DICHLOROPRORANE
1,3-cis-DICHLOROPROPYLENE
1,3-trams-DICHLOROPROGYLENE
ETHYLE+ENZENE
METHYL BROMIDE
METHYL CHLORIDE
METHYLENE CHLORIDE
1,1,--,2-TETRACHLOROETHANE
TETRACHLOROETHYLENE
TRICHLOROFLUOROMETHANE
TOLUENE
1 .e-trams-DICHLOROETHYLENE
1,1,1-TRICHLOROETHANE
1,1,2-TRICHLOROETHANE
TRICHLOROETHYLENE
TRICHLOROFLUOROMETHANE
VINYL CHLORIDE

SURROGATE COMPOUND RECOVERIES :

D4-1,2-DICHLOROETHANE
D8-TOLUENE
4-BROMOFLUOROBENZENE

LIBRARY SEARCH DATA :
NO PEAKS TO SEARCH

( 0. 5
( 3.2
( 1 .5
( 0.6
< 2.0
< 2.4
< 5.9
< 0.8
< 1 .1
< 0.8
( 1 . 5
< 1 .9
( 1 .5
( 1 .J
( 1 .5
0.6

( 1 .5
( 1 .6
25.5

< 1 .4
< 1 .5
< 1 . 3
< 1 . 0
( 1 .5
< 1 .2
< 1 .6
< 1 .3
( 1 .2
< 1 .2

100%
99%
90%



VOLATILE ORGANICS ANALYSIS
SITE : RS-8 RINSATE
DATE OF ANALYSIS : 1-29-87
ALL RESULTS IN UG/L

BENZENE
BROMOFORM
CARBON TETRACHLORIDE
CHLOROHENZENE
CHLORODIBROMOMETHANE
CHLOROETHANE
2-CHLOROETHYLVINYL ETHER
CHLOROFORM
DICHLOROBROMOMETHANE
1,1-DICHLOROETHANE
1 .2-DICHLOROETHANE
1,1-DICHLOROETHYLENE
1,2-DICHLORORROGANE
1,3-cis-DICHLOROPRORYLENE
1,3-trams-DICHLOROGROPYLENE
ETHYLBENZENE
METHYL BROMIDE
METHYL CHLORIDE
METHYLENE CHLORIDE
1,1,2,2-TETRACHLOROETHANE
TETRACHLOROETHYLENE
TRICHLOROFLUOROMETHANE
TOLUENE
1,2-trans-DICHLOROETHYLENE
1,1,1-TRICHLOROETHANE
1, 1, 2-TRICHLOROETHANE
TRICHLOROETHYLENE
TRICHLOROFLUOROMETHANE
VINYL CHLORIDE

- SURROGATE COMPOUND RECOVERIES :

D4-1,2-DICHLOROETHANE
DB-TOLUENE
4-BROMOFLUOROBENZENE

LIBRARY SEARCH DATA :
NO PEAKS TO SEARCH

( 0.5
( 3.2
( 1 .5
( 0.6
( 2.0
( 2.4
( 5.9
( 0.8
< 1 . 1
( 0.8
< 1 .5
< 1 .9
( 1 .5
( 1 .5
( 1 .5
0.7

( 1 .5
( 1 .6
4. 0

( 1 .4
< 1 .5

9.0
( 1 .5
< 1 .2
< 1 .6
< 1 .3
< 1 .2
< 1 .2

98%
96%
91%



VOLATILE ORGANICS ANALYSIS
SITE : RP-7 SAMPLING BLANK
DATE OF ANALYSIS : 1-28-87

- ALL RESULTS IN UG/L
BENZENE ( 0.5
PROMOFORM ( 3.2

_ CARBON TETRACHLORIDE ( 1 .5
CHLOROBENZENE ( 0.6
CHLORODIEROMOMETHANE ( 2.0
CHLOROETHANE ( 2.4
2-CHLOROETHYLVINYL ETHER ( 5.'3
CHLOROFORM ( 0.8
DICHLOROPROMOMETHANE ( 1 .1
1, 1-DICHLOROETHANE ( 0.8
1,2-DICHLOROETHANE ( 1.5
1,1-DICHLOROETHYLENE ( 1 .3
1, 2-DICHLOROPROPANE ( 1 .5
1, 3-cis-DICHLOROPRORYLENE ( 1 .5
1, 3-traps-DICHLOROPROPYLENE ( 1 .5
ETHYLBENZENE 0.8
METHYL BROMIDE ( 1.5
METHYL CHLORIDE ( 1 .6
METHYLENE CHLORIDE 6.2
1,1,2,2-TETRACHLOROETHANE ( 1 .4
TETRACHLOROETHYLENE ( 1 .5
TRICHLOROFLUOROMETHANE 3.2
TOLUENE 9.2
1,2-trar~s-DICHLOROETHYLENE ( 1 .5
1,1,1-TRICHLOROETHANE ( 1 .2
1, 1, ---TRICHLOROETHANE ( 1 .6

- TRICHLOROETHYLENE
.

( 1 .3
TRICHLOROFLUOROMETHANE " ( 1 .2
VINYL CHLORIDE ( 1.2

SURROGATE COMPOUND RECOVERIES :

D4-1,2-DICHLOROETHANE 86'/.
-' D8-TOLUENE 99%

4-HROMOFLUOROBENZENE 97%

LIBRARY SEARCH DATA :

UNKNOWN .5 .0



VOLATILE ORGANICS ANALYSIS
SITE : RG-1 WELL 1
DATE OF ANALYSIS : 1-28-87
ALL RESULTS IN UG/L

BENZENE
PROMOFORM
CARBON TETRACHLORIDE
CHLOROE+ENZENE
CHLORODIHROMOMETHANE
CHLOROETHANE
2-CHLOROETHYLVINYL ETHER
CHLOROFORM
DICHLORORROMOMETHANE
1,1-DICHLOROETHANE
1,2-DICHLOROETHANE
1,1-DICHLOROETHYLENE
1,2-DICHLORORRORANE
1, 3-cis-DICHLOROPROPYLENE
1, 3-trar,s-DICHLOROPROPYLENE
ETHYLBENZENE
METHYL BROMIDE
METHYL CHLORIDE
METHYLENE CHLORIDE
1,1,2,2-TETRACHLOROETHANE
TETRACHLOROETHYLENE
TRICHLOROFLUOROMETHANE
TOLUENE
1,2-traps-DICHLOROETHYLENE
1,1,1-TRICHLOROETHANE
1,1,2-TRICHLOROETHANE
TRICHLOROETHYLENE
TRICHLOROFLUOROMETHANE
VINYL CHLORIDE

SURROGATE COMPOUND RECOVERIES :

D4-1,2-DICHLOROETHANE
D8-TOLUENE
4-KROMOFLUOROE+ENZENE

LIBRARY SEARCH DATA :
NO PEAKS TO SEARCH

( 0.5
( 3. 2
( 1.5

( 0.6
( 2.0
( 2. 4
( 5.9
( 0. 8
( 1 .1
( 0.8
< 1 .5
< 1 .9
< 1 .5
( 1 .5
( 1 .5
( 0. 4
( 1 .5
< 1 .6

" 5.5

< 1 .4
< 1 .5
< 1 .3
( 1 .0
< 1 .5
( 1 .2
< 1 .6
( 1 .3
( 1 .2
( 1 .2

921%
99%
96%



VOLATILE ORGANICS ANALYSIS
SITE : RG-1 SPLIT WELL 1
DATE OF ANALYSIS : 1-28-87
ALL RESULTS IN UG/L

BENZENE
BROMOFORM
CARBON TETRACHLORIDE
CHLOROPENZ ENE
CHLORODIBROMOMETHANE
CHLOROETHANE
2-CHLOROETHYLVINYL ETHER
CHLOROFORM
DICHLOROPROMOMETHANE
1,1-DICHLOROETHANE
1,2-DICHLOROETHANE
1,1-DICHLOROETHYLENE
1, 2-DI CHLOROPROPANE
1, 3-cis-DICHLOROPROPYLENE
1,3-traps-DICHLOROPROPYLENE
ETHYLBENZENE
METHYL BROMIDE
METHYL CHLORIDE
METHYLENE CHLORIDE
1,1,2,2-TETRACHLOROETHANE
TETRACHLOROETHYLENE
TRICHLOROFLUOROMETHANE
TOLUENE
1,2-trams-DICHLOROETHYLENE
1,1,1-TRICHLOROETHANE
1,1,2-TRICHLOROETHANE
TRICHLOROETHYLENE
TRICHLOROFLUOROMETHANE
VINYL CHLORIDE

SURROGATE COMPOUND RECOVERIES :

D4-1,2-DICHLOROETHANE
D8-TOLUENE
4-BROMOFLUOROEENZENE

LIBRARY SEARCH DATA :
NO PEAKS TO SEARCH

< 0.5
( 3.2
( 1 .5
< 0.6
< 2.0
( 2. 4
( 5.9
< 0.8
< 1 . 1
( 0.8
< 1 .5
< 1 .9
< 1 .5
< 1 .5
( 1 .5
< 0 . 4
( 1 .5
( 1 .6
4.9

( 1 .4
( 1 .5
( 1 .3
( 1 .0
( 1 .5
< 1 .2
< 1 .6
< 1 .3
( 1 .2
< 1 .2

101%
99%
97%

e



VOLATILE ORGANICS ANALYSIS
SITE : RG-2 WELL 2
DATE OF ANALYSIS: 1-29-87
ALL RESULTS IN UG/L

BENZENE
EROMOFORM
CARBON TETRACHLORIDE
CHLOROHENZENE
CHLORODIBROMOMETHANE
CHLOROETHANE
2-CHLOROETHYLVINYL ETHER
CHLOROFORM
DICHLOROHROMOMETHANE
1,1-DICHLOROETHANE
1,2-DICHLOROETHANE
1,1-DICHLOROETHYLENE
1, 2-DICHLOROPROPANE
1,3-cis-DICHLOROPROPYLENE
1,3-traps-DICHLOROPRORYLENE
ETHYLBENZENE
METHYL BROMIDE
METHYL CHLORIDE
METHYLENE CHLORIDE
1, 1, 2, 2-TETRACHLDROETHANE
TETRACHLOROETHYLENE
TRICHLOROFLUOROMETHANE
TOLUENE
1,2-traps-DICHLOROETHYLENE
1,1,1-TRICHLOROETHANE
1,1,2-TRICHLOROETHANE
TRICHLOROETHYLENE
TRICHLOROFLUOROMETHANE
VINYL CHLORIDE

SURROGATE COMPOUND RECOVERIES :

D4-1,2-DICHLOROETHANE
D8-TOLUENE
4-PROMOFLUOROBENZENE

LIBRARY SEARCH DATA :
NO PEAKS TO SEARCH

< 0.5
( 3.2
< 1 .5
( 0.6
( 2.0
< 2. 4
5.9

( 0.8
< 1 . 1
< 0. 8
< 1 .5
( 1 .9
( 1 .5
< 1 .5
C 1 .5
( 0. 4
< 1 .5
< 1 .6
3.5

( 1 .4
( 1 .J
( 1 .3
( 1 .0
( 1 .5
( 1 .2
( 1 .6
( 1 .3
( 1 .2
< 1 .2

98%
101%
100%



VOLATILE ORGANICS ANALYSIS
SITE : RG-3 WELL 3
DATE OF ANALYSIS : 1-29-87

- ALL RESULTS IN UG/L
BENZENE ( 0.5
PROMOFORM ( 3.2
CARBON TETRACHLORIDE

J
( 1 .5

CHLOROBENZENE ( 0.6
CHLORODIBROMOMETHANE ( 2.0
CHLOROETHANE ( 2.4

- 2-CHLOROETHYLVINYL ETHER l 5.9
CHLOROFORM ( 0.8
DICHLOROBROMOMETHANE l 1 .1

_ 1 .1-DICHLOROETHANE ( 0.8
1,2-DICHLOROETHANE l 1.5
1,1-DICHLOROETHYLENE ( 1.9
1,2-DICHLOROPROPANE ( 1.5
1, 3-cis-DICHLOROPRORYLENE ( 1 .5
1,3-trans-DICHLDROPRORYLENE ( 1.5
ETHYLBENZENE ( 0.4

- METHYL BROMIDE ( 1 .5
METHYL CHLORIDE ( 1 .6
METHYLENE CHLORIDE 3.8

- 1, 1, 2, 2-TETRACHLOROETHANE ( 1.4
TETRACHLOROETHYLENE ( 1 .5
TRICHLOROFLUOROMETHANE ( 1.3
TOLUENE ( 1 .0

- 1,2-trams-DICHLOROETHYLENE ( 1.5
1,1,1-TRICHLOROETHANE ( 1 .2
1, 1, 2-TRICHLOROETHANE ( 1.6

- TRICHLOROETHYLENE 3.0
TRICHLOROFLUDROMETHANE ( 1.2
VINYL CHLORIDE ( 1 .2

SURROGATE COMPOUND RECOVERIES :

D4-1,2-DICHLORDETHANE 89%
D8-TOLUENE 103%
4-BROMOFLUOROBENZENE 101%

LIBRARY SEARCH DATA :

UNKNOWN 7.3
2-P'ENTENE, 3, 4, 4-TRIMETHYL- 3.4
1-PENTENE, 2, 4, 4-TR I METHYL- 20.8



VOLATILE ORGANICS ANALYSIS
SITE : RG-4 WELL 4

_ DATE OF ANALYSIS: 1-28-87
ALL RESULTS IN UG/L

BENZENE ( 0.5
EROMOFORM ( 3.2
CARBON TETRACHLORIDE ( 1.5
CHLOROBENZENE ( 0.6
CHLORODIBROMOMETHANE ( 2.0

- CHLOROETHANE ( 2.4
2-CHLOROETHYLVINYL ETHER ( 5.9
CHLOROFORM < 0.8
DICHLOROBROMOMETHANE ( 1 .1
1,1-DICHLOROETHANE < G.8
1,2-DICHLOROETHANE ( 1 .5
1, 1-DICHLOROETHYLENE ( 1 .9

- 1, 2-DICHLOROPRDRANE < 1 .5
' 1, 3-cis-DICHLOROPROF'YLENE ( 1 .5

1,3-trans-DICHLORORRORYLENE ( 1 .5
ETHYLHENZENE 1 .5
METHYL BROMIDE ( 1 .5
METHYL CHLORIDE ( 1 .6
METHYLENE CHLORIDE 4.6
1,1,2,2-TETRACHLOROETHANE ( 1 .4
TETRACHLOROETHYLENE ( 1.5
TRICHLOROFLUOROMETHANE ( 1 .3

- TOLUENE 1.9
1,2-trar+s-DICHLOROETHYLENE ( 1 .5
1,1,1-TRICHLOROETHANE ( 1 .2
1, 1, 2-TRICHLOROETHANE ( 1 .6
TRICHLOROETHYLENE ( 1.3
TRICHLOROFLUOROMETHANE ( 1 .2
VINYL CHLORIDE ( 1 .2

SURROGATE COMPOUND RECOVERIES :

_ D4-1,c^-DICHLOROETHANE 106%
D8-TOLUENE 88%
4-E+ROMOFLUOROBENZENE 107%

- LIBRARY SEARCH DATA :

UNKNOWN 5.8



VOLATILE ORGANICS ANALYSIS
SITE : TRAVEL BLANK
DATE OF ANALYSIS : 1-29-87
ALL RESULTS IN UG/L

BENZENE ( 0.5
RROMOFORM ( 3.2
CARBON TETRACHLORIDE ( 1 .5
CHLOROEENZENE ( 0.6
CHLORODIHROMOMETHANE ( 2.0
CHLOROETHANE < 2.4
2-CHLOROETHYLVINYL ETHER ( 5.9
CHLOROFORM ( 0.8
DICHLOROBROMOMETHANE ( 1 .1
1, 1-DICHLOROETHANE ( 0.8
1,2-DICHLOROETHANE ( 1 .5
1,1-DICHLOROETHYLENE ( 1.9
1, 2-DICHLOROPROPANE ( 1.5
1,3-cir--DICHLOROPRORYLENE ( 1 .6
1, 3-trans-DICHLOROPROP'YLENE ( 1.5
ETHYLEENZENE ( 0.4
METHYL BROMIDE ( 1.5
METHYL CHLORIDE ( 1 .6
METHYLENE CHLORIDE 7.0
1,1,,2-TETRACHLOROETHANE ( 1.4
TETRACHLOROETHYLENE ( 1 .5
TRICHLOROFLUOROMETHANE ( 1.3
TOLUENE ( 1.0
1,2-traps-DICHLOROETHYLENE ( 1.5
1,1,1-TRICHLOROETHANE ( 1.2
1,1,2-TRICHLOROETHANE ( 1.6
TRICHLOROETHYLENE x ( 1 .3
TRICHLOROFLUOROMETHANE ( 1 .2
VINYL CHLORIDE ( 1.2

SURROGATE COMPOUND RECOVERIES :

D4-1,2-DICHLOROETHANE 96%
D8-TOLUENE 101%
4-BROMOFLUOROE+ENZENE 1 00%

LIBRARY SEARCH DATA :

UNKNOWN 6.6



_ VOLATILE ORGANICS ANALYSIS
SITE : WATER BLANK
DATE OF ANALYSIS : 1-28-87
ALL RESULTS IN UG/L_

BENZENE ( 0.5
E+ROMOFORM ( 3.2
CARBON TETRACHLORIDE ( 1 .5

- CHLOROBENZENE ( 0.6
CHLORODIBROMOMETHANE ( 2.0
CHLORDETHANE ( 2.4
2-CHLOROETHYLVINYL ETHER ( 5.9
CHLOROFORM ( 0.8
DICHLOROPROMOMETHANE ( 1 .1
1,1-DICHLOROETHANE ( 0.8
1,2-DICHLOROETHANE ( 1 .5
1, 1-DICHLOROETHYLENE ( 1 .9
1,2-DICHLOROPROPANE ( 1 .5

- 1,3-cis-DICHLOROPRODYLENE ( 1 .5
1,3-traps-DICHLOROPROGYLENE ( 1 .5
ETHYLRENZENE 1 .0

_ METHYL BROMIDE ( 1 .5
METHYL CHLORIDE ( 1 .6
METHYLENE CHLORIDE 14 .7
1, 1, 2, 2-TETRACHLOROETHANE ( 1 .4

- TETRACHLOROETHYLENE ( 1 .5
TRICHLOROFLUOROMETHANE ( 1 .3
TOLUENE ( 1 .0

_ 1,2-trams-DICHLORDETHYLENE ( 1 .5
1,1,1-TRICHLOROETHANE ( 1 .2
1,1,2-TRICHLOROETHANE ( 1 .6
TRICHLOROETHYLENE ( 1 .3
TRICHLOROFLUOROMETHANE ( 1 .2
VINYL CHLORIDE ( 1 .2

- SURROGATE COMPOUND RECOVERIES :

D4-1,2-DICHLOROETHANE 100%
D8-TOLUENE 102~%
4-BROMOFLUOROHENZENE 101%

LIBRARY SEARCH DATA :

UNKNOWN 1 U.0



VOLATILE ORGANICS ANALYSIS
SITE : WATER BLANK
DATE OF ANALYSIS : 1-28-87

- ALL RESULTS IN UG/L
BENZENE ( 0.5
HROMOFORM ( 3.2
CARBON TETRACHLORIDE

-
( 1 .5

CHLOROBENZENE ( 0.6
CHLORODIRROMOMETHANE ( 2.0
CHLOROETHANE ( 2.4

- Z-CHLOROETHYLVINYL ETHER ( 5.9
CHLOROFORM ( 0.8
DICHLOROBROMOMETHANE ( 1 .1

- 1,1-DICHLOROETHANE ( 0.8
1,2-DICHLOROETHANE ( 1 .5
1, 1-DICHLOROETHYLENE ( 1.9
1,2-DICHLOROPROPANE ( 1 .5
1 . 3-cis-DICHLORORROPYLENE ( 1 . 5
1, 3-traris-DICHLOROPROPYLENE ( 1 .5
ETHYLHENZENE 1 . 0

- METHYL BROMIDE ( 1 .5
METHYL CHLORIDE .( 1 .6
METHYLENE CHLORIDE 1 7.1

- 1, 1, 2, 2-TETRACHLOROETHANE ( 1.4
TETRACHLOROETHYLENE ( 1.5
TRICHLOROFLUOROMETHANE ( 1 .3
TOLUENE ( 1.0

- 1,2-trans-DICHLOROETHYLENE ( 1.5
1,1,1-TRICHLOROETHANE ( 1 .2
1 .1,21-TRICHLOROETHANE ( 1.6

- TRICHLOROETHYLENE ( 1 .3
TRICHLOROFLUOROMETHANE ( 1.2
VINYL CHLORIDE ( 1 .

SURROGATE COMPOUND RECOVERIES :

D4-1,2-DICHLOROETHANE 96%
- D8-TOLUENE 102%

4-HROMOFLUORORENZENE 98%

LIBRARY SEARCH DATA :

UNKNOWN 7.1



VOLATILE ORGANICS ANALYSIS
SITE : WATER BLANK
DATE OF ANALYSIS : 1-29-87
ALL RESULTS IN UG/L

BENZENE
E+ROMOFORM
CARBON TETRACHLORIDE
CHLOROHENZENE
CHLORODIBROMOMETHANE
CHLOROETHANE
2-CHLOROETHYLVINYL ETHER
CHLOROFORM
DICHLOROBROMOMETHANE
1,1-DICHLOROETHANE
1,2-DICHLOROETHANE
1,1-DICHLOROETHYLENE
1, 2-DICHLOROPROPANE
1,3-cis-DICHLOROGROPYLENE
1,3-trans-DICHLOROPROGYLENE
ETHYLPENZENE
METHYL BROMIDE
METHYL CHLORIDE
METHYLENE CHLORIDE
1,1 .2,2-TETRACHLOROETHANE
TETRACHLOROETHYLENE
TRICHLOROFLUOROMETHANE
TOLUENE
1,2-traps-DICHLOROETHYLENE
1,1,1-TRICHLOROETHANE
1, 1, 2-TRICHLOROETHANE
TRICHLOROETHYLENE
TRICHLOROFLUOROMETHANE
VINYL CHLORIDE

SURROGATE COMPOUND RECOVERIES :

D4-1,2-DICHLOROETHANE
D8-TOLUENE
4-BROMOFLUOROBENZENE

LIBRARY SEARCH DATA :
NO PEAKS TO SEARCH

( 0 . 5
( 3.2
( 1 .5
( 0.6
( 2.0
( 2. 4
( 5.9
< 0.8
( 1 . 1
< 0.8
( 1 .5
< 1 .9
( 1 .5
< 1. 5
< 1 .5
0 . 8

( 1 .5
( 1 .6
22.3
( 1 .4
( 1 .5
< 1 .3
< 1 . 0
( 1 .5
< 1 .2
< 1 .6
( 1 .3
< 1 .2
( 1 .2

111%
99%

1 or.-j%



VOLATILE ORGANICS ANALYSIS
SITE : WATER BLAM::
DATE CAF ANALYSIS : 1 2/12/66

_ ALL RESULTS I tai UG /L
BENZENE
BROMi±FORM
CARBON TETRACHLORIDE
CH_ORDEFiviENE
CHLOFDD I BRCiMOMETHHNE
CHLC1RCiETHAPJE

- '-LHLORGETH'VLV INYL ETHER
CHLOROFORM
DI CHLORD+FOMOMETHAtJE

- 1 , 1-DI L HLOROETHANF
1 , '-LICHLORUETHANE
1, 1-UICHLORQETHYLEtJE
1 , 2-DICHLOFDFROF'ANE
1 , .T-c i s-LI CHLOFUPFL!F YLENE
1 , ?-trans-D I CHLOROF'RUF i'LEIvE
ETHYLEEPJZENE
METHYL. Bn1MIUE
METHYL CHLORIDE
METHYLENE CHLORIDE
1 , 1 , ' , 2-TETRACHLORGETHrNE
TETRACHLDFGETHYLEtdE
TF; I CHLORDFLUORDMETHANE
TOLUENE

- 1 ,Z-trans-LICHLORDETH ;̀ LEFJE
1 , 1 , 1.-TR: I CHLOROETHOPdE
1 , 1 , .:-TRI CHLOPOETHANE

_ TR I iCHoDFOETH r LENE
TF I CHLOFD; LUD+RiOMETHANE
VINYL CHLORIDE

- SURROGATE COMFOUND RECOVERIES :

D4-1 , C-UICHLOROETHANE
- DS:-TOLUENE

4-BROMOFLUDROBENZENE

LI BRARY SEARCH DATA
NO PEAKS TG SEAr'M

0 .5
< 3 .2
< 1 .5

0 .6

_ .4
J . c1

o . 8
1 .1
G . S
1 .5

< : 1 .9
1 .5
1 .5

1 .5
4+

1 .5
1 .6

15 .2
1 .4
1 .5
1 . _
1 .0
1 .5

1 .2
1 .6
1 .7
1 .2

. 1 .2

95'. .
101%
102%

s



YOLAI I LE ORGAN I CS ANALYM S
SITE : WATER BLANF::
DATE OF ANALYSIS : 12 / 15/86

- ALL RESULTS IN UG/L
DENZE"E ! 0.5
PROMDF ORm < 3.
CNRFDW 7 ETRACHLCiRIDE <'. 1 .5
CHLORMENZENE :: 0 .6
CHLOFODIEADMMETHANE ' .
CHLOROETHNNE . 2 .4
2-CHLORG[THYLUINYL ETHER : 5 .9
CHLOFCiFDRM ' O . B
DI CHLOFOEROMMETHANE 1 .1
1 , i-DICHLORDETHHNE ; 0 .8
1 , 2:-DICHLOROETHANE : 1 .5
1 , 1-DICHLOPOETHYLENE : 1 .9
1 , 2-LICHLOROFRCiF'HNE - . 1 .5
1 , 3-C 1 S-U I CHLl.1RDF FDFY LENE 1 . 5
1 , .7-trans-L I EHLORHFROF'YLENE : 1 .5
ETHt LBENZENE 1 .2
METHYL PRDMIDE . 1 .5
METHYL CHLORIDE : 1 .6
METHYLENE CHLGRIUE 22 .7
1 , 1 , x , 2.-TETRACHLOROETHANE 1 .4
TETRACHLIFDFTHrLENE : 1 .5
TFI CHLORUFLUQRCii,ETHANE : 1 . 7
TOLUENE 1 .2
1,2-trams-DICHLORiDETHYLENE : 1 .5
1 , 1 , 1-TR I CHLOFOE7 HAWE 1 .2
1 , 1 , '-Tr; ! LHL0F0ETHr?NE : 1 .6
TRICHLORC+t TH YLENE 1 .7
TR I CHLORDFLUDROMETHANE . 1 .2
VINYL CHLORIDE I . :

SURROGATE CDMFOUND RECOVERIES :

D4-1 , 2-L I CHLGRDETHHWE 91%
DS-TOLUENE 100%
4-BROMOFLUDRU$ENZENE 9E', .

LIBRARY SEARCH LATH :

UNKNDWQ HYDROCARBON



VOLATILE ORGAN I CS ANALYSIS
SITE : WATER PLANK
LATE OF ANALYSIS : 1."_/17/86
ALL RESULTS IN UG/L

BEN7ENE < 0.5
BRJKUFORil < v.
CHFPDIV TE TFACHLORI DF < 1 .5
CHLORDPr N2ENE . 0 .6
CHLOR5D I BROMDME T HANE . 2 .

CHLORCiETHFNE . 2 .4
i-CHLOROE I HYLV I NYL ETHER 5 .S'
CHLOROFORM ;: 0 .6
D I CHLORDFROMOMETHAhJE 1 .1
1 . 1-LI CHLUOROETHANE O . 6
1 , 2-L> I CHLOROET HALAL . 1 .5
1 , 1-U I CHLOROETH T' LEPdE 1 .9
1 , 2-D I CHLOROPrcO"r AlvE . 1 .5
1 , 3-c i s-U I CHLOROPRi7F YLENS : 1 .5
1,3-trans-DICHLOFOPRUFYLENE 1 .5
ETHYLBENZENE 1 .1
METHYL BROMIDE : 1 .5
METHYL CHLORIDE < 1 .6
METHYLENE CHLORIDE 10 .4
1 , 1 ,','-TETRHCHLOROETHANE : 1 .4
TE TFACHLOROETH`Y LENS < 1 .5
TR I CHLOROFLUOROMETHHNE 1 . 7:~
TOLUENE : 1 .0
1 , 2-t cans-U I CHLOF;OETHY_LENE . 1 .5
1 , 1 , 1-TRICHLOROETHANE : 1 .2
1 .1 .C-TRICHLOROETHNruE 1 . 6
TRICHLDROETHYLENE 1 ._
TF;ICHLOROFLUOFOMETHAtJE : 1 .2
VINYL CHLORIDE : 1 .

SURROGATE COMPOUND RECOVERIES :

U4-1 ,C-LICHLOROCTHAiJE S?'t.
US-TOLUENE 101%
4-BROMOFLUOriDEt NL EPVE 97%

LIBRARY SEARCH DATA :

UPdI rvDWN 6



VOLATILE ORGANI CS ANALYSIS
SITE : WATER PLANK
DATE OF ANALYSIS : 12/19/86
ALL RESULTS IN UGIL

BENZENE <. 0.5
BFOt"iDFORti < 3 .2
CARBON TETRACHLORIDE < 1 .5
C:FILLiRL~r~EN~ cIIL . 0 .6
C'rdl_OF i> i BF`~iM~_~tl~T H~=;hd~ 2.0
CHLOROETHANr Z .
2 -CHLOROETHYLVIPJYL ETHER 5.9
CHLOROFORM ; 0.6
DI CHLOFOBFOMOMETHHNE . 1 .1
1 , 1-DICHLDROETHHNE ; o. e
1 , <-DI CHLOROETHAPJE <: 1 .5
1,1-DICHLOFOETHYLENE : 1 .9
1 , 2-DICHLOROPROPANE : 1 .5
1 , 1-ci s-DI CHLOROFROFYLEtJE : 1 .5
1 ,?-t ran _-D I CHLOROFRDFYLENE : 1 .5
ETHYLEEtV'L ENE < 0 .4

METHYL BROMIDE : 1 .5
METHYL CHLORIDE < 1 .6
h1ETHYLEtJE CHLORIDE 10 .4
1,1,2,2-TETRHCHLOROETHANE _; 1 .4
TETRHCHLOROETHYLENE : 1 .5
TRICHLOROFLUOFDMETHAttvE . 1 .7
TOLUENE : 1 .
1,2-trans-DICHLOPOETH`rLEtvE . 1 .5
1 , 1 , 1-TR ICHLORGETHANE < 1 .2
1 , 1 , -Tn' I CHLOROETHNPJE. . 1 .6
TRICHLOROETHYLENE : 1 .z
TR: I CHLORDFLUOROME THHNE : 1 .2
VINYL CHLORIDE 0: 1 .2

SURROGATE COMPOUND RECOVERIES :

D4 -1 , 2-LI CHLOFDETHANE pr'o'/.
DEt-TOLUENE 97i:
4-FRDPiOFLUOFDEEPJZENE lo 1 ..

LIBRARY SEARCH DATA
NO PEAKS TO SEARCH



- VDLAT I LE ORGANICS ANALYSIS
SITE : RE-1
DATE OF ANAL'Y'SIS : 1Z/ 15/B6
ALL RESUL75 IN UGiL_

BENZENE < 0.5
BROMDF ORi-1 . 3 . 2
CARDW TETRAEHLORIUE < 1 .5

- CHLORDr,ENZENE. 0 .6
CHLOROD I EROMOhiETHANE 2 .0
CHLORDETHANE 2 .4

_ 2-CHLOF'OETH 1'LV I NYL ETHER . 5 .5
CHLORaDFORPi CI . E.
U I CHLOFiOYROMOh1ETHANE 1 .1
1 , 1-DICHLOFUETHAWE : O . E

- 1 , 2-U I CHLDROETHANE : 1 .5
1 , 1-UICHLOPOETHYLENt_ : 1 . 9
1 . 2-DI CHLOF;UFEOFANE 1 .5,

- 1 , 3-c i s-LI CHLORD"r'RD"r''`,` LCNE 1 .!-::
1 . 3-±ran=. -D I CHLGRDPFDP TLENS 1 .5
ETH YLEENZ ENE 1 .( :1

_ DIETHYL BROMIDE 1 .5)
MEWYL CHLORIDE 1 .6.
PiETHYLENE CHLORIDE 9 .7
1 . 1 , I , C-TETRACHL0F<OFiHAKE ! .A

"- TETRAI_HLOROE T H VLEWE 1

TR I O Hi_DR C PLUDF;DM T HA NE 1,7.
T`_L ._irWE 1 . _

1 - ."cans--L'1 .A_Dr,OL I HYL.tNE 1 . 75
1 . 1 , 1-TRICHLORDE'H ;WE 1 . ._

--
7 h'. a'' CHLOR.DE T H ILENE .

_
1

'R. I CHLDRDP LUDR :PKE THAAI:: 1. r L
VIN*L CHl_DRIDE . 1 .2

EUPf1(5r-1 i C [._IMf' 1_iN1 hLrLIOEFI tr
.

_? .

Lea- 1. , `.-U CHLOFDE 1 HAKE 94''.

DC-TOLUENE 11:1%.
4-Bv1=1f- ;=1P LUG:-:iDEENZENr: 100'".

LIBRARY SEARCH DATA :
NO PEAKS TO SEARCH



VOLATILE ORGAN I CS ANALYSIS
` :7r- . F.B-2
UPTE OF ANALVE35 : 12/15/86
ALL RESULTS IN UG/L

PENTEW < 0.5
BI;i_iMWORI'I < 3 .2
CAPhi-ild Tt l R57HLDR I UE . 1 . 5

- CHLORCE =NCEi.E 0 .6
L HLOR0U) bRllHDME HANE: y . 4-,)

CHLiiF1C!ETHANE: . Z .4
_ 2-CHLLIRlI_TH', L' IN ",`L ETHEF,' b .

CHLOROFORM 0 . G
DIC:HLORDEi;CMGMETHAKE 1 .1
1 , 1-LICHLGRDETHANE : 0 .6

- 1 , 2-li I C.HLOR'DE THHNi- . 1 .5
! , 1-DI C HLOROETHYLENE : 1 .9
1 , _.-L) LHLORDF'RUFANE . 1 .5

- 1 , ?-c i s-DI CHLOROPRCiWLENE . 1 .5
1 ,?-tran=-LICHLC1RUF'FcDr'YLENE : 1 . 5
ETH`, LBENZENE 0 .
METHYL BROMIDE 1 .5_
METHYL CHLORIDE : 1 .6
t"SETHILENE CHLORIDE 16 .7
1,1,2,2-TETRHCHLOP'DETHHNE 1 .4

-- TE TRACHLORGETH YLENS 1 .5
Th I CHLCRDELUORC+L1ETHANE 1 .7
TOLUENE < 1 .0
1 , ."_-t ran=-.-D I CHLOF'DE THYLENE 1 .5
1 , 1 , 1-TR I CHLORDETHANE < 1 .2
1 , 1 , -Tr I CHLOPOETHHNE 1 1 .6
TRI CHLORCiETH'YLENE J . ::~

- Tt I i-HLORDFLUCiRUt°iETHHNE 1 . 2
VINYL CHLORIDE 1 .2

- SURROGATE COMPOUND RECOVERIES :

D4--1 , --DICHLOROETHAL E 9y%.
DS-TOLUENE jol'._
4-BROMOFLUORDPENZENE

LIBRARY SEARCH DATA
NO PEAKS TG SEARCH



VDLAT I LE ORGANICS ANALYSIS
SITE : RP-=
DATE OF ANALYSIS : 1'/15/66
ALL RESULTS IN LAG/L

BENZENE
Bni]M DF ORI-i
CARBON TETRACHLORIDE
CHLORDIENZENE
CHLOROD I BRDMuMETHANE
GHLORGETHANE-
2-CHLOROETHrLVINYL ETHER
CHLOROFORM
DICHLOROERDMOMETHANE
1,1-UICHLOROETHANE
1 , 2'-L ICHLOROETHANE
1,1-UICHLOROETHYLENE
1 , 2-DICHLOROFROPANE
1 ,'_ -c i s-DI CHLOROFROFYLENE
1 ,3-tran s-D I CHLOROF'ROFYLENE
ETHVLEENZENE
METHYL PRUtr I DE
METHYL CHLORIDE
METHYLENE CHLORIDE
1 , 1 , 2 , 2-TETRACHLOFOETHANE
TETRACHLOROETHYLENE
TR I CHLORCiFLUDR Ot=it THANE
TOLUENE
1 -t r a.n G-L I CHLORDETHYLENE
1 , 1 , 1-TR I CHLOROETHANE
1 , 1 , C'-TF I CHLOROETHAI E
TF I CHLORDETHYLENE
TR I CHLOi;OFLUDROh1ETHANE
VINV'L CHLORIDE

SURROGATE COWOUND RECOVERIES :

04-1 , C'-L I CHL OROETHANE
DE-TOLUENE .
4-HROM-iFLUD'ROBEN=ENE

LIBRARY SEARCH DATA :
ND FEARS TO SEARCH

< 0 .5
< 3 .2
< 1 .5
< 0 .6

_ .4
J. r'~

1 .1
0.6
1 . 5-
1 .9
1 .5
1 .5
1 .5
0 . 4
2 .5
1 .6

8.2
1 .4
1 .5
1 .7
1 . C,
1 .5

. 1 .2
1 .6
1 .71

<: 1 . 2
1 .2

94' .

1001.



VOLATILE ORGANI CS ANALYSIS
SITE : FE-4
DATE OF ANALYSIS : 12/17/86
ALL RESULTS IN UG/L

EENZEtJE
BROP1CiF DWI

_ CARBON TETRACHLORIDE
CHLCiRDhEW! Etdt.
CHLORWIBROMDMETHraNE
CHLOROETHHNE

- 2-CHLOFOE'+ HYLV IN'rL ETHER
CHwOROFORM
LICHLOP'OBROMOMETHHNE

_ 1 , 1-LICHLOROETHANE
1 , 2-DICHLOFOETHHNE
1,1-DICHLOROETHYLENE
1,2-DICHLOFOFROFAivE
1 , 3-c i =-DI CHLCiROPFOPYLENE
1 , 7-trap s-U I CHLDFDFROF Y'LENE
ETHYLBENZEPJE

- METHYL BROMIDE
METH'Y'L CHLORIDE
METHYLENE CHLORIDE
1 , 1 , 2, 2-TETFACHLOROETHAWE
TETFACHLDFOETHYLENE
TF:I CHLOFOFLUOROMETHHNE
TOLUENE

- 1 , 2-traps-LICHLOF:DETHYLEPJE
1 , 1 , 1-TRI CHLOP'DETHHhJE
1 , 1 , : -TR; I CHLOROETHHNE

- TRICHLOROETHYLENE
TR I CHLOFDP LUDFDMETHHtJE
VINYL CHLORIDE

SURROGATE COMPOUND RECOVERIES :

D4-1 , 2-L ICHLOEOETHHNE
- DB-TOLUENE

4-E+PDMOP LUORCiEENCENE

LI BRARY SEARCH DATA :
NU PEAKS To SEARCH

6 . 0
< 3 .2
<. 1 .5

0.6
2 . 0
<2 .4
5 .9
0 .E
1 .1
0 .e
1 .5
1 .9
1 .5
1 .5
1 .5
0.4
1 .5
1 .6

20 .4
1 .4
1 .5
1 .7

1 .2
1 .5
1 .2
1 .6
1 . ::~
1 .Z,
1 .2

52,,.

101%
10= . .



VOLATILE ORGANICS ANALYSIS
- SITE : RB-5

DATE OF ANALYSIS : 12/17/B6
ALL RESULTS IN UO/L

- BENZENE < 0.5
BRONDFORM t' 3. 2
CARBON TETRACHLORIDE < 1 .5

_ CHLOF'DBENZENE < 0 .6
CHLORDL I BFDMDMt_THANE.
CHLOR'DETHHNE . 2 .4
2-CHLOFDETHYLVINVL ETHER 5 .y

- CHLOROFORM < 0.6
UICHLDROBFOMOMETHANE . 1 .1
1 , 1-D I CHLC+FiOETHANE 0 .2.

- 1 , C'-D I CHLOPOETHANE. 1 .5
1 , 1-DICHLOROETHYLENE <: 1 .9
1,2-DICHLOFDPROFHNE 1 .5
1 , 3-c i =_-U I CHLOFOFFOFYLENE : 1 .5

- 1, '-tran=-DICHLOR'OF'ROFYLENE : 1 .0
ETH'Y'LBENZENE 1 .1
METHYL BROMIDE < 1 .5

- METHYL CHLORIDE < 1 .6
M"ETHY'LENE CHLORIDE 25 .4
1 , 1 , 2, C-TETRACHLOROE THAKE : 1 .4
TETRACHLOROE THYLEJ . 1 .5
TFI CHLORDFLUCiRDME7HAKE 1 .7
TOLUENE < 1 . 0
1,C-trans-DICHLORDETHYLENE : 1 .5_

- 1 , 1 , 1-TRI CHLOPOETHHNE ' : 1 .2
1 , 1 , 2-TF I CHLORGETHOWE . 1 .6
TR I CHLORDETH'YLENE 1 .7

- TRICHLORDF-LUOROMETHANE e 1 .2..
VINYL CHLORIDE 1 .2

SURROGATE COMPOUND RECOVERIES :

LAG-1 ,2-DICHLOROFTHANE Wt.
DG-TOLUENE 101%
4-BRUMDF LUDFDEEN2ENE S'-%

LI BF. Ar: Y SEARCH DATA :
NO FSAKS TO SEARCH



- VOLATILE ORGANICS ANALYSIS
SITE : RP-6
DATE OF ANALYSIS : 12/17/66
ALL RESULTS IN UG/L

BENZENE < 0 .5
EROMDFORM < 3 .2
CARTON TETRACHLORIDE < 1 . 5

-" CHLOROFENZENE . 0.6
CHLDr;0D IERDMUMETHANE ` 2.()
CHLOFGETHANE . 2' .4

- -CHLORDE THYLV I N''YL ETHER < 5.9
CHLOROFORM <: 0.8
UICHLOROEROMOMETHAKE : 1 .1
1 , 1-D I i. HLOROETHHNE ; 0.6_
1,2-UICHLOROETHHNE : 1 .5
1,1-LICHLOF:OFTHYLENE =: 1 .9
1,2-UICHLOROFROFANE <: 1 .5

- 1 , .7-c i s-D I CHLOROFFUPYLENS . 1 .5
1,-7-tran=_-UICHLOFOFROFYLENE : 1 .5
ETHYLBENZENE < 0 .4

_ METHYL BROMIDE < 1 .5
METHYL CHLORIDE : 1 .6
METHYLENE CHLORIDE 12 .1
1,1,2,<-TETRHCHLOROETHHNE : 1 .4
TETRACHLOROETHYLENE 1 .5
TR I CHLOFDFLUOFOMETHANE 1Z~
TOLUENE 1 .0
1 , 2-t r ans-L I CHLORDETHYLENE : 1 .5
1 , 1 , 1- TR I CHLOROETHANE . 1 .2
1 , 1 , 2-Th. I CHLOROETHANE ' 1 .6
TF: I CHLORUETHYLENE < 1, 7~
TRI CHLOF'DFLUOROMETHANE : 1 .2
VINYL CHLORIDE <: 1 .

SURROGATE COMPOUND FECOVEFItS :

D4-1 , 2-L} I CHLOROETHHNE 4".-.
LAB-TOLUENE 102`:
4-BROMOFLUOROBENZENE 97,-.'

LIFRARY SEARCH DATA :
NO PEAKS TO SEARCH



VOLATILE ORGANI CS ANALYSIS
SITE : FE-2
DATE OF ANALYSIS : 1C/15/66
ALL RESULTS IN NG/G

- BENZENE < 0 .5
PFDNDr OF-; < Z .2
CARD !P'J TET'r OCHLUR IDE < 1 .5
CHLOROEEN:ENE < 0.6_
CHLOROD IBROMOMET HONE < 2 .0
CHLOROETHANE < Z.4
2-CHLORDETHYLVINYL ETHER : 5.c;'

- CHLOROFORM < 0.6
DI CHLOF" OEROMDME THANE . 1 .1
1 , 1-DICHLOROETHANE 0 .8

_ 1 , 2'-Ii I CHLOF:DETHNNE : 1 .5
1 , 1-DI CHLOFOETHYLENE : 1 .9
1 , 2-P I CHLOROF'ROPANE : 1 .5
1 , ?-c i s-DICHLOROF'FOFYLENE '. 1 .5
1 , 7- t r ans-D I CHLORDPROFYLENE : 1 .5
ETHYLRENZENE : O.4
DIETHYL BROMIDE 1 .5

- METHYL CHLORIDE . 1 .6
METH'YLENE CHLORIDE 42 .E
1 , 1 , , 2-TETRACHLOR'OETHANE : 1 .4

_ TETRNCHLOF'OETHYLENE : 1 .5
TF I CHLOROFLUDROMETHANE. 1 . _
TOLUENE 1 . 1
1 ,'-traps-LICHLORDETHfLENE : 1 .5

- 1 , 1 , 1 -TFI CHLOROETHANE : 1 .2
1 , 1 , 2-TR I! HLOROETHANE : 1 .6
TRICHLOPOETHYLENE 1 . ,:~

- TF I CHLORi?FLUOROMETHANE 1 .2
VINYL CHLORIDE < 1 .

SURROGATE COMPOUND RECOVERIES :

L4- 7 , 2-LI CHLORDETHHNE 92:
DE-T0LLENE 108%
4-BR'GML7FLUGr:OEEN=ENE 9E` .

LIBRARY SEARCH DATA :
NO PEAKS TO SEARCH



_ VOLATILE ORGANICS ANALYSIS
SITE : RS-3
DATE OF ANALYSIS : 12/15/86
ALL RESULTS IN Nu/G

-- BENZENE < 0.5
BROMDFDF'M < 3.2
CARBON TETRACHLORIDE C 1 .5

_ CHLOFDIEN=ENE ; 0.6
CHLORODIBRO'iWETHANE 2 . 0
CHLOi Dr THANE . 2.4
2-CHLOFGETH`1 LV I NYL ETHER < 5 .9_
CHLOROFORM 0. S.
DlCHoDRC+SROMOME TH-iNE 1 . 1
1 , 1-D I CHLOROETHr NE . 0 . 6

- 1 , 2-L I CHLi!ROETHANE : 1 .5
1 , 1-D I CHLOFGETH r'LENE 1 .9
1 , <-D I CHLOFOFF:OFANE : 1 .5

_ 1 , =-c i s-D I CHLORUFFOFYLENE : 1 .5
1 ,'-t ran =-LI CHLDRUFROtr YLENE : 1 .5
ETHYLBENZENE 1 .1
METHYL BROMIDE : 1 .
METHYL CHLORIDE < 1 .6
METHYLENE CHLORIDE 16 . 2
1 , 1 0 , 2-TETFNCHLM'DETHHNE 1 .4

- TETRHCHLOFDETHYLENE ' 1 .5
TRICHLOFUFLUOROMETHAKE : 1 . -~'
TOLUENE < 1 . ( :i

_ 1,C-trans-LICHLCiROEiHYLENE 1 .5
1 , 1 , 1-TF I CHLOROETHHNE : 1 .2
1 , 1 , 2:-T n I CHLOFUETHANr : 1 .6
TF I CHLOROETH z LENS 1 .7

' Tr;ICHLOROFLUDRUh1ETHHNE j .2
VINYL CHLORIDE < 1 .2

SUFFDGATE CO'-1POUFaD RECOVERIES :

u4-f, --LICHLOR°OETHHNE: 94 ;:
US-TDLI_IENE 101
4-BROM_;FLUDROBENCENE 9S.' .

LIBRA; ;', SEAR'&H DATA :
NO PEAKS TO SEARCH



_ VOLATILE ORGANICS ANALYSIS
SITE : FS-4
LATE OF ANALYSIS : 1Z/19/86
ALL RESULTS IN NG/u

BENZENE < 0.5
PROMOFORM < 3.2
CARBON TETRACHLOR IDE < 1 .5

- CHLOROFEWENE ! 0.6
CHLOFOLIBFDMOPiE 7 HHNE < 2.0
CHLOROETHANE 2 .4

_ 2-CHLOR'OE7 Hr'LV I NYL ETHER A 5.9
CHLOROFORM 0 .6
UICHLOROEFOMOMETHANE . 1 .1
1 , 1-LI CHLOP'OETHANE < 0.6

- 1 , 2-D I CHLOROETHNNE : 1 .5
1 , 1-DICHLOFOETHYLENE <: 1 .9
1 , C-i? I CHLOROF-'FOPANE 1 .5

_ 1 , 3-ci s-D I CHLOROFROFYLENE : 1 .5
1 , 3-trans-D I CHLOROFROrP'YLENE . 1 .5
ETHYLBENZENE : 0 .4
METHYL BROMIDE 1 1 .5
METHYL CHLORIDE : 1 .6
METHYLENE CHLORIDE '6 .2
1,1,2,2-TETRACHLOPOETHANE : 1 .4
TETRACHLOROETHYLENE <: 1 .5
TR I CHLOROFLUOROPiETHHNE . 1 . ::~
TOLUENE : 1 .()
1,2-trans-DICHLOROETHYLENE : 1 .5
1 , 1 , 1-TFI CHLOROETHANE < 1 .2
1 , 1 , '-TRI CHLOROETHHNE <: 1 .6
TR ICHLOROETHYLENE : 1 .7
TR I CHLOROFLUOROMETHANE < 1 .2
VINYL CHLORIDE < 1 .

SURROGATE COMPOUND RECOYERIES :

U4-1,2-LICHLOROETHANE 97i:
DE?-TOLUENE 1 02'/.
4-BROMOFLUORI=iEENZENE 9+= :

LIBRARY SEARCH DATA ;

UNi;P.4OWN HYDF;OCAFBOF4

0



VOLATILE ORGANICS ANALYSIS
SITE : RS-5
DATE OF ANALYSIS : 12/12/86
ALL RESULTS IN NGiG

BENZENE
FFCIPjDIFOR"I

CARBON TETRACHLORIDE
CHLOROBENLENE
CHLOR:OL I BROMDMETHANE
CHLOROETHANE
2-CHLOFDETH ILVINYL ETHER
CHLORDF ORM
DICHLOROBROMOMETHANE
1 , 1 -L ICHLOF,DETHNNE
1,2-LICHLOPOETHHNE
1,1-DICHLOROETHYLENE
1,2-L>ICHLORUFFUFHNE
1 , 3-c i s.-D I CHLOFOF'ROF YLENE
1 ,3--trans-LICHLOROPROF'YLENE
ETHYLBENZENE
METHYL BROMIDE
METHYL CHLORIDE
METHt'LEWE CHLORIDE
1 , 1 , x , -TETR EHLCIRDETHANE
TETRACHLOF'UETHYLENt
TR:I CHLOROFLOCIRUMEiHANE
TOLUENE
1 , C-tram-LiI CHLORDC7 HYLENE
1 , 1 , 1-TRI CHLOROETHr;NE
1 . 1 , 2-Tn I CHLOFDETHANE
TRICHLORDETHYLENE
T i, ICHLORDFLUOROMETHANE
VINYL CHLORIDE

SUFFDGNTE COMPOUND RECOVERIES :

D4-1 . 2-UICHLOP'OETHANE
DE-TOLUENE
4-ERDMOFLUDROBENZENE

LIBRARY SEARCH DATA :
NO PEAKS TO SEARCH

< 0 .s

1 .5
0 .6
2 .(i
2 .4
5 . 9
0 .6
1 .1
0 .8
1 .5
1 .9
1 .5
1 .5
1 .5
0. 4
1 .5

< 1 .6
24 .7

1 .4
1 . 5

1 .7
1 .0
1 .5
1 .2
1 .6
1 .-

. 1 .2
1 .z

96' .

t



VOLATILE OR'GANI!=S ANALYSIS
- SITE : RS-6

LATE 0P ANALYSIS : 12/12/S6
ALL RESULT: I N hdv%C;

_ PENiLEWiF G C> .5
$RDMOFORM 3.2
CARBON TETRACHLORIDE 1 .5
CHLQFUBENZ ENE 0 .

CHLC+FOD I BROMDMETHANE
CHLUROETHAIdE . 2.4
-CHLOROETHYLVINYL ETHER ': 5.S'
CHLOROFORM . 0 . S
UICHLURDBROMOMETHANE . 1 .1
1 , 1-L I CHLCIF+OETHNNE : 0.6
1 , C-D I CHLORGETHHtJE < 1 .5_
1 , 1-DICHLORDETHYLENE : 1 .9
1 , 2-UI CHLOPOF'R'DFHtJE : 1 .5
1 , 3-c i s-L; I CHLi7FOF'RDPILENE : 1 .15

- 1 , C-t r an s-Li I CHLOFGFh'DF YLENS 1 . 5
ET HYLEEN ZEPJE 0 . 4
METHYL BROMIDE : 1 .5

_ METHYL CHLORIDE < 1 .6
METHYLENE CHLORIDE! 23 . 7%
1,1,2,2-TETRACHLOROFTHANE 1 .4
TETRACHLOFDFTHYLEPJE 1 .5
TR I CHLQRCIFLUDFDMETHPNEF. : 1 . ::~
TOLUENE : 1 .0
1 ,'-tr-ans-LICHLGRCiETHYLENE 1 .5

- 1,1,1-TF;ICHLOROETHHNr . 1 .2
1 , 1 , 2-TF I CHLOPOETHATJE 1 .6
TRICHLORDETHYLENE < 1 .7

_ TRICHLORGFLUORCMETHHNE . 1 .2
VINYL CHLOFIL>E 1 .21

SURROGATE COMPOUND RECOVERIES :

D4-1 , C-DI CHLOPOETHANE 91%
L2-TOLUENE 102%
4-FRDMGFLUORGPENZEtdE. 101%

LIBRARY SEARCH DATA :
ND PEAKS TO SEAFC H



_ VOLATILE ORGANICS ANALYSIS
SITE : RS-7
LATE OF ANALYSIS : 12/12/86
ALL RESULTS IN NG/G

-' EEN7 EtIE ^: 0 .5
uh!i ; "1Df or(I'i 'i 3 .2

CARBON TETFAEHLOR I DE <. 1 .5
- CHLDRCr ENZE:iJi- 0.6

CHLOFODI ri OMOMETHANE_
CHLOF'Dr TH-aNE 2.4
2-CHLORDE-: THVLVIhJYL ETHER 5 .

- CHLOROFORM 0.6
D I CHLOF'OBROMCiMETHNPdE 1 .1
1 , 1-LICHLOFOETHHNE < O . E.

- 1 , 2:-D I CHLOROETHAFJE 1 .5
1, 1-DICHLOPOETHiYLENS : 1 .9
1 , 2-Li !CHLOFOPRGFAWE 1 .5

_ 1 , 3-ci s-DI CHL OROFROF YLEPJE : 1 .5
1,'-trams-LICHLOROPROFYLENE . 1 .0
ETHYLBENZENE E .4
METHYL BROMIDE : 1 .5

- METHYL CHLORIDE < 1 .6
METHYLENE CHLORIDE 50 .9
1,1,2,2-TETRHCHLOROETHANE < 1 .4

- TETR'ACHLOF<'OE TH','LENE . 1 .5.
TR I CHLORDFLUDROMETHF NE . 1 .71
TOLUENE 2.4
1 , C-t r an s-L I CHLOFi!ETHYLENE 1 .5
1 , 1 . 1-TRICHLOFOETHANE 1 .
1 , 1 J-Tn ICHLOPOETHA VE- 1 .6
TF; I CHLORUE T H'YLEi :E= . 1 .7
TR I CHLOROFLUOROMETHHNE= 1 .2
VINYL CHLORIDE 1 . 2

SURF DIATE COMFOUidD RECOVERIES :

D4-1,2-LICHLOROETHHNE R'c%
LS-TOLUENE 114%
4-BROMOFLUCiROPENZENE 2541

LIBRARY SEARCH DATA :

UNKNOWN HYDROCARBON 77
UNKNCiWW HYDROCARBON c.~-,
UIMETHYL C`Y`CLOHEANE ISOMER

-
1P

TF;: I CYCL OL>ECr;i-JE 1E
TR I METHYL C 1 ELDHEx. HNE I 50MEF 1 35
TRIMETHVL C`'i'CLOHEXAP,i'"_ Ic:ilMEP 23
ETHYL METHYL CYCLOHEXrirdE ISOMER' 95
TR1_METH,'LFICYCLOHEr'TANF I5DMER 109
ETHYL MFTHYL CYCLOHEXANE ISOMER 161
UNKNOWN H ; 11ROCARBONI 4E,
UNKtvC+WN HYDROCARBON 44 :'
UN'r'NDWN H'? LROCAFD% j oc
LECAHi Y DRO NAPHTHALENE 31=_



VOLATILE ORGANICS ANALYSIS
- SITE : RS-7 RERUN

DATE OF ANALYSIS : 12/12/66
ALL RESULTS IN NGIG

- BENZENE <. 0.5
$ROMCiFDRM < :r .
Cr1RIDN TETF?C HL OR IDE < 1 .5
CHLOi,OBENZENE 0. 6
CAL.ORIfii I BROMOMETHAKE . 2. t:,,
CHLOROETHHNE 2.4
2-CHLOROETHYLV I NYL ETHER : 5.9

- CHLOROFORM :: o . e
LI CHLOROEROMOMETHANE : 1 .1
1,1-DICHLOROETHHNE : 0 .2.

_ 1,2-DICHLOROETHHNE 1 .5
1 , 1-D I CHLOROETHYLENE : 1 .S'
1 , C-D I CHLOROr-'ROF'AWE . 1 .5
1 , 3-c i s-D I CHLOROPROF't LENE : 1 . 5_
1 , T-t rans-D ILHLORi!F'RDP't LENE . 1 .5
ETHYLBENZENE 5 .e
METHYL BROMIDE < 1 .5

- METHYL CHLORIDE < 1 .6
METHYLENE CHLORIDE 54 .5
1 , 1 , ' , 2- TETRHLHLOP0ETHHNE . 1 .4

_ TETRACHLOFUETHVLENE . 1 .5
TF: I CHLOR'OFLUOROMETHANE 1 .7.
TOLUENE 2 .4
1 . -trans-UICHLOROETHYLENE . 1 .5

- 1 , 1 , 1-TRICHLORGETHAWE 1 .z
1 , 1 , -TR I CHLORDETHNNE : 1 .6
TR IEHLORDETH`r'LENE 1 .7.

- TRICHLOF:OFLUGROMETHANE : 1 .'
VINYL CHLORIDE < 1 .2

SURROGATE COMPOUND RECOVERIES :

U4-1 , 2.-L I CHLOROETHANE B5'-
DG-TOLUENE SS;:
4-BRDt=i0FLU0RDBEW7ENE 226'.

LIBRARY SEARCH DATA :

UNKNOWN HYDRDCAR'BON _ .
UNKNOWN HYDROCARBON 66
LIMETH ;'L CYCLOHEXANE ISOMER 1S
TF:I C`rCLODEEANE 36
TRIMrTHYL CYCLOHENHNE ISOMEF: : 1 .35
TF; I METH r'L CYCL OHEXANE ISOMER

- ETHYL METHYL CYCLOHEXANE IBGMER 95
TR I METHYL BI C`ii CLOHEPTANE I SDMER 1 09
ETHYL ME! HYL C'r`CLOHE x F;NE ISOMER 161
UNKNOWN HYDROCARBON 46

- UNKNDWW H"UROCHRFON 44--
UNKNOWN HYDROCARBON 1 G
DECAH`fDRO NAPHTHALENE 71 ::



- VOLATILE ORGANICS ANALYSIS
SITE : RS-9
DATE OF ANALYSIS : 12/15/86
ALL RESULTS IN NG/G

BENZENE
BROMOFOia-i
CARBON TETRACHLORIDE
CHLOROPENZ ENE
CHLOFOD IBROMOMETHANE
CHLOROETHHNE
'-CHLOFDETH'ti LV I Nti'L ETHER
CHLOROFORM
DICHLOROIROMOMETHANE
1,1-DICHLOROETHANE
1,2-DICHLOFOETHANE
1,1-DICHLOROETHYLENE
1 , 2-DICHLOROPF;OFANE
1 . 7-c i s-DI CHLOROPROFYLENE
1,7-trans-UICHLORGFROFYLENE
ETHYLBtNZENE
METHYL BROMIDE
METHYL CHLORIDE
METHYLENE CHLORIDE
1 , 1 ,"2--TETRACHLOROETHANE
TETRACHLOROETHYLENE
TRICHLOROFLUOROMETHANE
TOLUENE
1 ,2-tr an s-DI CHLOROETHYLENE
1 , 1 , 1-TR ICHLOROETHANE
1,1 .2-TRICHLOFOETHAWE
TRICHLORDETHYLENE
TRICHLOFDFLUOROMETHANE
VINYL CHLORIDE

SURROGATE COMPOUND RECOVERIES :

D4-1 , 2-i) ICHLOROETHANE
D8-TOLUENE
4-BFOMOFLUOF:OBENZENE

<: 0.5
. -,

C 1 .5
0 .6
? . C)
2 .4
.3

0 .8
1 .1
0.E
1 .5

<: 1 .9
1 .5
1 .5
1 .5

1 . 0

1 .5
1 .6

19 .5
1 .4
1 .5

1 .7
1 . 0
1 .°
1 .Z1
.6

1 .7
1 .2
1 .2

9' .J " .

101
100%

LIBRARY SEARCH DATA :
NO PEAKS TO SEARCH



VOLAT ILE ORGAN I CS ANALYS IS
SITE : WELL INSTALLATION WATER
DATE OF ANALYSIS : 12/1/66
ALL RESULTS IN UG/L

BENZENE < 0 .5
ERDMOFORhi Z.2
CHRBDN TETRACHLORIDE <. 1 .5

_ CHLOROBENZ ENE . 0.6
CHLDRDLIEFUMDNE I HANE - C . 0
CHLORC!E i HHNE . 2 . 4
C-CHLOR°GF THY'LV I NVL ETHER 5.9
CHLOROFORM <: 0.6
DICHLDFOBROMOMETHANE : 1 .1
1 , 1-UI CHLOROETHANE :: O . S

- 1 , C'-UI CHLOFOETHANE < 1 .5
1 , 1-L I CHLORDETHYLENE : 1 .9
1 , 2-UI CHLOROr'RO"r ANE. . 1 .5
1 , 3-c i =-D I CHLOROFROF YLENE : 1 . 5_
1 , 7-tr a.ns-DICHLOR0FP'Cir YLENE . 1 . El
ETHYLBENZENE= ; 0 .4
METHYL BROMIDE < 1 .5

- METHYL CHLORIDE : 1 .6
METHYLENE CHLORIDE 22 .
1 , 1 , 2,'-TETRACHLOROETHANE : 1 .4
TETRACHLORDETH, LENE 1 .5
TRICHLOFOFLUOFDMETHOWE : 1, 7:~
TOLUENE 1 .0
1 ,2-trams=--DICHLORDETH', LENS 1 .5
1,1,1-TFICHLOFOETHAW < 1 .2
1 , 1 , 2-TF' i CHLOROETHHNE . 1 .6
TR I CHLORDETH r'LENE 1 . 7

- TFICHLOR'DFLUOROMETHHNE 1 .2
VINYL CHLORIDE < 1 .2

SURROGATE COMPOUND RECOVERIES :

LA-1, 2-L I CHLORDE THANE 9514
DS-TOLUENE 1001:
4-BROMOFLUiDFOLENCENE 96 .̀.".

LIBRARY SEARCH LATH :
NO PEAKS TO SEARCH



AQUA TECH
ENVIRONMENTAL CONSULTANTS. INC .

P.O . 6o= 76 . Wlmoai . Ohio 44646 .419-3B7-26M Or 397-2222
P.O. 9o. Ix. let South Main Str..L Marion . OIMo s=. 614-X92-SNl

LABORATORY ANALYSIS REPORT

DATE RECD. 051-71-1 qA7 LAB NO. 589-87

L

I DATE REP'D . g1--26-1987 P-O- 3067-40024 CLIENT NO. 10030

SAMPLE LOCATION RS-1 SPLIT DATE SAMPLED
SAMPLED BY EE PERSONNEL TIME SAMPLED

COMMENTS :

ENV'IRODYNE ENGINEERS
12161 LACVLAND RD
ST, LOUIS MCI 637146

STORET t- = .2 'ANALYSIS i1=SULT .'UNITS t-.; "'DATE OF ANALYSIS

45501

I

L

L

L
L

L

L

PETROLEUM HYDROCARBONS 8530% MG/KG 01--2137- 1987

LABORATORY CERTIFICATION 11 4053 SIGNED " Sm
U-V~9

COPY DISTRIBUTION : WHITE - CLIENT YELLOW - FILE



' AOUA TECH
ENVIRONMENTAL CONSULTANTS. INC.

iw~,~ %t P .O Boa 76. U*nwe . Ohio "645. 416-367-2650 Or X67-4222
P .O Box 636 . 164 South Win Street, Wnon. Ohl* 47.102. 614b2-5661

LABORATORY ANALYSIS REPORT

t
DATE RECD. 01-21-1987 LAB NO. 588-87 .
DATE REP'D. 01--26-1987 P.O . # 3067-4fc'I0214 CLIENT NO. 10030

SAMPLE LOCATION RS-1 DATE SAMPLED ..+
TIME SAMPLEDSAMPLED BY EE NNERSPE O L

COMMENTS:

ENVIRODYNE ENGINEERS
12'161 LACKLAND RD
ST, LOUIS MCI 63146

~'STORE7 T - - ANALYSIS - ` " -'RESULT . - ' - °: -UNITS OATE'OFANALY5IS :" .

45501

1

i
1
1
i
1
I

PETROLEUM HYDROCARBONS 8310 MG /KG 0,1- 23- 1987

s

LABORATORY CERTIFICATION 10 4053

COPY DISTRIBUTION : WHITE - CLIENT

SIGNED

YELLOW - FILE



' , . AQUA TECH
ENVIRONMENTAL CONSULTANTS. INC.

P-O . Boa 76 . Wlmoh. Ohio wbl5 . 416-397-MW or X97-2222
P.O . Boa 436. 161 Saitn Wnm Suet . Wnon. Ohio 43'!02 . 614-]62-5091

LABORATORY ANALYSIS REPORT

DATE RECD. 01-21-1987 LAB NO- 590-87
DATE REP'D. 01--26--1987 P.O . 4 3067-40024 CLIENT NO. I0o3o .

SAMPLE LOCATION FS-8 DATE SAMPLED ?
SAMPLED BY EE PERSONNEL TIME SAMPLED ?

COMMENTS :

ENV I RODYNE ENGINEERS
1 2161 LACKLAND RD
ST, LOUIS MO 63146

l- TO' . -R : - :- ANALYSIS - : ' "RESULT --' - " UNITS '---- ..DATE-OFANALYSIS

` 45501

I

I

I

1

PETROLEUM HYDROCARBONS 63 MG/KG 81-23--1987

LABORATORY CERTIFICATION 11 4053 SIGNED W. yzl--

COPY DISTRIBUTION: WHITE - CLIENT YELLOW - FILE



-- AQUA TECH
ENVIRONMENTAL CONSULTANTS, INC .

'~ w P.O Boa T6. Mohnors . Ohio 44645 416-397-2659 or 307-2222
-- P.O . Box 436 . 161 South Mein Strmt, Marion . Ohio 43702 . 614-362-5601

LABORATORY ANALYSIS REPORT

DATE RECD. 01-21-1987 LAB NO. 591--87
L DATE REP'D. 01--26-1987 P.O . # 3067-40024 CLIENT NO. 10030

SAMPLE LOCATION RS-8 f; I NSATE DATE SAMPLED

SAMPLED BY EE PERSONNEL TIME SAMPLED

COMMENTS:

ENVIRODYNE ENGINEERS
12161 LACRLAND RD
ST . LOVIS MCI 63146

-~_STORET :~~ . - J:-ANALYSIS . _- :J --. - =RESULT ``--UNITS . . '"DATEOF ANALYSIS

.L
45501 PETROLEUM HYDROCARBONS 0 .5 MG/L C1-23-1987

1

1
1
1
1
1
1
I

1

LABORATORY CERTIFICATION 11 4053 SIGNED ' y

COPY DISTRIBUTION : WHITE - CLIENT YELLOW - FILE



AQUA TECH
ENVIRONMENTAL CONSULTANTS . INC

ft-~ ~ P.O Box 76 . 4Nmore . Ohio 44645 .419-397-26M or 307-2222
P.O. Box 0.16. t61 Souls Mein Street. Marion . Ohio 43302 .614-392-5091

LABORATORY ANALYSIS REPORT

DATE RECD
DATE REP'D.

01-21-1987 LAB NO. 592-87
01--26-1987 P.O . # 3067-40024 CLIENT NO. 1003r0

SAMPLE LOCATION FG-1 DATE SAMPLED
SAMPLED BY EE PERSONNEL TIME SAMPLED ',7

COMMENTS:

ENVIRODYNE ENGINEERS
12161 LACKLAND RD
ST, LOUIS MLA 63146

- :.- --STORET- ANALYSIS -:RESULT- : - . -UNITS -~ = ..OATS OF 74NALYSIS-

45501 PETROLEUM HYDROCARBONS <0 .5 MG/L 01-23--1987

LABORATORY CERTIFICATION 11 4053

COPY DISTRIBUTION : WHITE - CLIENT

SIGNED ~ `' - `-""'C

YELLOW - FILE



` - " AQUA TECH
ENVIRONMENTAL CONSULTANTS . INC.

Ee.a.~°;...,":r P.O . Box 76. Moknors. Ohio 44645.419-397-26% or ]67-2222
P.O . Boa 4.16. 161 Sptotn Main Stmt, IIYnon, Ohio 13702. 61"-]"?-5661

LABORATORY ANALYSIS REPORT

DATE RECD. 01-21-1987 LAB NO. 593-87
DATE REP'D. 01--26-1987 P.O. # 3067-40024 CLIENT NO. IOo;;o

SAMPLE LOCATION RG-1 SPLIT DATE SAMPLED :+
SAMPLED BY EE PERSONNEL TIME SAMPLED

COMMENTS :

ENVIRODYNE ENGINEERS -
1-2161 LACKLAND RD
ST, LOUIS MO 63146

'- -STORET--.4-.'
-

`-ANALYSIS
- - - .

.RESULT-; -,-- -
-'-:`'UNITS DATE-OF ANALYSIS -

- - -

1
45501

I
i
i

I

PETROLEUM HYDROCARBONS <0 .5 M; 1L 01--23--1987

LABORATORY CERTIFICATION # 4053

COPY DISTRIBUTION : WHITE - CLIENT

SIGNED
7

°"
0-

~

YELLOW - FILE



W - AQUA TECH
ENVIRONMENTAL CONSULTANTS. INC.

P .0 Boa 76 . MWInwm . Ohio 448,15,4110,-W-26" Or 307-2222
P .O Box 4,16 . 161 South Main Street . Maroon . Ohio 13 .614-392-5901

LABORATORY ANALYSIS REPORT

r%ATL QC/"V1 A o u^n,c ncv v. (Q1-~1-1Yt3-~ v+av. ]104-!S/
-- REPAT 'D1 ED . 01--26--1987 P-O. # 3067-40024 CLIENT NO. I003F;

SAMPLE LOCATION FG_` DATE SAMPLED

t
SAMPLED BY EE PERSONNEL TIME SAMPLED ?

COMMENTS :

ENV I RODYNE ENGINEERS
12161 LAD<LAND RD
ST, LOUIS MCI 63146

_~' STORET. ,ANALYSIS : - -. . RESULT ' -= IUNITS - . : :oATE OF_ANALYSIS .--

45501

1
1
I
1
1
1

PETROLEUM HYDRGCRRE<ONS <0,5 M;;/L 01-23-1987

LABORATORY CERTIFICATION 11 4053 SIGNED

COPY DISTRIBUTION : WHITE - CLIENT YELLOW - FILE



AQUA TECH
ENVIRONMENTAL CONSULTANTS. INC.

P.O. So . 76 . MNwon . Ohio 44645,419497-26M a X07-?222
P .O. Box 416. t"1 South Mein Strwt. Marion . Ohio 4302 . $14-382-5991

LABORATORY ANALYSIS REPORT

DATE RECD. 01-21-1987 LAB NO. 595-87 .
DATE REP'D. 01--26-1987 P.O # 3067-40024 CLIENT NO. 10030

SAMPLE LOCATION AG-3 DATE SAMPLED
SAMPLED BY EE PERSONNEL TIME SAMPLED

COMMENTS:

ENVI RODYNE ENGINEERS
12161 LACKLAND RD
ST, LOUIS MLI 63146

=' : STORET . =ANALYSIS RESULT ' . UNITS ; "DATE-OF-ANALYSIS

45501 PETROLEUM HYDROCARBONS 1 .8 MG /L 01--23--1987

LABORATORY CERTIFICATION # 4053 SIGNED

COPY DISTRIBUTION : WHITE - CLIENT YELLOW - FILE



' AQUA TECH
ENVIRONMENTAL CONSULTANTS, INC.

ao~ :.n`i :~ P O Box 76 . MWlmorn. Ohio "N5 . 419-]Y7-26511 oa 3Y7-2222
` P.O Boa 436. 161 South Win Stmt . NWrion. Ohio 43302 .614-392-5991

LABORATORY ANALYSIS REPORT

DATE RECD. 01-21-1987 LAB NO. 596-87
DATE REP'D . 01--26-1987 P.O . # 3067-40024 CLIENT NO. I O030

j SAMPLE LOCATION FG-4 DATE SAMPLED

SAMPLED BY EE PERSONNEL TIME SAMPLED '

COMMENTS:

ENVIRODYNE ENGINEERS
1 21 161 LACKLAND RD'1
ST . LOUIS MCI 63 146

- ' ' STORET ; ANALYSIS . ' RESULT . UNITS --: --' .- GATE OF ANALYSIS . -

45501

t

I

1
I
I
1

PETROLEUM HYDROCARBONS <0 .5 MG/L 01-23---1987

-
LABORATORY CERTIFICATION # 4053

COPY DISTRIBUTION : WHITE - CLIENT

SIGNED

YELLOW - FILE



10) 1 AQUA TECH
ENVIRONMENTAL CONSULTANTS . INC.

~i~ "r~a`s P.O . So= 76, WeIn wi, Ohoo 44845 .419-307-2&% or 397-2222
P.O Bow IJ6 . 761 South Wm Strwt. Lluion . OAMo 43M . 616562-5061

LABORATORY ANALYSIS REPORT

1

DATE RECD. 01-21-1987 LAB NO. 597-87 -
,r fdDATE REP'D. 01--26-1987 P.O . IN 3067-40024 CLIENT NO. J00-

SAMPLE LOCATION R$-7 BLANK DATE SAMPLED
SAMPLED BY EE PERSONNEL TIME SAMPLED

COMMENTS :

ENVIRODYNE ENGINEERS
1 12'161 LACKLAND RD

ST . LOUIS MCI 63146

' . STORET .' - -. . ANALYSIS - = - - RESULT -. UNITS . ` DATE OF ANALYSIS

45501

1 1

PETROLEUM HYDROCARBONS

1

<0 .5

1

MG/L

i

01-2.:---1987

LABORATORY CERTIFICATION # 4053

COPY DISTRIBUTION : WHITE - CLIENT

SIGNED-

YELLOW - FILE



LAB PARAMETER ANAL ANAL AMT .OF SF'IRED XF UNITS
aNUMBER 1k 1 1k2 SF' I«E SAMPLE

ANALYSIS

-588-87 PETROLEUM HYDROCARBONS 8360 82160 t"G/KG



INDUSTRIAL
Chemists

TESTING
f LABORATORIE S

Engineers

Metallurgists
f~" inc .

2350 Seventh Blvd. " St . Louis, Missouri 63104 314/771-7111

Report No . 86-12-97 January 7, 1987

Determination of Hydrocarbon content on fifteen (15) samples submitted
12/5/86 marked, "Project No . 3067-40025" .

Envirodyne Engineers
12161 Lackland Road
St . Louis, MD. 63146 Attn : Mr . Paul Myers

A. Aqueous Samples :

Sample Identification Hydrocarbons, mg/1

RB-1, 12/3/86 5.0

18-2, 12/3/86 3.7

R13--3, 12/3/86 4.0

R&-4, 1213/86 r 1810

RB-5, 12/3/86 2.4

RB-6, 12/3/86 1 .7

Well, 12/3/86 1 .7

RS-2, 12/3/86 3.8



- INDUSTRIAL
TESTI\G

LABORATORIES
fnc .

Report No . 86-12-97

B. Soil Samples :

Sample Identification

RS-2, 12/2/96

RS-3, 12/2/86

RS-4, 12/2/86

RS-5, 12/2/86

RS-6, 12/2/86

RS-7, 12/2/86

RS-9, 12/2/86

Lab No . 73351
IM2488-90
RW/hj

Page 2

Hvdrocarbons. Dun

62

36

28

40

46

264

24

Respectfully submitted,

M13SMIAL TESTING LABDRAMRIES, C .

Allan M. Siegel, P.E I/.
Director

1n%,L #11256



APPENDIX I

:External QA Laboratory
Analytical Results



DEPARTMENT OF THEARMY

ST. LOUIS DISTRICT, CORPS OF ENGINEERS
210 TUCKER BLVD., NORTH

ST. LOUIS, MISSOURI 63101-1986

REPLY TO
WTENTION OF

June 15,1987

Contracts Management Group
Engineering Division

SUBJECT : Contract No . DACA87-D-0045, Delivery Order No . 4
Former Bomarc Missile Site, Raco, Michigan

Mr . Thomas Lachajczyk
Program Manager
Envirodyne Engineers, Inc .
12161 Lackland Road
St . Louis, Missouri 63146

Dear Mr . Lachajczyk :

_ In accordance with Operating Procedures for Management
of Chemical Data quality, the Contracting Officer shall
transmit to the A-E the QA Laboratory's results and
appropriate comments . This shall be attached to the A-E's

-' final Engineering Report as an appendix .

Sincerely,

John B . Ha lquist II, P .E .
Authorized Representative

of the Contracting Officer

Enclosure
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M IAB NO. 87/56

DEPARTMENT OF THE ARMY Sheet 1 of 4
MISSOURI RIVER DIVISION, CORPS OF BNGINEM

DIVISION LABORATORY
OMAHA, NEBRASKA 68102 12 JUN 1987

Subject : QA/QC Final Report

Project : Former Raco Bomarc Missile Battery
Intended Use: DERA Confirmation Study
Source of Material :

Submitted by: Mike Dace, St . Louis District, CELMS-ED-PM
Date Sampled : , Date Received :
Method of Test or Specification : See attached tables

References : Project No . E05MI002600

REMARKS

1 . Project Objective :

The object is a preliminary determination of the presence or absence of
chemical contamination which may have been caused by DOD related activities .
The work effort involves the investigation of the contiguous groundwater and
soil for possible contamination by solvents, starting fluid mixtures, fuels,
hydraulic fluids, paints, and any hazardous substances associated with the
operation, maintenance, and deactivation of the site.

2 . Brief Site Background :

The former Raco missile site occupies 152.54 acres of land. The site is
currently owned by the US Forest Service-as part of the Hiawatha National
Forest . It is part of an area that has been intermittently controlled and
used by DOD and other government agencies since 1895 . Areas of interest are a
small airfield constructed in approximately 1942-3 and a base for the Bomarc
Missiles built in approximately 1960 . The airfield property was returned to
the Forest Service in 1964, and the missile site was returned in 1973- There
has been no DOD use of the area since 1973 .- -

Solsky/gc/3211
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3 . Initial Project Comments :

- Comments were provided to St . Louis District on 24 October 1986,
18 November 1986, and 6 January 1987 on the Scope of Work, Sampling-Analysis
QA/QC Plan, and on the Monitoring Well Installation Plan, respectively by the
MRD Laboratory . Numerous comments were made on the nature of QA and QC
samples, analytical methodology to be used, and background samples . All
comments were resolved before work started at the site .

The MRD Laboratory furnished all containers and shipping materials for the
collection and shipment of the QA samples . These containers were shipped to
the site on 4 December 1986 .

4) Contractor Results :

The contractor's lab (finvirodyne Engineers, 12161 Lackland Road, St . Louis,
Missouri 64146, (314)434-6960) provided the raw analytical data to the MRD
Laboratory on 26 March 1987 . The Draft Final report was provided on 13 April
1987 .

The contractor's laboratory listed a duplicate compound on all of their data
reports . The compound trichlorofluoromethane was listed twice with different
detection limits on all tables . This discrepancy should be resolved .

5 . Contractor QC Results :

a . Volatile Organics :

All surrogate compound recoveries were within methodology limits . Daily
blanks were evaluated. These blanks all indicated the presence of very low
levels of ethylbenzene and slightly higher levels of methylene chloride .
Methylene chloride is a commonly used laboratory solvent and its presence in
these samples is very common . All of the values reported for methylene
chloride are most likely the result of laboratory contamination and not the
result of site contamination . 3t is not common to see low levels of
ethylbenzene . This is not a common laboratory solvent however, since low
levels of this compound are found in virtually all of the samples, it too is
more than likely the result of laboratory contamination. Duplicate analyses
on single groundwater and soil samples displayed good agreement . No duplicate
was analyzed on any silo water sample . All travel blanks were negative except-
for detected low levels of ethylbenzene and inethylene chloride . Rinsate
samples also showed : low level,; of-ethylbenzene and methylene chloride-for the
silo and-soil samples . No rinsate was collected for the groundwater samples .
These rinsate samples also showed low levels of trichlorofluoromethane and
toluene . Since these compounds were not detected in the lab or travel blanks,
it must be assumed that field contamination occurred. This data would cast
doubt on all values reported for these two compounds . Both were found in
several field samples . The QA laboratory also found low levels which would
confirm this source of contamination . No volatile compounds were detected in
the background soil sample .
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No PCB's were detected in any sample . No PCB blank values were reported. All
duplicate analyses agreed . All rinsates were free of PCB contamination . No
background levels of PCB's were reported.

c . Petroleum Hydrocarbons :

All duplicate analyses agreed. No blank values were reported . The single
rinsate sample taken showed no detectable petroleum hydrocarbons . Low levels
of petroleum hydrocarbons were detected in the background soil sample .

d . Metals :

Low levels of arsenic, barium, and chromium were found in most soil samples,
including the background soil sample . Low levels of lead and barium were
found in most silo water samples . Low levels of barium were detected in all
groundwater samples . All duplicate values agreed . No metals were detected in
the soil and silo .rinsate samples . No metal QC information was provided in
this report for spike analysis . It is therefore not possible to examine any
matrix problems which might have been present .

6 . QA Results :

All QA samples were contracted out for analysis to the Martin Marietta Energy
Systems, Inc . Laboratory in Oak Ridge, Tennessee . Their data report is
included .

All samples received were analyzed for the same parameters as performed by the
contractor's laboratory . The QA results were received by this office on
8 June 1987 .

All duplicate, spike, and blank data fell within acceptable limits . This data
are clearly shown on the QA data report .

7 . QA Overview:

All samples were delivered to the lab in the appropriate containers properly
" preserved . No problems were encountered . However, small air bubbles were

noted in one of the glass vials received for the sample labelled "RB-7
Sampling Blank,"

"The analytical methodology used for the petroleum hydrocarbon analyses- _
differed significantly between the two labs . The method specified in the J'
original "Sampling/Analysis - QA/QC Plan" was Standard-Methods No .-503 C,D for
soil and 5503 C,fi for water . The method actually used for sample analysis was
418 .1 . These are different procedures which yield different answers . The QA
laboratory analyzed these samples usingthe methods originally specified .
Therefore, a data comparison cannot be performed. The method used by the
contractor's laboratory is appropriate, and preferred, for this type of
analysis .
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- 8. QA/QC Data Comparison :

Six (6) QA samples were received for this project . The following chart lists
_ the samples' identity and the corresponding enclosed table where the actual

data summary and comparison to the contractor's data is given :

Sample Matrix Table No.

RB-7 (Silo *26) Water 1
RB-7 (Sampling Blank) Water 2

- RG-1 (Well 1) Water 3
RS-1 (Transformer Pad) Soil 4
RS-8 (Rinsate) Water 5
Travel Blank Water 6

* Bnvirodyne did not analyze this sample, therefore no comparison can be
made.

Specific data comparison comments can be found at the end of each table.

_ In general, all data agreed and no significant deviations were noted .
r .

9 . Summary:

The QA data agrees with and supports all of the contractor's laboratory data.
The change in methodology used for the petroleum hydrocarbon analyses should
not alter the conclusions reached in the Contractor's Final Report. The

-' contamination reported for toluene and trichlorofluoromethane should be
further examined due to its presence in the sampling blanks . The contractor's
laboratory did not report all of its internal Quality Control information

- which makes a final evaluation of the metals data difficult .

Submitted by :

wl &J60~~
- R. K. SCHLENBBR, P.B.

Director, MRD Laboratory



DEPARTMENT OF THE ARMY
Missouri River Division, Corps of Engineers

Division Laboratory
- Omaha, Nebraska

TABLE 1 Page 1 of 2

Project : Former Bomarc Missile Battery and Airfield (Raco, MI)
Date Sample Received: RB-7 (Silo *26)
Customer Sample No : 14 January 1987

- Material Description : Water

QA Lab Contractor
Analysis Result Result Unit

- Miscellaneous

Oil and Grease <2 mg/L
- PCB's <0 .5 ug/L

Total Metals

- Barium 4 0 .013 mg/L
Cadmium . <0 .0030 " mg/L
Chromium <0 .010 mg/L

- Lead <0 .050 mg/L
Silver <0 .0060 mg/L
Arsenic <0 .005 mg/L

- Selenium <0 .005 mg/L
Mercury <0 .0002 mg/L

Dissolved Metals

Barium 0.014 mg/L
Cadmium <0 .0030 mg/L

- Chromium <0 .010 �g/L
Lead <0 .050 mg/L
Silver <0 .0060 mg/L
Arsenic <0 .005 mg/L

-' Selenium <0 .005 mg/L
Mercury <0 . 0002 mg/L



DEPARTMENT OF THE ARMY
Missouri River Division, Corps of Engineers

Division Laboratory
Omaha, Nebraska

TABLE 1 Page 2 of 2

Analysis
Volatile Orsanics

Benzene
Bromoform
Carbon Tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane
2-Chloroethylvinyl Ether
Chloroform
Dichlorobromomethane
1,1-Dichloroethane
1,2-Dich~loroethane
1,1-Dichloroethylene
1,2-Dichloropropane
1,3-cia-Dichloropropylene
1,3-trans-Dichloropropylene
Bthylbenzene
Methyl Bromide
Methyl Chloride
Methylene Chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Trichlorofluoromethane
Toluene
1,2-trans-Dichloroethylene
1,1,1-Trichloroethane
1,1,2-Trichloroethane -
Trichloroethylene
Vinyl Chloride

QA Lab Contractor
Result Result Unit

<5 .0 ug/L
<5 .0 ug/L
<5 .0 ug/L
<5 .0 ug/L
<5 .0 ug/L

<10 .0 ug/L
<10.0 ug/L
<5 .0 ug/L
<5 .0 ug/L
<5 .0 ug/L
<5 .0 ug/L
<5 .0 ug/L
<5 .0 ug/L
<5 .0 ug/L
<5 .0 ug/L
<5 .0 ug/L

<10.0 ug/L
<10.0 ug/L
<5 .0 ug/L
<5 .0 ug/L
<5 .0 ug/L
- ug/L
1 ug/L

<5 .0 ug/L
<5 .0 ug/L
<5 .0 ug/L
<5 .0 ug/L
<5 .0 ug/L

Comments : No contractor data was available for comparison . The contractor
failed to run this . sample. , _



DEPARTMENT OF THE ARMY
Missouri River Division, Corps of Engineers

Division Laboratory
Omaha, Nebraska

TABLE 2 Page 1 of 2

Project : Former Bomarc Missile Battery and Airfield (Raco, MI)
Date Sample Received: RB-7 (Sampling Blank)
Customer Sample No : 14 January 1987
Material Description : Water

QA Lab Contractor
Analysis Result Result Unit
Miscellaneous

Oil and Grease <2 <0 .5 mg/L
PCB's <0 .5 (0 .22 ug/L

Total Metals

Barium (0 .0010 (0 .005 mg/L
Cadmium (0 .0030 (0 .001 mg/L
Chromium (0 .010 (0 .005 mg/L
Lead (0 .050 (0 .005 sg/L
Silver (0 .0060 (0.0014 mg/L
Arsenic (0 .005 (0 .0035 mg/L
Selenium (0 .005 (0 .0021 mg/L
Mercury (0 .0002 (0 .0002 mg/L

Dissolved Metals

Barium (0 .0010 (0.005 mg/L
Cadmium (0 .0030 (0 .001 mg/L
Chromium (0 .010 (0.005 mg/L
Lead (0 .050 (0 .005 mg/L
Silver , (0 .0060 (0.0014 mg/L
Arsenic (0 .005 (0 .0035 mg/L
Selenium (0 .005 (0.0021 mg/L
Mercury (0 .0002 (0 .0002 mr/L



DEPARTMENT OF THE ARMY
Missouri River Division, Corps of Engineers

Division Laboratory
- Omaha, Nebraska

TABLE 2 Page 2 of 2

QA Lab Contractor
- Analysis Result Result Unit

Volatile OrKanics

- Benzene <5 .0 <0 .5 ug/h
Bromoform <5 .0 <3 .2 ug/L
Carbon Tetrachloride <5 .0 <1 .5 ug/L
Chlorobenzene <5 .0 <0 .6 ug/L
Chlorodibromomethane <5 .0 <2 .0 ug/L
Chloroethane <10 .0 <2 .4 ug/L

- 2-Chloroethylvinyl Ether <10 .0 <5 .9 ug/L
Chloroform <5 .0 <0 .8 ug/L
Dichlorobromomethane <5 .0 <1 .1 ug/L
1,1-Dichloroethane <5 .0 <0 .8 ug/L

- 1,2-DicWoroethane <5 .0 <1 .5 ug/L
1,1-Dichloroethylene <5 .0 <1 .9 ug/L
1,2-Dichloropropane <5 .0 <1 .5 ug/L
1,3-cis-Dichloropropylene <5 .0 <1 .5 ug/L
1,3-trans-Dichloropropylene <5 .0 <1 .5 ug/L
Bthylbenzene <5 .0 0.8 ug/L

- Methyl Bromide <10.0 <1 .5 ug/L
Methyl Chloride <10.0 <1 .6 ug/L
Methylene Chloride 4 6.2 ug/L
1,1,2,2-Tetrachloroethane <5 .0 <1 .4 ug/L

- Tetrachloroethylene <5 .0 <1 .5 ug/L
Trichlorofluoromethane - 3 .2 ug/L
Toluene 8 9 .2 ug/L
1,2-trans-Dichloroethylene <5 .0 <1 .5 ug/L
1,1,1-Trichloroethane <5 .0 <1 .2 ug/L
1,1,2-Trichloroethane <5 .0 <1 .6 ug/L

- Trichloroethylene <5 .0 <1 .3 ug/L
Vinyl Chloride <10 .0 <1 .2 ug/L

Comments : All data-agreed



� DEPARTMENT OF THE ARMY
Missouri River Division, Corps of Engineers

- Division Laboratory
Omaha, Nebraska

_ TABLE 3 Page 1 of 2

Project : Former Bomarc Missile Battery and Airfield (Raco, MI)
Date Sample Received : RG-1 (Well #1)
Customer Sample No: 14 January 1987
Material Description : Water

GA Lab Contractor
_ Analysis Result Result Unit

Miscellaneous

Oil and Grease <2 <0 .5 mg/L
- PCB's <0 .5 (0 .22 ug/L

Total Metals

Barite , 0.038 0.044 mg/L
Cadmium . (0 .0030 (0 .001 ag/L
Chromium (0 .010 (0 .005 mg/L
Lead (0 .050 (0 .005 mg/L
Silver (0 .0060 (0 .0014 mg/L
Arsenic (0 .005 (0 .0035 mg/L
Selenium (0 .005 (0 .0021 mg/L
Mercury (0 .0002 (0 .0002 mg/L

- Dissolved Metals

Barium 0.020 0.019 mg/L
_ Cadmium (0 .0030 (0 .001 mg/L

Chromium (0 .010 (0 .005 mg/L
Lead (0 .050 (0 .005 mg/L
Silver (0 .0060 (0 .0014 mg/L

- Arsenic (0 .005 (0 .0035 mg/L
Selenium (0 .005 (0 .0021 mg/L
Mercury (0 .0002 . (0 .0002 mg/L



DEPARTMENT OF THE ARMY
Missouri River Division, Corps of Engineers

Division Laboratory
Omaha, Nebraska

TABLE 3 Page 2 of 2

QA Lab Contractor
Analysis Result Result Unit
Volatile Ormanics

Benzene <5 .0 <0 .5 ug/L
£romoform <5 .0 <3 .2 ug/L
Carbon Tetrachloride <5 .0 <1 .5 ug/L
Chlorobenzene <5 .0 <0 .6 ug/L
Chlorodibromomethane <5 .0 <2 .0 ug/L
Chloroethane <10 .0 <2 .4 ug/L
2-Chloroethylvinyl Ether <10.0 <5 .9 ug/L
Chloroform <5 .0 <0 .8 ug/L
Dichlorobromomethane <5 .0 <1 .1 ug/L
1,1-Dichloroethane <5 .0 <0 .8 ug/L
1,2-Dichloroethane <5 .0 <1 .5 ug/L
1,1-Dichloroethylene <5 .0 <1 .9 ug/L
1,2-Dichloropropane <5 .0 <1 .5 ug/L
1,3-cis-Dichloropropylene <5 .0 <1 .5 ug/L
1,3-trans-Dichloropropylene <5 .0 <1 .5 ug/L
Bthylbenzene <5 .0 <0 .4 ug/L
Methyl Bromide <10.0 <1 .5 ug/L
Methyl Chloride <10.0 <1 .6 ug/L
Methylene Chloride <5 .0 5.5 ug/L
1,1,2,2-Tetrachloroethane <5 .0 <1 .4 ug/L
Tetrachloroethylene <5 .0 <1 .5 ug/L
Trichlorofluoromethane - <1 .3 ug/L
Toluene <5 .0 <1 .0 ug/L
1,2-trans-Dichloroethylene <5 .0 <1 .5 ug/L
1,1,1-Trichloroethane <5 .0 <1 .2 ug/L
1,1,2-Trichloroethane - <5 .0 .<1 .6 ug/L
Trichloroethylene <5 .0 <1 .3 ug/L
Vinyl Chloride <10 .0 <1 .2 ug/L

Comments : All data agreed



DEPARTMENT OF THE ARMY
Missouri River Division, Corps of Engineers

Division Laboratory
- Omaha, Nebraska -

TABLE 4 Page 1 of 2

Project : Former Bomarc Missile Battery and Airfield (Raco, MI)
Date Sample Received: RS-1 (Transformer Pad)
Customer Sample No: 15 January 1987
Material Description : Soil

OA Lab Contractor
Analysis Result Result Unit

- Miscellaneous

* Oil and Grease 13,000 8,310 mg/kg
PCB's <0 .1 <0 .022 ug/g

Total Metals

- Barium, 8 .6 8 .4 ug/g
Cadmium 0 .44 <1 ug/g
Chromium 2.3 4.3 ug/g
Lead <5 .0 <5 .0 ug/g
Silver <0 .60 <0.20 ug/g

* Arsenic <0 .5 1.48 ug/g
Selenium

-
<0 .5 <0.32 ug/g

Mercury <1 .0 <0 .2 ug/g

Volatile OrKanics

Benzene < 25 <0 .5 ug/kg
Bromoform < 25 <3 .2 ug/kg

- Carbon Tetrachloride < 25 <1 .5 ug/kg
Chlorobenzene < 25 <0 .6 ug/kg
Chlorodibromomethane < 25 <2 .0 ug/kg
Chloroethane < 50 <2 .4 ug/kg

- 2-Chloroethylvinyl Ether < 50 <5 .9 ug/kg
* Chloroform 54 <0 .8 ug/kg
Dichlorobromomethane < 25 <1 .1 ug/kg

- - 1,1-Dichloroethantr '~< 25 -" <0 .-8 -' ug/kg
1,2-Dichloroethane "< 25 <1 .5 ._ ug/kg .
1,1-Dichloroethylene < 25 <1 .9 _ ug/kg

- 1,2-Dichloiopropane . . < 25 <1 .5-' . ug/kg
1,3-cis-Dichloropropylene < 25 <1 .5 ug/kg
1,3-trans-Dichloropropylene < 25 <1 .5 ug/kg



DEPARTMENT OF THE ARMY
Missouri River Division, Corps of Engineers

- Division Laboratory
Omaha, Nebraska

TABLE 4 Page 2 of 2

- QA Lab Contractor
Analysis Result Result Unit

- Bthylbenzene < 25 <0 .4 ug/kg
Methyl Bromide < 50 <1 .5 ug/kg
Methyl Chloride < 50 <1 .6 ug/kg

* Methylene Chloride 6 130 .6 ug/kg
- 1,1,2,2-Tetrachloroethane < 25 <1 .4 ug/kg

Tetrachloroethylene < 25 <1 .5 ug/kg
Trichlorofluoromethane - <1 .3 ug/kg

-- Toluene 4 9.7 ug/kg
1,2-trans-Dichloroethylene < 25 <1 .5 ug/kg
1,1,1-Trichloroethane < 25 <1 .2 ug/kg

- 1,1,2-Trichloroethane < 25 <1 .6 ug/kg
Trichloroethylene < 25 <1 .3 ug/kg
Vinyl-Chloride < 50 <1 .2 ug/kg

Comments : Some of the values disagreed and these compounds are marked with
- a "* ." No serious problem exists with arsenic since the value reported for

arsenic is close to the method detection limit . The values listed for
methylene chloride and chloroform are typical for laboratories . Both are
commonly used solvents and are routinely found at these levels in
laboratories . Therefore, it would be expected that if contamination were
present, the values would not agree .

- The oil and grease values will differ due to the different methods used by
each laboratory . The oil and grease method (503 C,D) will yield higher
values than the petroleum hydrocarbon method (418 .1) . Therefore, the QA

- value would be expected to be higher than the Contractor's value .



DEPARTMENT OF THE ARMY
Missouri River Division, Corps of Engineers

Division Laboratory
Omaha, Nebraska

TABLE 5 Page 1 of 2

Project : Former Bomarc Missile Battery and Airfield (Raco, MI)
Date Sample Received : RS-8 Rinsate
Customer Sample No : 15 January 1987
Material Description : Water

Analysis
Miscellaneous

Oil and Grease
PCB's

Total Metals

Barium
Cadmium
Chromium
Lead
Silver
Arsenic
Selenium
Mercury

Volatile Orranics

Benzene
_ Bromoform

Carbon Tetrachloride
Chlorobenzene

- Chlorodibromomethane
- Chloroethane

2-Chloroethylvinyl Ether
Chloroform
Dichlorobromomethane
1,1-Dicfiloroethane
1,2-Dichloroethane
1,1-Dichloroethylene
1,2-Dichloropropane
1,3-cis-Dichloropropylene
1,3-trans-Dichloropropylene

QA Lab Contractor
Result Result Unit

<0 .5 0.5 mg/L
<0 .5 <0 .22 ug/g

<0 .0010 <0 .005 mg/L
<0 .0030 <0 .001 mg/L
<0 .010 <0 .005 mg/L
<0 .050 <0 .005 mg/L
<0 .0060 <0 .0014 mg/L
<0 .005 <0 .0035 mg/L
<0 .005 <0 .0021 mg/L
<0 .0002 <0 .0002 mg/L

<5 .0 <0 .5 ug/L
<5 .0 <3 .2 ug/L
<5 .0 <1 .5 ug/L
<5 .0 <0 .6 ug/L
<5 .0 <2 .0 ug/L

<10.0 <2 .4 ug/L
<10.0 <5 .9 ug/L
<5 .0 <0.8 ug/L
<5 .0 <1 .1 ug/L
<5 .0 <0 .8 ug/L
<5_D <1 .-5 ug/L
<5.0 <1.9 ug/L
<5 .0 <1 .5 ug/L
<5 .0 <1 .5 ug/L
<5 .0 " <1 .5 ug/L



- " DEPARTMENT OF THE ARMY
Missouri River Division, Corps of Engineers

Division Laboratory
- Omaha, Nebraska

TABLE 5 Page 2 of 2

QA Lab Contractor
- Analysis Result Result Unit

Bthylbenzene <5 .0 0.7 ug/L
- Methyl Bromide <10 .0 <1 .5 ug/L

Methyl Chloride <10.0 <1 .6 ug/L
Methylene Chloride <5 .0 4.0 ug/L
1,1,2,2-Tetrachloroethane <5 .0 <1 .4 ug/L
Tetrachloroethylene <5 .0 <1 .5 ug/L
Trichlorofluoromethane - 5 .2 ug/L
Toluene 8 9.0 ug/L

` 1,2-trans-Dichloroethylene <5 .0 <1 .5 ug/L
1,1,1-Trichloroethane <5 .0 <1 .2 ug/L
1,1,2-Trichloroethane <5 .0 <1 .6 ug/L

- Trichloroethylene <5 .0 <1 .3 ug/L
Vinyl Chloride <5 .0 <1 .2 ug/L

Comments : All data agreed



DEPARTMENT OF THE ARMY
Missouri River Division, Corps of Engineers

Division Laboratory
Omaha, Nebraska

TABLE 6 Page 1 of 1

Project : Former Bomarc Missile Battery and Airfield (Raco, MI)
Date Sample Received : Travel Blank
Customer Sample No : 14 January 1987
Material Description : Water

QA Lab Contractor
Analysis Result Result Unit

Volatile Organics

Benzene <5 .0 <0 .5 ug/L
Bromoform <5 .0 <3 .2 ug/L
Carbon Tetrachloride <5 .0 <1 .5 ug/L
Chlorobenzene <5 .0 <0 .6 ug/L
Chlorodibromomethane <5 .0 <2 .0 ug/L
Chloroethane <10 .0 <2 .4 ug/L
2-Chloroethylvinyl Ether <10.0 <5 .9 ug/L
Chloroform <5 .0 <0 .8 ug/L
Dichlorobromomethane <5 .0 <1 .1 ug/L
1,1-Dichloroethane <5 .0 <0 .8 ug/L
1,2-Dichloroethane <5 .0 <1 .5 ug/L
1,1-Dichloroethylene <5 .0 <1 .9 ug/L
1,2-Dichloropropane <5 .0 <1 .5 ug/L
1,3-cis-Dichloropropylene <5 .0 <1 .5 ug/L
1,3-trans-Dichloropropylene <5 .0 <1 .5 ug/L
Sthylbenzene <5 .0 <0 .4 ug/L
Methyl Bromide <10 .0 <1 .5 ug/L
Methyl Chloride <10.0 <1 .6 ug/L
Methylene Chloride 7 7.0 ug/L
1,1,2,2-Tetrachloroethane <5 .0 <1 .4 ug/L
Tetrachloroethylene <5 .0 <1 .5 ug/L
Trichlorofluoromethane - <1 .3 ug/L
Toluene <5 .0 <L 0 ug/L
1,2-trans-Dichloroethylene <5 .0 <1 .5 ug/L
1,1,1-Trichloroethane <5 .0 <1 .2 ug/L
1,1,2-Trichloroethane <5 .0 . <1 .6 ug/L
Trichloroethylene <5 .0 - <1 .3 ug/L

- Vinyl Chloride <5 .0 <1 .2 ug/L .

Comments : All data agreed
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- MARTIN MARIETTA ENERGY SYSTEMS, INC.

Dr . Joseph Sol sky
Department of the Army
Corp of Engineers, HRDED-L
420 S. 18th Street
Omaha, Nebraska 68102

Dear Dr. Sol sky

POST OFFICE BOX v
OAK RIDGE. TEMAE85EE 77!81

June 2, 1987

Results for Bomarc Missile DERA Site, Raoo, Michigan, Samples

The Analytical Chemistry Department (ACD) received 6 Water and soil samples
for analysis. The attached table (Table 1) compiles your sample identification
and ACD laboratory sample numbers. Please refer to our sample numbers for all
future `identification .

The following EPA methods were used for the analysis:

EPA-624 for the determination of the Volatile Organic Compound (VOA) in Water .
EPA-624 as provided by the EPA-Contract Laboratcy Program (CLP) for Organic

Analysis, October 1986 edition for the determination of VOA in the soil
sample.

EPA-608 for the determination of P®3 in the water samples.
EPA-8080 for the determination of PCBs in the soil .
EPA-3050 for the preparation of the soil sample prior to the determination of
Barium, Cadmium, Chromium, Lead, and Silver by Inductively Coupled Plasma
EPA-6010 ; Arsenic and Selenium by Atomic Absorption Graphite Furnace
EPA-7060 and 7740 respectively .

EPA-7471 for the determination of Mercury in the soil .
Standard Method-503C, D for the determination of Petroleum Hydrocarbons in the

soil sample .
EPA-6010 for the determination of total or dissolved metals in water by ICP.

- EPA-206 .2 for the determination of total or dissolved Arsenic in water by AA.
EPA-270 .2 ,for th determination of total oar dissolved Selenium in.water by AA.
EPA-245 .1 for the determination of total or dissolved Mercury in water by

_ CV AA.
EPA-413 .1 for the determination of Petroleum Hydrocarbons in water .

Our QA/QC protocol for this group of samples included the analusis of spikes,
duplicates, and blanks . Surrogate spiked were added to each individual sample
for the VOA and PCB analyses. The percent recoveries for the surrogate spikes
are included as part of the sample analysis report. Recoveries are within the
limits specified by the CLP document. The analysis report for the operation
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blank for the VOA analysis is included as part of the sample analysis report.
Duplicate analyses are ACD # 870119-031 and -036 for the VOA analysis and
870119-040 and -043 for the P® analysis. The duplicate analysis reports are
inserted following those of the original sample . All duplicate analyses are in
agreement . Matrix spike evaluation for the metals in the soil are included with
sample 870204-001 for the soil matrix. For the water matrix, spike evaluation
for the Mercury is included with samples 870204-002 and 870210-111, while
Arsenic and Selenium spike recoveries are included with sample 870210-114 .
The associated blanks for the PCB analysis are samples 870121-060 for the water
matrix and 870205-002 for the soil . The analysis reports for these blanks are
included in a separate section at the end of this data package .

Please feel free to call on us if you have ary question or if we can be of
ary further assistance .

Sincerely,

40414

'0. Ahmed A. Halouma
Project Manager

AAH : pte

Enclosure
1 . Sample Analysis Report

cc : M. S. Miller



TABLE 1

MRD Sample ID Matrix Parameter ACD Sample # Remarks

FS-7 Sample Blank Water VOA 870119-031 1
RB-7 (Silo#26) Water VOA -032 1

- RC-1 (Well#1) Water VOA -033 1,2
Trav el Blank Water VOA -034 1
RS-8 Rinsate Water VOA -035 1

- RB-7-D Water VOA -036 1,3
RS-1 Transformer Pad Soil VOA -037 1

- RB-7 Sample Blank Water PCB's -038 1
RS-7 (Silo#26) Water PCB s -039 1
RC-1 (Well#1) Water PCB's -040 1,2
RS-8 Rinsate Water PCB s -041 1
RS-1 Transformer Pad Soil P®' S -042 1
RC-1 (WII.L#1)-D Water P®I s -043 1,3

- RS-1 : Soil I Total Metals 870204-001 4
RB-7 ". Water A Petroleum -002 4
RC-1 " Water } Hydrocarbons -003 4

- RB-7 Blank Water I -004 4
RS-8 Rinsate Water I 870210-114 4

1B-7-F Water Dissolved Metals 870210-111 4,5
- FG-1-F Water - " - -112 4,5

RB-7
---

Blank-F
--

Water - " - -113 4,5
- ------------

- Remarks
------------------------------------------------

1- Sample received J anuary 16, 1987 .
- 2- Sample identification as shown on chain of custody record, Jan. 15,

letter identifies the sample as "RG-1 ( Well I) .
3- Designated ACD duplicate sample.
4- Sample received J anuary 28,- - -1987 . ,

- 5- Analysis done on filtered sample .
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APPENDIX J

Michigan State
Recommended
Drinking Water

Limits In
Standards



MICHIGAN DEPARTMENT OF NATURAL RESOURCES

INTEROFFICE COMMUNICATION

October 23, 1985

TO : Laura Southerland, C.%'QD, Detrcit Area District

FROM : Gary Butter4'`ield, S~QD, Toxic Chemical Evaluation Section

?d*7
In response to your request for information (10/16/85) on petroleum

- products, I am sending you summaries of toxicity information on several
chemicals . Also included is a table of our current recommended limits
for Groundwater contamination from these chemicals .

- Tt-e initial request for information on "petroleiym products" covers a wide
ranze o: che=icals . For example, crude oil has been estlr..ate : to consic :
of over 30'. ; chemicals . Many of those 300+ chemicals are used to synthesize

- other chemicals . There could potential :,., be thousands of cher4icals and
mixtures classified as "petroleum products" .

- The handful'. of chemiralc whose infornaticr is enclosed arc a few of the
better known chemicals . If you would like more information on other
chemicals or more detailed info--ation on these few, please reel free to
call ere at (51 7 ) 373-?190 .

Max . Groundwater Concentrr_tion
(mz/1)

BenZ~-.c C . .,= .
Ethylbenzene 3 .4
Toluene 1 .C
Phenol
Xylenes 3 .6

RECEIVED
OCT 2 91985

tons-rr~,- ~~-

Enclosures

..'



1N DRINKLNc, w,\T1:R STANMWS

Alkyl Benzene Sulfonate (ABS)

Alkalinity

- Ammonia (NH4)

**Arsenic

**Barium

Bicarbonate

BOU (see pg . 4)

**Cadmium

Calcium

Carbon Chloroform extract

Carbonate

- *Chloride

Chlorine

"Chromium (hexavalent)

COD

*Color

Conductivity

*Copper

Corrosivity

Cyanide

- Dissolved Solids

Dissolved Oxygen

Fluoride

*Foaming Agents

- USPHS 0 .5 mg/1 maximum permissible

- Not a specific-polluting substance but combination
of factors

- USPHS 0.10 mg/1 in excess suspect of pollution

- USPHS 0.01 mg/1 recommended limit 0 .05 mg/1 mandatory
limit EPA (E .L .)

- USPHS 1 .0 mg/1 mandatory limit EPA (E .L .)

- 150 mg/1 desirable or permissible (Hibbard)

- USPHS 0.01 mg/l mandatory limit EPA (E .L .)

- WHO Permissible 75 mg/1 Excessive 200 mg/1

- USPHS 0.2 mg/1 recommended limit

- 20 mg/1 (33 .3 mg/l as alkalinity) recommended
limit (Hibbard)

- USPHS 250 mg/1 recommended maximum limit EPA (R .L .)

- Very high levels will be objectionable in terms
of quality

- USPHS 0.05 mg/1 mandatory limit EPA (E .L .)

- Preferred limit less than 50 ppm EPA (P .L .)

- USPHS 15 units acceptable limit

- function of dissolved solids

- USPHS 1 .0 mg/1 recommended limit EPA (R .L .)

- Non-Corrosive (E .P .A .)

- USPHS 0 .01 mg/1 recommended limit 0 .2 mg/1
mandatory limit

- USPHS 500 mg/1 total

- No limits USPHS

- See page 4

- 0.5 mg/1 E .P .A . recommended limit EPA (R .L .)



Drinking Water Standards
__ Page 2

Hardness as
CaCO3

Herbicides

' Hydrocarbons

*Hydrogen Sulfide

*Iron

**Lead

Magnesium

Magnesium b Sodium Sulfate

- *Maganese

**Mercury

Nickle

**Nitrate (as N)

Nitrate (a NO3)

- Nitrogen-ammonia

Nitrogen-nitrate

Nitrogen-nitrite

Nitrogen-organic

*Odor

Oxygen, dissolved

- PCB's

Pesticides

Phenolic Compounds (1s phenols)

*pH

Phospha te

Potassium

**Selenium

- USPHS 300 ppm very hard, 500 ppm unusable for
domestic purposes EPA (R .L . 300 ppm)

- Official limits for these have not been established

- 0 .2 ppm total

- 0 .05 mg/1 E .Y .A . recommended limit

- USPHS 0 .3 mg/l recommended limit EPA (R .L .) ,

- USPHS 0.05 mg/1 drinking water limit mandatory limit
EPA (E .L .)

- USPHS No recommended limit

- WHO permissible 500 mg/l Excessive limit 1000 mg/l

- USPHS 0 .05 mg/1 recommended limit EPA (R .L .)

- EPA 0 .002 mg/l mandatory limit EPA (E .L .)

- EPA recommended limit 0.1 mg/1

- EPA 10 .0 mg/l mandatory limit EPA (E .L .)

- 45 mg/l recommended limit USPHS

- USPHIS 0.5 mg/l as Nil4 recommended limit

- USPHS 45 mg/l recommended limit

- 2 mg/l generally accepted

- No limits

- USPHS threshold odor number should not exceed 3 EPA
(R .L .)

- See page 4

- No official limit

- Official limits for these have not been established

- 6 .5 - 8 .5 EPA recommended limit EPA (R .L .)

- USPHS 0 .001 mg/l maximum concentration limit

- 1000-2000 mg/l extreme limit

- USPI(S 0.01 mg/l mandatory limit EPA (E .L .)
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APPENDIX K

Dafter Sanitary Landfill Letter



Purchase Order DACA-87-87-M-1159

SCOPE OF WORK
FOR

DISPOSAL OF FOUR DRUMS OF
- LOW LEVEL HAZARDOUS WASTE

AT THE
FORMER BOMARC MISSILE FACILITY

- RACO, MICHIGAN

- During installation of monitoring wells as part
of the contamination evaluation of the former Bomarc
Missile Site, Raco, Michigan, under contract DACA-87-86-D-0045 .,
Delivery Order No . 4, Envirodyne Engineers, Inc .,

-" generated nine drums of cuttings . Subsequent testing
of the groundwater revealed that four of the drums
contained cuttings which were contaminated with Trichloroethylene

- and Toluene . The levels detected in the groundwater
were extremely low - (Tricloroethylene - 3 .0 ppb and
Toluene 1 .9 ppb) . The remaining five drums contain

_, no contaminants and are the responsibility of Envirodyne
Engineers, Inc . The four contaminated drums are the
responsibility of the Federal Government . The drums
are presently stored onsite in one of the existing

- buildings .

The Detroit District, U . S . Army Corps of Engineers,
- is preparing to demolish the building under debris

removal of the Defense Environmental Restoration Program .
This necessitates removal of the drums .

The Contractor shall arrange for labor, transportation,
and disposal of the four contaminated drums in accordance
with any applicable regulations under tine Resource
Conservation Recovery Act (RCRA) and regulations of
the Michigan Department of Natural Resources . When
completed, the Contractor shall furnish a letter an%-'A/or
other evidence such as receipts showing proper disposal
of the four drums .



Dafter Sanitary Landfill
_ Old US-2 & 12 Mile Road 0 Dafter, Michigan 49724

(906) 632-8055

June 30, 1987

- Envirodyne Engineers
12161 Lackland Rdad
St . Louis, Missouri 63146

Attention : Paul Shetley
Environmental Scientist

- PER YOUR REQUEST :

_ The removal of drums from Old Raco Missle Base
Battery site near Raco, Michigan, was completed
June 30, 1987 . The drums were disposed of and
handled as Not Controlled, Not Hazardous,
Under Act 64 .

PURCHASE ORDER #23464

Thank Yo

Eraehei



APPENDIX L

Inventory Report and
Hazardous Ranking System
Evaluation



-? BfiDMOrDRM . . . . . . . . . . . . . . . . . . 2
59i-7`s°6 4-METHYL-2-PENTANDHE . . . . . . . <10
108-10-1 2-HEXANONE . . . . . . . . . . . . . . . . . <10
127-18-4 TETRA:HLDROETHENE . . . . . . . . . . <5
79-34-5 1+1t2t2-TETRACHLOROETHANE . . 3
108-88-3 TOLUENE . . . . . . . . . . . . . . . . ., . . 1
108-90-7 CHLOROHENZENE . . . . . . . . . . . . . . 1
100-41-4 ETHYLHENZENE . . . . . . . . . . . . . . . <5
100-42-5 STYRENE . ., . . . . . . . . . . . . . . . . . <5

TOTAL XYLENES . . . . . . . . . . . . . . <5

SURROGATE STANDARDS X RECOVERY

- 1+2-DICHLOROETHANE D4 . . . . . . . . . . . . . . . . . . . 90.4
TOLUENE-H . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 .0
4-AROMOFLUCROHENZENE . . . . . . . . . . � . . . . . . . . 107 .4

TIC COMPOUNDS

- 74953 DiBRDM01fETHAHE 1
76131 FREON 1i3 1



UKURNIL RNRL%15 LAIA-KLVUR1

- AnaLIS ID; 870119-035 Customer Sample ID : RS-8 RINSATE
Laboratory Name : Organic Kass Spectroscopy Customer Name : SOLSKY
File ID : ?03478 Sample Matrix : MATER

- Instrument ID : 5995 Requisition Number :
Data Release Authorized By : DC Canada Date Sample Received : 19-JAN-1987

Volatile Organic Compounds - HSL

Date Extracted/Prepared : Date Analyzed : 20-JAN-1987
Preparation Procedure Number : Analysis Procedure Number : EPA-624

- Percent Mositure : Conc/Dilution Factor : 1 .0
Percent Moisture (decanted) : Analyst: CP KNAUTH
Associated Blank:

LAS
---------- ----------------------------

ua/L
----------

CAS us/L
--------- ------------------------------ --

- 74-87-3 chlorosethane IOU
----

79-00-5 1Y1+2-trichloroethane
74-83-9 brorosethane IOU 71-43-2 benzene
75-01-4 vinyl chloride IOU 10061-02-6 trans-! Y3-dichloropropene
75-00-3 chloroethane IOU 110-75-B 2-chloroethslvinvl ether
75-09-2 &ethylene chloride 1 Si 75-25-2 broooforb
67-64-1 acetone 1000 B 102-10-1 4-eethyl-2-r-entanone
7J-1J-S0 carbon disulfide SU 591-78-6 2-hexanone

-- 7J-3J-4 -,ipl-dichloroethene 5U 127-18-4 tetrachloroethene
75-34-3 -1i1-dichloroethane 5U 79-34-5 191,2,2-tetrachloroethane
156-60-5 trans-l+2-dichloroethene SU 106-88-3 toluene 9
67-66-3 chloroform 2 BJ 108-90-7 chlorobenzene
107-06-2 192-dichloroethane SU 100-41-4 ethglbenzene
78-93-3 2-butanone IOU 100-42-5 styrene
71-55-6 lilil-trichloroetharne 5U total xvlenes
56-23-5 carbon tetrachloride 5U
108-05-4 vinyl acetate IOU
75-27-4 bromodichlororethane 5U

- 78-87-5 lr2-dichloropropane 5U
10061-01-5 cis-1,3-dichloroeropene 5U
79-01-6 trichloroethene 5U

- 124-48-1 dibroeochlorosethane 5U

Data Reporting Qualifiers :

tJ - Compound was analyzed for but not detected . The number is the attainable detection limit for the sample .
B - AnalAe was found in the reagent blank as well as the sample . -
J - Indicates an estimated value .
WD - Not Detected . - ° " - '' - -

Surrogate Recover: Data

Amount Amount " Percent
Sorrosate Compound Spiked

---- ---
Recovered Recovered

--------------- --

TOLUENE-D8 50 .0 49 .3 98.6
BRDKOFFLUOROBENZENE 50.0 51 .3 i02.6

- 1+2-DICHLOROETHANE-D4 50 .0 48 .4 96.8

5U
SU
5U
IOU
SU
IOU
10U
5U
5U
B
5U
5U
5U
SU



uhL*MIL A14ALTSIS DATA REPGRT

" An&LIS ID : 870119-035 Customer Sample ID : RS-8 RINSATE
Laboratory Name : Orsanic Mass Srectroscorv Customer Name : SOLSKY
File ID : >03478 Sample Matrix : WATER
Instrument ID : 5995 Reouisition Number : _
Data Release Authorized W DC Canada Date Sample Received : 19-JAN-1987

Terntativelv Identified Compounds

- Date Extracted/Prepared : Date AnalNzed : 20-JAN-1987
Preparation Procedure Number : Analysis Procedure Number : EPA-624
Percent Mositure : Cone/Dilution Factor : 1 .0

_ Percent Moisture (decanted) : Analyst : CP KNAUTH
Associated Blank:

CAS ug/L CAS us/L

75694 TRRICHLORDFLUOROMETHANE 1 J 74953 DIHROMOMETHANE 1 H J
UNKNOWN 71 J

Data neportin9 Qualifiers :

U - Compound was anal :zed for but riot detected . The nusber is the attainable detection limit for the sample .
D - Anaivte was found in the reagent blank as well as the sample .
J - Indicates an estimated value .
ND - Not Detected,

Ttttt Comments from the Organic Mass SfectroscoFv Laboratory ttttt

ASSOCIATED VOA REAGENT BLANK DATA LAB . ID N0,

CAS N0 . COMPONENT UG/L

74-87-3 CHLORROMETHANE . . . . . . . . . . . . . . :10
74-83-9 BROMOMETHANE . . . . . . ~. . . . . . . . <10
75-01-4 VINYL CHLORIDE. . . . .. . . . . . . . <10
75-00-3 CHLORDETHAHE . .. . . . . . . . . . . . . <10
75-09-2
67-64-1
755-:5-0
75-35-4
75-34
156-60-5
67-66-3

1~?-~1b-7

_78-93-3
71-°5-6
56-23-5

108-25-4
75-27-4
7c-87-5

10061-02-6
:9-~1-6
124-4s-1
77-00-5
71-43-2

METHYLENE CHLORIDE . . . . . . . . .
ACETONE . ., . . . . . . . . . . ., ., . . .
CARPON DISULFIDE . . . . . . . . . . .
.71-DICHLGROETHENE . . . . . . . . .
191-DICHLORGETHANE- . . . . . . .
TRAMS-1P2-DICHLOROETHEX'c . . .
CHLOROFORM . . . . . . . . . . . . . . . . .
1 y2-DICF.LMR ETHANE . . . . . . . . .
2-1511AN0HE . . . . . . . . . . . . . . . . .
1i1y1-TRICHLOROETHANE . . . . . .
CARBON TETRACHLORIDE. . . . . . .
VINYL ACETATE . . . . . . . . . . . . . .
PROMODICHLOROMETHAHE . . . . . . .
1+2-DICHLOROFROPANE . . . . . . . 4
TRAhfi-1i3-DICHLOROPROPENE .~
TRICHLORDETHENE . . . . . . . . . . . .
DIRROMOCHLOROMETHANE . . . . . . .
15192-TRICHLORGETHAN7. . . . . . .
BENZENE . . . . . . . . . . . . . . . . . . .,

1
9

<5

13
J

13
<5

:J

510
is

"5

'.5

rc
`.J

<5



110--75-8 2-CHLOROETHYLVINYLETHER . . . . <10
75-u-2 BROMOFORK . . . . . . . . . . . . . . . . . . <5
591-78-6 4-METHYL-2-PENTANONE . . . . . . . <10
108-10-1 2-HEXANONE . . . . . . . . . . . . . . . . . <10

- 127-18-4 TETRACHLORDETHENE . . . . . .� . . <5
79-34-5 lr1+2+2-TETRACHLOROETHANE. . <5
108-88-3 TOLUENE. . . . . . . . . . . . . . . . . . ., 1

_ 108-90-7 CHLOROBENZENE . . . . . . . . . . . . . . <5
100-41-4 ETHYLHENZENE . . . . . . . . . . . . . . . <5
100-42-5 STYRENE . . . . . . . . . . . . . . . . . . . . <5

TOTAL XYLENES . . . . . . . . . . . . . , 1

SURROGATE STANDARDS X RECOVERY

1+",-DICHLOROETHANE D4 . . . . . ., . . . . . . . . . . ., 97,0
TOLUENE-D8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 .0
4-KROMOFLUORDHENZENE. . . . . . . . . . . . . . . . . . . . 107 .2

TIC COMPOUNDS

.' -------------" 4953 i1IBROMONETHANE 1



- ORGANIC ANALYSIS DATA REPORT -

1 ' AnaLIS ID : 870119-037 Customer Swle ID : RS-1 TRANS PAD
- Laboratory Name : Organic Kass Spectroscopy Customer Name : SOLSKY

File ID : >03480 Sample Matrix : SOIL
Instrument ID : 5995C Reouisition Number : -
Data Release Authorized By : DC Canada Date Sample Received : 19-JAN-1987

Volatile Organic Compounds - HSL

- Date Extracted/Prepared'. Date Analyzed : 3-MAR-1987
Preparation Procedure Number : Analysis Procedure Number : EPA-CLP
Percent hositure : 8 Conc/Dilution Factor : 5 .0

_ Percent Moisture (decanted) : Analyst : CP KNAUTH
Associated Blank:

CAS
-------- ----

ua/Ys CAS
--------

uq/Kg

74-87-3 chlorosethane 50U
-----------------------------

79-00-5 lilt2-trichloroethane
---------

25U
74-83-9 broao&ethane 50U 71-43-2 benzene iru

- 75-01-4 vinyl chloride SOU 10061-02-6 trans-W-dichloropropene 25U
75-00-3 chloroethane 50U 110-75-8 2-chloroethulvinul ether 50U
75-09-2 eethvlerne chloride 7 BJ 75-25-2 broeofore 25U

- 67-64-1 acetone 50U 10B-10-1 4-sethvl-2-pentanone SCU
75-15-0 ',carbon disulfide 25U 591-78-6 2-hexanone 50U
75-35-4 .,~Irl-dichloroethene 25U 127-18-4 tetrachloroetherie 25U
7`r34-3 19]-dichloroethane 25U 79-34-5 lilsM-tetrachloroethane 25U

- 156-60-5 trans-lt2-dichloroethene 25U 108-88-3 toluene 5 Bi
67-66-3 chloroform 67 B 108-90-7 chlorobenzerne 25U
107-06-2 1y2-dichloroethane 25U 100-41-4 ethulbernzene 25U

- 78-93-3 2-butanone 50U 100-42-5 styrene 25U
71-55-6 lrlrl-trichloroethane 25U total xvlenes 25U
56-23-5 carbon tetrachloride 25U

- 108-05-4 vinyl acetate 50U
75-27-4 broeodichloroeethane 25U
78-87-5 i12-dichloroeropane 25U
10061-01-5 cis-IY3-dichloroeropene 25U

-" 79-01-6 trichloroethene 25U
124-48-1 dibrosochlorometharne 25U

Data Reporting Oualifiersl

U - Compound was analyzed for but not detected . The number is the attainable detection limit for the sample .
B - Analute was found in the reagent blank as well as the sample .
J - Indicates an estimated value, -
ND - Not Detected .

Surrogate Recovers Data

Surrogate Compound

TOLUENE-D8
BROMOFLUOROBENZENE
1i2-DICHLDROETHANE-D4

,Amount Amount Percent
Spiked Recovered Recovered

50 .0 49 .6 99 .2
50 .0 47 .1 94 .2
50 .0 48 .2 96 .4

SMl Comments from the Organic Mass Spectroscopy Laboratory USU



y ASSOCIATED VOA REAGENT BLANK DATA LAB . ID ND .

CAS N0 . COMPONENT UG/L

74-87-3
74-83-9
75-01-4
75-00-3
75-09-2
67-64-1
75-15-0
75-35-4
75-34-3
156-60-5
67-66-3
107-06-2
7B-93-3
71-55-6
56-23-5
108-25-4
75-27-4
78-87-5

10061-02-6
79-01-6
124-48-1
79-00-5
71-43-2

10061-01-5
110-75-8
75-25-2
591-78-6
108-10-1
127-18-4
79-34-5
108-88-3
108-90-7
100-41-4
100-42-5

CHLOROKETHANE . . . . . . . . """" . " <10
RROKOMETHANE . . . . . . . . . . . too X10
VINYL CHLORIDE . . . . . . . . . . . . . <10
CHLORDETHANE . . . . . . . . . . . . . . , <10
ME;HYLENE CHLORIDE . . . . . . . . . 1
ACETONE . . .� . . . . . . . . . . ., . . . 9
CARBON DISULFIDE . . . . . . . . . . . :5
191-DICHLORDETHENE . . . . to . . . <5
191-DICHLOROETHAKE . . . . . . . . . <5
TRAMS-It2-DICHLORDETHENE . . . <5
CHLOROFORM . . . . . . . . ., . . . . . . . 13
192-DICHLOROETHARE . . . . . . . . . 5
2-BUTANONE . . . . . . . . . . . . . . . . . 13
idol-TRICHLORGETHANE . . . . . . <5
CARBON TETRACHLORIDE . . . . . . . 5
VINYL ACETATE . . . . . . . . . . . . . . <i0
BRDMDDICHLOROMETHANE ., . . . . . :5
192-DICkkOROPROPANE. . . . . . . .
TRAMS-IY3-DICHLBROPRDPENE . . -',5
TRICHLDROETHENE . . . . . . . . . . . . <5
DIBROMOCHLOROMETHAHE . . . . . . . 5
1+1p2-TRICHLOROETHANE ., . . . . <5
BENZENE . . . . . . . . . . . . . . . . . . . . <5
CIS-10-DICHLORDPRDPEHE . . . .
2-CHIORDETHYLVINYLETHER ., . . {10
BROMOFORtt . . . . . ., . . . . . . . . . . . <5
4-METHYL-2-PENTANDHE . . . . . . . <10
2-HEXANONE . . . . . . . . . . . . . . . � ":10
TETRACHLORDETHENE . . . . . . . . ., :5
1 s 1 y 2 r 2-TETRACHLOROETHk4E . . <5
TOLUENE . . . . . . . . . . . . � . . . . .,
CHLOROBENZENE . . " . .. . . . . . . . CS

. . . . ., . . . ., <5ETHYLBENZENE . . . .
STYRENE. . . . . . . . . . ., ., . . ., . . :5
TOTAL XYLENES.. . . . . . . . . . . . . 1

-----------------

SURROGATE STANDARDS - -RECOVERY

1 F2-DICHLORDET'HANE D4 . . . . . . . . . . . . .. . . . too 974
70LlifTiE-DB . . . . . ., . . . . . . . . . . ., . . ., . . . . . . . 96 .0
4-BROMOFLUORDBENZEHE . . . . . . . . . . . . . . . . . . "" 107 .2

TIC COMPOUNDS

7495s DIBROMOKETHANE 1



- ORGANIC ANALYSIS DATA REPORT

AnaLIS ID : 870119-038 Customer Sample ID : RB-7 SAMPLE BLK
Laboratory Name : Gas/Liouid Chrosatosrarhv Customer Name : SOLSKY

- File ID : Sample Matrix : MATER _
Instrument ID : Reouisition Number :
Data Release Authorized Bv : TR Oldham Date Sample Received : 19-JAN-1987

Polychlorinated Biphenvls Bw GC

- Date Extracted/Prepared : 2-FEB-1987 Date Analyzed : 2-FEB-1987
Preparation Procedure Number: Analysis Procedure Number : EPA-608
Percent Hositure : ConciDilution Factor : 1 .0
Percent Moisture (decanted) : Analgst : RE HOWARD

- Associated Blank.

CAS us/L CAS u9/L

12674-11-2 PCB (Aroclor1016) 0.5U
11104-28-2 PCB (Aroclor-1221) 0 .5U
11141-16-5 PCB (Aroclor-1232) 0.5U
53465-22-9 PCB (Aroclor-1242) 0 .5U
12671-29-6 PCB (Aroclor-1248) 0 .5U
1109?-69-1 PCB (Aroclor-1254) 1U
11096-82-5`,PCB (Aroclor1260) 1U

Data Reporting Qualifiers :

U - Compound was analyzed for but not detected . The number is the attainable detection limit for the sample .
B - Analdte was found in the reagent blank as well as the sample .

_ J - Indicates an estimated value.
ND - Not Detected .

Surrogate Recovery Data

Amount Amount Percent
- Surrogate Compound Spiked Recovered Recovered

DIBUTTL CHLORENDATE 1 .0 0 .69 69 .0

PCB Extraction Data

Extracted Swle Weight = 1004 '
Final Extracted Volute = 10
Extraction Method = Separators Funnel
Extraction Solvent = hethvlene Chloride
Associated Blank = 870121-060

_ Analust = Ti{ KREIS
Date Completed = 23-JAN-1987



' ORGANIC ANALYSIS DATA REPORT

AnaLIS ID: 870119-039 Customer Sample ID : RB-7 (SILO #26)
Laborators Name : 6as/Liouid Chromatosraphv Customer Name : SOLSKY _

- File ID : Sample Matrix : WATER _
Instrument ID: Reouisitiorn Uuaber : 0434
Data Release Authorized By : TR Oldham Date Sample Received : 19-JAN-1987

Polychlorinated Biphenvls By GC

Date Extracted/Prepared : 2-FEB-1987 Date Analyzed : 2-FEB-1987
- Preparation Procedure Number: Analysis Procedure Number : EPA-608

Percent hositure : Conc/Dilutiorn Factor : 1 .0
Percent Moisture (decanted) : Analest: RE HOWARD

- Associated Blank :

CAS ug/L CAS ug/L

12674-11-2 PCB (Aroclor-1016) s1 .5U
11104-28-2 PCB (Aroclor-1221) 0 .5U
11141-16-5 PCB (Aroclor-1232) 0.5U

- 53469-22-9 PCB (Aroclor-1242) 0 .5U
12672-29-6 PCB (Aroclor-1248) 0 .5U
11097-69-1 PCB (Aroclor-1254) 1U

- 11096-82-5-PCB (Aroclor-1260) 1U

Data Reporting Qualifiers :

U - Compound was analyzed for but not detected . The number is the attainable detection limit for the sample .
B - Analste was found in the reagent blank as well as the sample .
J - Indicates an estimated value .

- ND - clot Detected .

Surrogate Recoverv Data

Amount Amount Percent
Surrogate Compound Spiked Recovered Recovered

DIBUTYL CHLOREHDATE 1 .0 0 .83 83.0

PCB Extraction Data

-Extracted Sample Weight .= 1000 '-
Final Extracted Volume = 10
Extraction Method = SefaraMrs Funnel
Extraction Solvent = Kethvlene Chloride
Associated Bland: = 870121-060
Analyst = TM 1REIS

- Date Completed = 23-JAk-1987



ORGMIC ANALYSIS DATA REPORT

AnaLIS ID : 870119-040 Customer Sample ID : RC-1 (WELLtl)
Laboratory Name : Gas/Liouid Chroratosrarhu Customer Name : SOLSKY

- File ID : Sample Matrix : WATER
Instrument ID : Reouisition Number : 0434
Data Release Authorized Bv : TR Oldham Date Sample Received : 19-JAN-1987

Polychlorinated Biphenuls By GC

_ Date Extracted/Prepared : 2-FEB-1987 Date Analyzed : 2-FEB-1987
Preparation Procedure Number : Analysis Procedure Number : EPA-608
Percent Mositure : Conc/bilution Factor : 1 .0
Percent Moisture (decanted) : Analyst : RE HOWARD

- Associated Blank :

CRS us/L
-------- ----------------

CAS us/L
--------- -----------------

12674-11-2 PCB (Aroclor-1016) 0.5U
------------- ----------

11104-28-2 PCB (Aroclor-1221) 0 .5U
11141-16-5 PCB (Aroclor-1232) 0 .5U
53469-22-9 PCB (Aroclor-1242) 0 .5U
12672-29-6 PCB (Aroclor-1248) 0 .5U
11097-69-1 PCB (Aroclor-1254) 1U

- 11096-82-5 PCB (Aroclor-1260) 1U

Data Reporting Qualifiers :

U - Compound was analyzed for but not detected . The number is the attainable detection limit for the sample .
B - Analxte was found ire the reagent blank as well as the sample .
J - Indicates an estimated value .
ND - Not Detected .

Surrogate Recovery Data

Amount Amount Percent
- Surrogate Compound Spiked Recovered Recovered

DIBUTYL CHLORENDATE 1 .0 0 .83 83.0

PCB Extraction Data

Extracted Sample Weight = 1000
Final Extracted Volume = 10

- Extraction Method = Separatorx Funnel
Extraction Solvent = 1Sethylene Chloride
Associated Blank = 870121-060
Arlalvst = TM KREIS_
Date Completed = 23-JAN-1987

This sample is a duplicate of sample 870119-043



OGANIC ANALYSIS DATA REPORT

AnaLIS ID: 870119-043 Customer Savle ID : RC-1 (WELL;1)-D
Laboratorw Name : Gas/Liouid Chromatography Customer Nam: SOLSKY

- File ID : Sample Matrix : WATER
Instrument ID : Reeuisition Number : 0434
Data Release Authorized Bw : TR Oldham Date Sample Received : 19-JAN-1987

Polwchlorinated Biphenwls Iv GC

Date Extracted/Prepared : 2-FEB-1987 Date Analwzed : 2-FEB-1987
Preparation Procedure Number : Analysis Procedure Number : EPA-608
Percent Kositure : Conc/Dilution Factor : 1 .0
Percent Moisture (decanted) : Analwst: RE HOWARD

- Associated Blank :

CAS us/L CAS us/L
--------- ---------------------- ---------

12674-11-2 PCB (Aroclor-1016) 0 .5U
11104-28-2 PCB (Aroclor-1221) 0.5U
11141-16-5 PCB (Aroclor-1232) 0 .5U
53469-22-9 PCB (Aroclor-1242) 0.5U
12672-29-6 PCB (Aroclor-1248) 0.5U
11097-69-1 PCB (Aroclor-1254) 1U

- 11096-82-5- PCB (Aroclor-1260) 1U

Data Reporting Qualifiers :

- U - Compound was analwzed for but not detected . The number is the attainable detection limit for the sample,
B - Analvte was found in the reagent blank as well as the sample .
J - Indicates an estimated value .

- ND - Not Detected.

Surrogate Recovery Data

Amount Amount Percent
Surrogate Compound Spiked Recovered Recovered

DIBUTYL CHLORENDATE 1 .0 0.75 75.0

PCa Extraction Data

.Extracted Sample Weight = 1000
Final Extracted Volume = __10

_ Extraction Method =-Separatorw Funnel
Extraction solvent = hethslene Chloride
Associated Blank = 870121-060
Analyst = Th KREIS

- Date Completed = 29-JAN-1987

This sample is a duplicate of sample 870119-040



ORGANIC ANALYSIS DATA REPORT

ArwLIS ID : 870119-041 Customer Sample ID : RS-8 RINSATE
Laboratory Nam : Gas/lieuid Chrosatosrarhv Customer Name : SOLSKY

- File ID : Saple Matrix : WATER .
Instrument ID :

_
Reuuisition Number : 0434

Data Release Authorized Bv : TR Oldham Date Sample Received : 19-JAN-1987

Poluchlorinated Biphenvls Bv GC

Date Extracted/Prepared'. 2-FEB-1987 Date Analyzed : 2-FEB-1987
- Preparation Procedure Number'. Analxsis Procedure Number : EPA-608

Percent Mosituret Conc/Dilution Factor : 1 .0
Percent Moisture (decanted) : Analyst: RE HOWARD

- Associated Blank :

CAS u3/L CAS ug/L
--------- ---- -

- 12674-11-2 PCB (Aroclor-1016) 0 .5U
- ----------------------- ----------

11104-28-2 PCB (Aroclor-1221) 0 .5U
11141-16-5 PCB (Aroclor-1232) 0 .5U

- 53469-22-9 PCB (Aroclor-1242) 0.5U
12672-29-6 PCB (Aroclor-1248) 0 .5U
11097-69-1 PCB (Aroclor-1254) 1U

- 11096-82-5--PCB (Aroclor-1260) lU

Data Reporting Qualifiers :

U - Compound was analyzed for but not detected . The number is the attainable detection limit for the sample .
B - Analgte was found in the reagent blank as well as the sample .
J - Indicates an estimated value .

- ND - Not Detected .

Surrogate Recovery Data

Amount Amount Percent
Surrogate Compound Spiked Recovered Recovered

DIBUTYL CHLORENDATE 1 .0 0 .83 8: .0

PCB Extraction Data

Extracted Sample Weight = - 4000 - - --
Final Extracted Volume = 1D
Extraction hethod " = Separators Funnel - - - `
Extraction Solvent = hethulene Chloride
Associated Blank = 870121-060
Malust = TM KREIS
Date Completed = 113-JAN-1967



ORGANIC ANALYSIS DATA REPORT --

AnaLIS ID : 870119-042 Customer Sample ID : RS-1 TRANS PAD
Laboratory Kne: Ws/Liouid Chromatosraphv Customer Name : SOLSKY

- File ID : Sample Katrix : WATER
Instrument ID: Reovisition Number : 0434
Data Release Authorized Bu : TR Oldham Date Sample Received : 19-JAN-1987

Polychlorinated Biphenwls Bu GC

Date Extracted/Prepared : 13-MAR-1987 Date Analwzed : 13-MAR-1987
- Preparation Procedure Number : Analysis Procedure Number : EPA-8080

Percent Nositure : Conc/Dilution Factor : 1 .0
Percent hoisture (decanted) . Analwst : LC FELLERS

- Associated Blank :

CAS ug/9 CAS u4/g

12674-11-2 PCB (Aroclor-1016) O.1U
11104-28-2 PCB (Aroclor-1221) O .IU
11141-16-5 PCB (Aroclor-1232) O .1U

- 53469-22-9 PCB (Aroclor-1242) O .1U
12672-29-6 PCB (Aroclor-1248) O .IU
11097-69-1 PCB (Aroclor-1254) 0 .1U

- 11096-82-5`*,PCB (Aroclor-1260) O .1U

Data Reporting Qualifiers!

- U - Compound was analtized for but not detected . The number is the attainable detection limit for the sample .
B - Analvte was found in the reagent blank as well as the sample .
J - Indicates an estimated value .

- ND - Not Detected .

Surrogate Recovers Data

Amount Amount Percent
Surrogate Compound Spiked Recovered Recovered

PCB Extraction Data

- Drs Sample Weight ' = 9.97
Extracted Sample Yei!iht = 40.790
Fina3 Lxtracted Volume = _ 10
Percent Solids = 92.4-

- Extraction Kethod = Soxhlet
Extraction Solvent = HexanelAcetone
Extraction Cleanup = Sulfuric Acid

- Associated Blank. = 870205-002
Analyst = KO EVANS
Date Completed = 6-FEB-196?



Oak Ridge Gaseous Diffusion Plant
Analvtical Chemistry Department

Results of Analvses

Customer Name : SOLSKY
Customer Sample Number : RS-1 Lab Sample Number : 870204-001

_ Date Sample Received : 4-FEB-1987 Date Sample Completed : 10-MAR-1987
Date Sampled: Sampled Bv :
Material Description : RACO Rea . Number :

- Activity Preparation Analysis Date
Number Procedure No. Procedure No . Analysis Result Units Analyst Completed

- 090303 EPA-3050(7 .5) EPA-6010 Barium 8 .6 us/g EA HESTER r - 20-FEB-1987
EPA-3050(7 .5) EPA-6010 Cadmium 0 .44 us/s EA HESTER 20-FED-1987
EPA-3050(7 .5) EPA-6010 Chrosius 2 .3 u9/3 EA HESTER 20-FEB-1987
EPA-3050(7 .5) EPA-6010 Lead <5 .0 us/9 EA HESTER 20-FEB-1987
EPA-3050(7 .5) EPA-6010 Silver <0 .60 us/3 EA NESTER 20-FEB-1987

102103 EPA-3050 EPA-7060 Arsenic <0.5 as/k5 L6 HAMILTON ' 19-FEB-1987
- EPA-3050 EPA-7740 Selenium <0 .5 e9/kg LO HAMILTON 19-FEB-1987

103003 EPA-7471 EPA-7471 Mercury <1 .0 u5/s C . SCHAEFER 11-FEB-1987

184303 Sii-503CID Oil and Grease 13000 us/s HJ CLUERT JR 3-MAR-1987

205107 TP-2051 Archive K1004A VD HEDGE 10-MAR-1987

Program Manager : KS (filler
Date Approved : 10-MAR-1987

_ Spike Recoverv Data

Analysis

ARSENIC
MERCURY

- SELENIUM

Amount Amount Percent
Spiked Recovered Recovered

2 .0 1 .9 95.00
0 .500 0 .496 99 .20
2.0 2 .1 105.00



Oak Ridse Gaseous Diffusion Plant
Analytical Chesistru Department

Results of Analyses

Customer Name : SOLSKY
Customer Sample Number : RD-7 Lab Sample Number : 870204-002
Date Sasale Received : 4-FEB-1987 Date Sample Completed : 25-W-1987_
Date Sampled : Sampled BY :
Material Description : RACO SET 40 Ree . Number :

-' Activity Preparation Analysis Date
Number Procedure No. Procedure No . Analysis Result Units Analyst Completed

- 090208 EPA-6010 EPA-6010 Barium 0 .013 a3/L EA HESTER 23-MR-1987
EPA-6010 EPA-6010 Cadmium <0.0030 mg/L EA HESTER 23-MAR-1987
EPA-6010 EPA-6010 Chromium <0 .010 a9/L EA HESTER 23-MAR-1987
EPA-6010 EPA-6010 Lead <0.050 mg/L EA HESTER 23-1SAR-1987
EPA-6010 EPA-6010 Silver <0.0060 as/L EA HESTER 23-MR-1987

102008 EPA-206.2 EPA-206 .2 Arsenic <0 .005 mg/L LG HAMILTON 20-FEB-1987
- EPA-270 .2 EPA-270 .2 Selenium <0 .005 mg/L LG HMILTON 20-FEB-1987

103008 EPA-245 .1 EPA-245 .1 Mercury 0.002 a9/L C . SCHAEFER 26-FED-1987

184308 EPA-413 .1 EPA-413 .1 oil t sreaset sravinetric ~2 rs/L - HJ CULBERT JR 19-FEB-1987

Program Manager: MS Killer
Date Approved : 27-MAR-1987

tt*U Comments from the SFectrocheaistru Laboratory Uttt

THE ACID BLANK FOR SAMPLES N0.870204-002004 870204-010YO13 870210-111P114
IS AS FOLLOWS

ARSENIC <0.005 AND SELENIUM <0 .005

Spike Recovers Data

Analysis

._ MERCURY =

Amount Mount Percent
Spiked Recovered Recovered

- - 0 .0010 0 .0010 100 .00



Oak Ridge Gaseous Diffusion Plant
Analytical Chemistry Derartwnt

Results of Analyses

Customer Name : SOLSKY
Customer Sample Number : RG-1 Lab Sample Number : 870204-003
Date Sample Received : 4-FEB-1987 Date Sasrle Completed : 25-MAR-1987

- Date Sampled: Sampled BY :
Katerial Description : RACO SET 40 Rea . Nukber :

- Activity Preparation Analysis Date
Number Procedure No . Procedure No . Analysis Result Units Analyst Completed

090208 EPA-6010 EPA-6010 Barium 0.038 89/L EA HESTER 23-MAR-1987
EPA-6010 EPA-6010 Cadmium (0 .0030 ag/L EA HESTER 23-W-1987
EPA-6010 EPA-6010 Chromium (0.010 es/L EA HESTER 23-MAk-1987
EPA-6010 EPA-6010 lead (0 .050 t4/L EA HESTER 23-MAR-1987_
EPA-6010 EPA-6010 Silver (0 .0060 ag/L EA HESTER 23-W-1987

102008 EPA-206 .2 EPA-206 .2 Arsenic (0.005 ag/L LG HAMILTON 20-FEB-1987
- EPA-270 .2 EPA-270.2 Selenium (0 .005 ag/L LG HAMILTON 20-FEB-1987

103008 EPA-245 .1 EPA-245 .1 Mercury (0 .0002 rill C . SCHAEFER 26-FEB-1987

184308 EPA-413 .1r~ EPA-413 .1 oil t grease, sraviaetric <2 *I/L HJ CULBERT JR 19-FEB-1987

Program Manager : HS !filler
Date Approved : 27-TSAR-1987

..



- Oak Ridge Saseous Diffusion Plant
Analytical Chemist ry Department

Results of Analyses

Customer Name : SOLSKY
Customer Sample Number : RB-7 BLANK Lab Sample Number'. 870204-004

_ Date Sample Received : 4-FEB-1987 Date Sample Completed : 25-MAR-1987
Date Sampled : Sampled BY :
Material Description : RACO SET 40 Rea . Number :

Activitv Preparation Analysis Date
Number Procedure No . Procedure No . Analysis Result Units Analyst Completed

- 090208 EPA-6010 EPA-6010 Barium <0.0010 ms/L EA NESTER 23-KAR-1987
EPA-6010 EPA-6010 Cadmium <0 .0030 is/L EA NESTER 23-MAR-1987
EPA-6010 EPA-6010 Chromium <0 .010 mg/L EA HESTER 23-MAR-1987

- EPA-6010 EPA-6010 Lead (0 .050 mg/L EA NESTER 23-MAR-1987
EPA-6010 EPA-6010 Silver (0.0060 mg/L EA NESTER 23-MAR-1987

102008 EPA-206 .2 EPA-206 .2 Arsenic (0 .005 as/L LG HAMILTON 20-FEB-1987
EPA-270 .2 EPA-270 .2 Selenium (0 .005 mg/L LG HAMILTON 20-FEB-1987

103008 EPA-245 .1 EPA-245 .1 Kercurv (0 .0002 a5/L C . SCHAEFER 26-FEB-1987

184308 EPA-413.1 EPA-413 .1 oil I grease, sravimetric <2 mg/L HJ CULBERT JR 19-FEB-1987

Program Manager : MS Miller
Date Approved : 27-KAR-1987



Oak Ridge Gaseous Diffusion Plant
Analwtical Chemistry Derarteent

Results of Analyses

Customer Name: SGLSKY
Customer Sample Number : RB-7-F Lab Sample Number : $70210-111

_ Date Sample Received : 10-FEB-1987 Date Sample Completed : 26-MAR-1987
Date Sampled : Sampled By :
Material Description . RACG SET 40 Rea . Number .

' Activity Preparation Analysis Date
Number Procedure No. Procedure No . Analusis Result Units Analyst Completed

- 090208 EPA-6010 EPA-6010 Darius 0 .014 as!L EA NESTER 23-MAR-1987
EPA-6010 EPA-6010 Cadmium (0 .0030 mg/L EA NESTER 23-MAR-1937
EPA-6010 EPA-6010 Chromium C0 .010 a4/L EA HE£TER 23-MAR-1?S7
EPA-6010 EPA-6010 Lead (0 .050 aq/L EA NESTER 13-RAR-1r7
EPA-6010 EPA-6010 Silver (0 .0060 ag/L EA NESTER 23-MAC;-1587

10200B EPA-206 .2 EPA-206 .2 Arsenic (0 .005 as/L LG HAMILTON 20-FEB-1987
EPA-270 .2 EPA-270 .2 Selenium (0 .005 as/L LG HAMILTON 20-FEB-1987

103008 EPA-245 .1 EPA-245 .1 Mercury :0 .0002 &A/L C . SCHAEFER 26-FEB-19S7

205109 . . ,TP-205109 Archive K1004A WD HEDGE 26-W-19'87

Program Manager : KS Miller
Date Approved : 27-MAR-1987

Spike Recovery Data

- Amount Amount Percent
Analysis Spiked Recovered Recovered
------------------ -

MERCURY 0.0010 0 .0011 110.00



llria~_ing Water Standards
Page 3

Silica

-'k*Silver

Sodium

*Sulfate

- Tannates

*Total Dissolved Solids

- TOC

Turb id ity

*Zinc

- No limits

- USPHS 0 .05 mg/l mandatory limit EPA (E .L .)

- 10 mg/l recommended limit (Hibbard)

- USPHS recommends 250 mg/l limit EPA (R .L .)

- See color

- USPIIS 500 mg/l (EPA recommended limit) (R .L .)

- Preferred limit less than 50 mg/1

- USPHS should not exceed 5 units

- USPHS 5 mg/l limit recommended EPA (R .L .)

**Enforceable - Mandatory limits
7

- *Recommended limits (Se



Oak Ride Gaseous Diffusion Plant
Analytical Chemistry Department

Results of Analyses

Customer Name: SOLSKY
Customer Sample Number : RG-1-F Lab Sample Number : 870210-112
Date Sample Received : 10-FEB-1987 Date Sample Completed : 26-MAR-1987
Date Sampled : Sampled BY :
Material Description : RACO SET 40 Rea . Number :

Activity Preparation Analysis Date
Number Procedure No. Procedure No . Analysis Result Units Analyst Completed

- 090208 EPA-6010 EPA-6010 Barium 0 .020 ash EA NESTER 23-MAR-1987
EPA-6010 EPA-6010 Cadmium (0 .0030 aell EA NESTER 23-MAR-1987
EPA-6010 EPA-6010 Chromium (0 .010 m5/L EA NESTER 23-MAR-1987
EPA-6010 EPA-6010 lead (0.050 e5/L EA NESTER 23-MAR-1987_
EPA-6010 EPA-6010 Silver (0.0060 t9/L EA NESTER 23-MAR-1987

102008 EPA-206 .2 EPA-206 .2 Arsenic {0.005 is/L LG HAMILTON 20-FEB-1987
EPA-270 .2 EPA-270 .2 Selenius (0 .005 rs/L LG HAMILTON 20-FEB-1987

103008 EPA-245 .1 EPA-245 .1 Mercur-j :0 .0002 aVL C. SCHAEFER 26-FEB-19B7

205109 `~ TP-205109 Archive K1004A YD HEDGE 26-MAR-1987

Program Manager; MS Miller
Date Approved : 27-MAR-1987



Oak Ridge Gaseous Diffusion Plant
Analytical Chemistry Department

Results of Analyses

Customer Name : SOLSKY
Customer Sample Number : RB-7-RU-F Lab Sample Number : 870210-113

_ Date Sample Received : 10-FEB-1987 Date Sample Completed : 26-TSAR-1987
Date Sampled . Sampled BY :
Material Description : RAM SET 40 Rea . Number :

Activity Preparation Analysis Date
Number

--------
Procedure No.
--------------

Procedure No. Analysis Result Units Analyst Completed

090208- EPA-6010 EPA-6010 Barium <0 .0010 as/L EA HESTER 23-MAR-1987
EPA-6010 EPA-6010 Cadmium <0.0030 as/L EA NESTER 23-MAR-1987
EPA-6010 EPA-6010 Chromium <0 .010 as/L EA NESTER 23-MAR-1987

- EPA-6010 EPA-6010 Lead :0.050 a3/L EA NESTER 23-MAR-1987
EPA-6010 EPA-6010 Silver <0.0060 as/L EA NESTER 23-MAR-1987

102008 EPA-206 .2 EPA-206 .2 Arsenic ;0.005 as/L LG HAMILTON 20-FEB-1937
EPA-270 .2 EPA-270.2 Selenium <0 .005 a9/L LG HAMILTON 20-FEB-1987

103008 EPA-245 .1 EPA-245 .1 Mercury <0 .0002 as/L C . SCHAEFER 26-FEB-1987
-

205109 ,TP-205109 Archive K1004A YD HEDGE 26-MAR-1987

Program Manager : MS Miller
Date Approved : 27-MAR-1987



Oak Rife Gaseous Diffusion Plant
Analytical Chemistry Department

Results of Analyses

Customer Naset S01SKY
Customer Sale Number : RS-8-RINSATE Lab Sample Number : 870210-114

_. Date Sample Received : 10-FEB-1987 Date Sample Completed : 26-MAR-1987
Date Sawed : Sampled BY :
Material Description : RACO SET 40 Rea . Number :

- Activity Preparation Analysis Date
Number Procedure Ho . Procedure No . Analysis Result Units Analyst Coavleted

- 090208 EPA-6010 EPA-6010 Barium <0.0010 ms/L EA HESTER 23-MAR-1987
EPA-6010 EPA-6010 Cadmium <0 .0030 21/L EA HESTER 23-MAR-1987
EPA-6010 EPA-6010 Chromium <0 .010 a3/L EA HESTER 23-MAR-1987
EPA-6010 EPA-6010 Lead <0 .050 a3/L EA HESTER 23-MAR-1987
EPA-6010 EPA-6010 Silver <0.0060 as/L EA HESTER 23-MAR-1987

102008 EPA-206 .2 EPA-206 .2 Arsenic <0 .005 ag/L LS HAMILTON 20-FEB-1987
EPA-270 .2 EPA-210 .2 Selenium <0 .005 as/L LG HAMILTON 20-FEB- :987

103008 EPA-245 .1 EPA-245 .1 Mercurs <0 .0002 a4/L C . SCHAEFER 26-FEB-1987

184202 EPA-418 .1, EPA-418 .1 Oil I grease <0 .5 aq/l JB AKERS 24-FEB-1987

- 205109 TP-205109 Archive K1004A YD HEDGE 26-MAR-1987

Program Manager : KS Miller
Date Approved*# 27-KAR-1987

- Spike Recovery Data

- Analysis

ARSENIC
SELENIUM

Amount Amount Percent
Spiked Recovered Recovered

0.020 0 .019 95 .00
0.020 0.021 105.00



ASSOCIATED BLANKS ANALYSIS REPORTS
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SAMPLES ANALYSIS REPORTS



UkLian1C ANALYSIS DATA REPORT

- , AnaLIS ID : 870119-031 Customer Sample ID : RV-7 SAMPLE BLK
Laboratory Nave : Organic Mass Spectroscopy Customer Name : SOLSKY
File ID : >03471 Sample Matrix : WATER

- Instrurent ID : 5995 Reouisition Nusber :
Data Release Authorized Hs : DC Canada Date Sample Received : 19-JAN-1987

Vol atile Organic Compounds - HSL

Date Extracted/Prepared : Date Analyzed : 19-JAN-1987
Preparation Procedure Number : Analysis Procedure Number : EPA-624

- Percent Kositure : Conc/Dilution Factor : 1 .0
Percent Moisture (decanted) : Analyst: CP KNAUTH
Associated Blank :

CA3 ug/L CAS
---------

u3/L
--------------------- -

- '4-87-3 ;tilororethane IOU 79-00-5
-- ----- ------

1+112-trichloroethane
----
5U

74-83-9 bromomethane IOU 71-43-2 benzene 51 ;
75-01-4 vinyl chloride IOU 10061-02-6 trans-1,3-dichloropropene 5U
75-00-3 chloroethane IOU 110-75-8 2-chloroethylvinvl ether IOU
75-'v9-2 rethvlene chloride 5 A 15-25-2 broaolore 5U
67-64-1 acetone 25 A 108-10-1 4-sethvl-2-pentanone IOU
75-15-0 carbon disulfide 5U 591-78-6 2-hexanone IOU

- 75-35-4 , 10-dichloroethene 5U 127-18-4 tetrachloroethene 5U
75-34=3 - 1i1-dichloroethane 5U 79-34-5 1,192,2-tetrachloroethane 5U
156-60-5 trari:-1~2-dichloroetherte 5U 108-88-3 toluene 9 B

_ 67-6b-3 chiorofore 2 DJ 108-90-7 chlorobenzene 5U
107-06-2 1y2-dichloroethane 5U 100-41-4 ethulbenzene SU
78-93-3 2-butanone IOU 100-42-5 styrene 5U
71-55-6 1,10-trichloroethane 5U total xvlernes 5U
56-23-5 carbon tetrachloride SU
108-05-4 virrsl acetate IOU
75-27-4 brosodichlorosethane 5U '

- 7£-87-5 it2-dichloropropane SU
10061-01-5 cis-1,3-dichloropropene SU
7S-r1-6 tr:chloroethene 5U

_ 124-48-1 dibrosochloromethane SU

Data Reporting Qualifiers :

- U - Compound was analyzed for but not detected . The number is the attainable detection limit for the sample .
B - Analvte was found in the reagent blank as well as the sample .
J - Indicates an estimated value . -

- ND - Not Detected. - '' -

- Surrogate Recovery Data

Amount Amount Percent
Surrogate Compound Spiked Recovered Recovered
--------------------------
TOLUENE-D8 50 .0

---------
4£ .2

---------
96.4

BROKOFLUCRONEh'ZENE 50 .0 48 .0 96 .0
- 1q2-DICHLOROETHAN:-D4 50 .0 46 .6 93 .2



unuN111L KAmL falb UAIA KEPURT

AnaLIS ID : 870119-031 Customer Sample ID : RB-7 SAMPLE ILK
Laboratory Name: Organic Mass Spectroscopy Customer Name : SDLSKY

__ File ID : "03471 Sample Matrix : WATER
Instrument 1D : 5995 Reouisition Number :
Data Release Authorized BY : DC Canada Date Sample Received : 19-JAN-1987

Tentatively Identified Compounds

Date Extracted/Prepared : Date Analyzed : 19-JAN-1987
- Preparation Procedure Number : Analysis Procedure Number : EPA-624

Percent Mositure: Conc/Dilution Factor : 1 .0
Percent Moisture (decanted) : Analyst: CP KNAUTH
Associated Blank :

CAS ug;L CAS u5/L

75694 TRICHLOROFLUOROMETHANE 1 ! 76131 FREON 113 1 B i
74953 DIBROMOMETHAHE 1 I+ ,f UNKNOWN 53 1

Data Reporting Qualifiers :

U - Compound was analtized for but not detected . The number is the attainable detection limit for the sample .
_ B - Analvte was found in the reagent blank as well as the sample .

! - Indicates an estimated value .
ND - Not Detected .

Uttx Cosserlts from the Organic Mass SFectrosco" Laboratory ttnt

AS30CIATED VOA REAGENT BLANK DATA LAB . ID N0 .

CHo hu . COMPONENT UG/L

74-87-3
74-e7-9
75-01-4,
75-00-3
75-09-2
67-6;-1
75-15-0
7s15-4
75-34-3
l50-0-5
67-66-3
107-06-2
78-93-3
7i-~5-5
56+-23-5

103-25-4
75-27-4
7a-a7-5

-02-610061
79-01-6
124-46-1
79-00-5
71-43-2

CHLOROMETHANE . . . . . . . . . . . . . . <10
BROMOMETHANE . . . . . . . . . . . . . . . <10
VINYL CHLORIDE . . . . . . . . . . . . . <10
CHLOROETHANE . . . . . . . . . . . . . . . <10
MEETHYLENE CHLORIDE . . . . . . . . . 1
ACE70N. . . . . . . . . . . . . . . . . . . . . 8
CARBON DISULFIDE . . . . . . . . . . . <5
1i1-DILHLBROETHENE . . . . . . . . . . <5
1ri-DIC&OROETHANE . . . . . . . ... --<rj'-
TRAMS-IY2-DICHLORDETHENE . . . <5
CHLOROFORM . . . . ., . . . . . . . . . . . 15
1y2-DICHLOROETHANE . . . . . . . . . <5
?-P.JANONE . . . . , . . . . . . . . . . . . 14
lyirl-TRICHLOROETHANE . . . . . . <5
CARBON TETRACHLORIDE . . . . . . . <5
VINYL ACETATE . . . . . . . . . . . . . . :10
BROMODICHLOROMETHAHE . . . . . . . 1
1t2-DICHLOROPROPANE . . . . 0 . . . <5
TRAMS-Iy3-DICHLDROPROPENE . . <5
TRICHLORDETHENE . . . . . . . . . . . . C5
DIBROMOCHLOROMETHANE . . . . . . . I
IyIY2-TRICHLOROETHANE . . . . . . <5
P_EHZENE . . . . . . . . . . . . . . . . . . . . <5



wvci-v1-~ ~1t;-l0-ui6MLLWUVKU?LNL . . . . <5
_ 11C-75-8 2-CHLWOETHYLVINYLETKER. . . . <10

75-25-2 BROAOFORK . . . . . . . . . . . . . . . . . . 2
591-78-6 4-METHYL-2-PENTANDHE . . . . . . . <10
108-10-1 2-4EXANONE . . . . . . . . . . . . . . . . . <10

- 127-18-4 TETRACHLDROETKENE . . . . . . . . . . <5
79-34-5 191#292-TETRACHLORDETHANE . . 3
108-88-3 TOLUENE . . . . . . . . . . . . . . . . . . . . 1

- 108-90-7 CHLOROBENZEXE . . . . . . . . . . . . . . 1
100-41-4 ETHYLBENZENE . . . . . . . . . . . . . . . <5
100-42-5 STYRENE . . . . . . . . . . . . . . . . . . . . <5

TOTAL XYLENES. . . . . . . . . . . . . . <5

SURROGATE STANDARDS X RECOVERY

192-DICHLORDETHANE D4 . . . . . . . . . . . . . . . . . . . 90 .4
TOLUENE-DB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105.0

- 4-BROMDFLUBROBENZENE . . . . . . . . . . . . . . . . . . . . 107 .4

TIC COMPOUNDS

74?53 DIBROMOHETHANE i
76131 FREON 113 1

This saspie is a duplicate of sasple 870119-036
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AnaLIS ID : 870119-036 Customer Sample ID: RD-7-D
Laboratory Nave : Organic class Spectroscopy Customer Name : SDLSKY
File ID : }03477 Sample Katrix : MATER

-- Instrument ID : 5995 Reouisition Number :
Data Release Authorized Hyt DC Canada Date Sample Received :

Volatile Organic Compounds - HSL

Date Extracted/Prepared : Date Analyzed : 20-JAN-1987
Preparation Procedure Number : Analysis Procedure Number : EPA-624
Percent hositure : Conc/Dilution Factor : 1 .0
Percent Koisture (decanted) : Analyst : CP KNAUTH
Associated Blank :

CAS
---------- -------------------------

us/L
----

CAS
---------

ugh
----------------------------

%4-87-3_ chlororethane IOU 79-00-5
------

lylr2-trichloroethane

----
5U

74-83-9 bromosethane IOU 71-43-2 benzene 5U
75-01-4 vinyl chloride IOU 10061-02-b trans-10-dichloroeropene 5U
75-00-3 chloroethane IOU 110-75-B 2-chloroethvlvinul ether IOU

- 75-09-2 sethslene chloride 3 AJ 75-25-2 broaofors 5U
67-64-1 acetone 13 B 108-10-1 4-aethvl-2-eentanone IOU
75-15-0 carbon disulfide 1 J 591-78-6 2-hexarnone IOU

- 75-05-4 -+191-dichloroethene 5U 127-18-4 tetrachloroethene 5U
75-34-3 - lil-dichloroethane 5U 79-34-5 lrlpW-tetrachloroethane 5U
156-60-5 traps-lY2-dichloroethene 5U 108-BB-3 toluene 1 bJ
67-66-3 chloroform 2 BJ 108-90-7 chloroberaene 5U
107-06-2 It!-dichloroethane 5U 100-41-4 ethvlbenzene SU
78-93-3 2-butanone 6 BJ 100-42-5 stsrene 5U
'i 5-6 1tly1-trichloroethane 5U total rylenes 5U

- 56-23-5 carbon tetrachloride 5U
108-05-4 vinvl acetate IOU
75-27-4 brosodichloromethane 5U

- 70-87-5 112-dichloropropane 5U
10061-01-5 cis-W-dichloroeropene 5U
79-01-6 trichloroethene SU
124-48-1 dibrosochloromethane 5U

Data Reporting Qualifiers :

- U - Compound was analyzed for but not detected . The number is the attainable detection limit for the sample .
B - Arnalvte was found in the reagent blank as well as the sample .
J - Indicates art estimated value.

- NIs - Not Detected . _ -

Surrogate
----------

Recovery Data
----- - "'

_ -

Amount Amount " Percent -
Surrogate
-

Compound Spiked Recovered Recovered
- -------
TOLUEHZ-D8

--------------- ------
50 .0 49 .9 99 .8

BROHOFLUOROBENZENE 50.0 50.1 100 .2
- 1t2-DICHLDROETHANE-D4 50 .0 45 .3 90 .6
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' AnaLIS ID: 870119-036 Customer Sample ID : RB-7-D
Laboratory Name : Orsanic Kass Srectrosccwv Customer Name : SOLSKY
File ID : >03477 Sample Matrix : MATER

- Instrument ID : 5995 Reouisition Number :
Data Release Authorized Bv : DC Canada Date Sample Received :

Tentativelw Identified Compounds

Date Extracted/Prepared : Date Analuzed : 20-JAN-1987
Preparation Procedure Number : Analusis Procedure Number : EPA-624
Percent Mositure : Conc/Dilution Factor : 1 .0
Percent Moisture (decanted) : Analyst: CP KNAUTH
Associated Blank:

CAS us/L CAS us/L
--------- ------------

75694 TRICHLORDFLUDROMETHAHE 1 J 74953 DIBROMOMETHANE 1 B J

Data Reporting Oualifiers :

` U - Compound was anaivzed for but not detected . The number is the attainable detection limit for the sample .
B - Analste was found in the reagent blank as well as the sample .
J - indicates an estimated value .

- ND - Not Detected .

12th Comments from the 3rtanic Kass SFectroscopv Laboratory ttUt

ASSOCIATED VOA REAGENT BLANK DATA LAB. ID N0 .

CAS N0. COMPONENT UG/L

74-87-3 CHLGROMETHANE . . . . . . . . . . . . . . ,10
74-83-9 BPOMOKETHAHE . . . . . . . . . . . . . . . <10
75-01-4 VINYL CHLORIDE . . . . . . ., . . . . . (10
75-00-3 :10
75-09-2
67-64-1
i5-15-0
75-35-4
-75-34-3
-1556-60-5
67-66-3

107-06-2
78-93-3
7i-srj-6
56-23-5
108-?5-4
75-'7-4
78-U-5

10061-02-6
/9-01-6
124-48-1
79-00-5
71-43-2

10061-01-5

METHYLENE CHLORIDE . . . . . . . . .
ACETONE . . . . . . .�- . . . . . . . . . . .
CARBON DISULFIDE . . . . . . . . . . .
1i1-DICHLOROETHENE . . . . . . . . .
irl-DICRLORGETHANE . . . . . . . . .
TRANS-I,2-DICHLORDETHENE. . .
CHLOROFORK . . . . . . . . . . . . . .. . .
1v2-DICHLOR0ETHANE . . . . . . . . .
2-BUTANONE . . . . . . . . . . . ., . . . .
1+191-TRICHLBROETHANE . . . . . .
CARBON TETRACHLORIDE . . . . . . .
VINYL ACETATE . . . . . . . . . . . . . .
BROKDDICHLOROKEETHAHE . ., . . . .
1s2-DICHLORDFRO?ANE . . . . . . . .
TRAMS-IY3-DICHLBROPROPENE . .
TRICHLORDETHENE. . . . . . . . . . . .
DIBROKOCHLOROMETHAHE . . . . . . .
ltli2-TRICHLORGETHANE . . . . of
BEHIENE . . . . . . . . . . . . . . . . . . . .
CIS-113-DICHLOROPROPEHE. . . .

1
9

L5

C5 - .
13

13
GS

<10
C5

\5

\5

<5

<5
<5



,A . 1J V L-~nLunuCIniLVIMILLIM[n . . . .

75-25-2 SRDMOFORM. . . . . . . . . . . . . . . . . .
591-78-6 4-METHYL-2-PENTANONE . . . . . . .
102-10-1 2-HEXANONE . . . . . . . . . , . . . . . .,
12?-18-4 TETRACHLORDETHENE . . . . . . . . . .

- 79-34-5 1ilt2y2-TETRACHLORDETHANE . .
108-88-3 TOLUENE . . . . . . . . . . . . . . . . ., . .
108-90-7 CHLORGRENZENE . . . . . . . . . . . . . .
100-41-4 ETHYLBENZENE . . . . . . . . . . . . . . .
100-42-5 STYRENE . . . . . . . . . . . . . . . . . . .,

TOTAL XYLENES . . . . . . . . . . . . . .

---------------------------------------
SURROGATE STANDARDS

- li2-DICHLORDETHANE D4 . . . . . . . . . . . . . . . . . . .
GGLUENE-D8 . . . . . . . . . . , . . . . . . . . . . . . . . . . . .,
4-HROMDFLUORDBENZENE . . . . . . . . . . . . . . . . . . . .

TIC COMPOUNDS

74953 DIHROMOMETHANE

- This saaple is a duplicate of sasple 8701

\1V

<10
<10
<5

1
<5
<5

<5
1

X RECOVERY

97.0
96.0
107 .2

i

19-031
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. AnaLIS ID : 870119-032 Custoser Saaple ID : RI-7 (SILO 126)
Laboratory Nare : Organic Mass Spectroscope Custofer Nabe : SOLSKY
File ID : >03472 Saeele Matrix : WATER
Instrueent ID : 5995 Reouisition Number :
Data Release Authorized BY : DC Canada Date Sasfle Received : 19-JAN-1987

Volatile Organic Cospounds - HSL

Date Extracted/Prepared : Date Analyzed : 19-JAN-1987
Preparation Procedure Number : Analysis Procedure Number : EPA-624

- Percent Mositure : Conc/Dilution factor : 1 .0
Percent Moisture (decante d) : Analyst : CP KNAUTH
Associated Blank:

CAS
---------- ----------------------

u91L
---- ---------

CAS
--------- -------------- --- --

u5/L

%4-"0?-3 :hlcrosethane IOU 79-00-5
- -- ----

1yli-trichloroethane
---------

SU
74-2?-9 brosoeethane IOU 71-43-2 ben.ene SU
7S-O1-4 vinyl chloride IOU 10061-02-6 trans-! j3-dichloropropene 5U
75-00-3 chloroethane IOU 110-75-8 2-chloroethelvinvl ether IOU

- 75-09-2 rethvlene chloride SU 75-25-2 brosofora SU
67-64-1 acetone 35 R 108-10-1 4-sethel-2-ventanone IOU
75-15-0 carbon disulfide a 591-78-6 2-hexanone IOU

- 75-3'5-4 ,191-dichloroethene 5U 127-18-4 tetrachloroethene 5U
75-'34-3 -1P1-dich1oroethane SU 79-34-5 1Pl,2r2-tetrachloroethane 5U
156-60-5 trans-lit-dichloroethene SU 108-88-3 toluene 2 BJ
67-66-3 chloroform 2 BJ 108-90-7 chlorobenzene SU

- 107-06-2 ir2-dichloroetharne 5U 100-41-4 ethelbenzene 5U
78-93-3 2-butanone 12 B 100-42-5 styrene SJ
'1-55-6 19191-trichloroetthane 5U total xvlenes 5U

- 56-23-5 carbon tetrachloride SU
108-05-4 vinyl acetate IOU
75-27-4 brorodichloromethane 5U
18-87-5 1t2-dichloroproeane SU
10061-01-5 cis-1,3-dichloropropene SU
79-01-6 trichloroethene SU
124-48-1 dibrosochlorosethane 5U

Data Reporting Qualifiers :

- U - Coreound was analyzed for but not detected . The nusber is the attainable detection limit for the saeele .
B - Analete was found in the reagent blank as well as the sample .
J - Indicates an estidated value.

_. ND - Not Detec-ted .

Surrogate Recovery Data

Surrogate Caeeound
--------------

TOLUENE-D8
BRDMOFLUCROBENZENE

- 1t2-D:CHLOROETHANE-D4

Aiount Amount .Percent --
Spiked Recovered Recovered

50 .0 47 .7 95 .4
50 .0 47 .8 95.6
50 .0 47 .6 95.2



ununnrL, nnntiota unin ntrun :

' AnaLIS ID : 870119-032 Customer Sample ID : RE-7 (SILO 426)
Laboratory Name : Drsanic Kass Sfectroscopv Customer Naee : SOLSKY
File ID : >03472 Sample Matrix: WATER

- Instrument ID'. 5995 Reouisition Number :
Data Release Authorized Bv : DC Canada Date Sample Received : 19-JAN-1987

Tentatively Identified Compounds

Date Extracted/Prepared : Date Analyzed : 19-JAN-1987
Preparation Procedure Number : Analysis Procedure Number : EPA-624
Percent Mositure : Cone/Dilution Factor . 1 .0
Percent Moisture (decanted) : Analyst : CP KNAUTH
Associated Blank :

CA; us/L CAS u3/L

_ 75694 TRICHLOROFLUOROMETHANE i 1 76131 FREON 113 1 R J
74953 DIBROKOMETHANE 1 B J

Data Rer-ortins Qualifiers :

U - Compound was analyzed for but not detected . The number is the attainable detection limit for the sample .
"r - Analvte was found in the reagent blank as well as the sample .

- J - 'Indicates an estimated value,
ND - Not Detected .

ttUt Comments from the 3r9anic Mass SFectroscopv Laboratory ttttt

- ASSOCIATED VOA REAGENT BLANK DATA LAB, ID NO .

- CAS NO . COMPONENT UG/L

74-87-3
74-83-9
7`1-01-4
75-00-3
7J-Oi-2
c7-64-1
75-15-0
75-35-4
75--34-3
16-60-5
p?=56-3
107-06-2

. .78-93-3
7 :-55-6
56-23-5
108-25-4
75-27-4
78-87-5

10061-02-6
79-01-6
124-4£-1
7G-v0-5
71-43-2

CHLOROKETHANE . . . . . . . . . . . . . .
BROMOMETHANEE, . . . . . . . . . . . . . .
VINYL CHLORIDE . . . . . . . . . . . . .
CHLOROc:HANE . . . . . . . ., . . . . . .
METHYLENE CHLORIDE . . . . . . . . .
ACETONE . . . . . . . . . . . . . . . . . . . .
CAKRDN ITISULFIDE . . . . . . . . . . .
!" 1-DICH'LORDETHERE . . . . . . . . .
1,1-DICHLOROETHANE . . . . . . .. .
TEARS-1 i2-DICHLOROETHENE . . .
CHLOROFORM . . .. . . . . . .. . . . ., .
1P2-DICHLOROETHANE . . . . . . . . .
2-DUTANONE . ., . . . . . . . . . . . . . .
l+irl-TRICHLOROETHANE . . . . . .
CARBON TETRACHLORIDE. . . . . . .
VINYL ACETATE, . . . . . . . . . . . . .
AROKOUICHLOROMETHANE . . . . . . .
192-DICHLBROPROPANE. . . . . . 4 .
TRAMS-1t3-DICHLOROPROPENE . .
TRICHLOROETHENE . . . . . . . . . . . .
DIDROMOCHLOROMETHANE . . . . . . .
i!1 +2-TRICHLOROETHANE . . . . . .
BENZENE

10
<10
C10
(10

1
8
T

6

1.:

14 ,

'.10
1
.̀J

<J

1
,.5
1J



110-'°-B 2-CHLORDETHYLVINYLETHER . . . .
?5- :5-2 BR0KOFORK . . . . . . . . . . . . . . . . . .
41-7B-6 4-METHYL-2-FENTANONE . . . . . . .

'.08-10-1 2-KEEXANDNE . . . . . . . . . . . . . . . . .
::)-1B-4 TETRACHLOROETHEN. . . . . . . . . . .
79-34-5 1+192p2-TETRACHLOROETHANE . .
108-88-3 TOLUENE . . . . . . . . . . . . . . . . . . . .
108-90-7 CHLOROBENZENE . . . . . . . . . . . . . .
100-41-4 ETHYLBENZENE . . . . . . . . . . . . . . .
100-42-5 STYRENE . . . . . . . . . . . . . . . . . . . .

TOTAL XYLENES. . . . . . . . . . . . . .

SURROGATE STANDARDS

K " 7~':THIANE D4 # . . . . . . . . . . . .C LQt-
TOLUENE-D8 . . . . . . . . . . . . . . . . . . . . . t . .*
4-BRWFLUOROBENZENE . . . . . . . . . . . . . . . . . . .

TIC COMPOUNDS

'a?~3 DIBROMOMETHANE
76131 FREON 113

t

<10
2

<10
<10
<5
3
1
1

<5

<5

X RECOVERY

90.4
105.0
107 .4

1
1



0RbAH1L AhALYS15 UAIA RLPGk1

- AnaLIS ID : 870119-033 Customer Sample ID : RC-1 (WELL11)
Laboratory Name : Organic Kass Spectroscopy Customer Name : SOLSKY
File ID : X03473 Sample Matrix : WATER

- Instrument ID: 5995 Reouisition Number :
Data Release Authorized Av: DC Canada Date Sample Received : 19-JAN-1987

_ Volatile Organic Compounds - HSL

Date Extracted/Prepared . Date Analyzed : 19-JAN-1987
_ Preparation Procedure Number . Analysis Procedure Number : EPA-624

Percent hositure: Conc/Dilution Factor : 1 .0
Percent Moisture (de-canted)'. Analyst : CF KNAUTH
Associated Blank:

Elms
---------- ------------------------------

us/L
----------

CAS
--- -

u5/L

- 'd-97-3 chloro&ethane IOU
- -----

79-00-5
---------------------------- ------
1YIP2-trichloroethane

----
5U

74-83-9 brososethane IOU 71-43-2 benzene
7-01-4 vinyl chloride IOU 10061-02-6 trans-ly3-dichloropropene 5U

- 75-00-3 chloroethane IOU 110-75-8 2-chloroethvlvinvl ether IOU
75-09-2 sethvlene chloride 5U 75-25-2 broaofors 5U
67-64-1 acetone 24 A 108-10-1 4-sethvl-2-rentanone IOU
75-15-0 .arbon disulfide 5U 591-76-6 2-heranone IOU

- 75-35-4 lyl-dichloroethene 5U 127-18-4 tetrachloroethene 5U
/5-34-3 -1+1-dichioroethane 5i1 79-34-5 1,192)2-tetrachloroethane 5U
15b-60-5 traps-192-dichloroethene SU 109-88-3 toluene 1 BJ

- 67-66-3 chloroform 2 BJ 108-90-7 chlorobenzene 5U
107-06-2 1o2-dichloroethane 5U 100-41-4 ethulbernzene 5U
78-93-3 2-butarnone IOU 100-42-5 styrene 5U
71-`5-6 lily!-trichloroethane 5U total xvlenes 5U
56-23-5 carbon tetrachloride 5U
106-05-4 vintsl acetate IOU
75-27-4 brooodichlorooethane 5U

- 78-87-5 is2-dichloropropane 5U
10061-01 -5 cis-193-dichloroproperne 5U
79-01-6 trichloroetherne 5U

- 124-a8-1 dibrosochlorobethane 5U

Ikta Reporting Qualifiers:

U - Coaround was anaitized for but not detected. The number is the attainable detection limit for the sample .
B - Analyte was found in the reagent blank as !yell as the sample .

- J - Indicates an estimated value .
- RD - Not-Detected .

Surrogate Recoverv Data

Amount Amount " Percent
Surrogate
---------

Compound Spiked
--------------

Recovered Recovered

TGLUENT-DS
-

50 .0 49 .2 98 .4
BROKOFLUOROBEHZERE 50.0 49 .2 98 .4

- 1j2-DICHLORDETHAHE-D4 50 .0 50 .1 100 .2



uKvknrL AniuTar~ iK~~A Ki.~Oki

AnaLIS ID: 870119-033 Customer Sample ID : RC-1 (YELL#1)
Laboratory Name : Organic Mass SPectroscorv Customer Name : SOLSKY
File ID : >03473 Sample Matrix : MATER
Instrument ID : 5995 Reouisition Number :
Data Release Authorized Bv : DC Canada Date Sample Received : 19-JAN-1987

- Tentatively Identified Compounds

Date Extracted/Prefared : Date Analyzed : 19-JAN-1987
- Preparation Procedure Number : Analysis Procedure Number : EPA-624

Percent hositure: Conc/Dilution Factor : 1 .0
Percent Moisture (decanted) : Analyst: CP KNAUTH
Associated Blank. :

CAS u9/L CAS us/L

- 16131 FREON 113 1 B J 74953 DIBRONOIiETHANE i $ j

Data Reporting Qualifiers :

U - CoaFound was analyzed for but not detected . The number is the attainable detection limit for the sa&Fle .
B - Analvte vas found in the reagent blank as well as the sample .
J - Indicates an estimated value .
ND - Not Detected .

ttttt Comments from tine OrSanic Kass SFectroscoev Laboratory ttttt

ASSOCIATED VOA REAGENT BLANK DATE, LAB. ID NO.

CAB N0 . COMPONENT UG/L

i4-37-3 C4LGPOMETHANE . . . . . . . . . . . . . . <i0
- 4-83-9 RROMOISETHAKE . . . . . . . . . . . . . . . 10

75-01-4 VINYL CHLORIDE . . . . . . . . . . . . . :10
75-00-3 CVLORDETHANE . . . . . . . . . . . . . . . M

_ 75-v9-2 METE^ILENE CHLORIDE . . . . . . . . . 1
67-64-1 ACETONE. . . . . . . . . . . . . . . . . . . . . 8
75-15-v CARBON D?SULFIDE . . . . . . . . . . .
5-3`s-4 1y1-7ICHLOROEMENE . . . . . . 6#0 (5 - -

- 7`-34-3 1s_-DIVALQROETHANE . . . . . . . . . . <5 ' - _
. . .̀.^-60-5 "RAMS-1r2-DICHLORGEKE E . . . -3 ,

. 67-66-3 M00FORK . . . . . .. . . . . . . . . . . 15 _
- 107-06-2 192-DICHLOFOE7HAH--- . .. . . . . . . :j

,8-93-3 2-BUTANOM. . . . . . . . . . . . . . . . . . 14
71-~5-6 1fl_fi-TRICHLGAGctHANE ... . . . :5
56-2?-5 CARBON TETRACHLORIDE. . . . . . .

- IOE-25-4 VINYL ACETATE . . . . . . . . . . . . . . -:10
f5-27-4 BROMODICHLOROKETHANE . . . . . . . 1
7E-87-5 1+2-DICHLOROPROPAE . . . . . . . . c5

- 10061-02-6 TRANS-!y3-DICHLORUPRGPENE. . 5
7=-01-6 TRI-HL0POETHEN... . . . . . . . . . . . 5
124-48-1 D13RONOCHLOROMETHANE . . . . . . . 1

- 7-00-5 191,2-TRICHLDRGETHANE . . . . . . <5
71-43-2 BENZENE . . . . . . . . . . . . . . . . . . . . 5

10061-D1-5 CIS-1j3-DICHLOROPROPENL. . . . :5



75-25-2
591-n-6
108-10-1
127-18-4
79-34-5
108-88-3
108-90-7
100-41-4
100-42-5

i-LMLUnucfMTw1M7LLIKGh. . . . C1u
BROMOFORM . . . . . . . . . . . . . . . . . . 2
4-METHYL-2-PENTANONE . . . . . . . <10
2-HEXANDNE . . . . . . . . . . . . . . . . . <10
TETRACHLOROETHENE . . . . . . . . . . <5
lrlt2p2-TETRACHLORDETHANE . . 3
TOLUENE . . . . . . . . . . . . . . . . . . . . 1
CHLOROBENZENE . . . . . . . . . . . . . . 1
ETHYLBENZENE . . . . . . . . . . . . . . . <5
STYRENE . . . . . . . . . . . . . . . . . . . . <5
TOTAL XYLENES . . . . . . . . . . . . . .

SU'riRQGATE STANDARDS Y RECOVERY

-- 192-DICHLORDETHANE D4 . . . . . . . . . . . . . . . . . . . 90 .4
TOLUENE-Da . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105.0
4-BRDMOFLUOROBENZENE . . . . . . . . . . . . . . . . . . . . 107 .4

Tii. CDH='DUhD~

-------------74?~3 DTBROMOKETHANE 1
'6131 FREON 113 1



UKUMhA6 MRM,131Z UMi" 11CrVn1

. AnaLIS ID : 870119-034 Customer Saarle ID: TRAVEL BLK
Laboratory Name . Ortanic Mass SPectroscopv Customer Name : SOLSKY
File ID: }03470 Sample Matrix : WER

- Instrument ID : 5995 Reouisition Number :
Data Release Authori2ed Bs: DC Canada Date Sample Received-# 19-JAN-1987

Volatile Organic Compounds - HSL

Date Extracted/Prepared : Date Analyzed : 19-JAN-1987
Preparation Procedure Number . Analysis Procedure Number : EPA-624

- Percent Kositure : Cone/Dilution Factor : 1 .0
?ercent Moisture (decanted) : Analyst : CP KNAUTH
Associated Blank :

CAS
---- ------------------------------

us/L CRS
-------------------

uq/L
-------------

_ 74-87-3
.

:hloroeethane IOU 79-00-5 lilt',-trichloroethane 5U
74-83-5 brorosethane IOU 71-43-2 benzene 5U
75-01-4 vinyl chloride IOU 10061-02-6 trans-l+3-dichloropropene 5U
75-0v-3 chloroethane IOU 110-75-8 2-chloroethvlvinvl ether IOU
75-09-2 sethylene chloride 8 B 75-25-2 brosoform SU
67-64-1 acetone 31 B 108-10-1 4-sethul-2-eentanone IOU
.5-15-0 carbon disulfide 5U 591-7"0-6 2-hexanone IOU

-- 75-35-4 ,1i1-dichloroethene 5U 127-18-4 tetrachloroethene 5U
75-34-3 . 1i1-dichloroethane 5U 79-34-5 1s1P292-tetrachloroethane 5U
156-60-5 traps-iy2-dichloroethene 5U 108-86-3 toluene 1 BJ

_ 67-66-3 chiorofori 2 BJ 108-90-7 chlorobenzene 5U
107-06-2 1Y2-dich1oroethane 5U 100-41-4 ethvlbernzene 5U
78-93-3 2-butanone B BJ 100-42-5 styrene 5U
7i-55-6 irlyl-trichloroethane 5U total xvlenes 5U
56-23-5 carbon tetrachloride 511
108-05-4 vinyl acetate IOU
75-27-4 brotodichioromethane 5U

- 78-87-r5 !tin-dichloroeropane 5U
10061-31-5 cis-1y3-dichlorovropene 5U
79-01-6 trichloroethene 5U
124-48-1 dibroaochlorosethane 5U

Data Reporting Qualifiers :

- U - Compound was analv~ed for but not detected . The number is the attainable detection limit for the sample .
B - Anaivte was found in the reagent blank as well as the sample .
J -- Indicates an estitiated value .

- ND - Not Detected .

Surrogate Recovery Data

Amount Amount . Percent
Surrogate Compound Spiked Recovered Recovered

TIILUENE-D8 50.0 49 .3 98.6
BROMCFLUBROBEN-ERE 50 .0 49.7 99.4

- 1t2-DICHLOR0:THANE-D4 50.0 46 .8 ?3 .6



UKUHM16 hMALIZIZ uHin KtrUKI

' An&LIS ID : 870119-034 Custoeer Snple ID : TRAVEL BLK
Laborato r1 Name : Organic Kass Srectroscop-i Customer Kane : SOLSKY
File ID : }03470 Sample Katrix : MATER
Instrument ID : 5995 Reouisition Number .
Data Release Authorized Bv : DC Canada Date Sample Received : 19-JAN-1987

Tentatively Identified Compounds

Date Extracted/Prepared : Date Analyzed : 19-JAN-1987
Preparation Procedure Number ; Analysis Procedure Number'. EPA-624
Percent hositure : Conc/Dilution Factor : 1 .0
Percent Moisture (decanted) : Analyst: CP KNAUTH
Associated Flank:

CAS ug/L
---------- --------------------------- ----------

CAS ug/L
---------- -----------------------

76131 FREON 113 1 B 1
------ ----------

74953 DIBROMOMETHANE 1 B i

Data Reporting Qualifiers :

- U - Compournd was analszed for bet not detected . The number is the attainable detection limit for the sample .
A - Analvte was found in the reagent blank as well as the sample .
J - Indicates an estimated value .

- ND - Not Detected .

Uttt Comments from the Organic Mass Spectroscopy Laboratory ttttt

ASSOCIATED VGA REAGENT BLANK DATA LAB. ID N0 .

------------ ---

CAS ND . COMPONENT UG/L

74-S7-3
74-83-9
.''5-01-4
75-00-3
i5-09-2
s~-~a-1
75-15-0
'"`-M-4
?5-34-3

15c-6r3-`
'-c6-3

107-06-2
78-93-3
71-551-6
56-23-5

106-25-4
75-27-4
76-87-5

10061-02-6
79-01-6
124-4E-1
7=-00-5

1061-01-5

CHLDROMETHANE . . . . . . . . . . . . . . :10
BP.OKDKETHANE. . . . . . . . . . . . . . . C10
VINYL CHLORIDE . . . . . . . . . . . . . <10
CHLOROETHANE . . . . . . . . . . . . . . . <:10
KETHYLENE CHLORIDE . . . . . . . . . 1
ACETONE. . . . . . . . . . . . . . . . . . . . B
CARBON DISULFIDE . . . . . . . . . . . ''°~.J

?~1hICHLOROETHENE . . . . . . . . . C5
1r1-DICHLOROETHANE . . .t. . . . . <55
'TRANS-1f2-DICHLBRDET'ritYt . . .---<5
CHLOROFORM . . . . . . . . . . . . . . . . . 15
1r2-DICHLORGETHANE . . . . . . . . . <5
2-BUTANONE . . . . . . . . . . . . . . . . . 14
1ily1-TRICHLOROETHANE . . . . . . <5
CARBON TETRACHLORIDE . . . . . . . 5
VINYL ACETATE . . . . . . . . . . . . . . <:10
BROKODICHLDRDifETHANE . . . . . . . 1
192-DICHLOROPROPANE . . . . . . . . :5
TRAMS-ir3-DICHLDROPROPENE . .
TRICHLORGETHENE . . . . . . . . . . . . ;5
DIBRGMDCHLORROMETHARE . . . . . . . I
1+1+2-TRICHLORDETHANE . . . . . . <;5
BENZENE . . . . . . . . . . . . . . . . . . . . :5
CIS-173-DICHLORDPROPERE . . . . <



DERP

INVENTORY REPORT AND HAZARDOUS RANKING SYSTEM EVALUATION

Preliminary General Information Eo
E85MIOOZ600

1 . DERP Code Number . (11) ,

'-
2 . Site Name (current) (35)

Former Raco Bomarc Missile Battery. i

_ 3 . Site Name when used by DOD .
Raco Bomarc Missile Battery

(35)

4 . Street/Route Number . (25)
Michigan State, Route 28

,

_ 5 . City . (16) Raco

6 . County . (15)
Chippewa

7 . State . (2) Mi,

8 . Zip Code . (9)
Post Office Closed

.

9 . 11Congressional District Code Number . (2) , .

_ 10 . Latitude : degrees, minutes,
46° 20' 53"

seconds . (6) . . . . .

11 . Longitude : degrees, minutes,
84° 48' 15"seconds . (7)

- 12 . Is a large scale, greater than 1 inch equals 200 feet, topograhic map
of the site area available to

N
attach to this inventory report? (1) .

Y - YES N = NO

13 . Are site maps or sketches on Nfile with the inventory? (1)
Y =YES N=NO

14 . Are there photographs on file with the inventory? (1) _Y
Y - YES N - NO

US Department of Agriculture/US Forest Service15 . Current Owners Name(s) . (45) ,
. . . .

4000 I-75 Business Spur16 . Owner's Street Address . (25) . . . . . . . , . . . . . . . . . _ _ _

17 . Owner's City . (16) Saulte Ste . Marie

1



18 . Owner's State . (2)
MI

. . .
49783

19 . Owner's Zip Code . (9) . . . . . . . . .

14
20 . Number of Years Owned . (2) . . .

None
21 . What is the current owner's use of the site? (50) . . . . . . .

REAL ESTATE SEARCH INFORMATION

22 . Give chronological list of owners or lessees since termination of DOD
ownership or lease ; include dates of ownership and brief description of
use . (240)
Lease terminated with DOD June 30, 1973, ASDA/US Forest Service has

. . . . . . . . . .
.
. . . . . . . . . . . . . . .

c~wx-~ec~ 14t 6.
. . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . .' . . . . . . . .

23 . Was property leased out to others by DOD? (Y or N), describe and match
owner/lessee with use(s) . (51)
Yes - Local Indian Tribe = Sawmill ; Local Contractor = Dumping Concrete
. . . . . . . . . . . . . .
an o er pons ruc, lpn. Dp ris ~njto Silos .

24 . Was property leased-out to others by subsequent owners? (Y or N)
Describe . (51)

No

. . . . . . . . . . . . . . .

25 . Type of problem(s) listed in claim documents, check as many as app c-
able : (3) . AD . .

Hazardous and Toxic - H (if listed complete questions 100 to 399) .

Ordnance and Explosive - 0 (if listed complete questions 400-499) .

Debris/Structures - D (if listed complete questions 500 to 599) .

26 . Has Right of Entry Permit been obtained? (Y or N) . (1) Y

2



27 . Are copies of lease agreements or deeds or other instruments conveyin
title on file? (Y or N) . (1) Not &own

28 . Does deed(s) or lease agreement(s) contain any disclaimers or restora-
tion requirements? (Y or N) . If yes, decribe . (161)

Not Known
. . . . . . . . .. ...

October 2, 1986
29 . Date field inspection completed . (6)

30 . Agency performing inspection . (25)
Envirodyne Engineers for St . Louis District COE .

31 . Inspection team leader's name . (20) Thomas M . Lachajczyk

Program Manager
32 . Title . (25) . .

33 . Organization (office symbol) . (10) . . .

34 . Telephone number(s) : Commercial . (10)
(314) 434-6960

35 . Telephone number(s) : FTS . (7)

36 . Telephone number(s) : AUTOVON . (7)

37 . Site Status : A - Active I - Inactive (1)
I

14
38 . Years of operation in current status . (2)

HD39 . Type(s) of problems found by inspection team. (3)

USE :
H - H&T
0 - OEW
D - Debris

4
40 . Enter the number of buildings on the site . (3)

41 . Describe . (80)
Maintenance Building, Composite Building, Well & Pump House, Storage Shed .

3



42 . What is the major land use for a one mile radius around the site? (20)
(e .g ., agriculture, industry, residential) .

National Forest
. . . . . . . . . . . . . .

43 . What is the estimated population within a one mile radius a53und the
site? (use 3.8 persons/house) . (6) . . . . . . .

44 . Describe the security of the site . (120)

None - All fences and gates have been removed .
. . . . . . . . . . .. . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .. . . . . . . .

. . . . . . . . .

45 . Describe the best access to the site from the nearest public road .
(120)
Three miles West of Raco on M-28, entrance road on south side of M-28

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
,a opg,a~r, je d . ,MjssiJe .cQmplqx .just east .of aisfieldsI-eastern .stip .

. . . .

LIST CURRENT AND/OR PAST POLLUTION ABATEMENT PERMITS

PERMIT INFORMATION
TYPE OF PERMIT ISSUED
PAST AND/OR PRESENT PRESENT NO . DATE ISSUED EXPIRATION DATE COMMENTS

46 . NPDES . (72) (PERMIT #, DATE ISSUED, EXPIRATION DATE, COMMENTS)

Not known
. . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . .. . . . . . .

47 . UIC . (72) (SAME AS 46)

Not known
. . . . . . . . . . .

. . . . . . . .

48 . AIR . (72) (SAME AS 46)

Not known

4



49 . RCRA . (72) (SAME AS 46)

Not known -
. . . .

- 50 . Describe any pertinent environmental protection response actions
previously taken at the site . (240)

Wastewater Treatment Plant

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . .

51 . Describe any environmental protection remediation actions previously
taken at the site . (240)

Not known

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . .. . . . . . . . . . . . . . . . .

.
. . . . . . . . . . . . . . . .

. .

52 . List any court orders, lawsuits, fines or other legal actions that have
been taken against any owners/operators of the site since DOD ownership/
lease . (160)

" Not known. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

' . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . .

Not known
53 . Determination of Responsible Party for restoration : (1)

DOD Other Not yet determined

54 . Contract 1 . (13)

55 . Contract 2 . (13)

56 . Contract 3. (13)
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57 . Contract 4. (13) . . . . . . . . .

58 . Contract 5 . (13) "

59-98 . (Reserved)

99 . Preliminary Information remarks . (80)
The sawdust pile and the construction debris within the silo structures is

nq ,DQD ,re~sgorjsVb~ljty,, , , , , , , , ,
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DESCRIPTION OF WASTE AREAS WITH RRS OF WASTE STORAGE AT THE SITE

CONTAINMENT

100 . Types of containment found in the individual waste areas :
(4)

C

Surface impoundment / / (I) Waste piles, including
contaminated surface soils / / (P)

Containers / x / (C) Landfill, including
contaminated subsoils /% (L)

101 . Present integrity of containment : (25) (Use TABLES 1, 2 or 3 phrases)
2-55 gallon drums found in Leaking with moderately Permeable Liner
one missile storage

structure .
-" 102 . Evaluation of the integrity of containment versus potential groundwater

release , before any remedial actions (see TABLE 1 for evaluation con-
siderations) . HRS Value - (Groundwater Containment) . (1) .2 .

103 . Evaluation of the integrity of containment versus potential surface
water release , before any remedial actions (see TABLE 2 for evaluation
considerations) . HRS Value - (Surface Water Containment) . (1) 2

Note : Containment consists of underground storage tanks and old missile
QUANTITY silos . There are no true containment structures .

104 . Total quantity of hazardous waste, as deposited and capable of
migrating. (Having a non-zero containment value (TABLE 3) . The air
pathway quantity is to include only those quantities that can be
transported by the air : (10) Two drums and unknown quantity

offuel in underground tanks .
105 . Total quantity of waste now present : CY, drums and gaArons (use only

one common unit) . (10)

106 . Quantity with the potential to migrate by groundwater . (10)

Tao drums

107 . HRS Value (groundwater quantity) . (1) (TABLE 3) 1

108 . Quantity with the potential to migrate by surface water . (10)

0

109 . HRS Value (Surface Water Quantity) . (1) (TABLE 3) 0
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110 . Quantity with the potential to migrate by air . (10)
Two drums

111 . RRS Value (Air Quantity) . (1) (TABLE 3)

HAZARDOUS SUBSTANCES

112 . Hazardous sub stances in this area . (360)

Name(s) Chemical Abstract System (CAS) Number

Petroleum hydrocarbon . . .. . . . . . . . . . . . . . .
.

None
. . . .

o uene. . . . . . . . . . . . . . . . . . . .
r~.c oroe, y pnp . . . . . . . . . . . .
y nzepe. . . . . . . . . . . . 190;.4;-

. e. .g ene , cri. e. . . . . . . . . . . . . - -

.Cyc o exang . so i rp .
P eno rsc. alky l. subst~tptp . . . . . . . . . . .198 ;-9~-~
.Tr. cyc.1o, 3 ..3 ..1 ..1 ..3 ,, . decjanje , . . . . , . . . . . . 168945o

peF yArprWpt lpnp . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . .
. . . . 9117
. . . . . .

113 .

. . . . . . .

Highest scoring substance for Groundwater Migration Route . (25)

Petroleum hydrocarbons trichloroethylene, phenol

114 .* Toxicity ranking number . (1) " 3 "

115 .* Persistence ranking number . (1) (assumed) .1 .

12
116 .** SRS Matrix Value . (2)

117 . Highest scoring substance for Surface Water Migration Route . (25)

3 Petroleum hydrocarbons, phenol

118 .* Toxicity (ranking number) . (1)

119 .* Persistence (ranking number) . (1) (assumed) ,1,

12
120 .** HRS Matrix Value . (2)

* Use TABLES 4, 5, or 6
**Use TABLE 7
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121 . Highest scoring substance for Air Migration Route . (25)

Petroleum hydrocarbons, phenol

122.* Toxicity (ranking number) . (1)

123.** HRS Value . (2) 12

PHYSICAL STATE

124 . Physical state of waste as deposited : (1)

_ HRS Value HRS Value
Solid consoidated
or stabilized : 0 Powder or fine material : 2

- Solid, unconsolidated
or unstabilized : 1 Liquid, sludge or gas : 3

_ HRS value from item 124 . *36

125 . Description of current physical state of waste . (15)
Tao leaking drums/oil stained soil

" . . . . . . . . . . . . . . . .

GROUNDWATER MIGRATION ROUTE

HYDROGEOLOGY

126 . Description of strata from surface to the deepest aquifer or condern
(names, thickness, type of material) . (Refer to TABLE 8) (200)
Fine, medium and coarse sands
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . .. . . . . . . . .

. . .
. . . . . . . . . . . . . . . . . . . . . . . . . .

127 . Direction of regional groundwater flow . (3) SE

128 . Are there barriers to horizontal migration of groundwater within 3
miles downgradient of the site (e .g ., rivers) . These barriers should
be identified on a map of the site . (1) Y/N .Y

* Use TABLES 4, 5, or 6
**Use TABLE 7
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129 . Are there discharge and/or recharge areas within 3 miles of the site?
(These areas should be identified on a map of the site) . (1) Y/N .Y .

COMPARATIVE DOCUMENTATION OF AQUIFERS

(All questions on this page refer to surficial aquifer) .

130 . Name of aquifer . (25)

Surficial aquifer not named .. . . .

131 . Designation of aquifer use . (10) Assume residential drinking. . . . . " " " " " " water .

estimated 35'
132 . Depth to highest seasonal level . (3) . .

Circle the HRS value corresponding to the use of groundwater drawn from
within 3 miles from the source of contamination :

- VALUE

Unusable '` 0

Commmercial, irrigation, or not used but usable 1

Drinking water with alternate source available 2

Sole source, drinking water supply

133 . The HRS Value circled . (1) .3 .

134 . Location of nearest drinking or irrigation well within 3 miles
downgradient of the source of contamination, give direction . (20)

Assume D/I well - SE
. . . . . . . . . . . . . . . . .

135 . Depth of the nearest well (ft) . (3) Unknown

136 . Distance to the well from nearest point of contamination (critical dis-
tances that require careful measurement for HRS purposes of 000'
1 mile, 2 miles and 3 miles) . (5) . . mile

137 . Population served by groundwater drawn from aquifer within Lmiles of
contamination . (6) . . . . .

10
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138 . Basis of population figure (e .g ., census, house count) . (10)

House count from map. .

139 . HRS value from Distance/Population Matrix (TABLE 9) . (2) . .

140 . Acres of cropland/pastureland irrigated by water drawn from the a uifer
within 3 miles of contamination . (4) Non . . .

- COMPARATIVE DOCUMENTATION OF AQUIFERS

(All questions on this page refer to Deeper Aquifer)

141 . Name of aquifer . (25)
Blackriver on Trenton

142 . Designation of aquifer use . (10) Assume residential/agriculture

143 . Distance from ground surface (elevation) to highest seasonal water
Not knownlevel . (3)

_ Circle the HRS value corresponding to the use of groundwater drawn from
within 3 miles from the source of contamination :

VALUE

Unusable 0

- Commercial, irrigation, or not used but usable 1

Drinking water with alternate source available 2

Sole source, drinking water supply ( 3 )

144 . HRS value circled . (1)

145 . Location of nearest drinking or irrigation well within 3 miles downgra-
dient of the source of contamination, give direction . (20)

Unknown. .

146 . Depth of the nearest well (ft) . (3) Unknown

147 . Distance to the well from nearest point of contamination (critical dis-
tance that require careful measurement for HRS purposes are 2000', 1
mile, 2 miles and 3 miles) . (5) . .N~A. . .
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148 . Population served by groundwater drawn from aquifer within 3 miles of
contamination . (6) Unknown

149 . Basis of population figure (e .g ., census, house count) . (10)

N/A
. . . . . .

150 . HRS value from Distance/Population Matrix (TABLE 9) . (2) N/A

151 . Acres of cropland/pastureland irrigated by water drawn from the aquifer
Not knownwithin 3 miles of contamination . (4) . . .

RELEASE TO AQUIFER OF CONCERN

Select from the comparative documentation of aquifers, the aquifer that
yields the highest HRS groundwater score . Document and evaluate this
aquifer .

152 . Name of aquifer . (25)

Upper aquifer not named
. . . . . . . . . . . . . . .

153 . Is it the surficial (S) or deeper (D) of the aquifers? (1) .S .

154 . Is there an observed release of contaminants to this aquifer : (1)

Y (YES), Value = 45
N (NO), Value = 0

155 . HRS Value . (2) . 45

156 . Are there any analytical findings that document observed release to
groundwater above background ? (1) Y - YES N - NO

157 . Date of Analysis . (6) December, 1986 or

January, 1987
158 . Reference . (60)

Envirodyne Engineers, Inc . contamination analysis
. . . . . . . . . .

159 .

. . .

Identification of

. . .

background well(s) . (25)

None installed, all wells are
. . . . downgradient. . . . . . . .

160 . Identification of contaminated well(s) . (25)

RG-3, RG-4
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161 . Contaminants detected . (150)
Toluene,- trichloroethylene, 2-pentene,_3,4,4-trimethyl, 1-pentene, 2,4,4-methyl

43-56 feet
162 . Depth of contamination . (3)

163 . Distance from ground surface to highest seasonal water level ip this
estimated 35'aquifer . (3)

164 . Depth below ground surface of deepest documented waste or of intake of
of a contaminated well . (3) 56 feet

165 . Depth from deepest point of documented contamination to the aquifer
of concern . (3) (Question 163 minus 164) 21

166 . RRS Value . (1) DEPTH VALUE .2 .

0-20 3
21 - 75 2
76 -150 1

. 150 0

167 . Inches of normal annual total precipitation (Figure 1) . (2) + . 28

168 . Inches of mean annual lake evaporation (Figure 2) . (2) - . ?4

169 . Net precipitation , in inches (if seasonal data is used, show month(s)4
.represented) . (2)

-10 inches = 0 15 inches - 3
-10 to + 5 = 1
+5 to +15 =2

170 . HRS Value (Precipitation) . (1)

171 . Permeability of the least permeable layer between documented contamina-
tion and the highest seasonal water level of this aquifer of copcern -5

<10- - 10 cm/sec(TABLE 10 ) . (6 ) .

172 . 8RS Value (Permeability) (1) . ?

13



GROUNDWATER USE

173 . Write the number for the highest-valued actual use of this aquifer
within a 3-mile radius as shown on the comparative evaluation . (1) . 3 .

USE VALUE USE VALUE

Unusable 0 Drinking water with 2
with alternate
source

Commercial or 1 Without alternate 3
irrigation source

no readily available alternate source

DISTANCE TO NEAREST WELL

174 . i :stance to the nearest drinking water or irrigation well in this
aquifer (comparative evaluation between surficial and deeper) . (3)

assume D/I well = 4600 ft .

POPULATION SERVED

175 . Total population served by groundwater drawn from the aquifer within
3 stiles of contamination (comparative evaluation between surficial and
deeper) .

Population (3 .8 persons/house) (5) + 65 .

176 . Acres Irrigated times 1 .5 (4) + .0 . . . .
persons/acre

177 . Total Population (5) . . 65 .

178 . Determine the worst case from distance/population Matrix (TABLE 9) and
enter HRS value . (2) . .8 .
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SURFACE WATER MIGRATION

A topographical map is to be attached showing the migration path that run-
off would follow from the areas of waste storage to surface waters and thence to

-' targets within 5 miles downstream . All distances are to be measured along the
migration path rather than by a straight line .

Indicate sampling points, the most downstream point (or point along migra-
tion path) of documented contamination, all water intakes by use, and sensitive
environments and critical habitats that lie contiguous to the migration path .
Show names of water bodies .

- OBSERVED RELEASE

179 . Is there analytical evidence of contamination of surface
waters above background? (1) N, Go to Item 185 . .

Y, Go to Item 180

180 . Date of Evidence : (6) . . .

181 . Reference : (60)

182 . Background sampling points (list well identification) : (80)

. .

183 . Downstream sampling points (list well identification) : (80)

184 . Contaminants detected (5 maximum) : (100)

_ . . . .

. .

- 185 . HRS Value . Direct evidence of release of surface water (evidence must
be quantitative) - HRS value - 45 ; no evidence - HRS value - 0 (2)

.0 .
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186 . Check if drinking water intakes have been
contaminated . (1) 0 - NO .0.

1 - YES, Public
2 " YES, Private
3 - BOTH

Questions 187 to 193 MUST BE COMPLETED ONLY IF EVIDENCE OF AN OBSERVED RELEASE
TO SURFACE WATER IS LACKING :

ROUTE CHARACTERISTICS

187 . Does this facility lie in a topographical depression with
no surface water migration route? If YES, assign a surface
water migration score of zero . If NO, continue with Item
188 . (1)

SLOPE

188 .

189 .

190 .

191 .

192 .

193 .

Slope of the facility . (2)

Slope of intervening terrain from nearest point of
documented contamination to surface water (Use TABLE 11) : (2)

HRS Value (Slope Matrix) . (1)

1 year 24 hour rainfall as indicated for the site on
Figure 3 (inches) . (2)

BRS Value (Rainfall) . (1)

N

3%

1

1

.1 .

Distance along migration path from most downstream point Not tested forof documented contamination to surface waters . (7) . . . . . . . .
Distances of 2 miles and less are classifiable .

*DISTANCE - Assign a value as follows :

Distance Assiened Value

2 miles 0
1 to 2 miles 1
1000 feet to 1 mile 2
1000 feet 3

194 . RRS Value (Distance of Surface Water) . (1) N/A
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SURFACE WATER USE

195 . Surface water use within 3 miles (1 mile maximum in static waters)
along the migration path from the most downstream point of documented

- contamination : (1)

HRS Value

Not currently used for
reasons unrelated to con- Irrigation
tamination from site : ------ 0 recreation, etc : ---- 2

Commercial or industrial
use : ------ 1 Drinking water : ---- 3

RRS Value (Surface Water Use) (Values may be added if water has N/A
more than one use) . , ,

DISTANCE TO A SENSITIVE ENVIRONMENT

- 196 . Name of nearest sensitive environment that is within 2 miles. (20)

Unamed
.. . . . .

197 . Type of Sensitive Environment . (3) 1 - Coastal Wetland
2 - Freshwater Wetland
3 - Critical Habitat (S - State or

- F - Federal)

198 . Distance to a wetland (5 acre minimum) or a critical habitat of a
Federal list endangered species that lies contiguous to the migration
path . Measure distance from the nearest point of documented surface 1 3/4 milecontamination along the migration path . (6)

199 . HRS Value (Distance to Sensitive Environment) . (1) Use TABLE 12 ~ .

- DISTANCE TO WATER INTAKE

200 . Distance to drinking water or irrigation intake , measured from probable
_ point of entry of migration path to surface water . (6) Not known . .
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POPULATION SERVED

Total Population served by water drawn from surface water within the 3
mile limit :

201 . Population (assume 3.8 persons/house) . (5) . . .N/A . .

202 . Acres irrigated times 1.5 persons/acre . (4) . . . .

203 . Total HRS population : (5) . . .

204 . HRS, Value (Dist/Pop Matrix) . (2) N/A

(The distance (question 200) and population
(question 203) are used in TABLE 9 to
determine HRS value .

AIR MIGRATION ROUTE

OBSERVED RELEASE - AIR

205 . Is there any reason to suggest that air sampling should be done? (80)

NO X YES

Narrative Summary :
Only contamination is stained soils or oily liquids in silos .

. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . .

. . . " . . . .

206 . Is there analytical evidence confirming an observed released air above
background ? (1)

NO Go to Item 212 YES Continue with Item 207

207 . Date : (6) . . . . .

208 . Reference : (60)
N/A

. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . .

209 . Location of upwind and downwind sampling points : (80)

N/A

. . . . . . . . . . .
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210 . Method and equipment : (80)
N/A

. .

211 . Contaminants detected above background : (150)
N/A

212 . Analytical evidence of contaminants . (2)
N/A

HRS value - 45 if yes NO evidence - HRS value - 0

REACTIVITY & INCOMPATABILITY

-" See TABLE 13 and TABLE 14

Most reactive materials onsite are : (List)
-

213 . (25)
None, materials detected on site have "0" reactivity rankings on Table 4 .

214 . (25) . . .

215 . (25) .

- 216 . (25)

217 . (25) .

218 . (25)

Most incompatible pairs of material onsite are : (List)219 .+ (25)
None

. . . . . . . . . . . . . . . . . . . . . . . . . .

220 . (25)

221 . (25)

- 222 . (25)

223 . (25)
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224 . ( 25 ) . . . . . . . . . . . . . . . . . . . . . . .

INCOMPATIBILITY VALUE and TABLE 13 , .

No incompatible materials 0
are present

Present but do not pose
a hazard 1

Present & may pose a
future hazard 2

Present b posing an immediate
hazard 3

0
225 . HRS Value (R/I) . (1)

POPULATION EXPOSED

Population exposed to risk of air release, (fill in population infor-
mation for all distances from the volatilizing source) :

Indicate in each box (a, b, c and d) the total population for the given

radius .

Total Population
76

226 . 0 - 1/4 mile (7)

227 . 0 - 1/2 mile (7) 76

228 . 0 - 1 mile (7) 228

229 . 0 - 4 miles (8) 1026

230 . Use insert *** to determine HRS value . (2) 12

***Select the highest valuefor this rating factor as follows : Distance
to Population from Hazardous Substance

0-4 0-1 0-1/2 0-1/4
Population Mile Mile Mile Mile

0 0 0 0 0
1-100 9 12 15 18

101-1000 12 15 18 21
1001-3000 15 18 21 24
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DISTANCE TO A SENSITIVE ENVIRONMENT

Coastal wetland Freshwater wetland Critical habitat

231 . Location and description of wetlands (5 acre minimum) : (200)

SE4, NESS, Sec34, T46N, R4W
. .

ma
q

areas ~o s an ding water w-,t ~iri Ketjancjs , , , , , ,
ec ange area * ,
ea wa ers or ,rey , ree, ,

. . . .

Location of critical habitat of endangered species, including notation

of whether the species is on the Federal list .
Bald Eagle and Ospray inhabit the National Forest .

232 . Distance from volatile substance One mile
- to the sensitive environment . (6)

233 . HRS Value - See TABLE 12 . (1)

LAND USE within 2 miles - See TABLE 14

DISTANCE/VALUE

234 . Commercial/industrial area . (5)
None

. / .

235 . Residential area . (5)
None . / .

236 .
site

National/State park, forest, wildlife reserves . (5) within NP, . .
3

/ .

237 . Prime agricultural land . (5) None
" " " " /

238. Agricultural land in production within the past 5 years . (5) None /

239 . Is a historic landmark site within view of the facility or like to be
subject to significant impacts from air release? YES/NO (80)
If so, identify, locate and describe expected impacts :
No

240 . HRS Value (use TABLE 14, Land Use) . (1)
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FIRE AND EXPLOSION FROM HAZARDOUS OR TOXIC MATERIALS

FIRE AND EXPLOSION POTENTIAL :

241 . Based on field observation and measurement, is ther a demonstrated
fire and explosion threat at this site? (41) NO YES Describe :

Narrative summary :

Fuel may remain in burried fuel tanks .
. . . . . . . . . . . . . . . . . . . . . . . . . . .

242 . Has state or local fire marshal certified that site presents a signifi-
cant hazard of fire or explosion : (41)

Narrative summary :

No
. . . . . . . . . . . . . . . . . . . . .

IF ANY QUESTIONS IN ITEMS 241 and 242.HAVE BEEN CHECKED "YES" FOR FIRE AND

EXPLOSION POTENTIAL, COMPLETE ITEMS (243 TO 284)

CONTAIN14ENT

Substances found onsite that are individually ignitable .

Suspect fuel in underground tanks .
243 . ( 25 ) . . . . . . - . . . . . . . . .

244 . ( 25 ) . . . . . . . . . . . . . . . . . . .

245 . (25) . . . . . . . . .

246 . (25) . . . . . . . . . o - . . . . .

247 . ( 25 ) . . . . . . . . . . .

Substances found onsite that are incompatible .

248 . ( 25 ) NBA . . . . . . . . . . . . . . . . . . . .

249 . (25) . . . . . . . . .

250 . (25 ) . . . . . . .

251 . (25 ) . . . . . . . . . . . . .

252 . ( 25 ) . . . .. . . . .
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253 . Are any of the substances that are onsite hazardous in combination and
are not segregated or isolated so as to prevent the formation of incom-
patible mixtures : Y OR N (1) N

ISOLATED/SEGREGATED VALUE

YES 1

NO 3

N/A
254 . HRS Value (Containment) . (1)

WASTE CHARACTERISTICS :

255 . Direct evidence of ignitability or explosion potential, as measured : N
Y - YES N - NO (1)

- 256 . RRS Value (Direct Evidence) . VALUE : YES 3 NO 0 (1) ,O,

257 . Ignitability : List the most ignitable substance onsite and indicate
- the National Fire Protection Agency (NFPA) level assigned this

substance (TABLE 15) : (25)

Fuel oil & Jet fuel possibly in tanks .

258 . HRS Value (Ignitable) . (1) .

- 259 . Most reactive materials onsite are : See TABLE 16 (25)

N/A

260 . HRS Value (Reactive) : (1) IVA

261 . Most incompatible pairs of material onsite are : See TABLE 13 (40)

N/A

N/A262 . RRS Value (Incompatible) . (1)

263 . Quantity of materials onsite that are flammable or explosive, including
- hazardous materials that are flammable or explosive e or*in

combination : (9) , n
ok
nown

- 264 . RRS (Quantity) - See TABLE 3 . (1)

NOTE : There are 13 underground storage tanks at the site . The quantity
of fuel within the tanks is unknown .
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DISTANCE TO TARGETS :

265 . Distance to nearest persons like to be at risk to
fire or e xplosion'(critical distances tha t require
careful measurement for HRS purposes are 0 feet, One mile
200 feet, 1/2 mile, 1 mile and 2 miles) : (6) . . . . . .

266 . HRS Value (Population) - See TABLE 15A. (1)
2

. .

267 . Distance to the nearest building from the hazardous
substance (critical distances that require careful
measureme nt for HRS purposes are 50 feet, 200 feet 200 feet
and 1/2 mile) : (6) DISTANCE VALUE . . . . . . .

1/2 mile 0
201'-1/2 mile 1
51'-200' 2
0-50' 3

268 . HRS Value (Buildings) . (1) .2 .

269 . Distance to nearest wetland from the haza rdous substance? (6)
One mile

DISTANCE VALUE

100' 0
100' 3

270 . HRS Value (Wetlands) . (1) 2

271 . Distance to a critical habitat from the hazardous substance (critical
distances that require careful management of HRS purposes are 100 feet,
1000 feet and 1/2 mile) : (6) ,>1 mile

DISTANCE VALUE

>1/2 mile 0
. 1001 -1/2 mile 1

101-1000' 2
0-100' 3

272 . HRS Value (Habitat) . (1) 000

273 . Is a fire like to spread to this critical habitat, regardless of
distance? YES or NO (1) N .
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- TARGETS FOR FIRE AND EXPLOSION :

Land use within 2 miles (note that this item is identical to the air
migration pathway, providing the location of the volatilizing substan-
ces and the flammable or explosive substance is the same) :

(Critical distances requiring measurement for HRS purposes are 1/4
mile, 1/2 mile, 1 mile and 2 miles) : See TABLE 14

DISTANCE/VALUE

274 . Commercial/industrial area . (5) None . / .

275 . Residential area . (5) One mile. 2/ .

276 . National/State park, forest, wildlife reserves . (S 1S ite within NF . 3/ .

277 . Prime agricultural land . (5) None . / .

278 . Agricultural land in production within the past 5 years . None .

279 . Is a historic landmark site within view of the facility or
like to be subject to significant impacts from fire or explosion?
YES OR NO. Describe (81)

No

. . . . . . . .

TABLE 14 is used to determine the HRS value . The highest value
is to be chosen .

280 . HRS Value (Land Use) . (1) 3.

281 . Population with 2 mile radius . (If areial photography is used in mak-
76ing the count, assume 3.8 individuals per dwelling) . (6) .

POPULATION VALUE

0 . . . . . . . . . 0
1-100 . . . . . . . . . 1

101-1000 . . . . . . . . . 2
1001-3000 . . . . . . . . . 3
3001-10,000 . . . . . . . . 4

>10,000 . . . . . . . . . . 5

282 . HRS Value (Population) . (1) 1
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283 . Buildings within a 2-mile radius (measures from the
hazardous substance) . (4) . . . . 25

NO OF BUILDINGS " VALUE

0 . . . . . . . 0
1-26 . . . . . . . 1

27-60 . . . . . . . 2
261-790 . . . . . . . 3
791-2600 . . . . . . . 4

>2600 . . . . . . . . 5
1

284 . HRS Value (Buildings) . (1)

DIRECT CONTACT

285 . Is there a confirmed instance in which contact caused injury, illness
or death to humans or to domestic or wild animals? (100)

Narrative summary :

An accidental death during salvage operations on Composite building was
. . . . . . . . . . . . . . . . . . . . . . . . . .
~ebore X a . .emp oXee .. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

286 . RRS Values : YES - 45, NO - 0 (2) .
45

.

IF ITEM 285 FOR DIRECT CONTACT IS CHECKED "YES" SKIP TO LINE 292 - IF NO,
COMPLETE ITEMS 287 TO 291

Accessibility to where the hazardous material is deposited - evaluate
the following aspects : (1)

VALUE

287 . Surveillance system: YES 0
NO 1 1

288 . Artificial or natural barriers to entry : (1)

VALUE

YES 0
NO 1 1 .
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289 . Control of entry points : (1) VALUE

YES 0
NO 1 1

Add values from lines 287, 288 and 289 to mark in 291 . .

- . 290 . Have any changes in accessibility been made since the confirmed NBA
instance of direct contact? (1) Y/N

291 . HRS Value (Access) . (1) 3

292 . Indicate if there is Containment of the hazardous materials against
direct contact : (6)

CONTAINMENT VALUE Y OR N

- Surface impound . 15
Sealed or unsealed

containers 15
Tanks 15

_
.N .

- Landfill with less
than 2' cover 15

"Spills 15 N .
- Otherwise 0

30
293 . HRS Value (Containment) from item 292 . (2)

294 . Toxicity of the most hazardous material s that are not adequately con-
tained against direct contact : Refer to TABLES 4 b 5 (60)

- Storage Area # Groundwater samples

RG-3. RS-1 RB-4RS-7 (20)
soils samples. . silo samples refer to
contamination evaluation

Material

Petroleum hydrocarbons, trichloroethylene (20). .

Toxicity

Severe toxicity (20)

295 . HRS Value (Toxicity) . (1)
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23
296 . Population within one mile of hazardous materials: (7) . . . . .

POPULATION WITHIN
1 MILE VALUE

0 0 .
1-100 1

101-1000 2
1001-3000 3
3001-10,000 4
>10,000 5

Basis for this estimate : House count/map

297 . HRS Value (Population) : (1) 1

Location of critical habitat of endangered species, including notation
of whether species is on the federal list :

SEAS, NEB, T46N, R4W Raptors - fed . protected

298 . Circle the appropriate Distance to the critical habitat (critical
distance that require measurement for HRS purposes are 1/4 mile, 1/2
mile and 1 mile) : (6)

One mile

DISTANCE VALUE

>1 mile 0
1/2 mile - 1 mile 1
1/4 mile - 1/2 mile 2
<1/4 mile 3

299 . Indicate if the critical habitat is on the State _S, Federal _F, or both
B list(s) . (1) .F.

300 . RRS Value (Distance to critical habitat) from Item 298 . (1) 1

301-398 . Reserved

399 . Remarks . (80)
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ORDNANCE AND EXPLOSIVE WASTE (OEW)

OEW RISK ASSESSMENT :

The OEW risk assessment is based on records searches, reports of Explosive
Ordnance Detachment actions, and field observations and measurements . These
data are used to assess the risk involved based upon the hazards identified at
the site . The risk assessment is composed of two factors, hazard severity and
hazard probability .

Hazard Severity . Hazard severity categories are defined to provide a
qualitative measure of the worst credible mishap resulting from personnel error,
environmental conditions, or other pertinent factors.

--------------------------------------------------------------------------------
Description Category Mishap Definition
--------------------------------------------------------------------------------

CATASTROPHIC 1 Explosion, Death, Life-
threatening or other
injury causing total
permanent disability, or
Property damage in
excess of $500,000 .

CRITICAL 2 Major fire, Severe injury
which requires doctor or
hospital care for 1 or more
persons, or Property damage
between $100K and $500K .

MARGINAL 3 Minor fire, Minor injury
_ which would require any

medical or Property damage
between $700 and $100,000 .

- NEGLIGIBLE 4 No injuries or Property
damage less than $700 .

--------------------------------------------------------------------------------

- N/A
400 . The Hazard Category assigned for this site is . (1)

401 . This is based primarily upon the following : (160)

No ordnance or explosives on-site described in SOW

. . . . . . . .
._ . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . .
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Hazard probability . The probability that a hazard has been or
will be created due to the presence of unexploded ordnance or explosive
materials on a formerly used DOD site .

--------------------------------------------------------------------------------
Description Level Probability Definition
-----------------------=--------------------------------------------------------

FREQUENT A Has already occurred more
than once or has the poten-
tial to occur at least every
1 or 2 years .

PROBABLE B Has already occurred once or
has the potential to occur
more than once in the next
10 to 20 years .

OCCASIONAL C Is likely to occur sometime
in the next 10 to 20 years .

REMOTE D Unlikely but possible due to
the nature of past DOD use
of the site .

IMPROBABLE E So unlikely that it can be
assumed that it will not
occur.

-------------------------------------------------------------------------------

402 . The hazard probability level assigned for this site is . (1) N/A

403 . This is based upon the following : (160)

. . . . . . . . . . . . . . . . . . . .

. . . .
.

. . . . . . . . . . .
. . . . . . . . . . . . . . . .

. . . . .
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- Risk Assessment . The risk assessment value for this site is to be found
by using the following table . Enter with the results of items 400 & 402 .

_ --------------------------------------------------------------------------------
Probability
Level A . B C D E
--------------------------------------------------------------------------------

Severity
Category :

I 20 20 18 14 10

II 20 18 14 10 6

III 18 14 10 6 2

- IV 14 10 6 2 0
--------------------------------------------------------------------------------

N/A
404 . The risk assessment value for this site is . (3)

405 . Ordnance and Explosive Waste Characteristics . Is there any direct or
other evidence that OEW is present or could be present based upon

- former DOD uses of the site? This evidence can be based upon direct
observation of the site survey team, reports received from individuals,
government agencies, or news media, review of drawings or archive docu-
ments relating to DOD operations at the site, or any other pertinent
source .

YES (Complete the rest of this question) .

NO (Continue starting with Question 422) .

- If the answer to this question is YES describe briefly the type of evi-
dence and where that evidence is available for detailed review. (161)

. . . . . . . .

(For Questions 406 through 442 underline, check, circle or otherwise
indicate each appropriate answer .)
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406 . High Explosives. (4)

YES NO Y OR N
VALUE VALUE

Primary or Initiating Explosives 10 0 . .
(Lead Styphnate, Lead Azide,
Nitroglycerin, Mercury Azide,
Mercury Fulminate, etc .)

Booster or Bursting Explosives 5 0 . .
(PETN, Compositions A, B, C,
Tetryl, TNT, RDX, HMX, HBX,
Black Powder, etc .)

Military Dynamite 5 0 . .

Less Sensitive Explosives 3 0 . .
(Ammonium Nitrate, Favier
Explosives, etc .)

407 . High Explosives Ordnance Ranking System (ORS) Value
(Maximum value of 10) . (2)

408 . Propellants . (5)

YES NO Y OR N
VALUE VALUE

Single Base Propellant 3 0 . .
(M10, M12, etc .)

Double Base Propellant 4 0 . .
(M2, M5, M9, M13, etc .)

Triple Base Propellant 4 0 . .
(M15, M17, etc .)

Liquid Propellant 4 0

Large Rocket Motors 5 0 . .

409 . Other (describe) . (15) . . . . . . . . . . . . . . . .

410 . Propellants HRS Value from item 408 . (1)
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- 411 . Conventional Ordnance and Ammunition . (11)

YES Y OR N
VALUE

Small Arms ( .22 cal - 20mm) 1

Medium/Large Caliber (over 20mm) 5

Ammunition, Inert 0

Ammunition, Blank or Practice 2 . .

Bombs, Explosive 5

Bombs, Practice, Fuzed 2

Grenades, Mines 5 , ,

Grenades, Mines, Practice, Fuzed 2

Detonators, Blasing Caps 5

Rockets, Missiles 5

Demolition Charges 4

- 412 . Other . (15) . , . .

413 . Conventional Ordnance and Ammunition ORS Value from item 411 (Maximum
of 5) . (1)

414 . Pyrotechnics . (4)

- YES Y OR N
VALUE

White Phosphorus 5

Pyrolusite 4

Flares 3

Smoke Rounds and Bombs 3 . .

415 . Other Pyrotechnic Devices . (15) . .

416 . Pyrotechnics ORS Value (Maximum of 5) . (1)
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417 . Chemical Weapons/Agents . (3)

YES
VALUE Y OR N

Toxic Chemical Warfare Agents 40
(GB, VX, H, HD, BZ, -, etc .)

Vomiting Agents 20 . .
(DA, DM, DC, etc .)

Tear Agents 10 . .
(CNS, CNB, BBC, CS, etc .)

418 . Other Chemical Warfare Agents . (15) . . . . . . . . . .

419 . Chemical Weapons ORS Value . (2) . . .

420 . Total Ordnance and Explosive Waste Characteristics ORS Value (Total
407 + 410 + 413 + 416 + 419 with a Maximum value of 55) . (2)

421 . Provide a detailed description on any and all chemical weapons or
chemical agents present at the site . (400)
N/A

. . . . . . . . . .

. . . . . . . . . . . . . . . . .

. . . . . . . .
. . . . . . . . . . . . .

. . . . . . . . . . . . .
. . . . . . . . . . . . . . . . .
. . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . .

. . . . . . . . .

. . . . . . . . . . . .

.. . . . . . . . . . .

. . . . . . . . . . . . . .
. . . . . . . . . . . .
. . . . . . . . . . . . .
. . . . . . . . . .
. . . . . . . . . . . . . . . . .

. . . . .

422. Locations of Contamination . (6)

VALUE Y OR N

Within Tanks, Pipes, Vessels 5 . .
or Other confined locations . '-

On the surface or within 3 feet . 5

Inside walls, ceilings, or other parts 4 . .
of Buildings or Structures .
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.

423 . Other (describe) . (22) . . . . .

424 . Locations of Contamination ORS Value (Maximum of 5) . (1)

425 . Area Contaminated . (6) . .

VALUE

None 0

Less than 1 acre 1

1 to 5 acres 2

5 to 50 acres 3

50 to 250 acres 4

Over 250 acres 5

426 . Area Contaminated ORS Value (Maximum of 5) . (1)

427 . - Extent of Contamination ORS Value Sum of items (424 + 426) -
(Maximum of 10) . (2)

428 . Weight of OEW materials on site . (7) . .

429 . Number of rounds (from 428) . (7) . . . .

Weight of Bulk No . of Rounds, Value
Explosives in Containers, etc .
Rounds

0 0 0

Less than 10 1 to 9 2

10 to 100 10 to 100 4

101 to 500 101 to 500 6

501 to 1000 501 to 1000 8

Over 1000 Over 1000 10

430 . Quantity of OEW ORS Value (Maximum of 10) . (2)
Two valves may be figured (e .g ., 8 lbs TNT gives value of 2 6 200 rounds
a value of 6 . Then the ORS value would be 8) .
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431 . Provide a detailed description and the types and amounts of ordnance
and explosive materials previously removed from the site by EOD forces,
currently at the site, or suspected to be at the site . (800)
Unknown

. . . . . . . . . . . . . . . . . . . . . . .
00

. . . . . . . . . . . ..
. . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . .. . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . .

432 . Distance to nearest persons or normally inhabited structures likely to
be at risk from OEW site . (6) . . . . . . .

Distance to Nearest Target VALUE

Less than 1250 feet 5

1250 feet to 0.5 miles 4

0 .6 miles to 1 .0 mile 3

1 .1 mile to 2 .0 miles 2

2 .1 miles to 5 .0 miles 1

Over 5.0 miles 0

433 . Distance to Persons ORS Value (Maximum of 5) . (1)
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434 . Distance to nearest utility system (power, water, or gas) or public
highway likely to be at risk from OEW site . (6) . .

Distance to Nearest Target VALUE

Less than 1250 feet 5

1251 feet to 1 mile 3

11 mile to 2 miles 1

Over 2 miles 0

435 . Distances to Public Utilities/Highways ORS Value (Maximum of 5) . (1)

436 . Distances ORS Value (433 + 435) - (Maximum of 10) . (2)

437 . Numbers and types of Buildings within a 2 mile radius measured from
the hazardous area, not the installation boundary . (6)

Numbers of Buildings VALUE

0 0

1 to 10 1

11 to 50 2

51 to 100 3

101 to 250 4

251 or Over 5

438 . Numbers of Buildings ORS Value (Maximum of 5) . (1) . .

439 . Types of Buildings . (30)

' VALUE

Educational, Child Care, etc . 5

Residential, Hospitals, Hotels, etc . 5

Commercial, Shopping Centers, etc . 5
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Industrial, Warehouse, etc . 4

Agricultural, Forestry, etc . 3 .

Detention, Correctional 2

Military 1

No Buildings 0

440. Types of Buildings ORS Value (Maximum of 5) . (1)

441 . Numbers and Types of Buildings ORS Value (438 + 440) - Maximum of
10) . (2)

442 . Accessibility to site refers to the measures taken to limit access by
humans or animals to ordnance and explosive wastes . ,Assign a value
using the following guidance : Describe . (40)

. . . . . . . . . . . . . . . . . . . . . . . . .

Barrier

A 24-hour surveillance system (e .g .,
television monitoring or surveillance
by guards or facility personnel) which
continuously monitors and controls entry
onto the facility ;

or

An artificial or natural barrier (e .g .,
. a fence combined with a cliff), which

completely surrounds the facility ; and
a means to control entry, at all times,
through the gates or other entrances to
the facility (e .g ., an attendant, television
monitors, locked entrances, or controlled
roadway access to the facility) .

Security guard, but no barrier

A barrier, but no separate
means to control entry

Barriers do not completely
surround the facility

No barrier or security system

Assigned Value

0

0

1

2

3

5
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443 . - ORS Value (Maximum of 5) . (1)

444-498 . Reserved

499 . Remarks . (80)

. .
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DEBRIS

Debris description :

500 . Type of Debris . (150)

Concrete rubble within silos, vandalized buildings, very large pile of
. . . . . . . . . . . . . . . . . . . . . . .

w ". . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . : . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . .. . . .

501 . Type of construction for structures . (100)

Concrete block walls, steel beam roof .
. . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . .

502 . Quantity . (80)
All of the 28 silo structures contain concrete or highway construction debris .

. . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . .

503 . Condition, etc . (15)

Hazardous to walk on .
. . . . . . . . . . . .

504 . List underground structures or items . (80)

Thirteen underground fuel storage tanks .
. . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . .

. . . . .

505 . DOD use of debris items . (80)
DOD not responsible for concrete rubble or sawdust pile .

. . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . .

. . . . . . . .

506 . List buildings or other items that owner(s), after DOD disposal, have
used for their benefit . Give use . (150)

Composite building used during Saw Mill operations by local Indian Tribe .
. . . . . . 0--. . . . . . . . .

. . . . . . . . . . . . . .. . . . . . . . . . . . .

. . . . . . . .. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . .
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DEBRIS (CONTINUED)

507 . List items onsite that were not constructed or used by DOD or DOD
contractor . (80)

Sawdust pile, highway construction debris. .
. . . . . . . . . .

508 . List items owner wants to retain . (80)

- None

509 . List items that may have salvage value . (100)

Not known
. . . . .

- 510 . Give location of nearest or most economical disposal location . (80)

Not known. . . . . . . . . .
. . . ,. . . . . . . . . . . . . . . . .

511 . Give special labor, equipment or methods that will be required for pro-
- ject . (100) "

Not known . . . . . . . . . .
- . . . . . . .

512 . List any restrictions on methods of demolition or disposal . (80)

Asbestos present in some buildings (pump house and storage shed) .. . . . . . . . . . . .. ... . . . . . . . .
. . . .

513 . Describe site grading that will be required for restoration : (include
- any special requirements or adverse foundation conditions) . (40)

Not known
. . . . . .

514 . Give location for borrow material if required . (40)

Large soil storage area at SE corner of missile storage area .
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DEBRIS (CONTINUED)

515 . List and give location of underground items that need to be preserved .
(60)
Not known

. . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . .

516 . Give requirements for seeding and mulching or other erosion measures .
(80)
Not known

. . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . .

. .

517 . Describe unsightly debris WD) . If no unsightly debris exists, enter
NONE for this item, and do not complete items 518 thru 529 . (160)

Concrete rubble, sawdust pile
. . . . . . . . . . . . . . . . . . . . . . . . .. . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

518 . Size of Debris Area (UD) : (2) slue . .2 .

Debris covers area 5 acres or less in size . 2

Debris covers area 6-25 acres in size . 5

Debris covers area over 25 acres in size . 10

519 . Debris Above Ground Level (UD) : (2)
2

(Include structures, miscellaneous debris items or piles
3' or more in height . Structures larger than 12,000 SF Sawdust Pile
in area or more than two-story height to count as two
structures . Groups of individual items wioll be considered
one structure) .

Number of Structures or Piles : Value

0 0
1-2 2
3-6 4
7-15 6
16-30 8
31 or more 10
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DEBRIS (CONTINUED)

520 . Describe unusual items that require transformation to structure com-
parison in Item 519 . (100)

Very large pile of sawdust
. . . . . . . .

. . .
. . . . . . . . . . .

521 . Ground level debris (less than 3' high) (UD) . Foundations, slabs,
small piles, etc : (1)

Area Covered by Debris Items Value

No Ground Level Debris 0
0-20,000 SF 1
20,000 - 100,000 SF 3

-- Over 100,000 SF 5

522 . Briefly describe Item 521 (concrete foundation, rubble etc) . (80)

Silos, foundations, roadways. . . . . . . . . . . . . . .

523 . Condition of Debris (UD) : (2) Value

- Building or structures very unsightly,
such as partially demolished or collapsed

'or deteriorated beyond any reasonable
renovation . 10

Structures that are in need of considerable
maintenance, very large foundations, piles of
building rubble, etc . 5

Small foundations, small debris piles or
- buildings in good condition that are not

compatible with surrounding area . 2

524 . Give basis for value selected in Item 523 . (100)
Buildings still structurally sound, but badly vandalized . Silos partially
. . . . . . . . . . . . . .
i Ed wit cjeklr~s ti ,

- . . . . . .
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DEBRIS (CONTINUED)

525 . Location (UD) : (2) Value . .2 .

Rural 2

Small Town or Community 5

Urban or densely populated residential area 10

526 . Effect on Surrounding Area (UD) : (1) Value .0 .

Contributes highly to general area being
slum or very desirable for use . 5

Serves as a deterent to development of
general area or has slight bearing on above
choice . 2

No effect . 0

527 . Briefly describe effect in Item 526 . (80)

Area very isolated within National Forest . Very
. . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . .

low population
. . . . . . .
. . . . . .

density .
.

. . .

528 . Public Use or Exposure (UD) : (2) Value . .1

Isolated from public exposure . 0

Located in area with little public exposure . 1

Located in area that receives heavy public
use or exposure of seasonal or other varying
nature . 6

Located in area that receives heavy year
round use . 10

529 . Give basis for value seleced in Item 528 . (80)

Site in National Forest with unlimited access .
. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .
. . . . . . . .

. . . . . . .

. . . . . . . .
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DEBRIS (CONTINUED)

530 . Describe Hazardous Debris (HD) : (160)

If there is no debris that represents a potential physical or health
hazard to persons or is a potential source of damage to surrounding
property, enter NONE for this item and 0 for item 540 and do not
complete items 531 thru 537 .

Debris hazardous to walk on . Demolition of building could me dangerous .o _ o . . . . .
. . . . . . . . . . . . . . . .

. . . . . .

531 . Probability of Injury or Health Hazard Value 6 626
(HD) : (2)

Has occurred frequently or has potential
to occur at least annually . 10

Has occurred once and has potential to
occur at least once every two years . 8

Has potential to occur every 2-10 years . 6

Has potential to occur every 10-25 years . 4

Unlikely to occur once every 25 years . 2

532 . List past occurrences or give basis for value selected in Item 531 .
(100)
Accidental death during demolition was reported but is not considered likely .

. . . .

533 . Severity of Potential Hazard (HD) : (2) Value . .3 .
(Most probable results from incident
involving debris)

Totally disabling or death . 10

Loss of limb, partial sight, hearing, etc . 8

Would require hospitalization or repeated
medical treatment . 6

Would require minor medical care . 3

Minor cuts and bruises . 1

No injury . 0
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DEBRIS (CONTINUED)

534 . Give information on past incidents or describe conditions that would
contribute to value selected in Item 533 . (100)

Debris would not probably result in serious accidents .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . .

535 . Hazard to Property Other Than Owner (HD) : (2) Value . .0.
(Damage resulting from fire, collapse, etc .)

Potential for damage in excess of $250,000 . 10

Potential for damage of $75,000 to $250,000 . 5

Potential for damage of less than $75,000 . 1

No damage potential . 0

536 . List hazard and property that would be exposed to hazard in Item 535 .
(80) -
N/A

. . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . 0 - . . . . . . . . . . . . . . . . . . .

537 . Probability of Damage Occurring Value 1
(HD) : (1)

In next two years . 5

In 2-10 years . 4

In 10-25 years . 2

Beyond 25 years . 1

538 . Has site been coordinated for demolition and/or removal under Section
106 of the National Preservation Act? .*X Yes NO (1) Y .

542-598 . Reserved .

599 . Remarks (80)

*Assumed yes, since some demolition has begun .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . .
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DEBRIS WORKSHEET

539 . Unsightly Debris Score :

- A. Item No . Value

518 2

519 2

521

523 5

- 325 2

526 0

TOTAL

B. If value for item 528 is 0, multiply total in A. by 0 .5

If value for items 528 is 1, multiply totasl in A . by 0 .9 12 .6

- If value for item 528 is 6 to 10, add value selected to
Total in A .

C . Divide B . by 2 .10 for Unsightly Debris Score 6 .0 (Round
to nearest whole number) .

540 . Hazard Debris Score :

Item No . Value

531 2

533 3

- 535 0

537 1

A. Multiply Item 531 value by Item 533 6

- B. Multiply Item 535 value by Item 537 =

TOTAL A + B W 6

- Hazardous Debris Score = Total A+B 6
(Round to nearest whoe
number)
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DEBRIS WORKSHEET (CONTINUED)

541 . Total Score for Ranking .

Total Score - Unsightly Debris Score (Item 538) + Hazardous Debris
Score (Item 539) - 12
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TABLE 1

CONTAINMENT VALUE FOR GROUNDWATER ROUTE

(Use technical judgement of best fit)

Assign containment a value of 0 if : (1) all the hazardous substances at the facility are underlain by an essen-

tially nonpermeable surface (natural or artificial) and adequate leachate collection systems and diversion systems

are present ; or (2) there is no groundwater in the vicinity . The value "0" does not indicate no risk . Rather,

it indicates a significantly lower relative risk when compared with more serious sites on a national level .

Otherwise, evaluate the containment for each of the different means of storage or disposal at the facility using

the following guidance .

A. Surface Impoundment B. Piles

Assianed Value Assigned Value

Sound run-on diversion structure, 0 Piles uncovered and waste 0

essentially nonpermeable liner stabilized ; or piles covered,

(natural or artificial) compatible waste unstabilized, and es-

with the waste, and adequate leachate sentially nonpermeable liner .

collection system .

Essentially nonpermeable compatible 1 Piles uncovered, waste unsta- I

liner with no leachate collection system ; bilized, moderately permeable

or inadequate freeboard . liner, and leachate collection
system .

Potentially unsound run-on diversion 2 Piles uncovered, waste unsts- 2

structure ; or moderately permeable bilized, moderately permeable

compatible liner . liner, and no leachate collection
system.

Unsound run-on diversion structure ; no 3 Piles uncovered, waste unsta- 3

liner ; or incompatible liner . bilized, and no liner .



TABLE 1 (CONTINUED)

CONTAINMENT VALUE FOR GROUNDWATER ROUTE

(Use technical judgement of best fit)

C . Containers

Containers sealed and in sound
condition, adequate liner, and
adequate leachate collection
system.

Containers sealed and in sound
condition, no liner or moderately
permeable liner .

Containers leaking, moderately
permeable liner .

Containers leaking and no liner or
incompatible liner .

Assigned Value

0

1

2

3

D. Landfill

Assigned Value

Essentially nonpermeable liner, 0
compatible with waste, and
adequate leachate collection
system .

Essentially nonpermeable compat-
ible liner, no leachate collection
system, and landfill surface pre-
cludes ponding .

Moderately permeable, compatible
liner, and landfill surface precludes
ponding .

No liner or incompatible liner ;
moderately permeable compatible
liner ; landfill surface encourages
ponding ; no run-on control .

1

2

3
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