Rough River Lake Dam -
Remedial Construction

24 March 2015
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Rough River Lake Dam:

Constructed: 1955-1958
Type: Compacted Earth Fill
Top Elevation: 556 msl|
(559 msl - top of wall)
Drainage Area: 454 mi?
Storage: 334,400 acre / ft.
Highest Water Level:

527.4 on May 11, 2011

Flood Risk Management Benefits

Nolin River - $115,731,000
Rough River-  $227,755,000 Lake Data:

Green River - $163,569,000 Seasonal Pool Pool Elevation  Water Acres

Barren River-  $183,966,000 Winter Pool

Total - $691,021,000 Summer Pool
Flood Pool

Probable Max Flood

470 msl 2,180 acres
495 msl 5,100 acres
524 msl 10,260 acres

553.9 msl
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Outlet Works (Controlled)
Operating
Tower

Stilling
Basin

Conduit - Max Capacity — 5000 cfs

Emergency Spillway (Uncontrolled) —
Max Capacity — 29,000 cfs

Spillway Elev. 524

Summer Pool Elev. 495
Winter Pool Elev. 470

Dam
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Louisville District Daily Lake Report

http://Irl-apps.Irl.usace.army.mil/wc/reports/Ikreport.html

» Updates automatically ~ 8:00 a.m. (Central Time)
= Daily pool, precipitation, and storage information
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Louisville District Daily L.ake Report
24 March 2015

Lake Elevations Flood Storages
‘Winter||Summer(| Flood |[[Todays Dev. 24 24 6 A M.
A s *“|from|| Hour [ Hour Inches||Percent
Basin Project Pool Pool || Pool || Pool Poolllch Preci Outflow Avail | Util
Feet Feet Feet || Feet o0f|Lange recipl cpg [ Y !

Feet| Feet [[Inches

]K;::};l Cacsar Creek| 846.0| 849.0] 883.0] 8372/ 88| -0.8] o0.05] 1022 13.52f -15.11
% 729.0" 733.0" 795.0" 7429 139  -1.9] 0.00 2230 9.41f 15.16
| arsna

IMill Creek |[West Fork || 675.0[675.0 702.0][ 675.3][ 03] -0.1] 0.00 off 6.18][ 0.59

Mad River J[C_J. Brown ][1009.0][ 1012.0][1023.0] 1009.0][ -0.6 0.0 0.06 o[ 7.52| -3.80

Whitewater][Brookville ][ 740.0][748.0[ 775.0][ 7419 03 0.0 0.00 484 10.18][  0.59
C

Licking  |[Cave Run 7240  730.0] 765.0] 7462209 -0.7] 0.0 4571] s5.40] 44.62

(Green

) Green River 668.0
River

|
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R0
o]
)

675.0‘ 713.0|| 6

-1.5“ 0.00 6783| 12.50) 12.74

h
o
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[Nolin 400.0[  515.0) 560.0

[Barren River || 525.0)  552.0) 590.0

[Rough River || 470.0)  495.0| 524.0f 501.0

1.6 0.00 6834 10.78] 21.47
-0.5] 0.00] 3868|[ 10.70][ 22.70
204 08 o000 289 7.48[ 34.95

UP' I. E. Roush 737.0 7490l 798.0 37.8| 0.8 0.4y 0.31 3400 3.94 0.28
Wabash —

Salamonie || 730.0)  755.0 793.0] 7305 os|  o.af 037 207 832 o.16

|

Mississinewa][_712.0_737.0 7790 713.8][ 18 0.0 0.8 402|704 0.70

n
n
ol |
o
[—
m -
o0

|Mid.

. Cecil Harden|| 640.0 662.0/| 6900l 6517 1.7 0.0 0.04 109 8.74 2.64
‘Wabash e

Cagles Mill |[ 636.0]  639.5] 704.0 c48.2) 122  -0.7 0.04 048] 11.49| 10.10

[Monroe 538.0] 538.0] 556.0|[ s442f 62 -0 o000 627 7.89| 2832

[Patoka 5320 536.0] 548.0] s383][ 6.3 -0 0.00 218[ 11.04)| 35.43

(ALWAYS WEAR YOUR LIFE JACKETS WHEN ON OR NEAR THE WATER)

Comments:

Highest Pool Elevations of Record
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Raugh River Lake
Man Mar 23 2014 at 11:30:158 GMT
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Didn’t you just “fix” Rough River Dam?
2005-2007 Remedial Construction

=

~2003 sinkhole
near downstream

Migration of

embankment s _
g % &pJ 5 0?};0 . :_:_,

EXISTI 128
L ¥ DAAIM ELEVATI
g {SEE PROF ILE E
] 263 W Geor
S o
XISTING KORIZONTAL
1}

DRAIN LAYER
Rock Toe Repair - Area 2
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Didn’t you just “fix” Rough River Dam?
2005-2007 Remedial Construction

g o

Heavy erosion
at stilling basin

Extended the
stilling basin

and added
baffle blocks
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Didn’t you just “fix” Rough River Dam?
2005-2007 Remedial Construction
=

Raised the dam 5 ft. to
; contain Probable
.. Maximum Flood

e

--------

Raised the road 2 ft. and & e
added “parapet” wall ===
for 3 additional ft. &=

]

- s o T gttt g W ACHES A gl e
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Rough River — Timeline for Risk Informed Process

* Risk: “A measure of the probability and severity of

undesirable consequences or outcome”
(ER 1110-2-1156 Safety of Dams, Policy and Procedures)

= 2005 — USACE Began Portfolio Screening Process (SPRA)

» Ranked the entire Corps portfolio of structures
» One — day screening per structure
» Conducted by a multi-disciplined SPRA Cadre
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Rough River — Timeline for Risk Informed Process

* Rough River SPRA conducted in 2005
» Established Dam Safety Action Classification (DSAC)
» Rough River classified as DSAC 2

« Failure Initiation Foreseen or,
« Very High Incremental Risk

= 2008 — Established Interim Risk Reduction Measures

» Enhanced surveillance and monitoring

» Additional exploration and instrumentation

» Automation of instruments

» Supplemental Dam Safety Training for project staff

» Recommended Emergency Action Plan Exercises
* Engage partners and stakeholders
« Improve communications and emergency planning
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Rough River — Timeline for Risk Informed Process

= 2008 — 2012 - Dam Safety Modification Study

» Establish baseline risk
» Determine need for remediation
» Make the case that remedial construction is prudent

= 2012 — Present - Design and Implement permanent Risk
Reduction Measures
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Karst Foundations
Internal erosion of dam embankment soil by
groundwater flow through joints / solution features

Dam Slope

Potential
Loss of
dam soill

tures

anes/Joints
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Wolf Creek Dam (Lake

Solution Features |
%

b
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1950-1960 Vintage Life

R

Dentistry |

I:. | * i ¢ i

Technology b

1950-1960 Vintage
Dam Engineering
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Stilling Basin Training
Wall Repair
November 2012




Sinkholes along access road, exhibiting active
depressions (note resulting road realignment)

Spring location US of dam

Karst in Beech Creek Lst in Conduit
Excavation

Karst in Haney Lst in right abutment

Karst encountered in stilling basin excavation
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GENERALIZED GECLOGIC MAP OF KENTUCKY |
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Rough River Stratigraphy

"~ HARDENSBURG SANDSTONE: ; 550
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Phase 1A - Temporary Road Relocation for use of
Existing Roadway Alignment as Work Platform

[ st TEMPORARY RELOCATION OF HWY 79 DURING CONSTRUCTION - ROUGH RIVER LAKE DAM UG
EXISTING CONCRETE
EXISTING CONC TEMPORARY HWY 79

EXIST. HWY 79

ROCK FILL

FEEECORD POOL
—TZ_ SPILLWA(\)’ CREST

_
e
I —

CROSS SECTION SHOWING RELOCATED ROAD

EXISTING RIP-RAP.

SUMMER POOL
_/ EL. 495.00
EXISTING GRADE
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Phase 1A Construction

B s .

6/30/14

ROUGH RIVER DAM PUBLIC MEETING — March 24, 2015 BUILDING STRONGg,




Phase 1A Construction

7/16/14
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Phase 1A Construction
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Phase 1A Construction

BUILDING STRONGg,
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Phase 1A Construction

.
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Phase 1A Construction
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Phase 1A Construction

BUILDING STRONGg,
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1on

Phase 1A Construct

/13/14
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Phase 1A Construction

9/3/14
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Phase 1A Construction

9/17/14

03/17/2014 03:33

bl |
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Phase 1A Construction
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Phase 1A Construction

10/9/14
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Phase 1A Construction

—_—

ETE— —
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Phase 1A Construction

- TV

=)
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Phase 1A Construction

11/25/2014
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Phase 1A Construction

12/17/14
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Phase 1A — What’'s Left?

* Complete installation of upstream piezometers
 Re-locate utilities to under new road
» Switch traffic from crest road to new road

 Minor demolition and site restoration
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Pre-Phase 1B Instrumentation

* Install 58 new piezometers (in 22 holes)
« 29 Piezometers upstream (in 11 holes)
« 29 Piezometers downstream (in 11 holes)

« All fully automated “vibrating wire” instruments
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Enhanced Real Time Instrumentation Monitoring

s T2 Instruments installed
pzat | RZEGPZ9051 L within the dam

Data Loggers and -z
Transmitter |
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Instrumentation Installation

0S/i/20114 0919

Trench excavation in preparation for Piezometer installation
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Pre-Phase 1B Instrumentation

I

02/03/2015 1353
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Pre-Phase 1B Instrumentation

o

ROUGH RIVER DAM PUBLIC MEETING — March 24, 2015 BUILDING STRONGg,




ROUGH RIVER |

Pre-Phase 1B

Symbols
A oo of Casing

nstru

Structure

0/ Bedding
l/\ Filled Fracture

mentation

O/ Part. Open Fract

./ Broken/Void/Soft Zone

Optical Image Depth LPEN Acoustic Amplitude Acoustic Travel Time Plane Projection Dip & Dip Direction
0 90° 1Bp° 2700 oo | tim2ft 0°  90° 180° 270° 0° | Q° 90> 180° 270° 0° | 0° 80° 180° 270° 0° |0 90
Gal/min
Symbols
c
=
o o
[a] =]
: |
4 [ &
7 &
N 0.031
= -0.049
i 0000 =
7 =t )
AR
= |
7 |
]
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Pre-Phase 1B Instrumentation
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Pre-Phase 1B Instrumentation
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Rough River — Construction Timeline

= 2012 to Present — Develop Plans and Specifications
(Phase 1A complete, Phase 1B and Phase 2 ongoing)

= 2014 - 2015 — Phase 1A contract to relocate KY State
Hwy 79 to the upstream slope (awarded)

= 2015 - 2016 — Initiate Grouting Phase and determine
additional (final) remediation if needed
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What's Next? — Phase 1B
Exploratory Drilling and Grouting

« Why are you doing this new work?
* How do you “Drill” the dam?
» What is Grouting?

* What is the purpose of Grouting?
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What's Next? — Phase 1B
Exploratory Drilling and Grouting

« Why are you doing this new work??

* Further define foundation characteristics

» Establish the need for future remedial action
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What's Next? — Phase 1B
Exploratory Drilling and Grouting

* How do you “drill” the soil?

+ Achieve and Maintain Resonance of the Drill String
+ Eliminate / Minimize Friction Between Borehole and Pipe
+ Penetration in any Material

Jolaling end wbraiing
2~ drif Bt {End of 2l pip
!
+ High Quality Sample
+ Minimal Disturbance of Borehole Wall
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What's Next? — Phase 1B
Exploratory Drilling and Grouting

* How do you “drill” the rock?

Rock Coring Bit

ﬂ;ﬂ- "# 'F F " “m‘i ﬁ'gf.l it o _-:_- ; i
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What's Next? — Phase 1B
Exploratory Drilling and Grouting

* How do you “Drill” the dam?
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PRIMARIES
20’ Centers

SECONDARIES
10’ Centers

TERTIARIES
5 Centers
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A-Line
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* SAFETY PAYS ™
5

I
MATCHLINE SEE SHEET CS106

1 2 3 4 7
F
STA 192,00 10,00°LT, 1 h STA; 21+82,00, 10,00° LT,
.":n: HECIM OE PRIMARY BEGIN SECONOART ARG ]
GROUT HOLES TEATIARY DS GROUT TERTIARY DS GROUT
E HOLES:, HOLES,
BEGIN NOGROUT ZONE,
S - -
— 5F 5F F F SF 5F iF sF 5F 5 5F F o
§ ——— gn ;t: :—-—H—.--a-o-o-.-g-
T F— Prp—— LA i q‘._.___ P e A B I PP S |
o - .- - -
STA 2280000, 10,000 RT
— 5 P+ e T INETALLATION [US AMDIDE
HOLES]
BTA, F1e21,00, 10,00 AT, TA Fiv A0
ECONOART AN GROUTH ERD FRIMARY GROUT HOLES
C ! TER'II&RY US GROUT HDLES TERTIARY LS GROUT HOLES ANGLE AT 40° TOWARD ANGLE AT 40" TOWARD
| R, ABUTHMENT T, ABUTMENT
5TA 40,00 /T,
AL T
| NETALLATION (US ARG DF-
| HOLES)
— I
I
B I
A
SITE PLAN
1200

[ | ]
GENERAL SHEET NOTES
1, SEE SHEETE OO0 -0Ga0g DETALED PLAN AND PROFILE OF
UPSTREAM GROUT LINE AND GEGLOGIC PROFILE, byt
2, SEE BHEETE OO208-Ci0a0d F LED PLAN AND PROFILE OF OF ERGINEERS
DEUHESTREAN SROUT LINE AN GEOLGBIE PROFLLE. LELIVILE BRTRIET
J
3, SEE SHEETE OO208-CiG006 FOR DETALED PLAN AND PROFILE OF i
COMBINED US AND DS GROUT LINE.
4, SEE SHEETS C3501-C8502 FOR EROS|ON CONTROL DETALS,
5. GROUT HOLES WILL BE DRILLED THROUGH EXISTING ROAD
PAVEMENT,
& SHEET KEYNOTES §
1, CONTRACT BASELINE FOR GROUTING, e
2 UPSTREAM (WS} GROUT LINE, i 3
- o
3, DOWNSTREAM [DS) GROUT LINE, H sl &
4, EXISTING PARAPET WALL, DG NOT CISTURE, o |18
& EN GUARDRAIL. D0 HOT DISTURE EXCEST AS NOTED £ g
B R Ak, ™
& NO GROUT ZONE TO AVOID IMPACT TO EXISTING CONDUIT. § §
7. EXISTING DUTLET GONDUIT,
& VERTICAL US AND DS PRIMARY GROUT HOLES TO STRADDLE IE
ERISTING GONDUIT AT STA, 2142 38 AND ST, 87,08, SEE Fa
SHEETS CGa04 AND COJ06, §=
% ABANDOMED UNDERGROUND FIBER OPTIC LINE. o
10, ASANDONED WATER LINE. £, 38
1 RE
3
A
E.
4
[
J— CONTRACTOR WORK LIMITS -
L] BROUT HOLE LOCATION ;‘5@
5F BILT FEMNCE. SEE SHEET CS501 A DETAIL A1, 5_ §
E
(&) STOME SILT CHECK. SEE SMEET CS802, DETAIL AT.
S E—
@ TEMPCRARY GRAVEL CONSTRUCTION —
ENTRANCEEX[T, BEE SHEET C8502, DETARL D7, f—
H
@ STONE WLET PROTECTION. SEE SHEET CS602, E = S
DETAILET. b 5
..g§ z e
B Se ﬁ
g U5
il
gEc| =¥ ||@
ES oy =
£
g
g
— 1
BHEET
REFERENCE
NUMBER:
C5105
SHERT 34 OF I8
| SE—

FILE:  ODuORGED T
OATE!  A2-LAe2as 1807

*** SUPPORT VALUE ENGINEERING - IT PAYS ***
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* SAFETY PAYS ™
5

1 2 3 4 8 7 ] ]
INITIAL GROUT HOLE INSTALLATION SHALL SCCUR BETWEEN STA 18500 AND 23600 i
i IEST SECTION BETWEEN STa 24+00 AND 25+00 OF ENGINEERE
LOUSVILLE DYSTRECT
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PROFILE 5%
1. BEFERENGE SPECIFICATION SECTION 31 32 2 FOR FOUNDATION DRILLING AND GROUTING 10. STAGE LENGTHE OF 10,16, 20 AND 25 WILL SE USED AND WILL VARY PER ROCK FORMATION: £
HARDENSBURG SANDETONE = OAE STAGE ([ VAR|ES DEPENDING ON DEFTH OF FumTfom
2. RECKSOI LAYER DEFTHS D THICKNESESS AS SHOWN ARE A GENERALIZED HANEY LIMESTONE . THHEE 20 FT STAGES GROUT HOLE LEGEND /WEY
EPT BASED ON LIMITED SUBSURFACE EXPLORA B LIFTY DSTONE { NELI.IEIwﬂ SHALE SEAMS - THREE 20 FT STAGES J—
CREER LIMESTONE . [SOLATES I ONE JONE, APPROXIMATELY 10 FT ———— ERIMASY GROUT HOLE -
3, ALL GROUT HOLES 20 DEGRESS FROM VERT|CAL, EXCEPT AS NOTED OTHERWISE, ELWREN SHALE - OME STAGE, APPROXIMATELY 15 =
HEEI..S\ELLEI. STONE » ONE STAGE, APPROXIMATELY 25 FT —————-SECONDARY GROUT HOLE 2 [n] o 8
4, Us GROUT LINE 10 FT OFFSET FROM CENTERLINE, SANPL TONE « GONE STAGE IN 10 FT = o
NOTE - ACTLML STAGE LENGTHS MAY BE ADJUSTED BY THE CONTRALCT | OFFICER AS THE —-—-—-—TERTIRY GROUT HOLE {4 z e
5, DS GROUT LINE 10 FT OFFSET FROM CENTERLINE, WORK PROGRESSES, BUT WILL BE ONE OF THE LENGTHS NOTED ABOVE. §e HEP
6. PRIMARY GROUT HOLES AT 20 FT CENTERSVQ"H MINIMUM DEPTH OF 10 FT 11. GENERAL GUIDELINES FOR STAGE LENGTHS - AS DEPTH OF EACH ROCK DOWHNETREAM GROUT LINE 35;1 o™ ([T
L&Dégﬂaﬁ.w IDSTONE, AI.I.GHDU ES WILL USE OPTICAL AND ACOUSTIC TELEVIEWERS QEMET%VWE%ONGWHLE U= UPSTREAM GROUT LINE (A = a uzJ
40 FT DEPTH = 2 T0 4 STAGES B EE% zZ
i e e S e S s P-4 STacEs e Beluicle
PAIGFOR LADES aRTIoN 81D LIk e £ [[EMs, THE LOCATION G ANY ADCITIONAL HOILES WILL B8 12, BEFOAS STARTING ANY DRILLING ON THE PROSECT. {INCLUDING THE IITIAL GROUT HOLE DXP2142 ]
SELECTED IN THE FIELD BY USACI |[ ALLAT] BETWEEN STA 12400 AND CONTRACTOR SHALL DRILL AND GROUT = | O Q
8. SECONDARY CROUT HOLES RESULT IN 10 FT CENTERS (N LOCATIONS INDICATED OR AS DIRECTE! T&Fu%’ﬂ'ﬁ?\l‘k S SAL ME‘I\:‘EG‘SEC%IENF;QN ‘t%L's"%lCTQINMBTE WEESETEN?%O&H%%.NQ g gi’ E %
" WITH MINIMUM DEPTH TE BOTTCM ELEVATION OF BEE: CRED{ LIMESTONE AND AT LEAST 80 FT INTO uslesa PRICR 1D§lmluic\mom( O THE hﬁﬁu En.gm rmﬁusrmnuussrwam STATION sl LS
ROC BUT MOT TO EXCEED BOTTOM ELEVAT|ONS OF FRMARY GROUT HOLES, STA 16+00 AND 23400, I
=P Y
% ﬁmml" DROUT HOLES RESULT IN 5 FT CENTERS [ IN LOCATIONS INDICATED OF A5 DIRECTED) 13 ALLHOLES ON THE PROJECT (EXCERT FOR THOSE IN THE TEST SECTIGN BETWEEN STA 24400 i 1
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What does it all Mean?

-How do we interpret the data”

-Optical and Accoustical Televiewer

-Hand written logs

-Monitoring other instruments

Page 2 ]
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What's Next? — Phase 1B
Exploratory Drilling and Grouting

What is Grouting?

- Injecting grout under
pressure into voids below
the ground surface.

e i, gl o~
4© Foundation Services of Central Florida, Incasss, - = ’ -
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Grout Injection

Neat Grouts (Sand and Cemen

ROUGH RIVER DAM PUBLIC MEETING — March 24, 2015 BUILDING STRONGg,




What's Next? — Phase 1B
Exploratory Drilling and Grouting

What is the general purpose of Grouting?
- Typically the purpose is to fill voids sufficiently to
reduce the potential seepage through the Foundation.

What is the purpose of our Grouting?
« “Exploratory Drilling and Grouting”
 Define extent of future repair
 Provide interim risk reduction to the project
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Phase 2 — Future Remediation

‘Phase 1B - justify the need for further remediation
(additional grouting or cutoff wall)

Cutoff wall - the most reliable method of cutting off
potential seepage paths and, therefore, potential failure
modes.
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Cut-off Wall - Primary Panel Placement

STAGE 1: OB EXCAVATION STAGE 2: ROCK EXCAVATION STAGE 3: CONCRETING FINISHED PANEL OF
HYDRAULIC GRAR/ BUCKET CLEAN FOR CONCRETE 2 TREMIE PIPES CUTOFF WALI
KRC 2 HD K3000 HYDROMILL K3L

& CHISEL IF BOULDERS

Soil Excavation Rock Excavation Concrete Placement
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STAGES OF PRIMARY PANEL EXCAVATION
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Cut-off Wall - Closure Panel Placement

STAGE 1: OB EXCAVATION STAGE 2: ROCK EXCAVATION STAGE 3: CONCRETING
HYDRAULIC GRAB/ BUCKET CLEAN FOR CONCRETT 2 TREMIE PIPES
KRC 2 HD K3000 HYDROMILL K3L

& CHISEL IF BOULDERS

Soil Excavation Rock Excavation Concrete Placement
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Cutoff Wall Construction (Mississinewa)
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Cutoff Wall Construction (Wolf Creek)
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Questions?
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