
HALEY &ALDRICH, INC. 
6500 Rockside Road 
Suite 200 
Cleveland, OH 44131 ~ ICH 216.739.0555 

MEMORANDUM 

17 April 2018 
File No. 128064-006 

SUBJECT: History of Construction - Cell 002 West 

Associated Electric Cooperative, Inc. 
Thomas Hill Energy Center 

Clifton Hill, MO 

Haley & Aldrich, Inc. (Ha ley & Aldrich) has assisted Associated Electric Cooperative, Inc. (AECI) with 

compiling the history of construction in accordance with §257.73(c)(l) for the existing coal combustion 
residuals (CCR) surface impoundment known as inactive Cell 002 West at the Thomas Hill Energy Center 
(THEC). This document addresses the requirements of the US Environmental Protect ion Agency's 
(EPA's) Hazardous and Solid Waste Management System; Disposal of Coal Combustion Residuals from 

Electric Utilities, 40 CFR Part 257 (CCR Rule), specifically §257.73(c)(l). Based on the USEPA's issued CCR 
Rule Partial Vacatur in 2016, the inactive Cell 002 West impoundment at the THEC is subject to 
applicable requirements of the CCR Rule. To the extent feasible, AECI has provided documentation 

supporting the history of construction. Information on the history of construction of inactive Cell 002 
West is presented in the following sections. 

§257. 73(c)(l)(i): The name and address of the person(s) owning or operating the CCR unit; the name 
associated with the CCR unit; and the identification number of the CCR unit ifone has been assigned by 
the state. 

Owner: Associated Electric Cooperative, Inc. 
2814 South Golden Avenue 
P.O. Box 754 
Springfield, Missouri 65807 

Name of CCR Unit: Cell 002 West (current naming convention, historically referred to Ash 

Pond - Cell 1, Pond 001 Cell 2 and Pond No. 1 in past reports) 

§257. 73(c)(l)(ii): The location of the CCR unit identified on the most recent U.S. Geological Survey 
{USGS} 7 ½ minute or 15 minute topographic quadrangle map, or a topographic map ofequivalent scale 
ifa USGS map is not available. 

Latitude: 39°32'38" 

Longitude: 92°38'16" 
The general location of the facility is provided in Appendix A. 

www.haleyaldrich.com 
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§257.73/c)/l)(iii): A statement ofthe purpose for which the CCR unit is being used. 

The inactive Cell 002 West was previously used for settling and wet storage of fly ash and boiler 
slag from the TH EC. 

§257. 73/c)(l)(iv): The name and size in acres of the watershed within which the CCR unit is located. 

USGS Watershed Name: Little Chariton Watershed 10280203 

Watershed Acreage: 679 square miles 
Unit-specific Watershed Area: 17 acres 

The watershed area, which includes only the impoundment area itself, is based on the most 
recent site topography, provided by AECI. It should be noted that the drainage area was 

determined as part of the Inflow Flood Control System Plan required by §257.83 of the CCR Rule 
which is provided under separate cover. 

§257. 73(c)(l)(v): A description of the physical and engineering properties of thefoundation and 
abutment materials on which the CCR unit is constructed. 

The description of the physical and engineering properties of the foundation and abutment 
materials on which Cell 002 West was constructed was discussed in the "Geologic Summary -
Pond 001 Cell 2" by Gredell Engineering Resources, Inc. dated 5 October 2015 is provided as 

Appendix B. The description of the physical and engineering properties of the foundation and 
abutment materials on which Cell 002 West was constructed was discussed on pages 3-4, of 
"Global Stability Evaluat ion Mine Waste and Ash Pond Embankments" by Geotechnology, Inc. 

dated 22 April 2010, and the excerpt is provided as Appendix C. AECI was not able to locate 

other original construction design documents related to this criterion. 

§257. 73/c)(l)(vi): A statement of the type, size, range, and physical and engineering properties of the 
materials used in constructing each zone or stage of the CCR unit; the method ofsite preparation and 
construction ofeach zone of the CCR unit; and the approximate dates ofconstruction of each successive 
stage ofconstruction of the CCR unit. 

Cell 002 was originally constructed as an embankment encompassing of the entire southern 
boundary of both Cell 002 West and Cell 002 East. No construction information was available 

regarding the original design or installation of th is embankment. 

In 2015, a separator berm was constructed in a north-south orientation from the Cell 002 
embankment north into native soils. Information describing the design of this separator berm 
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entitled "Pond 001 Cell 2 Separation Berm" by Gredell Engineering Resources, Inc. dated 12 
October 2015 is provided in Appendix D. 

§257. 73(c)(l}{vii): At a scale that details engineering structures and appurtenances relevant to the 
design, construction, operation and maintenance of the CCR unit, detailed dimensional drawings of the 
CCR unit, including a plan view and cross sections of the length and width of the CCR unit, showing all 
zones, foundation improvements, drainage provisions, spillways, diversion ditches, outlets, instrument 
locations, and slope protection, in addition to the normal operating pool surface elevation and the 
maximum pool surface elevation following peak discharge from the inflow design flood, the expected 
maximum depth of CCR within the CCR surface impoundment, and any identifiable natural or manmade 
features that could adversely affect operation of the CCR unit due to malfunction or mis-operation. 

Drawings providing information listed above, as available have been provided in Appendix E. 

§257. 73(c)(l)(viii): a description of the type, purpose, and location ofexisting instrumentation. 

No instrumentation exists for Cell 002 West. 

§257. 73(c)(l)(ix): area-capacity curves for the CCR unit. 

Design area-capacity curves for t he modified Cell 002 West after separator berm construction 

are provided in Appendix F. It should be noted that updated area-capacity curves for the 
impoundment are being developed as part of the Inflow Flood Control System Plan required by 
§257.83 of the CCR Rule which will be provided under separate cover. 

§257. 73(c)(l)(x): a description ofeach spillway anddiversion design features and capacities and 
calculations used in their determination. 

Following the Cell 002 West modification with separator berm, decant water discharges through 
a 15-inch CMP culvert at an upstream invert elevation of 718.0 ft (note that actual installation of 
material type was changed during construction and no emergency spillway was installed). This 

cu lvert discharges into Cell 003 to the south. Further information of the location and details of 

these spillways are provided in Appendix F. 

§257. 73(c)(l)(xi): The construction specifications and provisions for surveillance, maintenance, and 
repair of the CCR unit. 

"l:~ICH 



Associated Electric Cooperative, Inc. 
CCR History of Construction - THEC Cell 002 West 

17 April 2018 
Page4 

AECI implements 7-day inspections of the embankment for Cell 002 West in accordance with the 
CCR Rule. No other applicable operations plan applies to Cell 002 West. 

§257. 73(c)(l)(xii): any record or knowledge ofstructural instability of the CCR unit. 

There are no records or knowledge of structural instability associated with Cell 002 West. 

"l:~ICH 
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APPENDIX B 
Geologic Summary - Pond 001 Cell 2 

By Gredell Engineering Resources, Inc. dated October 2015 
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1505 E. High Street 
Jefferson City, Missouri 65101 GR_EDELL Engineering
Telephone No. (573) 659-9078 Resources, Inc.Fax No. (573) 659-9079 

Memo 
To: Associated Electric Cooperative, Inc. - Thomas Hill Energy Center File 

From: Mikel C. Carlson, R.G., Senior Geologist 

CC: 

Date : 10/5/2015 

Re: Geologic Summary - Pond 001 Cell 2 

On September 4-5, 2014, a limited subsurface site investigation was conducted by Gredell Engineering 
for the purpose of identifying geologic formations constituting uppermost bedrock within the Pond 001 
(Cell 2) work area. Four temporary boreholes (B-1, B-2, 8-3, and B-4) were advanced to depths of 
between 15.9 and 20.8 feet using a combination of hollow-stem auger and wireline coring techniques. 
The locations of the four boreholes are presented on Attachment 1. In general, hollow-stem augers were 
advanced through unconsolidated material to the top of bedrock, followed by the recovery of whole rock 
core using an NQ Wireline core barrel. Split-spoon samples were recovered during auger drilling at 
approximate 2.5-ft increments until conventional refusal was attained. In addition, one Shelby Tube 
sample was acquired from boring B-2. All drilling was performed by Palmerton & Parrish. Inc. of 
Springfield, Missouri under the direct supervision of a Gredell Engineering staff member who is also a 
Registered Geologist in the State of Missouri. Upon completion of drilling, each borehole was 
immediately plugged in accordance with 10 CSR 23-6.050 and a Registration Record filed with the 
MDNR-Wellhead Protection Program within applicable timeframes. A select number of split-spoon 
samples were also submitted to Reitz & Jens, Inc. of St. Louis, Missouri for geotechnical analysis, 
incfuding moisture content, USCS Classification, Atterberg Limits, and particle size distribution. An 
estimate of hydraulic conductivity was also obtained from the Shelby Tube sample recovered from boring 
B-2 using a flexible wall permeameter (ASTM D-5084). 

Field drilling notes are provided for reference as Attachment 2. Drilling logs are provided in Attachment 
3. A copy of the registration record and acceptance from the MDNR-Wellhead Protection Program is 
provided in Attachment 4 . Geotechnical laboratory results are provided in Attachment 5. Whole-rock 
core recovered during field activities is currently stored at the offices of Gredell Engineering in Jefferson 
City and is available for review. 

A summary of the drilling activity is as follows. An assessment of bedrock stratigraphy was aided by 
review of detailed drilling records ofexploratory borings drilled in dose proximity to the Pond 001 (Cell 2) 
area (AECI Coal Permit Records on file with the Missouri Land Reclamation Program) All bedrock 
formations encountered are assigned to the Desmoinesian Series of the Pennsylvanian System. 

Boring B-1 was advanced to a total depth of 20.8 feet Unconsolidated material consisting of clayey, 
glacial drifUoutwash was encountered to a depth of 17 .5 feet. Underlying bedrock consisted of 

Prepared by GREDELL Engineering Resources, Inc. Page 1 of 2 



approximately 3.3 feet of thick-bedded limestone identified as the Blackjack Creek (Limestone) 
Formation (lower Marmaton Group). 

Boring B-2 was advanced to a total depth of 20.5 feet. Unconsolidated material consisting of clayey, 
glacial drifUoutwash was encountered to a depth of 12.3 feet. Underlying bedrock consisted of 
approximately 3.1 feet of thick-bedded limestone identified as the Blackjack Creek (Limestone) 
Formation, followed by 3.2 feet of black, fissile shale identified as the Excello Formation (basal Marmaton 
Group), a 0.2-ft thick coal smut identified as the Mulky Coal (uppermost Cherokee Group), and 1.6 feet 
of gray clayshale tentatively identified as the upper part of the Lagonda Shale (upper Cherokee Group). 

Boring B-3 was advanced to a total depth of 20 .3 feet. The uppermost 4.0 feet consisted of ash, followed 
by 10.9 feet of unconsolidated, clayey, glacial drift/outwash to a depth of 14.9 feet. Underlying bedrock 
consisted of 2.9 feet of thick-bedded limestone identified as the Blackjack Creek (Limestone) Formation, 
followed by 2.5 feet of black, fissile shale identified as the Excello Formation (basal Marmaton Group). 

Boring B-4 was advanced to a total depth of 15.9 feet. Approximately 11.6 feet of ash was penetrated 
before encountering approximately 3.9 feet of variegated clayshale and siltstone identified as 
representative of the Little Osage Formation (lower Marmaton Group). The boring was terminated at 
conventional auger refusal approximately 0.4 feet into a well-indurated limestone believed representative 
of the underlying Blackjack Creek Formation. 

Subsequent to completion of the four boreholes, each location was surveyed by a professional land 
surveyor to obtain x, y, z coordinate data. The survey data was used to develop a bedrock structure map 
using the top of the Blackjack Creek (Limestone) Formation as a reference datum. The bedrock contours 
are depicted on Attachment 1 for reference. The contours indicate that Blackjack Creek strata dip 
generally southward toward the previously strip-mined areas termed Mine Block Areas 11 and 17. 

• Page2 



Attachment 1 

Boring Location Map 
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Attachment 2 

Field Drilling Notes 
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Attachment 3 

Drilling Logs 



KEY TO SYMBOLS 
Pond 001, Cell 2 

Symbol Description 

Fill: Bottom Ash/Fly Ash f\"'i Undisturbed thin wall
L~ Shelby tube 

Medium to High Plasticity Clay 

High Plasticity 
Clay 

Sandy Clay 

Gravelly Sandy Clay/ Sandy 
Gravelly Clay 

Limestone 

Shale 

Coal 

Gravelly Clay 

Weathered Shale 

Siltstone 

Standard Penetration Test 
N-Value{Blows Per Last Foot). 

I 
i Soil Samtl_ers 

I! . 
Standard penetration test

,1 rJ {SPT)·Ih n 
NX Rock core!I 

1·.1 
IJ .
Ii ; 
ii ~oces:!l---
il 
ll NE Not Encountered 
ij CFA Continuous Flight Augers 
!1 

GREDELL Engineering Resources, Inc. 



GREDELL Engineering 
BORING LOG 81Resources, Inc. 

Pond 001, Cell 2 LOCATION: See Plan ofBoring Locations 
Thomas Hill Energy Center ELEVATION: 706.7 ft DATUM: Site Topo 
CLIENT: AECI DATE DRILLED: 9/4/ 14 

SHEAR STRENGTH, !sf 

!i QU,'2 � PP i7 SV -::, TV 
lz!c 1 2 3 
~il---- - _ _ _ _ _ _ _ _ _ _ _ _STA~NDARD PE_N~E-TRATIO~N-TES_T ~ 

w (!) al.J MATERIAL DESCRIPTION~ cc 0 ll. u >- • N-VALUE (BLOWS PER LAST FOOT}z ...J >-LU <( Wm,-0'e, I- 0 tr: 1-;:: w ::, Z:r ll: i: .., • MOISTURE CONTENT.%~ w ... 0.. t;; ~:;:: w ... <f. :e c % FINES (PASSING #200 SIEVE)w ...J tr: <( offi0 w ~ I!) <n ::;; ,._ Pl ' LL 
40 

FILL Bottoni ash and fly ash. 
{) .....l 

.. - 705 SILTY CLAY and CLAY: Black (I0YR 2/l) 
with dark yellowish brow11mottles, dry to moist, 
firm, medium to high plasricity, rrace sand. 
- dark yellowish brown (I0YR 4/4) with gray SS2 
mottles, moist, hard. .....2-3-4 ... 

- 700 - tew strong brown mottles, few flue roots. 

' SAND Y SILTY C LAY/CLAY: Dark yellowish
10 f brown with gray mottles, moist, fim1 to hard, 

mediurt1 to high plasticity, fine to coarse sand, 
... - 695 few large Iron-Manganese concretions. 

- u-ace fine subangular gravel. 

SANDY SIL1Y CLAY: Dark yellowish brown,15 . 
moist, firm, medium plasticity, trace fine to 
coarse subangAlar gravel. _ _ _ _ ___ _ 

· 690 GRAVELLY SANDY CLAY: Dark yellowislt SS7 15 
Ti I browu with strong brown mottles, dry to moist, ____J_-50____: .. .. 
; \ firm to hard, medium to high plasticity, fine / CRI 

!
\ .. \coarse a_!!b'l.llar gravel._________ _ _j

20 - · 
LIMESTONE: Blackjack Creek

1---- ---------------- --1······------···------ ........... 
... - 685 

Boring tenuinated at 20.8 feet below grouud 
surface in Limestone. 

I 

25 -r 
.. ···· 680 

..1 

' 30{ 

DRILLING COMPANY: --~l,..,'l,._,'lc,_,!!.Inc~.__ WATER LEVELS: DURING DRILLING: FEET 
DRILLING METHOD: HSAINQ Core STRAT,FIO.T:CNllNESARE AFTER DRILLING: FEET--.:.:.:::.'-"-'c.:.,,:~=.__ APPRCXJr.tAT!: SCIL20UNOARl€S 
DRILL RfG: CME-75 ()NLv: ACTU.AJ..C;w-!GES MA.Y EE COMPLETION DEPTH: 2 0 .8 FEET 
SPT HAMMER: Automatic GRADU.\LOR1".AYOCCu,rnETWEEN BACKFILLED WITH: CcmC11ti8entonite Grout- -----"-==::='----- 51.t.'-Pt.ES. 
LOGGED BY: M. Carlson 
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GREDELL Engineering 
Resources, Inc. 

Pond 001, Cell 2 
Thomas Hill Energy Center 
CLIENT: AECI 

~ zUJ 0!::.. .=.:... 
0.. ~ w ..J 
C w 

0 

.5 · - 710 

10 ····· - 70.5 

15 -- 700 

20 .. .. - 695 

25 ·••'• - 690 

30···· · 685 

w <, ~..J 0..m 0 
..J 

,.
< ,-,- (.) 

UJ
0:: :i: ...J w Q. Q. 

< :15~ 0:: <(:a; (!) ,n 

MATERIAL DESCRIPTION 

FILL 

~'Y->jt-1---- - --- --------- - -
CLAY: Black ( I 0YR 2/1) with dark yellowish 
brown mottles, moist, hard, high plasticity, trace 
fine sand. 

~fr"loor.·- -------------- - ---
SILTY CLAY aud CLAY: Dark yellowish 
brown, moisr, firm to hard, medium to high 
plasticity, trace fine to medium sand. 
- trace gray and black mottles. 

CLAY: Dark yellowish brown and gray, moist, 
firm, high plasticity, trace fine to medium sand, 

! I lb•ace fine a,I1gajar ~avel. ______ ·- _J

iI LIMESTONE: Blackjack Creek
! i ir-- - - ------------- -sttALE: Excello Shale 

:R__ ___________ ____ _ 
ii COAL: Mulk_y_Coal ___ ___ ___ _ 
. . SHALE : Lagouda Shale 

Boring terminated at 20.5 feet below ground 
surface i11 Shale. 

BORING LOG 82 

LOCATION: Sec Plan ofBoring Locations 
ELEVATION: 714.98 ft DATUM: SitcTopo 
DATE DRILLED: 9/4/ 14 

SHEAR STRENGTH, tsf 

6. QUfl � PP :-; SV ,:> TV 
~£ 1 2 3 
~~ 1---S-T_A_N_D_A_R_D_P_E_N~E- T_RA_T_IO_N_T_E_S_T_~ 

8~ • N-VALUE (BLOWS PER lAST FOOT) 

~~ 
:) w;~ • MOISTURE CONTENT,% 

~. % FINES {PASSING #200 SIEVE}Ow 
::i: Q. PL !----------; LL 

······························· 
SS1 ?? 

....J -3-4......."":.~... 

········ ············· ·········· 
SS2 24 

.....1_~3.:}... 

ST3 ?? 
l04 cf ············P .............. .. 

SS4 22 
. ..kl}...~------····. 

SS5 25 
.....l_-50 .... i ........ . .. 

1....CRl.....i 

CR2 

20 40 

~ ~ 
---r-:--:---:-
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Pond 001, Cell 2 
Thomas Hill Energy Center 
CLIENT: AECI 
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BORING LOG B3 

LOCATION: See Plan of Boring .Locations 
ELEVATION: 705.23 ft DATUM: Site Topo 
DATE DRILLED: 9/4/1 4 

MATERIAL DESCRIPTION 

FILL: Bottom ash aud fly ash. 

SILTY CLAY and CLAY: Clay, black, moist, 
fim1, high plasticity. Silty Clay, dark yellowish 
brown and gray, moist, fim1, medium plasticity, 
trnce fine sand . _____ ____ __ _J 

CLAY: Black, moist, finn to hard, high 
plasticity, trace fine to coarse gravel, trace fine 
to coarse sand. 
- with dark yellowish brown, trace coarse 
angular gravel. 

: - , l GRAYELLY CLAY: Dark yellowish brown and 
~; ......; gray, m oist, fi.rn1 to hard. lugl! plasticity, fine to 
~ ·· coarse gravel, irace fine to coarse sand. 

i SANDY GRAVELLY CLAY: Dark yellowish
T!Ibrown and gray, moist to wet, soft to firm, higli 
i j \ruasticitXl. fine to coarse an&!,llar_gravel. _ _ _j

i! LIMESTONE: Blackjack Creek 

!i SHALE: Excello Shale 

t---------------------1····················· 
Boring tenninated at 20.3 feet below ground 
surface in Shale. 
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MATERIAL DESCRIPTION 

FlLL: Bottom ash and fly ash. 

- bottom ash, dry. 

- bottom ash with fly ash, moist. 

WEATHERED SHALFJ SILTSTONE: Gray aud 
very pale brown, dry, very thinly bedded, soapy 
texture. 

WEATHER.ED LIMESTONE: Gray, 
moderate! hard. 
Boring tenninated at 15.9 feet below ground 
sur face due to SPT refusal in Weathered 
Limestone. 

BORING LOG B4 
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;.STA.TE Of Ml$.S0l lR.I J=,nim \'C'. Q2y) 1'LW11, (;o....-mor • Sw !'ark<~ P:iu~; Oircao, 

DEPARTMENT OF NATURAL RESOURCES 
.. ~- ~ ~ 

~ .. 
\\"\\"-~. tf~ t . h \ O p.,l\ 

P.O . Box 250, Rolla. MO 65402-0250 ~ -
(573)368-2165 _.,,, -:"- t''\:~ 
FAX(S73) ~17 .,.,.,..,,.- ~ \ \ \ 

file(PCD3A) -- ---- ' -'\•, \ \\' ~ -' ·.:. .: ...-....... \ .... \ \ \ October 09, 2014 or"'..-:· \ ·. . ---:,,-- •,,\ \ \ \ \ 
_., \·· ... ~----· \; \,,I) \ 

AECI-THOMAS HILL ENERGY CENTER ~ ::::::\ ,. .~.,----·· ~rt'\ \~ 
5693 HWY F 1_· \ \ •. /\ ~ ~ l ~- \ \ 

CLIFTON HILL, MO 65244 \~~ \ r--f) ' -,::.~ 
\ \ \ \ \_' 'v _,,.. ;-·...-.-~·' \Re:00496720 \\ • \:-\ . ~:,·.•. •· _.,.,....,..--

OFFICIAL +u•~---- ~'.-_-
DEAR AECI-THOMAS HILL ENERGY CENTER- : ... 

Congratulations! This confirms that your soil boring information has been reviewed and 
registered by the Missouri Department of Natural Resources, Missouri Geological Survey. 

This letter should be filed with the Abandonment Registration Record received from your 
permitted well driller or pump installer. 

This letter may be needed in the future as proof of Registration, verifying that your well was 
plugged in accordance with the Missouri Well Construction rules. 

ff you have questions regarding this letter please contact the Wellhead Protection Section 
at 573-368-2165, 

Your Well Regist.ration Number: 8039598 

Well Number: 

Reference Number: 00496720 

Site Name: 

Site Address: 
Site City: 



GREDELL Engineering Resources, lnco 
ENVIRONMENTAL ENGINEERING LAND - AIR - WATER 

Offices in Jefferson City, Rolla and Springfield, Missouri 

September 18, 2014 

Mr. Matt Parker 
Wellhead Protection Unit 
Missouri Geological Survey 
Missouri Department of Natural Resources 
111 Fairgrounds Road, P.O. Box 250 
Rolla, Missouri 65402 

Re: Registration Record for Exploratory Borings 
S-30, T-55N, R-15W, Randolph County 

Dear Mr. Parker: 

Enclosed please a Registration Record documenting the proper abandonment of four (4) exploratory 
borings needed to delineate fonnation stratigraphy at the AECI-THEC power plant facility. Each 
boring was immediately plugged upon completion of drilling on September 4-5, 2014. Maximum 
depth was 20 feet. No groundwater was observed during drilling operations. 

A check in the amount of $50.00 accompanies this submittal (check #9054). I would appreciate 
someone in your office sending me a receipt for payment at the earliest practicable date. 

Mik C. arisen, R.G. 
Senior Geologist 
Permit #002876M 

Enclosure 

1505 East H'igh Street Telephone - (573) 659-9078 
Jefferson Clty, Missouri 65101-4826 Fax - (573) 659-9079 



MISSOURI DEPARTMENT OF 
NATURAL RESOURCES 
MISSOURI SEOLOGICAL SURVEY 
MONITORING WELL PLUGGING 
REGISTRATION RECORD 

f 
<, 

OWNERNAl,IE 

AECI-ThOmaS HIii EnSJ'ID' Center 
OW"'ER.-0~ 
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LOCATION Of W8.I. 
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CITY STATE ZfPCOOE NIA 
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l--,-,====-==='"'~R::----rw=•u.7-=:-=-e"""'""..=•-111=--•=rR"°b=r~=~=----t----------1r--------~ '2J Otherl!CFIEEN.IRl&sll OIAMs , " ~ ......,.. ,.. ......, - =....,..=• 
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NolOUNT RU.USED 

0TONS 
Ocuate 

YARDS 

lll;P'T TOPOFFllL 

FT. 
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~ Hyanited to Saltnlion 50 
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immedlately after drilllng cornpl~ed. 

-~r.__lN. 



Attachment 5 

Geotechnical Laboratory Results 

\ 



1055 corporate square drive 
st louis, missouri 63132 

phone; 314.993.4132 
fax: 314.993.4177 

CONSULTING ENGINE ER S www.reitzjens.com 

REITZ &JENS, INC. 

September 26, 2014 

Mr. Travis Doll, R .G., R.E.H.S. 
Gredell Engineering Resources, Inc 
1505 East H igh Street 
Jdlcrson City, Missouri 65 10 I 

RE: Laboratory Soil Testing for 
AECI-THEC Pond 00 I , Cell 2 
Thomas Hill, Missouri 

Dear Mr. Doll : 

The requested lab results are induded within this submittal. T he lab tests were pe1formed by Reitz & Jens' 
NICET cc1tificd technicians and registered professional engineers. All lab tests were completed according to 
ASTM standards. These standards included: d1y preparation ofsoil D421, particle size analysis D422, #200 
wash D 114 0, moisture content D22 16, Unified Soil Classification D2487, Atterberg limits D43l 8, and 
hydraulic wnductivity D5084. 

Ifyou have questions about the results or any other soil related issues please let me know. Thank you for the 
opportunity to complete lab testing on your project. 

Sincerely, 
REITZ & JENS, Inc 

~£~ 
Project Manager 

~· 
·•. Geotechnical Engineering • Waler Resources • Construction Engineering & Quality Control • Environmental Restoration & Permi11ing 

~AASHTO Nationail Lai> ,\ ccred 11at100 P:i,REnEll\~!••t•~i<l><'b•lh"l"'"'"""' 

http:www.reitzjens.com


LIQUID AND PLASTIC LIMITS TEST REPORT 
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~ REITZ & JENS, INC. jj Project: AECI-THEC Pond 001, Cell 2 w C ONS l!LflNG E~OINEERS I! 
········---··- ····- - -·--·-~ --- ]!Project No.: 2014120901 .... . --=· Figu re 

Tested By: ~J~-~C~ro=s~e'--------- Checked By! K. Kocher P.E. 
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Particle Size Distribution Report - ASTM D422 
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Test Results (ASTM D 422 & ASTM D 1140} 

Opening I Percent Spec.• Pass? 
i_.

Size Finer (Percent) (X=Fail) 
3/4 100.0 
1n 100.0 
3/8 100.0 
!/4 100.0 
ii~ !00.0 
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#5(! 97.2 
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Source of Sample: 8-1 Depth: 4.0
S.amp.le Number; c::~-2 

A REITZ &JENS, INC.w C ONS U L T I N G ENGINEERS 

Material Description 

Atterberg Limits (ASTM D 4318} 
PL= 19 LL= 48 Pl= 29 

Classification 
uses (D 2487)= CL AASHTD (M 145)= A-7-6(28) 

!&.effLcients 
D90= 0.0613 Das= 0.0436 
D50= 0.0109 D30= 
D10= Cu= 

Rernarks 

Date Received: 9-18- 14 Date Tested; 09-23-14 

Tested By; :..J.:._C::.:·o-=-se - -- - - ---­:1c.: =-- -- -

Checked By: K. Kocher, P.E. 

Title: Project Engineer 

Date Sampled: 

Client: Gredell Engineering Resources, Inc 
Proj ect: AECI-THEC Pond 001, Cell 2 

Proiect No: 2014120901 Fia_ure 
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Particle Size Distribution Report - ASTM D422 
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GRAIN SIZE · mm. 
' % Gravel ! % Sand %fineso/o + 3n r·· ----~-------+----,--_:_:_--=--=.:..:.:;:.- Silt --~--- Clayc oarse Fine !Coars e Medium Fine 

0,0 0.0 0.0 0.1 2.3 12.6 45.3 39.7 

Test Results (ASTM D 422 & ASTM D 1140) 

openi ng I Perc;:en! 
I

Size Finer 
3/4 JOO.O 
[ ( 2 100.0 
3/S 100.0 
/14 100.0 
!i8 !00.0 

#16 99.4 
430 98.4 
#50 96.1 

# 100 % .8 
,,200 l'i5.0 

0.0541 mm. nu 
0.03'1.1 mm. 72.3 
0.02.~5mm. 66.4 
0.0187 mm .. 58.1 
O.OJ35 mm.! 52.5 
0.0 111 mm. i 49.5 
0.0080mm. i 4.5.2 
0.0057 m,11. i 4 1.7 
0.00-11 mm. ] .n.1 
0.0029 mm. 1 36.5 
0.002 1 mm.! 35-4 
0.0015 mm . ! 3i.6 

i 
i 

Spec,* 

(Percent) 

Pass? 

(X=Fail) 

Material Description 

Atter_berg Limits (ASTM D 4318} 
PL= 21 LL= 58 Pl= 37 

Classification 
uses (D 2487}= CH AASHTO (M 145}= A-7-6(33) 

Coafficiants 
Dgo::: 0.1298 055= O.Q750 
D50= O.Oi 15 D30= 
D10= Cu= 

Remarks 
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Tested By: _J._C_r_o_s_e__ _ ___________ 
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LIQUID AND PLASTIC LIMITS TEST REPORT 
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i (%) {%) (%} (%) 

' iB-2 i SS-2• 4.0 23 .7I 17 45~ 28 CL 
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' i

! j 
i ' ' 
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LIQUID AND PLASTIC LIMITS TEST REPORT 
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! (%) ~ (%1 {%} (%) 
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Particle Size Distribution Report - ASTM D422 
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GRAIN SIZE - mm. 
%+3" /.... % Gravel % Sand ¾ Fines 

Coarse Fine Coarsel Medium Fine Silt Clay 

0.0 0.0 0.0 0.0 3.8 16.5 43.9 35.8 

Test Results (ASTM D 422 & ASTM D 1140) 

Opening Percent Spec.* Pass? 

Size Finer i (Percent} (X=Fail) 
314 100.0 
(.12 100.0 
3'8 100.0 
;;,i 
:t-'"t JOO.O 
#S 100.0 

# 16 99.? 
µ:;o 97.9 
#50 93.4 

iilOO 85.6 
#200 79.7 

0.0550 rn;n. 74.4
f0.0403 m.m. 66.9 

0.0292 nuu. 60.5 
0.01'>l 111111. 52.5 
0.0138 111111, 47.6 
0.011 4 mm. 44.6 
OJ)08J mm. 41.2 

~ 0.005~ mm. i 37.1 
0.0042 rnm. i 34~6 

j
0.0029 nun. :12.8 
0.002"2mm. ! 32.4 
O.OO!Srnm. i 29.6 

* (no sp..-cificatioo prnvicle<l) 

Source of Sample: B-2 Depth: 6.5 
Samp~.umber: ST-3 

Material Description 

Atterberg Limits (ASTM D 4318} 
PL= 20 LL= 50 PI= 30 

ClassificatiQ.!1 
uses (0 2487}= CH AASHTO (M 145)= A-7-6(24) 

~oefficients 
D90= 0.2217 Ds5= 0.1395 
D50= 0.0162 D30= 0.0016 
010= Cu= 

Remarks 

Date Received: 9- I 8-14 Date Tested: 09-19-14 
Tested By: .:...J ._ C.:...1_·0..:.sc____ _____ ____ 

Checked By: K. Kocher, P.E. 

Title: Project ~E!!ineer 

Date Sampled: 

!! Client: Gredell Engineering Resources, Inc 
11 Project: AECI-THEC Pond 00I, Cell 2 
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Gredell; AECI-THEC 
Pond 001. Cell #2 
B-2, sT-3, 6.s·-s.o· 
Hydraulic CcnduclMl'f 

Soil Conditions 
Pre~test conditions Po,:t--test Conditlon$ 

We, Densily • 17.6.8 (1bs!lt'3) Wet Densi!y : 128.0 {i!7slft·' 3) 
",.(, ,~UH:: 21.~ ,i 1' Mo1$tme. •· 2:1.8">. 
Orv Dcn~lv., 104 I ,11,..-11•31 Orv D~n•ilv • 103.0 llbdt' 31 

Tost Information 
a rcm"'2}=1 0.1969 

L <<.m\cl :i.5408 
A 'cm'2)=1 70.09~79e9 

Trial 1 
B3t.e s...-cllA l'op Burelle 

CeU B,mtte I Di~t'.Hlr.:tt Dist~:lCI-! Tc~al Httad W;,i¢i,..-d Una,rrec!•><i ,·iydrduxI CoutK;ti::l,n Cumulative Corrocle~ Hyd."3'.4ic
Date and 'f;:r.e E12pscd Ti,ne Reading Rfiading from Da·.um Rei-lding from Oa:um Ac.os:s Swlmple T~mpct'lllwe AvMage Temp.· CvmJuclivity FIIClur rome Condu,,livily

l •&condSI 1ml\ (mil /nm\ lml\ lcml (o,nolwalerl f' C I I -Cl ,cm1oecl .,., ,,/oeclll<!CI
9."l.4/M a,1s 0 17.1 10.00 27.200 0 .00 7ff.000 121 .158 21.9 

11'6{)9/24/14 8:46 17,1 8.96 32.J83 1.04 72.717 110.S!l'l 22 21 9S , .2Gt:,06 o.0544n 3 1.ZCE,OG1200
9/24114 9:06 .?.4l\O 17.1 8.0R :le..9,4 1.M 68.145 ,01.549 22 ~ 22.00 i ,24E-,)6 0.3ii337l! 2460 1.19E-069/24/14 9:,5 3500 17,1 7.32 40.814 ?JO 64,284 93.8:.la 22.3 22.06 i.23"·06 .'lcO()0.9518862 l . 17E,06 
S/24114 9:45 41>00 17.0 6.54 44.lll 3.46 60.4;>3 86.004 2'1.2 2?.11 , .24E-06 D.flflf.JB.123 4800 i.18E--06

91"/4114 10:0S 6000 17.0 5.68 d8.130 4.1Z 57 .070 79,299 27..3 22.14 ' .226-0F. 0.950l'009 6000 1.16E-OO
9/24!14 10:?5 7200 17, 1 5.28 Sl.178 4.72 54,022 73.?03 22A 2217 ,.21E•On 0.94M067 7200 1 lSE·OG
9.'24114 10:45 8400 17.0 4.72 54.02, 5.:18 51.178 ~7.513 22.3 27. 20 '.21E-06 0 .9488401 1.15E..Q68AOO9,'24!1d 11:(;6 9660 17.1 r,5_5544.20 S.80 46.5J6 62.230 22d 22 n ' .20E•06 Q,9483971 9660 > 13F.·0G 

Hydrau!io <:unductlVity= ·1.1!:--06 
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LIQUID AND PLASTIC LIMITS TEST REPORT 
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LIQUID AND PLASTIC LIMITS TEST REPORT 
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Particle Size Distribution Report - ASTM D422 
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GRAIN SIZE- mm. 
! % Gravel o/e Sand % Fines ¾'1'3" r-···-Coarse Flne i coarse Medium Fine Si lt Clay 

0.0 0.0 0.0 0.0 1.8 8.3 44.9 45.0 

Test Result s (ASTM D 422 & ASTM D 1140) 

Opening 

Size 
3.14 
In 
3i~ 
it4 
#8 

#!6 
1,30 
#50 

# J(J(i 

~200 
Ci.OS I 5 llllll. 
0.0375 nun. 
0.0 281 lHTil. 

0.0)82 lltm . 

0 .0132 mm. 
0.0J(J') tlttll. 

0.0079 Jlllll. 
0.0()56 llllll. 

Percent 

Finer 
100.v 
100.0 
100.0 
100.0 
100.0 
99.6 
98.8 
97.3 
94.4 
89.9 
88.2 
81.3 
70.4 
64.5 

I 
58.5 
56.4 
50.4 
46.2 

0.004() lllTIJ. ! 42. 7 
0 .0028 llllll. ! 38.9 
0.002 1 mm. f 36.S 
O.(i(ll 5 mm. :n.6 

Spec;;: i Pass7 

(Percent) ! (X=Fail} 

Material DescriP-tion 

Attei:.berg Limits (ASTM D 431.fil 
PL= 22 LU~ 61 Pl= 39 

.C_l~ssificatio..n 
uses (0 2487)= CH AASHTO (M 145)= A-7-6(39) 

090= 0.0762 
050= 0.0077 
0 10= 

Remarks 

Date Received: 9-18-l4 Date Tested: 09-19-14 
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Source of Sample: 8-3 Depth: 4.0 Date Sampled: Sample..N.umb.er: SS-2 .. 

!i Client: Grcdell Engineeriog Resources, Inc 
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~i 
l: Proiect ~_14120901 _ Fia1.tre 



LIQUID AND PLASTIC LIMITS TEST REPORT 

X 
w 
0 
z 
>-

60 

50 ·--

40 

t: 30 -
0 
i== 
(/) 
<( 
__J 

0.. 

Dashed line indicates the approximate l1/
·l upper limit boundary for natural soils - +----,f----' 

I 
/ 

/ 
/ 

I 
/ 

/ 
/ 

I 
/ 

I 
/ 

A' 
I' 

/ 
l 

/ 

/ 

20 !o"/.--- - -¥----i- -C..___,o<.-4-_ __!-----~----"-----i---- - - ---1

&-I 

/ 
v'v: 

10 ··-

' 
i 

ML-0r OL 

o..____..._______________._ __.,____.....__ _ __.__ 
0 10 20 30 40 50 60 

LIQUID LIMIT 

_ ___._ 
70 

; 
MH Qr OH 

! 

__.,_____._____.__ 
80 90 100 

_ ____, 
110 

SOIL DATA 
NATURAL't 

1 SAMPLE DEPTH WATER PLASTIC LIQUID PLASTICITYSYMBOL SOURCE uses NO. CONTENT LIMIT LIMIT INDEX . 
(%) (¾) (%} (%}' 

• i-,- - 'B-3 SS-3 6.5 ~ ) . ) 25 59 34 CH f 
f! 

' I 
'! 

! 
i 

I 
~I! 'j I ' 
;

' ~ ! I f' i ' 
; 

! . ~ 

!I Client: Gredell Engint:t:ring Resources, Inc 

~ REITZ &J ENS, INC. J! Project: AECI-THEC Pond 001, Celi 2 w CONS JLTING ENG I NE ERS li 
,,._______ . J ~ ~ct No.: 2014120901_______ _ _____flgure _ ___ 

Tested By: _,,J'-'--.-"' ,.,, ------ Checked By: K. Kocher P.E.C"---'ro,,_,se'----

I 



LIQUID AND PLASTIC LIMITS TEST REPORT 
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LIQUID AND PLASTIC LIMITS TEST REPORT 

~ I
!; 
~,

,; 
- /"" 

I 
/ 

60 

50 

40 ·---

30 ··--

20 ···-

10 ·•--...--

Dashed line indicates the approximate 
upper limit boundary for natural soHs -+-----i>---

I 

/ 

j /
; / 
i/ 

/ .;: 

i / i 

/ 
~/ 

/ 

!/ ! o':H· ---

/ 0""'1 
i 

Ml or OL 

X 
w 
0 
~ 
>--
!-
u 
F 
en 
~ 
..J 
Q. 

0 
0 

SYMBOL 

• 

-~l'-----+----+---+--------

MHrOH 

10 20 30 40 50 60 70 80 90 100 110 
LIQUID LIMIT 

SOIL DATA 
NATURAL 

SOURCE SAMPLE DEPTif WATER PLASTIC LIQUID PLASTICITY ! uses
NO. CONTENT LIMIT LIMIT INDEX i 

(%} (%) (%} (%) ; 
D-J SS-5 11.5 2:3.5 

!! Client: Grcdell Engineering Resource.,, Inc 
I~ 

!1 Project: AECI-TIIEC Pond 00I, Cell 2 
:~ 

I! Project No.: 20I 412090 I Figure 



LIQUID AND PLASTIC LIMITS TEST REPORT 
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APPENDIX C 
Excerpt from: 

Global Stability Evaluation - Mine Waste and Ash Pond Embankments, AECI 
Facilities 

By Geotechnology, Inc., dated April 22, 2010 



GLOBAL STABILITY EVALUATION 
MINE WASTE AND ASH POND EMBANKMENTS 

AECI FACILITIES 
BEE VEER AND THOMAS IDLL, MISSOURI 

Prepared for: 
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Prepared by: 
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April 22, 2010 
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Associated Electric Cooperative, Inc. J0l 1309.01 
April 22, 20IO 
Page 3 

Unless noted on the logs, the lines designating the changes between various strata 
represent approximate boundaries. The transition between materials may be gradual or may 
occur between recovered samples. The stratification given on the logs, or described herein, is for 
use by Geotechnology in its analyses and should not be used as the basis of design or 
construction cost estimates without realizing that there can be variation from that shown or 
described. 

The logs and related information depict subsurface conditions only at the specific 
locations and times where sampling was conducted. The passage of time may result in changes 
in conditions, interpreted to exist, at or between the locations where sampling was conducted. 

LABORATORY TESTING 

Laboratory testing was performed to estimate Rertinent engineering and index properties 
of the soil. Moisture contents were determined for cofiesive soil samples, and Atterberg limits 
tests were accomplished on selected samples. Unconfined compression tests were performed on 
selected Shelby tube samples. Consolidated-undrained triaxial compression tests were 
performed on representative samples. Laboratory test results are presented in Appendices B 
andD. 

SECTION Ill - SUBSURFACE CONffiTIONS 

STRATIGRAPHY 

Bee Veer Facility. Borings'lP-1 and -2 wee drilled at the Bee Veer site. The borings 
were located at-the toP, and toe of the embankmen , respectively. The overburden in Boring-D-1, 
drilled on the embankment, consists of fill underlain by silty clay. The fill is comprised of 
39 feet ofsilty clay mixed with sand, grave and coal debris. The percentage ofcoal debris in the 
fill varies widely. Representative samples in the fill had unit dry densities from 88 to 107 pounds 
per cubic foot (pcf). Moisture content,,percentages ranged from the upper-teens to the low thirties. 
SPT N-values in the embankment fill varied from 8 to 15 blows per foot (bpf). The natural soil 
encountered be eath the fill consists of medium stiff, brown and gray, silty clay with sand. The 
silty clay extends to a depth of approximately 67 feet. In Boring D-2 the surface stratum consists 
of gray and brown clay, which extends to a depth of 8 feet. Below the clay, approximately 3.5 
feet ofweathered limestone is present. The limestone is underlain by hard, brown and gray, silty 
clay to a depth of approximately 16 feet. In both borings the silty clay is underlain by 
moderately hard, gray shale. Auger refusal occurred in Boring D-1 at a depth of 72 feet, and at a 
depth of20.5 feet in Boring D-2. 

CPT soundings DC-1 through -3, which were performed a long the top of the 
embankment, indicate the presence of 40 to 43 feet of interlayered silty clay, clay, sandy silt and 
sandy clay with gravel, which probably is the embankment fill. Below the fill stiff to very stiff, 
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occasionally soft, silty clay to clay is present. CPT soundings DC-4 and -5, which were 
performed behind the embankment in the mine waste storage area, indicate the presence of45 to 
60 feet of very soft to soft, occasionally stiff, fine-grained soil. Below the mine waste, natural 
soil comprised of silty clay, clay and silt are present. The natural soil strata in all CPT soundings 
extended to the cone refusal depths of 66 to 101 feet. 

Thomas Hill Facility. Borings C-1 and -2 were drilled at the north and south 
embankments, respectively. At the north embankment, clay fill with silt and sand is present to a 
depth of 11 feet. Moisture content of the fill varied between low to mid twenties. SPT N-values 
ranged from 8 to 11 bpf Below the fill , inter layered, medium s iff to very stiff, brown and gray 
clay and silty clay are present. The fine-grained soil extends to the depth ofexploration (50feet). 
The south embankment includes 20 feet of fill. The fill sonsists of interlayered silty clay and 
clay. A representative sample in the fill had a unit dry density of 100 pcf. Moisture content 
ranged from upper teens to mid twenties. The fill is mderlain by stiff, brown and gray clay. The 
clay extends to the top of limestone at a depth of 7 feet. Auger refusal was e countered at 
37.2 feet. 

The CPT soundings indicate the presence of37 to 42 feet ofstiff to very stiff, silty clay to 
clay, which is underlain by stiff, clayey to andy silt. The sil tratum extends to the depth of 
termination or refusal. The sounding on the south embankment encountered refusal at a depth of 
52.6 feet. 

GROUNDWATER 

Groundwater was not observed in the borings during the subsurface exploration program. 
Also, the possible groundwater level in two of the orings (i.e. Borings C-1 and D-1) could not 
be recorded due to the rotary wash technique useo in drilling the borings. Rotary wash drilling 
technique · elude the introductio of water into the borehole which masks the presence of 
groundwater. However, based on t e CPT soundings, groundwater at Bee Veer and Thomas Hill 
appear to be at depths of46 to 53 feet and 33 to 40 feet, respectively. Groundwater levels shown 
on the logs may not have stabilized before backfilling, which is typical in less permeable 
cohesive soi Consequently, the indicated/lack of observed groundwater levels may not 
represent present, or future levels. Groundwater levels may vary significantly over time due to 
the effects of seasonal varia ion in precipitation, recharge, presence of creeks or lakes nearby, or 
other factors not evident at the time of exploration. 
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SECTION IV - EMBANKMENT INSPECTIONS AND GLOBAL STABILITY 
EVALUATION 

As part of the embankment evaluation, slope stability analyses were performed. Current 
topographic plans were not provided. Our analyses are based on topographic p lans dated 1998 
(Bee Veer) and 2005 (Thomas Hill). Results of the analysis are discussed in subsequent 
sections. 

EMBANKMENT INSPECTIONS 

An engineer from Geotechnology visually inspected the ex1stmg embankments. 
Inspection check lists and the photographs of the embankments are included in Appendix E. The 
photograph locations and viewing directions are shown on Plates 2 and 3. Based on our 
inspection it appears that the embankments are in s ble conditio11 

SLOPE STABILITY ANALYSIS 

Slope stability analysis consists of comparing the d ·ving forces within a slope to the 
resisting forces and determining the factor of safety. Gravit)"' forces tend to move the slope 
downwards (driving force), while resisting forces derived from the soil shear strength tend to keep 
the slope in place. When the driving force acting o the slope is greater than the resisting force, 
sliding can occur. The factor of.safety of the slope ·srthe ratio of the restraining force divided by the 
driving force. Generally when the factor of safety is 1 or less, the slope is considered to be 
unstable. The accepte standard in local practice is to have a factor of safety of 1.5 for long-term 
static stability of a slope, and 1.0 for pseudo-static> (seismic loading) and rapid drawdown 
conditions. 

Slope stability analyses were performed for the embankment at Bee Veer and the north 
and south embankments at Thomas Hi . The locations of typical cross-sections of the 
embankments are represe ted by Seo.tio,ns A-A through C-C, and are shown on Plates 2 and 3. 
Soil properties used in the stability analysis were selected based on laboratory test results, CPT 
data interpretation and Geotechnology's experience with similar materials. The soil properties 
used in the models are sum a ·zed in the following table: 

BEE VEER SOIL PROPERTIES 
Density Cohesion 

Friction Angle (0
) 

28 
118 50 3 1 
120 50 25 

s 
100 
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THOMAS BJLL SOIL PROPERTIES 

Soil Type 
Density 

(pct) 
Cohesion 

(ost) 
Friction Angle (0 

) 

Embankment Fill 120 100 28 
Silty Clay (CL) 120 50 27 
North Embankment Clay (CH) 120 50 26 
South Embankment Clay (CH) 120 50 /. 27 

Geotechnology performed stability analysis for deep seated, global fai lure of the 
embankments. Representative cross-sections of the embankments are shown on the attached Plates 
4 through 15. Since the embankments have been in place for several years, long-term stability of 
the embankments was analyzed (i.e. effective stress conditions). Based on field observations and 
CPT data interpretation, groundwater at the Bee Veer embankment was ass~ed to vary from 
El 746 at the embankment toe to El 763 behind pi embankment. The normal pool evels at the 
south and north ponds at Thomas Hill were considere to be at El 710 and 724, .respectively. A 
pseudo-static seismic analysis was performed on the typical embankment sections using horizontal 
and vertical accelerations of 0.04g and 0.02g, respectively, which corresponds to a seismic event 
with a 90 percent probability of not being exceeded in 50 years (i.e. 1 in every 500 years). The 
Morgenstern-Price procedure was used to conymt factors of safety/ The computer program 
SLOPE/W was used to perform the computations. The calculated factors of safety are given in the 
following table. 

Location Cross Section Condition Calculated F.O.S. Plate 

Bee Veer A-A' 
Static 1.6 and 1.5 4and5 

Seismic 1.4 and 1.3 6 and 7 
B-B' Static 1.5 8 

(South Embankment) Rapid Drawdown 1.3 9 
Downstr slope Seismic 1.3 10 

Thomas Hill 
B-B' Static 2.6 11 

(South Embankment Rapid Drawdown 2.0 12 
pstream slope) Seismic 2.1 13 

Static 2.1 14 
Seismic 1.9 15 

We recommend a minimum factor of safety of 1.5 for long-term stability. Based on the 
analyses, the embankments have factors of safety greater than 1.5. During an extreme event, such 
as an earthquake or the rapid drawdown of the downstream pond due to a dam breach, a factor of 
safety of 1.0 or more is recommended and it appears that the embankments satisfy the minimum 
requirements. Geotechnology' s zone of investigation only considered analytical surfaces that 
intersected the crest of the embankment as failure in this zone would result in a breach of the 
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embankment. Analytical surfaces with a lower factor of safety do occur. These surfaces though, 
are shallow, are contained within the slope of each embankment, and would not result in an 
embankment breach. 

SEISMICITY 

The site is located in a region of the country that has a significant seismic risk due to the 
presence of the New Madrid Seismic Zone (NMSZ) in southeastern Missouri. The NMSZ is the 
site of three of the largest magnitude earthquake events ( esti~ted surface-wave magnitudes 
greater than or equal to 8.0) to strike North America in recorde history (December 1811 through 
February 1812). 

Based on data given in "Standard Specificaf ons for Highway Bridges', adapted by the 
American Association of State Highway and Transportati& Officials (2002), the bedrock 
acceleration at the site is anticipated to be about 4 ercent of gravity. The acceleration given 
herein was obtained from the gravity contours given in Figure 1-5 of the referenced publication. 
The acceleration corresponds to a seismic event with a 90 ~ercent probability of not being 
exceeded in 50 years. The soil profile a t e site can be classified as Type I. Hence, the site 
coefficient, S, is 1.0. 

SECTION V - LIMITATIONS OF REPORT 

This report has been prepared on behalf of and for the exclusive use of the client for 
specific application to the named P. oject as desc~ibed herein. The information is provided for 
factual data only and not as a warranty of subsurface conditions included in this report. 

Geotechnology has attemp to conduct the services reported herein in a manner consistent 
with that evel of care and skill or inarily exercised by members of the profession currently 
practicing in the same locality and under similar conditions. The recommendations and conclusions 
contained in this report are professional opinions. No other representation, expressed or implied, is 
included or intended. 

Unless speGifically staled in our proposal or this report, the scope of our services for this 
phase of the projectd id not include any environmental assessment or investigation for the presence 
or absence of wetlands or hazardous or toxic material in the soil, surface water, groundwater or air, 
on or below or around this site. Any statements in this report or on the boring logs regarding odors 
noted or unusual or suspicious items or conditions observed are strictly for the information of our 
client. Our scope did not include any services to investigate or detect the presence of mold or any 
other biological contaminants (such as spores, fungus, bacteria, viruses, and the by-products ofsuch 
organisms) on and around the site, or any services designed or intended to prevent or lower the risk 
ofthe occurrence ofan infestation ofmold or other biological contaminants. 
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The analyses, conclusions, and recommendations contained in this report are based on the 
data obtained from the subsurlace exploration. The field exploration methods used indicate 
subsurface conditions only at the specific locations where samples were obtained, only at the time 
they were obtained, and only to the depths penetrated. Discrete sampling cannot be relied on to 
accurately reflect natural variations in stratigraphy that may exist between sample locations and/or 
intervals. Unless specifically noted, the scope ofour services did not include an assessment of the 
effects offlooding and natural erosion ofadjacent creeks or rivers on the,project site. 

Geotechnology will not be responsible for any claims, damages, or liabil ity associated with 
any other party's interpretations of the subsurface data or euse of the subsurface data or 
engineering analyses in this report without our express written a thorization. 
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APPENDIX A 

IMPORTANT INFORMATION ABOUT 
YOUR GEOTECHNICAL ENGINEERING REPORT 



Important Information about Your 

Geotechnical Engineering Report 
SubsurfJce p,obloms nrn a {llincipal c,.wsa of cnnstruclion lfelays, cnsl overruns, claims. and clispllles. 

Wl1ila you CJllnot eliminJl.JJ all suc/J risks. you caa llli.1/ldfJI) t.!Jem. The fnllm:'ino intmmation is prottided1.o help. 

GaobN:lllllcal l8rvlc8a Are P8Pfor-mad for 
Spaclllc .......... Parlonl, and ProJac1I 
Geotechnical engineers structure their services to meet the specific needs of 
their clients. Ageotechnical engineering study conducted for acivil engi­
neer may not fulfill the needs of aconstruction contractor or even another 
civil engineer. Because each geotechnical engineering study is unique, each 
geotechnical engineering report is unique, prepared solelyfor the client No 
one exceptyou should rely on yol.JI' geotechnical engineering report without 
first conferring with the geotechnical engineer who prepared it Andno one 
- notevenyou- should apply the report for any purpose or project 
except the one originally contelll)lated. 

Raadlbaftllllapopt 
Serious problems have occurred because those relying on ageotechnical 
engineering report did not read itall.Do not rely on an executive summary. 
Do not read selected elements only. 

AGaol8cbnlcal ~ II Baled on 
A - lat of ProJect· flcbJrl 
Geotechnical engineers consider anumber of unique, project-specific fac-
tors when establishing the scope of astudy. Typical factors include: the 
client's goals, objectives, and risk management preferences; the general 
nature of the structure involved, its size, and configuration; the location of 
the structure on the site;and other planned or existing site il11)rovements, 
such as access roads, parking lots,and underground utilities. Unless the 
geotechnical engineerwho conducted the study specifically indicates oth­
erwise, do not rely on ageotechnical engineering report that was: 
• not prepared for you, 
• not prepared for your project, 
• not prepared for the specific site explored, or 
• completed before important project changes were made. 

Typical changes that can erode the reliability of an existing geotechnical 
engineering report include those that affect: 
• the function of the proposed structure, as when it's changed from a 

parking garage to an office building, or from alight industrial plant 
to a refrigerated warehouse, 

• elevation, configuration, location, orientation, or weight of the 
proposed structure, 

• composition of the design team, or 
• project ownershlp. 

/ls ageneral rule, always inform your geotechnical engineer of project 
changes-even minor ones-and request an assessment of their ilJl)aCL 
Geofechnica.lengineers cannotacreptresponsibility orliabllltytorproblems 
thatoccurbecause theirreports do notconsiderdevelopments ofwhich 
they were notinformed. 

......,_.CUillllbJICIDCllange 
Ageotechnical engineering report is based on conditions that existed at 
the time the study was performed. Do notrely on ageotechnica/engineer­
ing ffJ{Jortwhose adequacy may have been affected by: the passage of 
time; by rrm-made events,such as construction on or adjacent to the site; 
or by natural eveots, such as floods, earthquakes, or groundwater fluctua­
tions. Alwayscontact the geotechnical engineer before applying the report 
to determine if it is still reliable. Aminor amount of additional testing or 
analysis could prevent major problems. 

Molt Gaotachnlcal lblJlgs Ara Prolalllonal 
Opinions 
Site exploration identifies subsurface conditi~ only at those points where 
subsurface tests are conducted or samples are taken. Geotechnical engi­
neers review field and laboratory data and then apply their professional 
judgment to render an opinion about subsurface conditions throughout the 
site.Actual subsurface conditions may differ~metimes significantly­
from those indicated in your report. Retaining the geotechnical engineer 
who developed your report to provide construction observation is the 
most effective method of managing the risks associated with unanticipated 
conditions. 

ARapopt'1 Racomm8ndatlona Are Not 11181 
Do not overrely on the construction recommendations included in your 
report Those recommendations are notfinal, because geotechnical engi­
neers develop them principally from judgment and opinion. Geotechnical 
engineers can finalize their recommendations only by observing actual 
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subsurface conditions revealed during construction. The geotechnical 
engineer who developedyourrepo,t cannotassume responsibility or 
liability for the report's recommendations ifthatengineerdoes notperform 
construction observation. 

AGeotaclncll ---Rapopt II Mlecl to 
Mimtal,wbdlun 
Other design team members' misinterpretation of geotechnical engineering 
reports has resulted in costly problems. Lower that risk by having your gecr 
tedmical EDJireer conferwith appropriate memt8s of the (}!Sign m after 
st.bmitting the report. Also relain your geotechnical engineerto review perti­
nent elements of the design team's plans and specifications. Contractors can 
also misinterpret ageotechnical engineering report. Redi.x:e that risk by 
having your geotechnical engineer participate in prebid and preconfill'Uciion 
conferences, and by providing construction observation. 

Do Not 8-aw 1he ......Logs 
Geotechnical engineers prepare final boring and testing logs based upon 
their Interpretationof field logs and laboratory data. To prevent errors or 
omissions, the logs included in ageotechnical engineering report should 
118Ye('be redrawn for inclusion in architectural or other design drawings. 
Only photographic or electronic reproduction is acceptable, butrecognize 
that separating Jogs from the repo,t can elwate risk. 

Give C0111PaetDPs a~ Report and 
Gitt,m,,a 
Some owners and design professionals mistakenly believe they can make 
contractors liable for Ullc1llticipated subsurface r.ondilions by limiting what 
they provide for bid preparation. To help prevent costly problems, give con­
tractors the complete geotechnical engineering report, butpreface it with a 
clearly written letter of transmittal. In that letter,advise contractors that the 
report was not prepared for purposes of bid development and that the 
report's accuracy is limited; encourage them to confer with the geotechnical 
engineer who prepared the report (a modest fee may be required) and/or to 
conduct additional study to oblain the specific types of information they 
need or prefer. A prebid conference can also be valuable. Be sure contrac­
tors have sufficienttimeto perform additional study. Only then might you 
be in aposition to give contractors the best information available to you, 
while requiri~ them to at least share some of the financial responsibilities 
stemming from unanticipated conditions. 

Raad ll8lponslJllty Pravlllonl CIOl8IY 
Some clients, design professionals, and contractors do not recognize that 
geotechnical engineering is far less exact than other engineering disci­
plines. This lack of understanding has created unrealistic expectations that 

have led to disappointments, claims, and disputes. To help reduce the risk 
of such outcomes, geotechnical engineers commonly include avariety of 
explanatory provisions in their reports. Sometimes labeled ' limitations" 
many of these provisions indicate where geotechnical engineers' responsi­
bilities begin and end, to help others recognize their own responsibilities 
and risks. Readtheseprovisions closely. Ask questions. Your geotechnical 
engineer should respond fully and frankly. 

GaoenVNlllllllal COncaPna Are Not Cov8Pld 
The equipment techniques, and personnel used to perform ageoenviron­
mentalstudy differ significantly from those used to perform ageotechnical 
study. For that reason, ageotechnical engineering report does not usually 
relate any geoenvironmen1al findings, conclusions, or recol1lll8ndatlons; 
e.g., about the likelihood of encountering underground storage taoo or 
regulated contaminants. Unanticipated environmenfEIproblems have Jed 
to numerous projectfailures. If you have not yet obtained your own geoen­
vironmental information, ask your geotechnical consultant for risk man­
agement guidance. Do notrely on an environmental repo,tprepared for 
someoneelse. 

Obtain l'POfasslonal Aalstant:8 To Deal Wllb Mold 
Diverse strategies can be applied during building design, construciion, 
operation, and maintenance to prevent significant amounts of mold from 
growing on indoor surfaces. To be effective, all such strategies should be 
devised for the express purposeof mold prevention, integrated into acom­
prehensive plan, and executed with diligent oversight by aprofessional 
mold prevention consultant Because just asmall amount of water or 
moisture can lead to the deVelopment of severe mold infestations, anum­
ber of mold prevention strategies focus on keeping building surfaces dry. 
While groundwater, water infiltration, and similar issues may have been 
addressed as part of the geotechnical engineering study v.tiose findings 
are conveyed in this report, the geotechnical engineer in charge of this 
projea is not amold prevention consultant; nons ofths ssrvlt:BB psr­
tonnBII In ,:onnectlon with the geotschnlcal eng/1111r's BIDdy 
wers d,slgoed or conducted torthe purpOStl ofmoldprsven­
tlon. Prapsr lmplem,ntallon oflbs r,commendat/ons conveyed 
In this rsport will not of /188"bs sufficientto pl'flVtlnt mold 
from growing In oron 1h11 mut:IJJre Involved. 
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APPENDIXB 

DETAILED LOGS OF BORINGS 
BORING LOG: TERMS AND SYMBOLS 
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BORING LOG: TERMS AND SYMBOLS 
GENERAL NOTES 

1. Information on each boring log is a compilation of subsurface 
conditions based on soil or rock classifications obtained from the 
field as well as from laboratory testing of samples. The strata lines 
on the logs may be approximate or the transition between the strata 
may be gradual rather than distinct. Water level measurements refer 
only to those ob - served at the times and places indicated, and may 
varv with time. aeoloaic condition or construction activitv. 

2. Relative composition and Unified Soil Classification designations are 
based on visual estimates and are approximate only. If laboratory 
tests were performed to classify the soil, the unified designation is 
show in parenthesis. 

3. Value given in Unit Dry Weight/SPT Column is either a unit dry 
weight in pounds per cubic foot, if adjacent to a ST sample 
designation, or blows per 6-inch increment if adjacent to a SS 
sample designation. 

ABBREVIATIONS 
UU/2 Shear Strength from Unconsolidated - Undrained 

Triaxial Test (ASTM 02850) 
QU/2 Shear Strength from Unconfined Compression 

Test (ASTM 02166) 
SV Shear Strength from Field Vane (ASTM 02573) 
PL Plastic Limit (ASTM 04318) 
LL Liquid Limit (ASTM 04318) 

cs 

GB 

NX 

100 
42 

PST 

ss 

ST 

sv 

LEGEND 
Continuous Sampler 

Grab Sample Taken From Auger Cuttings Or 
Wash Water Return 

NX Rock Core with Percent Recovery/R.Q.D. 
Given In Adjacent Column 

Three Inch Diameter Piston Tube Sample 

Split Spoon Sample (Standard Penetration Test) 

Three Inch Diameter Shelby Tube Sample 

Sample Not Recovered 

Field Vane Test 

SPLIT - BARREL SAMPLER DRIVING RECORD Blow Per Foot (N-Value) Description 
25............ ................. ...................... .......................................... 25 blows drove sampler 12 inches after initial 6 inches ofseating. 
75110' ... ......................................... ...........................................75 blows drove sampler 10 inches after initial 6 inches ofsealing. 
50/S3' .... .. ............. ................ ............. ............. ...............50 blows drove sampler 3 inches during initial 6 inch seating interval. 

NOTES: 1. To avoid damage to sampllng tools, driving Is limited to 50 blows during any sfx Inch tncervat. 
2. N-Value (Blow Count) is the standard penetration resistance based on the total numberofblows, using a 140-/b hammer with 30-inch free fall, required 
to drive a split spoon the last two of three, 6-inch drive increments. (Example: 41719, N = 7 + 9 = 16). Values are shown as a summation on grid plot and 
may be shown as 41719 in Unit Dry Weight - SPT column. 

RELATIVE COMPOSITION 
Trace........ .... ............0-10 % 
With/Some .... . . .........11-35 % 
Soil modifier such....... > 35 % 

As silty, clayey, sandy, etc. 

DENSITY OF 
GRANULAR SOILS 

Descriptive Term: N--Value 
Very Loose ................................. O - 4 
Loose....................................... 5 - 10 
Medium Dense ....................... 11 - 30 
Dense .................................... 31 - 50 
Very Dense..............................> 50 

STRENGTH OF COHESIVE SOILS 
Undrained Shear 

Approximate Consistency Strength Tons Field Test 
N-Value Range Per Sq. Ft. 

Very Soft.. .............. less than 0. 12 .......... .. Thumb will penetrate soil more than r .. 0 - 1 
Soft...... .... .............. 13 to 0.25 .... ............ .. Thumb will penetrate soil about 1" ......... 2 - 4 
Medium Stiff. .......... 0.26 to 0.50 .............. .. Thumb will penetrate soil about ¼" ....... 5 - 8 
Stiff. ....................... 0.51 to 1.00 ............... . Thumb hardly indents soil.... ................. 9 - 15 
Ve,y Stiff.. .............. 1.01 to 2.00 ............. .. . Thumb will not indent soil, but readily 

indented with thumbnail.. ................... 16 - 30 
Hard........................ greater than 2. 00.... .. ... Thumbnail will not indent soil................... > 30 

SOIL GRAIN SIZE 
U.S. STANDARD SIEVE 

12· 3" ¾" 4 10 40 200 

I GRAVEL I SAND I SILT CLAYBOULDERS COBBLES E F1-N= E--,I-M-E E----tllt--C,-O,.....A--,R,.....S,....,,.........,l,-----= E---,lt--C,-O,-A.....,,R,....,S= =D,.....I-U-M--,I--F=1-N=I I I I 
300 76.2 19.1 4.76 2.00 0.42 0.074 0.002 

SOIL GRAIN SIZE IN MILLIMETERS 

SOIL STRUCTURE 
Calcareous - Having appreciable quantities of carbonate. Parting - Inclusion less than 118 inch thick. 
Fissured - Containing shrinkage or relief cracks, often filled Pocket - Inclusion ofmaterial of different texture that is 

with sand or silt; usually more or less vertical. smaller than the diameter of the sample. 
Slickensided - Having planes ofweakness that appear slick lnter/ayered - Soil samples composed of alternating layers 

and glossy. The degree ofslickensidedness of different soil types. 
depends upon the spacing ofslickensides Intermixed - Soil samples composed ofpockets of different 
and the ease of breaking along those planes. soil types and a layered or laminated structure 

Layer - Inclusion greater than 3 inches thick. is not evident. 
Seam - Inclusion 1/8 inch to 3 inches thick extending Laminated - Soil sample composed of alternating partings 

through the sample or seams of different soil type. 

GEOTECHNOLOGY, INC. 
ENGINEERING ANO ENVIRONMENTAL SERVICES 

• ST LOUIS • COUINSVlllE • l<ANSAS CITY 



UNIFIED SOIL CLASSIFICATION SYSTEM 
SYM

MAJOR DMSIONS 
BOL 

Clean Gravels SI:!!..~- Gravel ,..__ittle or no Fine~ GP e,~ and ~.. Grave ls with-' ., Gravelty 
Appreciable~-; Soils GC0 (I) Fines 

~8 
IUN Clean Sands SW
£0 Sand l..ittle or no Fine~ SP., z andoc SMSands with::i: .. Sandy 

Appreciable --£ Solls SCFines 

cijQ) ML 
=Nm-- Silts and Liquid limit 
E"' Clays Less Than 50 -CL(I) !e 

OL~~ 
"'o MHco 
IUN Silts and Liquid Limit 

CH£ 0 Clays More Than 50., z 
OHOi ~= Highly Organic Soils PT 

DESCRIPTION 

Well-Graded Gravel, Gravel-Sand Mixture 
Poor1y -Graded Gravel, Gravel-Sand Mixture 
Silly Gravel. Gravel-Sand-Silt Mixture 

Clayey-Gravel, Gravel-Sand-Clay Mixture 

Well-Graded Sand, Gravelly Sand 
Poor1y Graded Sand, Gravelly Sand 
Silty Sand, Sand-Silt Mixture 

Clayey Sand, Sand-Clay Mixture 

Silt, Clayey Silt, Silly or Clayey Very Fine Sand, Slight 
~ticity 

Clay, Sandy Clay, Silty Clay, Low to Medium Plasticity 

Oroanic Silts_ or Siltv Clavs of Low Plasti,.;n, 

Silt, Fine Sandyor Silt Soil wid'I High Plasticity 

Clay, High Plasticity 

Organic Clay ofMedium to High Plasticity 

Peat, Humus, Swamp Soil 

PLASTICITY CHART 
50 

40 
"A" Line ~ CL 

X 
w 30 
0 
~ V> 20!-u CL-ML-
;::: / ~LI I\..,, ,, "' <
_J 

10 
& 

e.. ' "~ MLI/ 0 

CH /
/ 

rY
/ 

OH 
& -

MH 

0 10 20 30 40 50 60 70 80 90 

Liquid Limit (LL) 
RELATIVE PLASTICITY 

Nonplastic Cannot Roll Into Ball 
Trace Plasticity Barely Roll Into Ball 
Medium Plastic Can be Rolled Into Ball 
Highly Plastic No Rupture by Kneading 

VISUAL DESCRIPTION CRITERIA* 
TABLE 1: CRITERIA FOR DESCRIBING ANGULARITY 

OF COARSE-GRAINED PARTICLES 

Description 
Angular 

Subangular 

Subrounded 

Rounded 

Criteria 
Particles have sharp edges and relatively 
plane sides with unpolished surfaces 

Particles are similar to angular description 
but have rounded edqes 

Particles have nearly plane sides but have 
we/I-rounded comers and edges 

Particles have smoothly curved sides and 
no edges 

TABLE 2: CRITERIA FOR DESCRIBING PARTICLE SHAPE 

Description 
Flat 

Elongated 

Flat and 
Elongated 

Criteria 
Particles with width/thickness X3 

Particles with length/width X3 

Particles meet criteria for both flat and 
elongated 

TABLE 3: CRITERIA FOR DESCRIBING MOISTURE 
CONDITION 

Description Criteria 
Dry Absence ofmoisture, dusty, dry to the 

touch 
Moist Damp, but no visible water 
Wet Visible free water, usually soil is below the 

water table 

TABLE 4: CRITERIA FOR DESCRIBING REACTION WITH 
HCL 

Description Criteria 
None No visible reaction 
Weak Some reaction, with bubbles forming 

slowly 
Strong Violent reaction, with bubbles forming 

rapidly 

TABLE 6: CRITERIA FOR DESCRIBING CEMENTATION 
Description Criteria 
Weak Crumbles or breaks with handling or little 

finger pressure 
Moderate Crumbles or breaks with considerable 

finger pressure 

Strong Will not crumble or break with finger 
pressure 

*NOTES: 1. Tables adapted from ASTM 02488 ·oescription and 
identification of Soils" (Visual-Manual Procedure) 

2. Tables 5, 7 and 11 incorporated into other information on this plate. 

TABLE 8: CRITERIA FOR DESCRIBING DRY STRENGTH 

Description Criteria 
None The dry specimen crumbles into powder 

with mere pressure ofhandling 

Low The dry specimen crumbles into powder 
with some finger pressure 

Medium The dry specimen breaks into pieces or 
crumbles with considerable finger 
pressure 

High The dry specimen cannot be broken with 
finger pressure. Specimen will break into 
pieces between thumb and a hard surface. 

Very High The dry specimen cannot be broken 
between the thumb and a hard surface 

TABLE 9: CRITERIA FOR DESCRIBING DILATANCY 

Description Criteria 
None No visible change in the specimen 

Water appears slowly on the surface of the Slow 
specimen during shaking and does not 
disappear or disappears slowly upon 
squeezing. 

Rapid Water appears quickly on the surface ofthe 
specimen during shaking and disappears 
g_uickl"{_ ue_on squeezing_. 

TABLE 10: CRITERIA FOR DESCRIBING TOUGHNESS 
Description Criteria 

Only slight pressure is required to roll the Low 
thread near the plastic limit_ The thread 
and the lump are weak and soft_ 
Medium pressure is required to roll theMedium 
thread to near the plastic limit. The thread 
and the lump have medium stiffness 

Considerable pressure is required to roll High 
the thread to near the plastic limit. The 
thread and the lump have very high 
stiffness 

TABLE 12: IDENTIFICATION OF INORGANIC FINE-
GRAINED SOILS FROM MANUAL TESTS 

Soil Dry 
Symbol Strength 

ML None to low 

CL Medium to high 
MH Low to medium 
CH High to very high 

Dilatancy 
Slow to rapid 

None to slow 
None to slow 

none 

Toughness 
Low or thread 

cannot be formed 
Medium 

Low to medium 
High 
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CPTU-EC LOG WITH LITHOLOGIC EVALUATION CPCC01 

qc rs EC 

FR CONE TIP FRICTION SLEEVE SOIL ELECTRICAL 
FRICTION RATIO END BEARING RESISTANCE RESISTANCE CONDUCTIVITY 

O 8 (%) 0 (Isl) 300 (tsf) (uS/cm) 400 

EC not operational 
SILTY CLAY TO CLAY• 

STIFF. 
SILTY CLAY TO CLAY• 

STIFF TO VERY STIFF, 
SILTY CLAY TO CLAY•

15 WITH SOME GRAVEL 

STIFF, 
SILTYCLAY TOCLAY' 
W ITH LITTLE GRAVEL 

30 

STIFF, 
SILTY CLAY TO CLAY 

S TIFF, 
SANDY SILT TO CLAYEY SILT 

Very hard ,o 

60 

75 

90 

105 

120 -'---------'------------

.57 

.15 

3.72 

E 
18.29 = ..

� 

22.87 

27.44 

32.01 

-------------'------------'------------_J.36.59
0 2 

• Indicates lighUy OYerconsolidated soil 
...., lndicales heavHy overronsofidated or cemented soil 

latitude: 39. 54378 Longitude: -92.63682 

PROJECT NAME:Thomas Hill Site . R1 DATE:2/3/2010 TIME:8:59 AM 
PROJECT NUMBER:10-110-020 STRA TIGRAPHICS SOUNDING NUMBER:CC-01 

CPCC01 



TABLE 1 
SUMMARY OF CPTU-EC SOUNDINGS 

Vee-Beer Site 
10-110-020 

SOUNDING 
NUMBER 

DATE 
PERFORMED 

SOUNDING 
TYPE 

SOUNDING 
DEPTH 

(feet) 

COMMENTS COORDINATES 
LONGITUDE LATITUDE 

(dee. deg) (dee. deg) 

CP-CC-01 
CP-CC-02 
CP-DC-01 
CP-DC-02 
CP-DC-03 
CP-DC-04 
CP-DC-05 

02/03/10 
02/03/10 
02/02/10 
02/02/10 
02/02:/10 
02/02/10 
02/02/10 

CPTU-EC 
CPTU-EC 
CPTU-EC 
CPTU-EC 
CPTU-EC 
CPTU-EC 
CPTU-EC 

49.8 
52.6 
93.3 
66.0 
74.5 
91..3 

101 .4 

-92.63682 
-92.63939 
-92.56260 
-92.56195 
-92.56293 
NO GPS 
-92.56213 

39.54378 
39.54198 
39.64643 
39.64728 
39.64555 

39.64581 

TOTAL FOOTAGE: 529.0 



CPTU-EC LOG WITH LITHOLOGIC EVALUATION CPCC01 

§: 
£ 
0. 

8 

QC Is EC 
FR CONl"TIP FRICTION SLEEVt SOIL ELECTRICAL 

FRICTION RATIO END BEARING RESISTANCE CONDUCTIVITY 
O 8 (%) 0 (tsf) 300 (US/cm) 

EC not operatiooal 
SILTY CLAY TO CLAY• 

STIFF, 
SILTY CLAY TO CLAY• 

STIFF TO VERY STIFF, 
SILTY CLAY TO CLAY•15 .57 
WITH SOME GRAVEL 

STIFF, 
SILTY CLAY TO CLAY• 
WITH LITTLE GRAVEL 

.15 

STIFF, 
SILTY CLAY TO CLAY 

. ---···- ------------------! 
STIFF. 

SANDY SILT TO CLAYEY SILT 

45 13.72 

60 18.29 

75 2.87 

90 27.44 

105 32.01 

120 .L.--------'-----------------------+-----------!-2------------'-36.59 

• Indicates lightly overconsofidated soil 
t~ Indicates heavily overconsolidated or cemenled soil 

Latitude: 39.54378 Longitude: -92.63682 

"a. 
" 0 

PROJECT NAME:Thomas Hill Site R1 DATE:2/3/2010 TIME:8:59 AM 
PROJECT NUMBER:10-110-020 STRA TIGRAPH/CS SOUNDING NUMBERCC-01 

J 

CPCC01 



---

CPTU-EC LOG WITH LITHOLOGIC EVALUATION CPCC01 

0 

15 

30 

37.2 

<45 

48,3 

g 
.c 60a. 
~ 

75 

90 

105 

qc fs EC 
FRICTION SLEEVE SOlL ELECTRICAL 

RESISTANCE CONDUCTIVITY 
60 (!sf) 0 (uS/an)8 

CONE TIP 
END BEARING RESISTANCE 

(Isl) 

~YTOCLAY· 

CLAY TO CLAY• 
LITTLE GRAVEL 

STIFF, 
SILTY CLAY TO CLAY 

STIFF, 
SANDY SILT TO CLAYEY SILT 

Very hard interface 

121) .l-- --- ---'-------------------------!;------------+0 
¥ Indicates lightly overconsolidated soil 

·• Indicates heavily overconsolidated or cemented soil 

EC not opemlional 

200 

.57 

.15 

3.72 

] 
18.29 .c 

15 
0 " 

22.87 

27.44 

32.01 

------------L35,s9 

Latitude: 39.54378 Longitude: -92.63682 

PROJECT NAME:Thomas Hill Site R1 DATE:2/3/2010 TIME:8:59 AM 
PROJECT NUMBER:10-110-020 STRA TIGRAPHICS SOUNDING NUMBER:CC-01 

CPCC01 



CPTU-EC LOG WITH LITHOLOGIC EVALUATION CPCC01 

~ 
~ ., 
0 

qc I• 1)2 

FR CONE TIP FRICTION SLEEVE GENERATED 
FRICTION RATIO END BEARING RESISTANCE RESISTANCE PORE PRESSURE 

O 8 (%) 0 (lsf) 60 (Isl) (Isl) 9 

SILTY CLAY TO CLAY. 

STIFF. 
ILTYCLAY TO CLAY' 

15 .57 

CLAY TO CLAY' 
LITTLE GRA VR 

30 .15 

STIFF, 
SILTY CLAY TO CLAY 

STIFF, 
SANDY SILT TO CLAYEY SILT 

45 13.72 

Very hard interface 

60 8 .. 29 

75 22.87 

90 27.44 

105 32.01 

120 .,__------~--------------------0-----------2-----------L:35,59 
• Indicates lightly OYerconsolidated soil 

• • Indicates heavily overconsolidated or cemented soil 

Latitude: 39.54378 Longitude: -92.63682 

I 
.. 
Cl 

PROJECT NAME:Thomas Hill Site R1 DATE:2/3/2010 TIME:8:59 AM 
PROJECT NUMBER:10-1 10-020 STRA TIGRAPHICS SOUNDING NUMBER:CC-01 

% 

CPCC01 



CPTU-EC LOG WITH LITHOLOGIC EVALUATION CPCC01 

qc fs U2 
FR CONE TIP FRICTION SLEEVE GENERATED 

FRICTION RATIO END BEARING RESISTANCE RESISTANCE PORE PRESSURE 
O 8 O (Isl) 300 (Isl) 0 (Isl) 1. 

SILTY CLAY TO CLAY• 

STIFF, 
SILTYCLAY TOCLAY' 

STIFF TO VERY STIFF, 
SILTY CLAY TO CLAY • 

15 .57WITH SOME GRAVEL 

STIFF, 
SILTYCLAYTOCLAY' 
WITH LITTLE GRAVEL 

30 .15 

STIFF, 
SILTY CLAY TO CLAY 

STIFF, 
SANDY SILT TO CLAYEY SILT 

45 13.72 

)
Very hard in · 

60 18.29 

75 22.87 

90 27.44 

105 32.01 

120 ~------~----------------------0',-----------2',----------~36.59 

(%) 

• lndk:ates lightly overconsolidated soil 
.. Indicates heavily overconsolidated Of'" cemented soil 

Latitude: 39.54378 Longitude: -92.63682 

PROJECT NAME:Thomas Hill Site R1 DATE:2/3/2010 TIME:8:59 AM 
PROJECT NUMBER:10-110-020 STRA TIGRAPHICS SOUNDING NUMBER:CC-01 

CPCC01 

http:0',-----------2',----------~36.59


CPTU-EC LOG WITH LITHOLOGIC EVALUATION CPCC01 

.c 
Cc 

" 

qt 8q U2 
FR CORRECTED FOR PORE PRESSURE EFFECTS PORE PRESSURE GENERATED 

FRICTION RATIO CONE TIP ENO BEARING RESISTANCE RATIO PORE PRESSURE 
O 8 (%) 0 (ISi} 60 0 (Isl) 9 

-fro:w 

15 4.57 

CLAY TO CLAY• 
LITTLE GRAVEL 

30 9.15 

33.0 
STIFF, 

SILTY CLAY TO CLAY 1 
STIFF, 

SANDY SILT TO CLAYEY SILT 

45 3.n 

48.3 ·- - --
Very hard interfaoe ·--" 

60 ·18.29 

75 22.87 

90 27.44 

105 32.01 

120 ~------~----------------------,-1."'-----------c----------~·36.so2 0 
• Indicates lightly overconsolidated soil :~( ti ,tt · I 11 fJ.1 

.. Indicates heavily overoonsolidated or cemented soil y '· ! ! I· ' t !j~f 

Latitude: 39.54378 Longitude: -92.63682 

PROJECT NAME:Thomas Hill Site R1 DATE:2/3/2010 TIME:8:59 AM 
PROJECT NUMBER:10-110-020 STRAT/GRAPH/CS SOUNDING NUMBER:CC-01 

CPCC01 
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10 

15 

20 

25 

30 

35 

40 

CPTU-EC LOG WITH LITHOLOGIC EVALUATION CPCC01 

qc fs EC 
FR CONE TIP FRICTION SLEEVE SOIL ELECTRICAL 

FRICTION RATIO END BEARING RESISTANCE RESISTANCE CONDUCTIVITY 

0 
8 (%) 0 (ls() 300 (ts() 0 (uS/cm) 400/ 

SILTY CLAY TO CLAY • 

STIFF, 
SILTY CLAY TO CLAY • 

STIFF TO VERY STIFF, 
SILTY CLAY TO CLAY • 
WITH SOME GRAVEL 

EC not operational 

,52 

3.05 

.57 

6.10 

7.62 

9.15 

10.67 

STIFF, 
SILTY CLAY TO CLAY' 
WITH LITTLE GRAVEL 

33,0 
STIFF, 

SILTY CLAY TO CLAY 

J______J._~'----------------------,:--''----
0 

--------:!-----------
2 

'-12.20 

• Indicates 5ghlly overccnsolidated soil 
" Indicates heavilyoverconsolidatedor cemenled soil 

Latitude: 39.54378 Longitude: •92.63682 

PROJECT NAME:Thomas Hill Site R1 DATE:213/2010 TIME:8:59 AM 
PROJECT NUMBER:10-110-020 STRATIGRAPHICS SOUNDING NUMBER:CC-01 

CPCC01 



CPTU-EC LOG WITH LITHOLOGIC EVALUATION CPCC01 

qo rs EC 
FR CONE TIP FRICTION SLEEVE SOIL ELECTRICAL 

FRICTION RATIO END BEARING RESISTANCE RESISTANCE CONDUCTIVITY 

40 

45 

50 

5S 

60 

65 

70 

7S 

80 

\ 
� 

48.3 J 
< 

l 

-·~-· 

• ..,.7 ._.....;:LM,,,>rtace 

• Indicates !ghtly cwerronsofidated soil 

; 

\ 

•• Indicates heavily overconsolidated or cemented soif 

8 (%) 0 (Isl) 300 (Isl) 0 (uS/an) 400 
2.20 

1-13.72 

·15.24 

1-16.77 

1-18.29 

1 9.82 

21.34 

22.87 

24.39 

Latitude: 39.54378 Longitude: •92.63682 

PROJECT NAME:Thomas Hill Site R1 DATE:2/3/2010 TIME:8:59 AM 
PROJECT NUMBER:10-110-020 STRA TIGRAPHICS SOUNDING NUMBER:CC-01 

CPCC01 



STRATIGRAPHIC~ Stratum Ooscrtption From Evaruatod Log 
SOUNDING NUMBER;CC-01 Very hnrd nntertace 
PROJECT NAME:Thomos Hill Site 
PROJECT NUMBEf1•10·110·020 
R1 OATE:2/312010 TIME.8:59 AM 

AVG 2 11.78 193.18 2.56 1.06 0.77 212.10 0.00 23.00 41 .20 44.40 56.00 76.00 47.20 74.40 43.00 67.60 2.77 1.49 
MIN 119.5 109.3 0.25 02 0.5 119.9 0 23 40 42 40 60 16 22 15 20 2.74 1.48 

MAX 330.8 301.2 3.89 1.6 0.92 331.1 0 23 42 46 60 80 66 109 eo 99 2.8 1.51 

Corroctcd For Undrafn·ed 

Aver.aged Generated 
Pore Water 
Pressure Po,e Oraifned U"drt1fncd 

Large 
Straln1 

Nomi Friction Pore Water Total Cone Preuuro Soll Friction Rola tlve Shear Shear NORM Total Effective 
Depth Cono Cono Friction Ratlo Pressure Res istance Ratio Conductivity Evaluatod Solf Typo Angle Oons~ty Ne S1ren9th S1rength SPT SPT Stress Stress 

(ft) (tsf) (tsf) (tsf) (%) (!:sf} [tsf} ('!.) (uSlcm) (deg) (o/o) (ksf} (ksf} (N) (N1') 
From To From To From To From To 

48.50 119.5 109.3 0.25 0.2 0.92 119.9 0.00 23 Medium de nso, S.)nd to silty snnd 42 46 40 60 16 22 15 20 2.74 1.48 
48.75 160.5 146.7 2.30 1.4 0.87 160.9 0.00 23 Dense, Sand to sl tty saind 4() 42 60 80 44 66 40 60 2.78 1.49 
49.00 175,5 160.2 3.56 1.6 0.88 175.8 o.oo 23 Dense, Sond 10 silty seind 4() 42 60 80 44 66 40 60 2.77 1.49 
49.25 272.6 248.5 3.89 1.3 0.50 272.8 0.00 23 Oonso, Sand to silty saind 42 46 60 80 66 109 eo 99 2.79 1.50 
49.50 330.8 301.2 2.78 0.8 0.69 331.1 0.00 23 Dense, Sand to silty sand 42 46 60 80 66 109 eo 99 2.80 1.51 
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LABORATORY TEST DATA 



4-------------------------------
- 10 psi Confinement 

--25 psi Confinement o. = 23.4 degrees 
C'= 0.0 tsf --50 psi Confinement 

3 -1-------1-------!------!------"-----......-----

~•= 26 degrees 

c­
f/)
~2 <1-----.i------~----~----'--~...::;..--------I 
0-

0 2 3 4 5 6 

p' (tsf) 

c­
f/)....-

3 -------+-----+-----+-----+------'-----11 

E. Stress --­
T. Stress -

11)2-1-----+-----+-----+-----4-..-~----+----_..-<,::_I 
1/) 
a, 
t..-Cl) 
t.. 
nJ 
a, 

J::. 

C/) 1-1------~----~ - --~+------+------+-----I 

Effective $ = 26 degree Total $= 19 degrees 
StressStress 

0 2 3 4 5 6 
Normal Stress (tsf) 

CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TESl 
ASTM D 4767 

Project No.: J01 1309.01 
Boring: C-1 

Sample: ST-6 - Depth: 13.5 



APPENDIX D 
Pond 001 Cell 2 Separation Berm 

By Gredell Engineering Resources, Inc. dated October 2015 



1505 E. High Street 
Jefferson City, Missouri 65101 GREDELL Engineering 
Telephone No. (573) 659-9078 Resources, Inc.
Fax No. (573) 659-9079 

Me1110 
To: Associated Electric Cooperative, Inc. - Thomas Hill Energy Center File 

From: Andrew D. Rackers, P.E. , Environmental Engineer II 

CC: 

Date: 10/12/2015 

Re: Pond 001 Cell 2 Separation Berm 

Pond 001 Cell 2 (Cell 2) construction modifications to divide Cell 2 into two (2) separate basins (an 
eastern basin and a western basin) and changes in designated use at Associated Electric Cooperative 
Inc. (AECI) - Thomas Hill Energy Center (THEC) necessitated the design of a separation berm within 
Cell 2. 

Historically, Cell 2 was used as a coal combustion residuals (CCRs) surface impoundment. In 2012, 
AECI-THEC had Gredell Engineering estimate the volume of CCRs stored in Cell 2 with the intent to 
arrange for the removal and recycling or disposal ofthe accumulated CCR in Cell 2. Since 2012, AECI­
THEC has ceased depositing CCRs in Cell 2 and has been consistently working to clean out the 
accumulated CCRs in it. A new federal regulation (40 CFR Part 257 Subpart D) establishing minimum 
standards for CCR surface impoundments having an effect date of October 19, 2015 led AECI-THEC to 
decide to modify Cell 2 to divide it into a closed (clean) side (the eastern basin) and an inactive side (the 
western basin). A separation berm was designed for Cell 2 to divide it into eastern and western basins. 
Accumulated CCRs in Cell 2 have been completely removed from the eastern basin and either 
transported to the active CCR landfill or stored in the new western basin of Cell 2. The eastern basin of 
Cell 2 is designated for use as a stormwater runoff control basin. The western basin of Cell 2 is designated 
for use as an inactive CCR surface impoundment 

The separation berm was designed in a north-south alignment between the existing Cell 2 - Pond 001 
Cell 3 (Cell 3) dam and the peninsula of the natural existing ridge within Cell 2. The berm is designed to 
be constructed by excavating a key trench and placing, compacting, and grading earthen material to a 
final design elevation. Fill materials will consist of compacted clay soil. The final design parameters are 
further described as follows: 

• Final elevation of the Cell 2 separation berm will be 721 .0 feet with a top gravel driving surface 
at a minimum width of eight (8) feet. 

• Key trench will be keyed into the existing bottom surface at a minimum bottom width of eight (8) 
feet, a minimum depth of three (3) feet, and two horizontal to one vertical (2H:1 V) side slopes. 

• The berm side slopes will be three horizontal to one vertical (3H: 1 V). 
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• The earthen material will consist of compacted clay soil, compacted in uniform horizontal lifts 
with a maximum loose thickness of eight (8) inches to a density of 95% Standard Proctor 
Maximum Dry Density (MDD). 

The Cell 2 separation berm design was completed in accordance with the new federal regulation and the 
applicable design standards using recognized and accepted good engineering practices. See the 
attached plans and specifications detailing the design of the Cell 2 separation berm. 
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Design Plans 



ASH POND 001 - CELL 2 
SEPARATION BERM 
THOMAS HILL ENERGY CENTER 

ASSOCIATED ELECTRIC COOPERATIVE, INC. 
CLIFTON HILL, MISSOURI 

OCTOBER 2015 
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SITE VICINITY MAP 
NOTES: NTS 
1. All WOAK UNDER THIS COmRACT SHALL BE FUNCllONALLY & SUBSTANTIALLY COMPl.£TE BY OCTOBER 16, 2015. 

2 ~TEOELECTRICCOOP£RATIVE, INC. (AECI) PllOPOSES TO CONSTRUCT A SEPARATION BEAM FOR ASH PONO 001 C£lL 2 ANO RE-GRAD£ 
THE EXISTING OA'll BETWEEN Ctll 2 ANO CEU 3 AS INDICATED ON THE PllOJECT DOCUMENTS TITLED ' ASH PONO 001 • CELL 2 S£PARATION 
BEAM' AECI MAY TERMINATE CONTRACT ACTMTIES AT ANY TIME, WITHOUT REGARD TO CONSTRUCTION COMPLETlON. AT THEIR SOLE 
DISCRETION. 

3. THE CONTRACTOR MAYVISIT THE SITE ANO INVESTIGATE PROJECT CONDITIONS TO EVALUATE MATTERS PERTINENT TO BIDDING ANO 
Pl.ANNING ANO TO 0£TEAMINE FEASIBLE ANO APPllOPlllATE MEANS AAO METHODS TO COMPl.£TE PROJECT 

4 CONTRACTOR IS TO LOCATE UTIUTIES THROUGH THE MISSOURI ONE-CALL SYSltM (1-800-0IG.fllT£) AND COORDINATION WITH AECI. 

5. OVERHEAD EUCTAIC SHOWN IS BASED ON SURVEYED LOCATIONS OF POWER P0US ANO AERIAL IMAGERY PllOVIOEO BY GOOGU EARTH 

6 CONTRACTOR SHALL SCHEOUU A PAE-<X)NSTAUCTION MEETlNG WITH AECI TO REVIEW AHO 111:AIF'YMINIMUM EQUIPMENT CUARAHCE ANO 
GENER.AL SAFETY REQUIREMENTS FOR ANY WORK IN THE VICINITY OF THE 345 kV OVERHEAD ELECTRIC DISTRIBUTION LINES CONTRACTOR IS 
TO SUBMIT A WORK Pl.AN AOORESSING SAFETY RELATED TO THE OVERHEAD EUCTAIC DISTRIBUTION LINES, INCLUDING MEASURES TO 
ASSURE THAT Ml~IMUM EQUIPMENT CLEARANCE REQUIREMENTS ARE MAINTAINED BY THE CONTRACTOR. 

7 MV(:M OF THE Pl.ANT PROPERTY IN THC NEAR VICINITY OF THE PllOJECT IS RECLAIMED MINEOLANO THAT CANNOT BE DISTURBED. AECI HAS 
MARKED THESE BOUNDARIES IN THE FIELD NO CONSTRUCTION ACTIVITIES, E(IUIPMENTTRAFFIC, OR MATIRIAlS STORAGE ARE PERMITTED 
ON RECLAIMED LANO, 

8 COHTRACTOR IS RESPONSIBLE FOR CLEANUP ANO REMEDIATION OF ANY SPILLS or HAZARDOUSSUBSTA'iCES, FUELS ANO LUBRICANTS. ANO 
ANY SPILLS OF EXCAVATED MATERIAL. 

9 THE CONTRACTOR'S OPERATIONS ARE TO BE PE.RFORMED IN A WORKMAN LIKE MANNER ANO IN A MANNER fHATWILL NOT AOYERSELY 
IMPACT THE OWNER'S SEOIMENT CONTROl SYSTEM'S EFFLUENT QUAUTY. THE CONTRACTOR SHALL COORDINATE ITS OPERATIONS WITH THE 
OWNER'S ENVIRONMENTAL COMPUANCE MANAGER TO MAINTAIN COMPLIANCE WITH NPOES PERMIT NO. M0-0003948 ANO THE EFFLUENT 
REQUIREMEHTS OfASH PONO 001 CELL 3 AS USTEO IN THE SPECIFICATlONS. 

COVER SHEET-···········-····•··-······-··············-··......... _ .......... _ ••_ •• 1 OF 5 

PROJECT OVERVIEW.......................................................................... 2 OF 5 

CELL 2 SEPARATION BERM GRADING PIAN.................................3 OF 6 

CELL 2 SEPARATION BERM PROFILE & CROSS SECTIONS ......... 4 OF 5 

DETAILS............................................ " ........... _. ........................... " ...,.,,g OF 5 

STATE OF MISSOURI 

SITE LOCATION 
RANDOLPH COUNTY 

~ 

SITE LOCATION MAP 
NTS 

10. 00 NOT OBSTRUCT OR RESTRICT ROADWAYS WllliOIIT AECI PERMISSION 

11. WHEN CONSTRUCTION ACllVITIES REQUIRE TEMPORARILY OBSTAUCllNG ROADWAYS TO ANY DEGREE. NOTIFY AECI A MINIMUM OF 72 HOURS 
IN ADVANCE Of THE NEEi> TO OBSlRl,IC'T A ROADWAY. 00 NOT PROCEED WITH SUCH WORK UNTIL APPROVED IN WRITING SY AECI. 

12. CONTRACTOR WILL MAINTAIN ROADS TO COMP\.YWITH OUST CONTROL ANO GRADE. VEHICLES MUSTOBEY POSTED SPEED UMIT. A 
WATERING STATION IS LOCATED JUST SOUTk OF PONO 1 CEU 2 ON THE EAST SIDE OF THE ROAD ANO IS AVAILASU FOR CO'fl'RACTOR USE. 

13 PROVIDE TRAFFIC WARNING SIGNS, BARRIERS ANO OTHER APPROPRIATE DEVICES TO PllOTECT CONSTRUCTION PERSONNEL AND TO WARN 
VEHICU OPERATORS WHEN CONOUCllNG WORK ADJACENT TO ROADWAYS 

14 CONTRACTOR IS RESPONSIBU FOR JO&-SIT[ HOUSEK[EPIHG TO INCLUDE DAILY COLLECTION ANO DISPOSAL Of TRASH, CONSTRUCTION 
0£8RIS. CONTAINERS, PACKING MATERIALS. PALLETS. ETC. ANO FOR WORKMANLIKE MANAGEMENT OF EQUIPMENT. TOOLS. ANO RELAT£0 
MATERIALS 

15 CONTRACTOR SHALL INSTALL ANO MAINTAIN SEDIMENT & EROSION CONTAOl STRUCTURES IN ACCORDANCE WITH INDUSTRY ACCEPTED BEST 
MANAGEMENT -CllCES ANO AECI APPROVAL AT THE ASH PONO 001 CELL 2 ACCESS AREA ANO AT OTHER LOCATIONS AS DIRECTED BY 
ACCI. 

16. EXISTING CONDITIONS SURVEY DATA (EXISTING TOPOGRAPHY) WAS OBTAINED BY MARK W. ROBERTSON. PLS NO. 2008016665. CENTRALIA. 
MISSOURI DURING OCTOBER 2013 & FEBRUARY 2015. 

17. SURVEY CONTROL IS IN MISSOURI STATE PLANE COORDINATE SYSTEM. CENTRAL ZONE. NAO 27. 

SITE ACCESS MAP 
l"s.3000' 

SURVEY CONTROL POINTS BY MARK ROBERTSON 5-7.1.3 

POINT NUMBER NORTHINC EASTING ELEVATION 0£SCAIPTION 

117 1350078.09 461590.63 726.68 IR58 

118 1349525.95 463587.97 77961 IR58 

400 1352594.34 463227.89 760.98 TH2 

401 1352603..11 462016.41 755.77 BM 
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NOTES: ./ 
I 

/ j/ /1. EXISTING CONTOURS SHOWN WERE SURVEYED BY 
MARK ROBERTSON. PLS ON OCTOBER 4, 2013 & 

IFEBRUARY 13, 2015. I 

2. PROPOSED CONTOURS REPRESENT TOP OF SOIL 
r-----

3. PROPOSED SEPARATION BERM FILL SHALL BE 
BENCHED INTO THE EXISTING SURFACE IN /
ACCORDANCE WITH THESE DETAILS AND / 

// J 

/ \ 
SPECIACATIONS. 

/ -i'JO.J 
4. QUANTITIES ON THIS SHEET WERE ESTIMATED BY r ICOMPARING THE FEBRUARY 13, 2015 SURFACE TO 

THE PROPOSED CONTOURS AS SHOWN ON THIS SHEET. )
SCALE: 1"• 60' ACTUAL QUANTITIES MAY VARY. 

0...---30 60I 
5. THE SEPARATION BERM NORTH TIE IN LOCATION & 

WEST SLOPE TOE MAY DIFFER FROM WHAT IS SHOWN I 
ON THIS PLAN DUE TO ONGOING CCR REMOVAL IN THIS .,,-/ 

LEGEND AREA AS OF 10-1-15. ~ I I 
EXISTING CONTOUR --720-- ,,/6. ACTUAL TOE OF SLOPE ELEVATIONS AND HORIZONTAL 

/PROPOSED FINAL LOCATIONS MAY VARY DUE TO GRADING ACTIVITIES BY
--710-- / 

I 

GRADE CONTOUR OTHERS AFTER FEBRUARY 13, 2015. POND001 
CELL2 ) __../ 

EASTERN BASIN (
0 

'1"' \
ESTIMATED CUT/FILL VOLUMES 
CUT-450CY 
FILL · 8,200 CY 

/ 

PROPOSED TOP OF 
SEPARATION BERM 

CENTERl 
,.-,ANE I 

I 
I I I 

/ I I 
POND001NOTES TO THE CONTRACTOR: ICELL2 ......,UNOERGROUNO FACILITIES, STRUCl\JRES, AHO UTILITIES HAVEBEEN PLOTTED e 1\1.;;WESTERN BASIN 

t•FROM AVAILABLE SURVEYS ANO RECORDS AHO THEREFORE. THEJR LOCATIONS ,•1 ,,' 
MUST BE CONSIDERED APPROXIMATE ONLY. THERE MAY BE OTHERS, THE 
EXISTENCE OF WHICH IS AT PRESENT NOT KNOWN. VERIFICATION OF THE I 
LOCATIONS OF UNDERGROUND UTILITIES, SHOWN OR NOT SHOWN, WIU BE THE i I 
RESPONSIBILITY Of THE CONSTRUCTION CONTRACTOR 

THE CONTRACTOR SHAU MAKE SUITABLE AHO TIMELY REQUESTS TOAUUTILITY 
OWNERS, PIPELINE OWNERS, OR OTHER PARTIES AFFECTED TO HAVE AU /,- - j / / 
NECESSARY ADJUSTMENTS OF PUBLIC OR PRIVATE UTILITIES, PIPEUNES, OR 
OTHER APPURTENANCES WITHIN, OR ADJACENT TO THE UMITS OF 
CONSTRUCTION, AS SOON AS PRACTICAL OR POSS!BI.E.. l ---- ...,----- -- _,,.../ 

/ 
./MISSOURI ONE CAU SYSTEM (DIG-RITE) 1-800-344-7483 

/ 
/ --/ 

/
/--· ---

- -720·--- ~-- -----

/ 
l 

PRIMARY OUTLET FOR 
POND001--- CELL 2 WEs,IERN BASIN - --- --- (TO BE COMPl'E[€_D UNDER ~ _....- CELL3 
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T"°sEE SHEET 5 FOR SEPARATION BERM AND KEY 
TRENCH DETAILS. 
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CCR SEPARATION BERM 
Pond 001 Cell 2 - 2015 

THOMAS HILL ENERGY CENTER 
ASSOCIATED ELECTRIC COOPERATIVE, INC. 

CLIFTON HILL, MISSOURI 
October 1, 2015 

PROJECT DESCRIPTION AND SPECIFICATIONS 

This project involves constructing a berm to separate Pond 001 Cell 2 (Cell 2) at the Thomas Hill 
Energy Center. The Cell 2 separation berm will be constructed in a north-south alignment, 
dividing Cell 2 into eastern and western surface impoundments. The separation berm will 
incorporate a compacted clay cutoff trench below existing grade, and a compacted clay 
embankment. A compacted aggregate driving surface will be constructed by others, outside this 
scope of work, to allow vehicular traffic for inspection and maintenance purposes. The overall 
purpose of the berm is to create a clean, inactive surface irTI_9?undment in the eastern basin of 
Cell 2 to be used as a stormwater detention basin, and an inactive CCR surface impoundment in 
the western basin of Cell 2 containing legacy CC~ olids and liquids. The two surface 
impoundments are further described as follows: ( _,. 

• The eastern surface impoundment is a clean, unlined, surface impoundment, utilized as 
a non-CCR stormwater detention basin.. Discharge will be vi.a the existing Cell 2 drop 
inlet discharge structure into Pond 001 Cell 3 (Cell 3). 

• The western surface impoundment is an unlined, inactive CCR surface impoundment 
containing legacy CCR solids and liquids. Discharge will be via new primary and 
emergency pipe discharge structures into Cell 3. 

In addition, the project involves reducing the neight of the xisting dam between Cell 2 and Cell 
3 (Cell 2 - Cell 3 dam), and re-grading its upstream and downstream slopes. A compacted 
aggregate driving surface will be constr-ucted by tn rs, outside this scope of work, to allow 
vehicular traffic for inspection and maintenance purposes. The overall purpose of reducing the 
existing dam's height is to facilitate slope mainteAance ana ·nspection. 

PROJECT OVERVIEW 

CCRs are sluiced via a pipeline from the plant into Pond 001 Cell 1. CCRs and liquids are 
conveyed arotmd Cell 2 to Cell 3 through a dischargej channel locally referred to as the "Babbling ,, 
Brookf' Cell 2 receives on~y stormwater runoff. Excavation activities are currently underway to 
remove CCRs from Cell 2 for dispo,sal. A contractor will be selected to construct a berm in a 
north-south alignment along the shortest centerline distance between the existing Cell 2 - Cell 3 
dam and the na1ural existing f dge within Cell 2. The berm will be constructed by excavating a 
key trench anci),lacing, compaa:ting, and grading earthen material to a final design elevation. Fill 
materials will consist 0f compacted clay soil. The fill materials are further described as follows: 

• Final elevation of the Cell 2 separation berm shall be 720.0 feet with a minimum top width 
of twelve (12) feet,prior to gravel placement as shown on the plan sheets. 

• K€y tr€nch shall be keyed into the existing bottom surface at a minimum bottom width of 
eight (8) feet, a minimum depth of three (3) feet, and two horizontal to one vertical (2H:1V) 
side slopes. 

• The berm side slopes shall be three horizontal to one vertical (3H: 1V). 

• The earthen material shall consist of compacted clay soil, compacted in uniform horizontal 
lifts with a maximum loose thickness of eight (8) inches to a density of 95% Standard 
Proctor Maximum Dry Density (MOD). 

Prepared by GREDELL Engineering Resources, Inc. Page 1 of 7 



PROJECT GOALS 

1. Place, compac:t and grade suitable ea 

CCR SEPARATION BERM 
- -Pond 001 Cell 2 - 2015 

THOMAS HILL ENERGY CENTER 
ASSOCIATED ELECTRIC COOPERATIVE, INC. 

CLIFTON HILL, MISSOURI 
October 1, 2015 

The selected contractor will be required to excavate earthen material from the existing Cell 2 -
Cell 3 dam and re-grade the existing side slopes utilizing the excavated earthen material. Excess 
earthen material shall be stockpiled on site as directed by Associated Electric Cooperative, Inc. 
(AECI). Primary and emergency outlets shall be installed as depicted on the plan sheets. The 
final design parameters are further described as follows: 

• Final elevation of the existing dam shall be 722.0 feet with a minimum top width of fourteen 
(14) feet prior to gravel placement as shown on the plan sheets. 

• Final downstream face of dam side slopes shall be re.:graded to three horizontal to one 
vertical (3H: 1 V) or flatter. 

• Final upstream face of dam side slopes shall be re-graded from the existing upstream toe 
of the Cell 2 - Cell 3 dam to the proposed final elevatio~ f the existing dam prior to gravel 

placement (722.0 feet). ·" 

• The primary and emergency outlets s~all be placed as show <;>n the plan sheets. 

AECI reserves the right to inspect and oversee all construction activities, as well as reject any 
proposed activity that it deems will not meet the ~~:eject goals, schedule, and objectives. 

PROJECT SCHEDULE ~ 

The project will begin in September 2015 a d the construction of the Cell 2 separation berm must 
be functionally and substantially complete by--October 16, 2015. Functionally and substantially 
complete includes the placement, compaction, and grading of earthen materials for the Cell 2 
separation berm to tpe design elevations specified on the plan sheets and in the written 
specifications, or as dfrected oy AECI for the Ce]-"2 separation berm. 

ased on the following project goals: 

hen materials to the design elevations specified 
on the plan sheet and in tfie written specifications, or as directed and approved by AECI 
for- the Cell 2 separation berm. 

2. Excavate, place, compact, ana grade existing earthen dam materials to the design 
elevatioq_s-specified on 'the plan sheet and in the written specifications, or as directed and 
approved'by AECI for the existing Cell 2 - Cell 3 dam. 

General 
Contractor activities must be coordinated with AECI throughout the project. Cell 2 is an inactive 
surface impoundment that receives stormwater. Plant operations will not be suspended to 
complete the construction project. The contractor may be required to remove CCRs from the site 
area in order to prepare the subgrade prior to excavating the key trench and placing and 
compacting earthen material. CCRs removed from the site shall be disposed in on-site Disposal 
Cell 3, or as directed by AECI. Contractor is to coord inate with AECI regarding all CCR removal 
and disposal. 

Prepared by GREDELL Engineering Resources, Inc. Page 2 of 7 



CCR SEPARATION BERM 
Pond 001 Cell 2 - 2015 

THOMAS HILL ENERGY CENTER 
ASSOCIATED ELECTRIC COOPERATIVE, INC. 

CLIFTON HILL, MISSOURI 
October 1, 2015 

Contractor is responsible for dewatering Cell 2 and maintaining proper water management 
throughout the duration of excavation and construction. Contractor is also responsible for 
maintaining AECI roadways, used for hauling operations, to comply with AECI standards for dust 
emission levels and proper roadway grades. 

The Contractor must maintain the integrity of all structures within the vicinity of the project 
including, but not limited to: dewatering pad for Cell 1; Cell 2 outlet structure; and the adjoining 
AECI roads. 

The Contractor must coordinate operations with AECl 's Environmental Compliance Manager to 
maintain the following water quality discharge effluent limits at the point of discharge from Pond 
001. 

1. pH no less than 6.5 and no greater than 9.0; 
2. Total Suspended Solids (TSS) no greater than 20 mg/L, 
3. Oil and Grease (O&G) no greater than 1 mg/L. 

The Contractor is responsible for means and methods within the vicinity of Cell2, including BMPs, 
to meet the required water quality parameters stated above. Contractor shall submit a sediment 
control plan, as part of the work plan submittal, to be approved by AECI prior to excavation. 

Compacted Clay Soil 

Suitable earthen materials for use as compacted clay soil sha I have a group symbol of CL, CH, 
or SC according to the Unified Soil Classification System. Earthen material shall be free of rock 
larger than two inches in any dimension, de~ris aste, ve~tation, or other deleterious matter. 
Onsite borrow areas are available to the contractor, at AECl's discretion, within 2,000 feet of the 
project area. · 

Soils sfiall oe placed in'<Uniform tiorizontal lifts with a maximum loose thickness of eight (8) inches, 
and unlf rmly and thorougtil}! compacted to the specified moisture and density requirements. 
Compacted soils shall be subject to periodic testing to the approved moisture and density 
specifications. Material conditioning procedures, compaction equipment, and compaction rolling 
patterns will be approved by AECI and shall be consistent throughout the project. The compacted 
clay soils will be CQmpacted with equipment that kneads, compacts, and interbonds the soil from 
the bottom of the lift p. Trac .ed equipment cannot be used for clay soil compaction. 

Uniformly moisten or aerate subgrade and each subsequent fill layer to achieve the specified 
minimum percent of maximum dry density and soil moisture content. 

Remove and replace, or scarify and air dry, satisfactory soil material that is too wet to compact 
within the specified moisture range and to the specified density. 

All fill for the compacted clay berm shall be compacted to a minimum of 95 percent of ASTM D698 
(Standard Proctor) maximum dry density at a moisture content between minus 2% and plus 4% 
of the optimum moisture content. Refer to attached laboratory results. A minimum of three (3) 
complete coverage passes of the compaction equipment is also required. The Contractor is 
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responsible for obtaining and submitting representative proctor test results for any fill material not 
taken from the identified onsite borrow area. 

Where fill is to be placed on existing slopes that are steeper than ten horizontal to one vertical 
(10H:1V), the existing slopes shall be continuously benched to receive fill. Bench surfaces shall 
be no steeper than 10H:1V, and bench vertical rises shall be no more than 12-inches in height. 
Benching shall be of sufficient width to permit placing and compacting operations. Each horizontal 
cut shall begin at the intersection of the ground line and the vertical side of the previous bench. 
The intersection of the Cell 2 separation berm and the Cell 2 - Cell 3 dam shall be benched in 
the manner described in this paragraph. 

All compacted clay fill for pipe embedments shall be carefully placed and thoroughly compacted 
to a minimum 95 percent ASTM D698 (Standard Proctor) ~ aximum dry density at moisture 
content between minus 2% and plus 4% of the ~timum moistare content to produce a uniform 
pipe embedment for the primary and emergency outlet discharge pipes for the western basin of 
Cell 2. Compacted clay fill shall fill all voids-'in the pipe embedment Primary and emergency 
outlet discharge pipes shall be fully supporteti in haunches formed in the compacted clay fill as 
shown on the plan sheets. Rock shall not be used for pipe embedment material. 

Contractor shall carefully place and compact all pipe backfill so as not to displace, damage, or 
deform the primary and emergency outlet discharge pipes. Contractor is responsible for the 
means and methods to ensure the primary and emergency outlet discharge pipes are not 
damaged during installation. 

Nonwoven Geote:xtile 

A nonwoven geotextile shall be installed on top of the southerly ...slope of the existing Cell 2 - Cell 
3 dam at the effluent oft e primary and emergency outlet discharge pipes for the western, inactive 
Cell 2 surface impoundment and extend to the oe of the southerly slope to separate the dam 
surface ~om the rip-rap. The geotextile shall be Mirafi 180N by TenCate or an approved 
equivalent. The geotextile shall be laid on tOP. of the subgrade and stretched tight to remove any 
folds <fr wrinkles. In areas where material seams overlap, the geotextile overlap shall be a 
minimum of twelve (12) inches or in accordance with the manufacturer's guidelines, standards 
and specifications. The lapped edges shall be oriented in the direction of the fill placement, to 
minimize peeling potential. Equipment shall not operate in direct contact with the geotextile. The 
edges of the geotextile shall be secured on the south and the north edges in an anchor trench (as 
shown on the plan sheets) and on all other sides with sandbags or by other means prior to the 
placement of fill material. 

The geotextile shall be protected from long term exposure to direct sunlight during transport and 
storage. Storage of the geotextile shall be in such a manner to avoid contact with excessive mud, 
epoxies, wet concrete, or any other deleterious materials. 

Geotextile fabric required for the project shall be installed in accordance with the manufacturer's 
guidelines, standards, and specifications. Care will be used during construction to ensure that 
geotextile materials are not damaged. 

The effluent of the primary and emergency discharge pipes of the western, inactive Cell 2 surface 
impoundment shall be elevation 716.5 feet. Geotextile shall extend from the effluent discharge 
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pipe elevation to the toe of the slope of Cell 2 - Cell 3 dam as depicted on the plan sheets. 
Geotextile shall be placed three (3) feet to either side of the center line of the primary and 
emergency spillway effluent discharge pipes. 

Rip-Rap 

The contractor shall furnish and place a six (6) inch thick layer of two (2) inch dense graded 
aggregate base on top of the geotextile to be installed on the southerly slope of the Cell 2 - Cell 
3 dam at the effluent of the primary and emergency discharge outlet pipes for the western, inactive 
Cell 2 surface impoundment. The contractor shall furnish and place a two (2) foot layer of twelve 
(12) inch rip-rap on the southerly slope of the Cell 2 - Cell 3 dam from the effluent of the primary 
spillway for the western, inactive Cell 2 surface impoundment on top off the six (6) inch layer of 
dense graded aggregate base. 

The effluent discharge pipe elevation of the primary and emergency spillways for the western, 
inactive Cell 2 surface impoundment shall be elevation 716.5 feet. Rip-rap and dense graded 
base aggregate shall extend from the effluen1t discharge pipe elevation to the toe of the slope of 
the Cell 2 - Cell 3 dam as depicted on the plan sheets. The rip-rap and dense graded aggregate 
base shall be placed three (3) feet to either side o the c;,9ter line of the primary and emergency 
spillway effluent discharge pipes. 

Grading 

Uniformly grade all areas surrounding the constructed Cell 2 separation berm and the modified 
Cell 2 - Cell 3 dam to a smooth surface, free from irregular surf~ changes. Finish grade to 
cross-sections, lines, and elevations indicated. -"'l'.Jniformly grade all borrow areas to establish 
positive drainage and provide a smooth surface traversable by.light duty pickup trucks. 

Finish graded areas shall be disked to a depth approved by the Owner or their representative in 
prepar-ation for fertilizer, seed and mulch. 

Contractor is responsible for providir:ig and placing fertilizer, seed, and mulch on the uniformly 
graded borrow areas. Fertiliz~r shall be applied at a 60 lb. - 90 lb. - 90 lb. nitrogen, phosphorous, 
and potassium (NPK) ratio ,per acre. Seeding mixture for erosion control shall be a 
fescue/clover/lespedeza mixture applied at a rate of 35 pounds per acre of pure live seed (pis) 
fescue seed, 10 pounds per acre of pis clover seed, and 6 pounds per acre of pis lespedeza seed. 
Seeding mixture for cover crop shall be oats applied at a rate of 35 pounds per acre. Mulch shall 
be wheat straw and applied at a rate of 1.5 to 2 tons per acre and crimped. 

Outlet Structures 

The primary and emergency outlet structures shall be fifteen (15) inch ADS HP Storm 
(polypropylene) pipe or approved equivalent. Pipe shall have a smooth interior and annular 
exterior corrugation. Pipe joints shall be watertight and of gasketed integral bell and spigot design. 
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The minimum length for the primary and emergency outlet pipes shall be as shown on the plan 
sheets. Primary and emergency outlet pipe influent and effluent elevations shall be as shown on 
the plan sheets. 

The primary and emergency outlet pipes shall be fitted with a minimum of three (3) anti-seep 
collars as shown on the plan sheets. Anti-seep collars shall be Scheib Drainage NO-SEEP anti­
seep collars or approved equivalent. Anti-seep collars shall form a watertight seal with the outlet 
pipe. Anti-seep collars shall be fully buried in clay fill as shown on the plan sheets. 

Field Quality Control 

Contractor shall allow the Owner, or their representative, to observe, inspect, and test density and 
moisture content of each fill layer. Testing shall occur at the Owner or their representative's 
discretion. The contractor shall not proceed until test results for Rreviously completed work verify 
compliance with the specifications. 

If test results indicate that fills are below specified density and/or outside of specified moisture 
ranges, scarify, moisten, aerate, and dry, or remove and replace soil as necessary to the depth 
required, re-compact, and re-test until obtaining required density and moisture content. 

Protection 

Protect newly graded areas from wind and rain erosion. 

Settled, tracked, or eroded areas shall be filled and repaired and grades re-established to the 
required elevations and slope$. 

CONTRACT PERFORMANCE STANDARDS 

Contractor will be responsible for the means and methods of the construction of the berm and 
borrow area in the vicinity of Cell 2, with compensation based on verified quantities and unit bid 
prices. 

If the Contractor fails to meet the water quality effluent limits that cause AECI to incur a Notice of 
Violation (NOV) for water quality, the Contractor will be subject to removal from the project and 
liquidated damages of 10% of contract total. AECI may sample the discharge from the 
contractor's work area at their discretion to determine if the water discharge meets the required 
water quality limits. 

A record survey will be conducted BY THE OWNER following the completion of the construction 
of the Cell 2 separation berm and the Cell 2 - Cell 3 dam. 

Criteria to determine project completion will be based on the project goals: 

1. Place, compact, and grade earthen materials to the design elevations specified on the 
plan sheet and in the written specifications, or as directed and approved by AECI for the 
Cell 2 separation berm. 

2. Excavate, place, compact, and grade earthen materials to the design elevations specified 
on the plan sheet and in the written specifications, or as directed and approved by AECI 
for the existing Cell 2 - Cell 3 dam. 
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3. SUBSTANTIAL COMPLETION BY OCTOBER 16, 2015 IS MANDATORY FOR THE 
CELL 2 SEPARATION BERM! 

CONTRACT PAYMENT 

The Contractor will be paid based on contractual unit bid prices and verified quantities. The 
Contractor shall include a proposed interim pay schedule as a part of the bid. 

AECI will make the final determination of when the construction of Cell 2 separation berm and the 
Cell 2 - Cell 3 dam are substantially and functionally complete. AECI will require written notice 5 
working days in advance of the Contractor's completion date to schedule a final survey of the 
constructed berm and dam. Once the final survey is completed, the surveyed area shall not to 
be disturbed. AECI will pay for the first final survey of the completed construction. Any 
subsequent additional surveys will be at the Contractor's expense. 

CONTRACTOR SUBMITTALS 

Construction Progress Work Plan and Schedule: 

The Contractor is to submit a Construction Progress Work Plan and Schedule detailing equipment 
(expected types and numbers of equipment required, including hauling equipment); spill 
prevention procedures; dewatering and water control plans; erosion control plan; access points, 
routes and methods; and a detailed schedule including number of weather allowance days prior 
to mobilizing equipment to the site. 

As a part of the Construction Progress Work Plan and Schedule, the Contractor will provide a 
SCHEDULE for substantial and functional completion of tlie required work by October 16, 2015. 
At a minimum, the schedule should identify a proposed start date, any periods of planned 
inactivity, and a proposed end date. 'Completion of the construction of the Cell 2 separation berm 
by October 16, 2015 is mandat0ry. Failure to meet this project deadline will result in liquidated 
damages of $5,000 per day. 

The Construction Progress Work Plan and Schedule is subject to the Owner's review and 
consent. Neither the Owner's review of or consent to the Construction Progress Schedule will 
cause the Owner to be responsible or liable for any deficiencies of the Construction Progress 
Schedule, or for the Contractor's failure to perform the work in accordance with this contract. 
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APPENDIX F 
Pond 001 Cell 2 Western Basin Hydrologic Analysis 

By Gredell Engineering Resources, Inc. dated October 2015 



1505 E. High Street 
Jefferson City, Missouri 65101 GREDELL Engineering
Telephone No. (573) 659-9078 Resources, Inc.
Fax No. (573) 659-9079 

Memo 
To: Associated Electric Cooperative, Inc. - Thomas Hill Energy Center File 

From: Andrew D. Rackers, P.E., Environmental Engineer II 

CC: 

Date: 10/12/2015 

Re: Pond 001 Cell 2 Western Basin Hydrologic Analysis 

Pond 001 Cell 2 (Cell 2) construction modifications to divide Cell 2 into two (2) separate basins (an 
eastern basin and a western basin) and changes in designated use at Associated Electric Cooperative 
Inc. (AECI) - Thomas Hill Energy Center (THEC) necessitated the design of primary and emergency 
outlet structures for the western basin ofCell 2. A hydrologic and hydraulic analysis of the watershed for 
the western basin of divided Cell 2 was performed to facilitate the design of primary and emergency outlet 
structures. 

Historically, Cell 2 was used as a coal combustion residuals (CCRs) surface impoundment. In 2012 
AECI-THEC had Gredell Engineering estimate the volume of CCRs stored in Cell 2 with the intent to 
arrange for the removal and recycling or disposal of the accumulated CCR in Cell 2. AECI-THEC has 
ceased depositing CCRs in Cell 2 and has been consistently working to clean out the accumulated CCRs 
in it since 2012. A new federal regulation (40 CFR Part 257 Subpart D) establishing minimum standards 
for CCR surface impoundments having an effect date of October 19, 2015 led AECI-THEC to decide to 
complete construction modifications to Cell 2 to divide it into a closed {clean) side (the eastern basin) and 
an inactive side (the western basin). A separation berm was constructed in Cell 2 to divide Cell 2 into 
eastern and western basins. Historical accumulated CCRs in Cell 2 have been completely removed from 
the eastern basin and either transported to the active CCR landfill or stored in the new western basin of 
Cell 2. No new CCRs or CCR process water is being placed in the western basin of Cell 2. By definition, 
the western basin ofCell 2 is an inactive CCR surface impoundment per Part 257, Subpart D- Standards 
for the Disposal of Coal Combustion Residuals in Landfills and Surface Impoundments (Federal CCR 
Regulation). 

The design of primary and emergency outlet structures was conducted based upon a hydrologic and 
hydraulic analysis, performed by generating a SCS curve number model using Hydraflow Hydrographs 
for the drainage area of the western basin. Watershed drainage areas were estimated using 2015 
topographic surveys generated by Mark Robertson, PLS, 2011 aerial contours generated by Surdex, and 
2015 Google Earth satellite imagery. Precipitation event parameters were obtained from the National 
Oceanic and Atmospheric Administration (NOAA) Atlas 14 precipitation frequency estimates. The 
resulting stormwater runoff calculations were made per the methods in Soi/ and Water Conservation 
Engineering, Fourth Edition (Schwab, Fangmeier, and Frevert 1993). The parameters below were used 
to generate the SCS curve number model: 
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• Watershed Parameters: 
o Land Surface: 9.5 Acres, Hydrologic Soil Group C, Meadow - Land Use, 71 - Runoff 

Curve Number 
o Water Surface: 8.7 Acres, 100- Runoff Curve Number 

• Precipitation Event: 
o 100-year, 24-hour - approximately 7 .93 inches 
o SCS Rainfall Distribution - Type II 

The SCS curve number model generated a peak flow rate of 155.48 cubic feet per second (cfs) for the 
watershed and the time to reach the peak discharge is 11.93 hours. The peak discharge from the primary 
outlet structure is 2.39 cfs and the time to reach the peak flow rate is 17.98 hours. The total volume of 
water generated by the design storm event is 9.03 acre-feet. The maximum water surface elevation of 
the western basin of Cell 2 based upon the design storm event is 718.77 feet (0.77 feet above the inlet 
elevation of the primary outlet pipe). The maximum water surface elevation generated by the design 
storm (1 00-year, 24-hour) is less than the inlet elevation of the emergency outlet structure. See the 
attached Hydrograph Report for a detailed description of the results of the SCS curve number model 
analysis. 

Based upon the resulting peak runoff values to be discharged from the western basin, the primary outlet 
structure needed was determined to be a 15-inch dual wall polypropylene pipe. The inlet elevation of the 
primary discharge structure was set at 718.0 feet to maintain two (2) feet of freeboard in the western 
basin below the top of berm elevation of 720.0. The elevation of the primary discharge pipe outlet was 
set at 716.5 feet on the Pond 001 Cell 3 side of the dam. A secondary emergency outlet structure (a 
second 15-inch dual wall polypropylene pipe) was required in the western Cell 2 - Cell 3 dam to prevent 
overtopping the Cell 2 - Cell 3 dam. The inlet elevation is 719.0 feet and the outlet elevation is 716.5 
feet. See Figure 1 - Western Basin Outlet Pipe Details for design details of the proposed dual wall 
polypropylene outlet structures. 
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Hydrograph Report 
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Watershed ModeI sChemat~~raflow Hydrographs Extension for AutoCAD® Civil 30® 2016 by Autodesk. Inc. v10.5 

Legeng 
toot. Qrisin Description 

SCS Runoff Area 1 
~ SCS Runoff Water Surface 

Combine Combined Areas 

Reservoir <no description> 

Project: Hydraulics.gpw Wednesday, 09 / 30 I 201 5 
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Hydrograph Report 
Hydrallow Hydrographs Extension for AuloCAO® Civil 30® 2016 by Autodesk, Inc. v10.5 Wednesday, 09/30/2015 

Hyd. No. 1 

Area 1 

Hydrograph type = SCS Runoff Peak discharge = 65.37 cfs 
Storm frequency = 100 yrs Time to peak = 12.00 hrs 
Time interval = 1 min Hyd. volume = 158,602 cuft 

~Drainage area 9.500 ac Curve number = 71 
Basin Slope = 5.0 % Hydraulic length = 515 ft 

~Tc method LAG Time of cone. (Tc) = 10.88 min 
Total precip. = 7.93 in Distribution = Type II 
Storm duration = 24 hrs Shape factor = 484 

Area 1 
Q (cfs) Q (cfs)

Hyd. No. 1 -- 100 Year 
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Hydrograph Report 
Hydra flow Hydrographs Extension for AutoCAD® Civil 30® 2016 by Autodesk. Inc. v10.5 Wednesday, 09/30/ 201 5 

Hyd. No. 2 

Water Surface 

Hydrograph type SCS Runoff = Peak discharge 104.96 cfs = 
Storm frequency = 100 yrs Time to peak = 11 .92 hrs 
Time interval = 1 min Hyd. volume 234,785 cuft = 
Drainage area = 8.700 ac Curve number = 100 
Basin Slope = 0.0 % Hydraulic length = 1 ft 
Tc method = LAG Time of cone. (Tc) = 1.67 min 
Total precip. = 7.93 in Distribution = Type II 
Storm duration = 24 hrs Shape factor = 484 

Water Surface 
Q (cfs) Q (cfs)

Hyd. No. 2 - 100 Year 
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Hydrograph Report 
Hydranow Hydrographs Extension for AuloCAD® Civil 30® 2016 by Autodesk. Inc. v10.5 Wednesday. 09/30/2015 

I-

Hyd.No.3 

Combined Areas 

Hydrograph type = Combine Peak discharge = 155.48 cfs 
Storm frequency = 100 yrs Time to peak = 11.93 hrs 
Time inteival = 1 min Hyd. volume = 393,387 cuft 
Inflow hyds. = 1, 2 Contrib. drain. area = 18.200 ac 
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Hydrograph Report 
Hydraflow Hydrographs Extension for AutoCAD® Civil 30® 2016 by Autodesk, Inc. v10.5 Wednesday, 09/30/2015 

Hyd. No. 4 

<no description> 

Hydrograph type = Reservoir Peak discharge = 2.389 cfs 
Storm frequency = 100 yrs Time to peak = 17.98 hrs 
Time interval = 1 min Hyd. volume = 222,696 cuft 
Inflow hyd. No. = 3 - Combined Areas Max. Elevation = 718.77 ft 
Reservoir name = Western Cell 2 Max. Storage = 3,445,367 cuft 

Storage Indication method used. Wet pond routing start elevation= 718.00 ft. 

<no description> 
Q (cfs) a (cfs) 

Hyd. No. 4 -- 100 Year 

160.00160.00 

· 10.00 140.00 

120.00 120.00 

100.00 100.00 

80.00 80.00 

60.00 60.00 

40.00 40.00 

20.00 20.00 

0.00 0.00 
0 5 10 15 40 45 50 

Time (hrs} 
- Hyd No. 4 - HydNo 3 ITTlJil. Total storage used = 3,445.367 cuft 

- ~ 
20 25 30 35 

-



6 Pond Report 
t-tydraflow Hydrographs Extension for AutoCAD® CMI JD® 2016 by Autodesk, Inc. v10.5 Wednesday, 09 /30/ 2015 

Pond No. 1 - Western Cell 2 

Pond Data 
Contours -User-defined contour areas. Average end area method used for volume calculation. Begining Elevation= 698.00 ft 

Stage I Storage Table 
Stage (ft) Elevation (ft) Contour area (sqft) Iner. Storage (cuft) Total storage (cult) 

0.00 698.00 13,650 0 0 
2.00 700.00 24.899 38,549 38,5-49 

12.00 710.00 131 ,611 782,550 821 ,099 
14.00 712.00 235.795 367,406 1.188,505 
16.00 714.00 316,509 552,304 1,740,809 
18.00 716.00 352,572 669,081 2,409,890 
20.00 718.00 378,359 730,931 3,140,821 
22.00 720.00 410,513 788,872 3,929,693 

Culvert I Orifice Structures Weir Structures 

[A] [BJ [CJ [PrfRsr] [A] [B] [C] [O] 

Rise (In) 
Span (in) 
No. Barrels 
Invert El. (ft) 

Length {ft) 
Slope(%) 
N-Value 

= 15.00 
= 15.00 

= 1 
= 718.00 
= 54.00 
= 2.80 
= .013 

0.00 
0.00 
0 
0.00 
0.00 
0.00 
.013 

0.00 
0.00 
0 
0.00 
0.00 
0.00 
.013 

0.00 
0.00 
0 
0.00 
0.00 
n/a 
nl a 

Crest Len (ft) 

Crest El. (ft) 

WeirCoeff. 
Weir Type 
Multi-Stage 

= 0.00 
= 0.00 
= 3.33 

- -
= No 

0.00 
0.00 
3.33 

No 

0.00 
0.00 
3.33 

No 

0.00 
0.00 
3.33 

No 
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