' Stantec Consulting Services Inc.
) Sta nteC 11687 Lebanon Road, Cincinnati, OH 45241

October 14, 2021
File: 175531034
Revision 0

Ohio Valley Electric Corporation
3932 U.S. Route 23

P.O. Box 468

Piketon, Ohio 45661

RE: Periodic Safety Factor Assessment
Boiler Slag Pond
EPA Coal Combustion Residuals (CCR) Rule
Kyger Creek Station
Cheshire, Gallia County, Ohio

1.0 PURPOSE

This letter documents Stantec’s certification of the safety factor assessment for the Ohio Valley
Electric Corporation (OVEC) Kyger Creek Station’s Boiler Slag Pond. The EPA CCR Rule requires a
new certification to be performed on a five-year periodic interval under 40 CFR 257.73(f). The initial
certification of the safety factor assessment was placed in the operating record in October 2016.

2.0 INITIAL SAFETY FACTOR ASSESSMENT

The initial safety factor assessment is attached. The assessment calculated factors of safety for the
following loading conditions:

e Long-term, maximum storage pool,

¢ Maximum surcharge pool,

e Seismic / pseudo-static, and

e Liguefaction /post-earthquake.

Available historical site, tfopographic, and geotechnical data for the South Fly Ash Pond was
compiled and reviewed as part of the initial assessment. The critical sections were analyzed for the
loading conditions specified in 40 CFR 257.73(e)(1)(i) through (iv). The results demonstrated that the
Boiler Slag Pond met the requirements for the initial safety factor assessment.

3.0 CURRENT SAFETY FACTOR ASSESSMENT

Stantec reviewed the result of the initial safety factor assessment and the changes in site conditions
that have occurred in the past five years. The following operational changes and other factors
were considered in this periodic assessment:

1. Stop logs have been removed in preparation of pond closure. The operational pool for the
Boiler Slag Pond is El. 557.4 feet, just below the maximum operating pool of El. 558.0 feet.
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2. Cross-sectional geometry of the perimeter dike system has not changed.

3. Annual and weekly inspections conducted since 2015 were reviewed as part of this
assessment. There were no observations of deficiencies that would negatively affect the
result of the safety factor assessment.

4. Ohio River and Kyger Creek water levels have remained unchanged.

5. Ground motion parameters were compared fo the initial seismic assessment using the USGS
website. The current parameters are representative of the initial seismic assessment.

Based on our review, there are no condifions that have changed in the past five years that would
have a negative effect on the initial safety factor assessment.

4.0 SUMMARY OF FINDINGS

Based on areview of the initial safety factor assessment and the items listed in Section 3.0, the result
of this periodic safety factor assessment is that the Boiler Slag Pond at Kyger Creek Station meets
the requirements of §257.73(e) of the EPA CCR Rule.
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5.0 QUALIFIED PROFESSIONAL ENGINEER CERTIFICATION

[, Jacqueline S. Harmon, being a Professional Engineer in good standing in the State of Ohio, do
hereby certify, to the best of my knowledge, information, and belief:

1. that the information contained in this cerfification is prepared in accordance with the

accepted practice of engineering,
4

2. that the information contained herein is accurate as of the date of my signature below,
and

3. that the safety factor assessment for the OVEC Kyger Creek Station’s Boiler Slag Pond meets
the requirements specified in 40 CFR 257.73(€e).

SIGNATURE ;)ﬂ/u?/wc,&; 3. /SZZ% DATE /0// /s// 2oz
ADDRESS:  Sfantec Consulting Services Inc.

11687 Lebanon Road
Cincinnati, Ohio 45241

TELEPHONE:  (513) 842-8200

ATTACHMENTS: Kyger Creek Station Boiler Slag Pond Initial Safety Factor Assessment

e W m.,"'”‘
'ty
s,

\\\u\\“‘ O F f.”“
SRE Ok,

s'?CO.-‘"gﬁ_'g‘-'-

NS
£/ { JACQUELINES™
P _UF HARMON &

m
-.q
n
&
RS
VegR }

Design with community in mind



Professional Engineer Certification Report for:

Station
allipolis, Ohio

DLZ Ohio, Inc.

6121 Huntley Road
Columbus, Ohio 43229-1003
Phone: (614) 888-0040

Fax: (614) 888-6415

DLZ Job No. 1521-3007.00
December 8, 2015

South Fly Ash Pond and Boiler Slag Pond Embankments
at the Ohio Valley Electric Corporation Kyger Creek

Prepared for:

American Electric Power

1 Riverside Plaza
Columbus, Ohio 43215-2373

Prepared by:




PROFESSIONAL ENGINEER CERTIFICATION REPORT
FOR
SOUTH FLY ASH POND, BOILER SLAG POND, AND CLEARWATER EMBANKMENTS
AT THE
OHIO VALLEY ELECTRIC CORPORATION (OVEC)
KYGER CREEK STATION

GALLOPOLIS, OHIO

For:

American Electric Power
1 Riverside Plaza
Columbus, Ohio 43215
By:

DLZ OHIO, INC.

6121 Huntley Road
Columbus, OH 43229

DLZ Job. No. 1521-3007.00

December 8, 2015



TABLE OF CONTENTS

Page
1.0 INTRODUGCTION ..ottt ettt ettt ettt sttt e sbe ettt sbe e b et esbeenaeesee e
2.0 SCOPE OF WORK ......cootitiiiiitiettetesttee ettt sttt et sttt sttt sae e
3.0  GENERAL PROJECT INFORMATION .....cccoiiiiiiriiaiieienieeieeitesitete et
4.0 PREVIOUS SUBSURFACE EXPLORATION AND ENGINEERING ANALYSES ......
5.0  PROFESSIONAL ENGINEER CERTIFICATION .......cccciiiiiiiiiirieieeeeeee e
5.1 Site Visit and Information Gathering...........ccceeevviieeiiieeriie e
5.2 Hydrologic and Hydraulic EIevations............cccceeviiriiiiiieiiieiieeie e
53 Stability EvValuations .......c.ccoociiiiiiieciie ettt e e
54  Liquefaction EValUQtions ..........cccoeriiiiiiiiiieiieiieeiieeee ettt
6.0 CONCLUSIONS. ... oottt ettt ettt et b et eat e s bt et st e bt etesaeenaes
7.0  REFERENCES ...ttt et sttt et e
8.0  PROFESSIONAL ENGINEER CERTIFICATION .....c.ccotiiiiiieieieieeeeee e

APPENDIX I

Exhibit 1 — General Site Location Map
Exhibit 2 — Layout of the South Fly Ash Pond
Exhibit 3 — Layout of the Boiler Slag Pond and the Clearwater Pond
APPENDIX II

Exhibit 4 — Boring Location Plan for the South Fly Ash Pond
Exhibit 5 — Boring Location Plan for the Boiler Slag Pond and the Clearwater Pond
Logs of Borings Performed in the 2010 Subsurface Investigation

APPENDIX III
Hydrologic and Hydraulic Evaluations

APPENDIX IV

Piezometer Readings and Pool Elevation Data Provided by OVEC
A Summary of the Laboratory Testing and the Results of Strength Tests Performed in the 2010
Subsurface Investigation



APPENDIX V

Exhibit 6 — USGS 2014 Seismic Hazard Map for the United States and Detailed Calculations of
Seismic Coefficient

APPENDIX VI
Results of Slope Stability Analyses

APPENDIX VII

Exhibit 7 — Liquefaction Analysis of Granular Soils
Exhibit 8§ — USGS Map, “Earthquakes in Ohio and Vicinity, 1776-2007”
Exhibit 9 — Liquefaction Analysis of Fine-grained Soils
Exhibit 10 — Additional Liquefaction Analysis of Potentially Liquefiable Fine-grained Soils,
AGMU Memo 10.1 — Liquefaction Analysis, dated January 2010, from the Illinois DOT,
USACE Slope Stability, Engineering Manual 1110-2-1902. October, 2003, page 1-6,
Chapter 5 “Liquefaction Potential Evaluation and Analysis” of EPA/600/R-95/051

i



1.0 INTRODUCTION

DLZ Ohio, Inc. (DLZ) has completed the engineering services for Professional Engineer
Certification of the South Fly Ash Pond, Boiler Slag Pond, and Clearwater Pond embankments at
the Ohio Valley Electric Corporation’s (OVEC’s) Kyger Creek Station located near Gallipolis,
Ohio. The engineering services were performed in accordance with DLZ’s May 14, 2015
proposal for the project.

2.0 SCOPE OF WORK

The scope of the work was developed by American Electric Power (AEP) in consideration of the
recently mandated coal combustion residuals (CCR) rule that require a licensed Professional
Engineer (P.E.) to certify that CCR impoundments have met the rule’s minimum factor of safety
requirements for embankment stability specified in the Federal Register 40 CFR Parts 257 and
261, Vol. 80, No. 74, dated April 17, 2015. According to the CCR rules, the minimum factor of
safety requirements for the static, seismic, and liquefaction conditions are summarized in the
following table.

Minimum Safety Factors Required

Load Case Required Minimum Factor of Safety
Long Term, Maximum Storage Pool
. 1.5
Condition
Maximum Surcharge Pool (50% PMF)
. 1.4
Condition
Seismic Conditions from Maximum 10
Operating Pool Elevation ‘
Liquefaction 1.2

3.0 GENERAL PROJECT INFORMATION

The Kyger Creek Station is located along the Ohio River in Gallia County, Ohio, south of the
town of Cheshire, Ohio. The Ohio River is located directly east of the facility and Kyger Creek
flows along the west and south side of the facility. Exhibit 1 shows the general location of the
plant and is included in Appendix I.

The plant currently has two process and disposal areas for the coal combustion waste products
generated at the plant, known as the Boiler Slag Pond and the South Fly Ash Pond. Overflow
from the Boiler Slag Pond is carried into a reinforced concrete intake structure at the south end
of the Boiler Slag Complex. Water entering the intake structure is discharged into a Clearwater
Pond located to the southwest end of the Boiler Slag Pond. The Boiler Slag Pond and the
Clearwater Pond is separated by a splitter dike. Exhibits 2 and 3 show a more detailed layout of
the ponds and are included in Appendix I. The configurations and the hydrologic and hydraulic
data for the South Fly Ash Pond, the Boiler Slag Pond, and the Clearwater Pond, based on the
historical information available, are summarized in the following tables.



Configurations of the Ponds’

Year Height Cres.t Inboard | Outboard
Pond Constructed (feet) Elevatlozn Slope Slope3
(MSL)
2.3H:1V
SOIXthly 1955 40 590 2H:1V to
S 2.9H:1V
Boiler 2.6H:1V
Slag 1955 41 582 2.25H:1V to
3H:1V
2.5H:1V
Clearwater | 1980 30-45' | 582 335311{{11\\]/ 0
’ 3H:1V

Note: 1)The pond information is based on the US EPA Assessment of Dam Safety of Coal
Combustion Surface Impoundments (Task 3) Final Report prepared by Clough
Harbor and Associates (CHA), dated February 24, 2010 and the 2009 Dam and Dike
Inspection Report for Kyger Creek Power Station, Gallipolis, Ohio prepared by
Stantec, dated April 21, 2009.
2)Elevations are in reference to NGVD 29.
3)The outboard slopes are based on the survey performed by DLZ in 2010.

Summary of Hydrologic and Hydraulic Data for the Ponds’

50%
0,
. Peak 50% PMF
Drainage PMF
Flow Storage
Pond Area Storage
Rate In Peak
(acres) Volume .
(cfs) (ac-ft) Elevation
(ft)
South Fly | (7 5 627.1 72.9 584.0
Ash
Boiler 323 300.6 34.6 559.3
Slag
Clearwater 939 92.3 10.8 558.6

Note: 1)The hydrologic and hydraulic data is based on the US EPA
Assessment of Dam Safety of Coal Combustion Surface
Impoundments (Task 3) Final Report prepared by Clough
Harbor and Associates (CHA), dated February 24, 2010.

Summary of Elevation Data for the Ponds (in 2010)

[1}
Top of Pond 50% PMF Normal Pool
. Storage Peak Free-board .
Pond Elevation . Elevation
(fee t)l Elevatzlon (feet) (fee t)3
(fo)
South Fly 1 5¢8 16 589 584.0 4105 585
Ash
Boiler Slag 580 to 581 559.3 20.7t0 21.7 558
Clearwater 580 558.6 21.4 552

Note: 1) Elevation data is based on the elevations of the borings on the dike crest surveyed
by DLZ in 2010.

2) Elevations are from the CHA’s report.

3) Elevation data is from Gary Zych of AEP in 2010.



4.0 PREVIOUS SUBSURFACE EXPLORATION AND ENGINEERING ANALYSES

DLZ performed a subsurface exploration and various engineering analyses of the ash pond
embankments, including the Clearwater Pond embankments, in 2010 to assess the stability
requirements as recommended in the US EPA Assessment of Dam Safety of Coal Combustion
Surface Impoundments (Task 3) Final Report prepared by Clough Harbor and Associates (CHA),
dated February 24, 2010. A total of twenty-two borings and twelve piezometers were installed
during the 2010 subsurface exploration. Exhibits 4 and 5 show the approximate boring
locations at pond dikes and are included in Appendix II. Logs of the borings are also included
in Appendix II. Ground surface elevations at the borings and the embankment cross-sections at
the boring locations were surveyed by DLZ. The elevations in the 2010 subsurface exploration
were reported in reference to the National Geodetic Vertical Datum of 1929 (NGVD 29) in
consistent with the historical information for the project.

It should be noted that elevations presented in this document are referenced to the 1929 datum
(NGVD 29) unless noted otherwise.

As part of the 2010 pond embankment evaluations, slope stability and liquefaction analyses were
conducted to assess the stability of the South Fly Ash Pond and the Boiler Slag Pond using the
loading conditions recommended by CHA. Results of the analyses indicated that the
embankments exhibited factors of safety exceeding the required minimum values recommended
by CHA. In addition, the fine-grained soils at the pond locations were found to be not
susceptible to liquefaction. Details of the subsurface exploration and results of the engineering
analyses were summarized in a report titled “Final Report for Kyger Creek Power Plant —
Subsurface Investigation and Analysis of Ash Pond Embankments” dated January 12, 2011.

5.0 PROFESSIONAL ENGINEER CERTIFICATION
5.1 Site Visit and Information Gathering

Personnel from DLZ visited the ash pond embankments on July 22, 2015. During the site
visit, OVEC and AEP representatives were interviewed to gather current design
information for the stability assessment and liquefaction evaluation.

Reportedly, there had not been significant changes in the overall conditions of the ash
pond embankments since the 2010 subsurface exploration. However, seepage was
observed at isolated locations on the east and west outboard slopes of the South Fly Ash
Pond during the routine walk-through of the embankments over the past few years.
Inverted filters/drains have been installed at the seep locations with approvals from the
Ohio Department of Natural Resources. The observed seepage quantities appeared to be
minor and did not appear to have adversely affected the integrity of the embankments.



5.2 Hydrologic and Hydraulic Evaluations

Hydrologic and hydraulic (H&H) evaluations were performed to ascertain the compliance
of the ash pond embankments with the mandated CCR rules with regard to the H&H
capacity requirements for surface impoundments. Based on the available hydraulic data
for the ponds, the pool elevations at the South Fly Ash Pond and the Boiler Slag Pond
under the required loading conditions were calculated and are summarized in the
following table. Details of the H&H evaluations are included in Appendix III.

Summary of Elevation Data for the Ponds (PE Certification)

Maximum Storage Maximum
Present (Normal) Pool Pool El.evation Surcharge Pool
Pond Elevation (feet) (Maximum (Flood)
Operating Pool Elevation
Elevation) (feet)’ (feet)”
South Fly Ash 582.0 585.0" 586.0
Boiler Slag 557.0 558.0" 559.3
Clearwater 552.0 553.0' 558.6

"Per e-mail communication with personnel from AEP.
*Maximum surcharge pool (flood) elevations are the 50% PMF.

53 Stability Evaluations

Reportedly, there had not been any changes to the overall conditions of the embankments
since the 2010 subsurface explorations. Consequently, the stability evaluations for the
PE certification were performed essentially based on the information gathered in 2010.

The embankment stability evaluations were performed using UTEXAS3 Version 1.204.
UTEXAS3 is a computer program used extensively by the Corps of Engineers and was
developed by Stephen Wright of the University of Texas for the evaluation of slope
stability. This program uses limit equilibrium to solve slope stability problems using the
method of slices. Stability analyses were performed using Spencer’s method, assuming
circular failure surfaces. The phreatic surface used in these analyses was based on the
highest water levels measured in the piezometers between August 2010 and September
2014. The water level readings were provided by AEP and are included in Appendix IV.
The shear strength parameters used in the stability analyses are presented in the following
table. A summary of the laboratory testing and the results of strength tests on selected
samples performed in the 2010 subsurface investigation are included in Appendix IV.



Shear Strength Parameters for Slope Stability Analyses

Total Effective
. 'Ywet
Soil Stratum (pcf) c, psf ®,degree c’, psf @’,degree
Embankment
Clay Fill 125 350 20 100 32
Very Soft Clay 120 250 16 50 26
Soft to Medium
SHiff Clay 125 300 16 100 28
Medium Stiff to
Stiff Clay 125 350 16 100 30
Stiff “’C‘l;eyry SGIT |55 500 16 100 32
Medium Dense to
Dense Granular 125 0 281035, 0 281035,
Soils mostly 35 mostly 35

Pseudo-static slope stability analyses were performed for the seismic evaluation.
According to the CCR rules, the seismic stability during and following a seismic event
with a 2% probability of exceedance in 50 years and a horizontal spectral response
acceleration for 1.0-second period (5% of Critical Damping) should be evaluated. Using
these criteria, the United States Geological Survey (USGS) 2014 Seismic Hazard Map for
the United States indicates that the Peak Ground Acceleration (PGA) for the site area is
approximately 0.04g. It should be noted that the PGA of 0.04g is the peak ground
acceleration for a uniform firm rock site condition (760 meters per second shear wave
velocity in the upper 30 meter). Using the ground acceleration correlation between rock
sites and soil sites and the correlation between the pseudo-static coefficient and the peak
ground acceleration, a seismic coefficient of 0.06g was determined and used for the
stability analyses. The USGS 2014 Seismic Hazard Map for the United States and the
detailed calculations of the seismic coefficient are presented in Exhibit 6 in Appendix V.

For seismic conditions, UTEXAS uses a pseudo-static analysis where a horizontal
destabilizing force due to the ground acceleration of an earthquake is added to the total
sliding force. This horizontal force is equal to the weight of the sliding mass times the
seismic coefficient for the design seismic event for the site. The program applies the
multistage analysis technique developed by Duncan and Wright (1990) and Shinoak
Software (1991) to search for the most critical surface of sliding that gives the least factor
of safety against such a failure. A three-stage stability computation was used for this
investigation. The first set of computations is to compute the effective stresses along the
shear surface to which the soil is consolidated prior to the seismic event. These
consolidation stresses are used to estimate undrained shear strengths for the second-stage
computations, when the earthquake occurs. These undrained shear strengths were
calculated based on the procedure developed by Duncan and Wright (1990). The third
set of computations is performed to check the possibility that drainage may occur and the
drained strength may be lower than the calculated undrained strength. A comparison is
made between the calculated drained strength and the calculated undrained strength. A



conservative factor of safety is computed using the lower of the calculated drained or
undrained strength.

Based on the available hydraulic data for the ponds, the pool elevations at the South Fly
Ash Pond, the Boiler Slag Pond, and the Clearwater Pond under the required loading
conditions were calculated and are summarized Section 5.2 of this report. These pool
elevations were used in the stability analyses for this PE certification.

According to AEP, the ponds have always been operating at the maximum storage pool
levels. Consequently, the maximum operating pool elevations, instead of the normal pool
elevations, were used in the stability analyses for the seismic condition. Results of the
stability analyses for the maximum surcharge pool condition indicated that the
embankments exhibit factors of safety of 1.5 or greater for all sections analyzed.
Consequently, stability analyses for the normal pool (long term) condition were not
analyzed. A summary of the stability analyses is presented in the following tables. The
graphic results of the stability analyses are included in Appendix VI.

Summary of Results of Stability Analyses

Critical Computed
Factor of Required Minimum P
Pool Factor of
Pool Safety Factor of Safety .
. Elevation | Safety for
Elevation | Calculated for Seismic Criteria
i L .
Pond/Section | Used fqr f9r ong Maximum | Seismic Case Meet?
Analysis | Maximum Term, .
f Surcharge Case (Required
(feet) Surcharge | Normal P L
Pool (feet) Minimum
Pool Pool | ¢ o dition F.S
Condition | Condition S)
South Fly
Ash 1.18
(Critical 586 1.51 1.5 1.4 585 (1.0) Yes
Section 2)
Boiler Slag 130
(Critical 559.3 1.71 1.5 1.4 558 (1' 0) Yes
Section 2) ’
Clearwater 136
(Critical 558.6 1.85 1.5 1.4 553 (l' 0) Yes
Section 3) )

'Maximum surcharge pool elevations.
*The ponds have always been operating at the maximum operating pool levels.

5.4 Liquefaction Evaluations’

Liquefaction evaluations were performed in the 2010 subsurface exploration. According
to the map, “Earthquakes in Ohio and Vicinity 1776 — 2007,” prepared by USGS, the
earthquake moment magnitude M,, for the site area is between 3.0 and 3.9. For the
liquefaction analysis, an My, of 3.9 was assumed. Additionally, the phreatic surface was
conservatively assumed to be at the ground surface at the boring locations during an
earthquake event. Using the PGA of 0.06g for the site, as previously noted, the



factors of safety are greater than 3.0 against liquefaction of the granular soils at the
various depths encountered in the borings. Consequently, the granular soils are not
susceptible to liquefaction for the assumed My, of 3.9. For liquefaction evaluation of
fine-grained soils, the guidelines from the Illinois Department of Transportation (IDOT),
the US Army Corps of Engineers and the Ohio EPA were used. Results of the
liquefaction evaluations indicated that the majority of the fine-grained soils at the site
were not potentially liquefiable. However, a total of thirteen samples was identified to be
potentially liquefiable using the IDOT criteria. Additional analyses using the “Simplified
Method” by Youd et al (2001) were performed to further evaluate the liquefaction
potential of these soils for the assumed earthquake magnitude and peak ground
acceleration. Results of the “Simplified Method” indicated that the fine-grained soils
were not susceptible to liquefaction. Reportedly, there have not been changes to the
overall conditions of the embankments since the 2010 subsurface exploration; therefore,
the results of the liquefaction evaluations performed in 2010 were used for the PE
certification. Details of the liquefaction evaluations are included in Appendix VII.

6.0 CONCLUSIONS

Slope stability analyses and liquefaction evaluations have been conducted to assess the stability
of the South Fly Ash Pond, the Boiler Slag Pond, and the Clearwater Pond using the loading
conditions required by the current CCR rules specified in the Federal Register 40 CFR Parts 257
and 261, Vol. 80, No. 74, dated April 17, 2015. Results of the analyses indicate that the
embankments exhibit factors of safety exceeding the required minimum values required by the
current CCR rules.
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UTEXASED4, A Computer Program for Slope Stability Calculations, by Stephen G. Wright,
2004.

8.0 PROFESSIONAL ENGINEER CERTIFICATION

DLZ has completed the engineering services for Professional Engineer Certification of the South

Fly Ash Pond, the Boiler Slag Pond, and the Clearwater Pond Embankments at the OVEC Kyger
Creek Station.

Results of the stability analyses and liquefaction evaluations indicate that the embankments has
met the coal combustion residuals (CCR) rule’s minimum factor of safety requirements for
embankment stability under the static, seismic, and liquefaction conditions as specified in the
Federal Register 40 CFR Parts 257 and 261, Vol. 80, No. 74, dated April 17, 2015.
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APPENDIX I
Exhibit 1 — General Site Location Map
Exhibit 2 — Layout of the South Fly Ash Pond
Exhibit 3 — Layout of the Boiler Slag Pond and the Clearwater Pond
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APPENDIX II
Exhibit 4 — Boring Location Plan for the South Fly Ash Pond
Exhibit 5 — Boring Location Plan for the Boiler Slag Pond and the Clearwater Pond
Logs of Borings Performed in the 2010 Subsurface Investigation



AS-DRILLED BORING LOCATIONS
B : ELEVATION | ELEVATION | ELEVATION
Boring No. | Installation | NORTHING | EASTING
(RISER) | (CASING) | (GROUND)
— KC-1001 335792.74 | 2104707.66 - - 589.27 S
jSECTION 1E KC-1002 335845.29 | 2104633.74 5 5 558.28 _lu'_J
S KC-1003 |PIEZOMETER| 334909.65 | 2104111.75 588.09 588.41 588.41 '<_IH_J
- KC-1004 |PIEZOMETER| 334971.92 | 2104048.18 557.99 558.35 555.31 = (ZDZ
KC-1005 334210.21 | 2104210.16 - - 588.24 = E:
KC-1006 334173.91 | 2104189.26 - - 576.37 og;['
KC-1007 |PIEZOMETER| 333931.89 | 2104664.58 588.83 589.03 589.03 m18
KC-1008 |PIEZOMETER| 333902.86 | 2104648.40 580.61 580.90 580.90 o
KC-1009 334214.40 | 2105349.14 - - 589.16
O KC-1010 334161.58 | 2105394.90 - - 565.11 =, @ o
KC-1011 |PIEZOMETER| 334871.45 | 2105970.70 588.99 589.19 589.19 %é éa
KC-1012 |PIEZOMETER| 334806.18 | 2106034.91 562.67 562.96 562.96 ©
Horizontal coordinates are State Plane Grid, Ohio South Zone, and reference
the North American Datum of 1927 (NAD 27)
Elevations shown reference the National Geodetic Vertical Datum of 1929 (NGVD 29)
Control points used to establish the coordinates on the respective datums were
O provided to DLZ by the owner (OVEC/AEP) at the time of the survey.
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M: \proj\ 1021\ 3003\ Kyger Creek\Draft Report (11—18—10)\Kyger_Creek _plan02.dgn

BOTTOM ASH
FPOND

SECTION 3// /arts
Sy a1 CLEARWATER
1557/ | POND

<~~OHIO RIVER

—_——

LSS

ON 5

=KC-1021 2

AS-DRILLED BORING LOCATIONS

&0

0 100
— S—
50 20
HORIZONTAL
SCALE IN FEET

. . ELEVATION | ELEVATION | ELEVATION
Boring No. | Installation | NORTHING | EASTING

(RISER) (CASING) | (GROUND)
KC-1013 332435.80 | 2104006.56 - - 581.27
KC-1014 332476.01 | 2103962.06 - - 558.59
KC-1015 |PIEZOMETER| 332073.06 | 2103860.39 580.07 580.41 580.41
KC-1016 |PIEZOMETER| 332045.57 | 2103760.75 546.70 546.87 543.80
KC-1017 |PIEZOMETER| 330862.99 | 2104039.31 579.69 580.07 580.07
KC-1018 |PIEZOMETER| 330786.90 | 2103981.94 550.10 550.35 547.34
KC-1019 330803.17 | 2104482.03 - - 580.73
KC-1020 330769.60 | 2104534.81 - - 559.51
KC-1021 |PIEZOMETER| 331789.94 | 2105253.04 579.92 580.18 580.18
KC-1022 |PIEZOMETER| 331758.02 | 2105293.51 565.54 565.75 562.69

Horizontal coordinates are State Plane Grid, Ohio South Zone, and reference
the North American Datum of 1927 (NAD 27)

: Elevations shown reference the National Geodetic Vertical Datum of 1929 (NGVD 29)

Control points used to establish the coordinates on the respective datums were

) provided to DLZ by the owner (OVEC/AEP) at the time of the survey.

DRAWN
RKL
CHECKED
SJR

!? AS-DRILLED BORING

P PIEZOMETERS INSTALLED
IN BORINGS AS INDICATED
IN TABLE ABOVE

NOTE: TOPOGRAPHIC SURVEY INFORMATION
SHOWN ON THIS PLAN IS FOR REFERENCE
ONLY. TOPO INFORMATION WAS PROVIDED
BY AEP/OVEC AND IS BASED ON AERIAL
MAPPING (1994) AND FIELD SURVEY (1997).
CURRENT ELEVATIONS MAY BE DIFFERENT
THAN THOSE SHOWN ON PLAN.

Bottom Ash Pond is also
known as Boiler Slag Pond

EXHIBIT 5
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Project: Kyger Creek - Ash Impoundment Stability Analysis

49.3 Final including drilling water.

Began adding drilling water at 50’ to counteract heave.

Location: As per plan

Client: OVEC-AEP
LOG OF: Boring KC-1001

2 o - z
< Q e Qe L
£ £ = > > °
S - 3 < .W. o
2 &) o o @ S o
ks o et =z @ 3 .m
] < 0 < g == € ®
8 3 o u > - = 'S
5% 3 £ > > ge) e 2 E
&8s & 3 < ° S ) o] =
g it obz|2 3 |3 : 18 |3
v © =
o mo EBOl > 2 2 @ = Nl
NN < g g £ P %
Lo & SQ wi S) 2 Q |
8 8=z3|=2 £ @ =
© § Q — o = = O o
o2 <oX|< > c @ M = 9 >| 3
22 IS4 g o > a I g
Pm oS> o S O 43 o O € wi S
o5 3 © he] 2 > 0 z = —
S  £2Ql5 = o 29 < > 3 > &
SR S » )
30 S he] c = = _H_._ M 2| e
2R Q c +3 E i=3e] he] sl Z
558 35 |Z 58 |8 Sy g o5 |95
E 0y 0w g S E > 4 g s z 8§ |29
[} = O = - = < > o 2
S 5 & o £ 5 > B ol a w o |5 &
r = Q » S L9 W A= b= -4 & el S
o @ E PR} e E = ® s O B ©
A . = O c = o m O £ 3 = g| g
le) n > 0 = n < . 2 ©
m . T3 Lo %Y 2 8 ~ 2| Y
i 2 2 @
§ 3 = 28 2§ o3 83 |& ¥ |89
= . o o E Lo ao =€ n © [=|3
= T
1
O o
T S
gL <= 0 0 0 o 0 9 0 10 0 10
© o & - o~ o - o - ; -
Hanvm Rl - o [}
Q.
o | 8109 /ssaid _ i _
po w I 0
o ~ N [s2] < ‘o] (] N~
§= enug by - iy iy - - = - 2
%] %] »n »n »n »n »n »n %) b N
Aienooey ® ® ® ® ® ® ® ® ®
I I I I
.9 Jad smojg _® <° oY <Y o o oov oo¥ oo+
= o~ o~ o~ = = == == ==
. ) )
SN @ © © @ o o o
(OS] %) (= [} < %) 0 o| o
A g & 2 2 2 g 85
T T T T o T T T 0 T T T T o T T T T 0 T T T [=
m ™ ™ < < |
=
Q 0 - 7o) 2] © 0| o
N ™ el < < <| 3




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

Jon) <t
— S . = S ———
W. = NN%
< 9 -/ N\
XS O
ow -+ \____/___ _ __ _________________- - - - - - - - - - -\ - -"-"—"—"—"————=
= EsS | V\ _ [, _ ___ __ __ -~ _ - —_—_ - - _ _ _- - - - - - --"-\""-=-"-"""——¢-
< <€ |-/ - T
o S
R
™ :N._m o - ___/ _ __ _ _ _ _ _ _ ~_ _ _ _ - - - - - - - - - - - - - - -\ -"\"“"“-"=aA£==- Y-V V-V
S I R R R R R R —————,
N TF | .8
g s -
v MM ,.m \
O. -~ s /- - - Y Y ., .,
= m W%ﬂ_mm )

(e») - @ - *. - — - - - - - — - — — — — — — — — — — — —
|8l R e e e
S| S v o HHHHHHHnNHrHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

.y

oo Ae1D %

S 1=

o O WS %

=R -

m < pues 4 %

o ||  pues w%

T |3

" )
Q| peso%
a1eba.bby %,
607 aydess [
.B 7 o1dei
>
g k5
< g 4
> . [
= 22 3 i . :
o) o= 5] b =
© =3 = ES g =
o)) o s G
()] .HMJ © = P i
= 53 2 ® = &
@ &3 5 8 ) e
£ Ls 8 o o] B
ko] 5% S0 - > -
c o R2 8= = © 3 Q
3 L 53 = S) - 0
o Com ool B P 2 |©
o oo =80 = ] 2 :
m NS OY S5 o) = = 2
2 *s Z2ax|¢ > Z ES s
3B =c0 s < P 2 o
_ g3 350|z g = |2
$ g5 oswl= = = o g
o} ® 8 mmD <2 W 2 W S
P =
O sE8 53 |2 < s 8
[ ma aVu Q§ ANH (7] m o
(0] OW o B o c S c
D S| - Lg |9 B - B
g2k & 8% |2 S 5 e
v s & va |G ] 2 ]
S| O | & = = 3 =
QL Qg Ty = =) c =)
Ol w|Q = o = [0} =
S|l << |0 @) [0} 0] © [0)
Q x = 2 2 > 2

siE 3 I8 |8 : g

S| g - >

T2 y

8 _

| O o

258 o
T2s &
I gt
Q.
o | @0/ ssag
p .
o ) o —

5|52 onUq - N N

S |» %) %) %)

e

O

[ce] N o
0l = Aiono0o0y © o =
W o
<| £ .9 Jad smojg ©® ©® <2

= o~ o< 0~
O ) - fas) -

Uim N o © © o o
3 2E 3 5 o o X

_.._l. E( 10 R 0 Yo} Ye)

- o T T T o) T o T T 0 T T T T o T T T T 0|
S o= o o o 9
Ol 4 Q o~ ~ 132} )

0 Lo [{e] [(e]




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

Se o
= \
S 38
O w m
8 E§ &
5 XT | S50
o S |29
o 1N} ~
@ 2 |0
- WS o
S as |5
g | =
= S |8
S < - o
Z| 2 S € p89
o o < B 1]
S| N TMa g
S| o « @
S = = =
© > Ae10 % S
e S % B
M >~ pues 4 % ©
o ||  pues w% o
T |3
" )
Q I5) pues 0 % o
ajeba.bby %, o
* 607 a1ydeis ﬁ
7] e
>
©
Anm i
0 -
a o
= 5 g % =
b —
S s = g z 8
(2] o £ IS 2 © <
-— ] © [a)] e =
c %d o Z .- 2
Q :_UM = < - =
e o T — w O [
-~ ~ =
3 2 a > o) < 2
Q NS < < S _ 1
o S % @) ] a &) m
£ S - = O 3 = AVn
e a pd o <
5 g5 | | 2 ] &
< $3 of |4 o > 2
! T 3 (%) > Q ° ©
X Q [%2] o
® g5 L 2 Q & =
o » © Q % o 7] %
] -
Ol 1383 S 52 s 2
o 22 3 2 > 3 <} 3
O C o = = - 9 o] o
S| Ok 5 L 4% = © =
Zl2S § £ i 9 = 32
WNlos | = - k7 € © c 2
S| @ |0 & IS L o 5 S
o |y @ _ = = = - °s
S| »|Q [ =2 as o () ED
ol <|© S, I a B @ - =
o |0 Q g = 3o g N B
S|k . Pl e > ® =Q
SIS d
© '
8 _
cgd % 0 0 T 0 { 9 & 0
unnanamv = © © o o s s S (=)
)
Q.
® 8100 / Ssald _ N _
e h
o
NIE= e DU D O © ~ o P e =
SIS » » » » » » » » » b b
~ . 0 I NN 00 N 00 NN 00 D 00 NN O —
1
N m fionoosy] @ » o o « ® ® ® ® ® ©
Ul o T TIL TI L TTL T
<| g Jad smo ™ < ™ - N oo 000 000 000 N oa &
1 — " < ™ [42] ~ N ~ ~
n:.w N — o~ o~ o~ o~ = === === === - =
. ™) ™)
S| o S o @ @ o 3
Ol .- L& o R ] 2 & R
L w 0 0 0 e
— o = T T T T [Te) T T T T o T T T T [Te) T T T T m T T T T %
c () = - -
() ey
=/ O TE 0
O 4 Q N o 0 o
o ‘o] [ce] N




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

W/O =
(_ L_
=X JE]
o mm T
3 TN
™ (o)
S 53 |27
@ 2 |0
S
I I
g | =
= s |8
S 3 %
Z| S S € p89
o = o
Q =8 3
o| N == S
S| W o @
iy
o > Ae1d % | | |
5 o ~ =)
30 WS % “ ; “
=S :
5 pues 4 % < >
o | pues W% 2 =
© - -
o mRu PUES "D % = Q
a1eba.bby %, © <
o7 &E@w% . s e
.% .... .... .... .... .. ® 0 o o o o
=
©
C
< o
> ()
= & .
5 § 2 g 2 Z
© 2 [ 2 © =
- o)) (/2] = (/2]
w o S £ = £ @ o
= s 8 E P E & g
) R ® - ! = 2 2
£ 3 2 2 % ﬂ T ]
° = 8 S = < P 3
5 g & E g E 5 5
Qo NS Z| 5 & 1 <
o 0_ > o o = [0}
Y © 4 1 o [} s S
£ © - = AVn £ AVn = =
< % g Ll E o @ =
] T 5 R o = o - W
< o = O D E=
! 3 Az Py = 2
x s g ] ES S a a
] s o 3 [}
i} & o Q Z Z
2 2= 3 o) 3 < <
] S[n_r:u.m S z o 0 0
5 z2 g o° mAu o° & &
o |0 2 Q e] 5 5
> © |~ b -, > -
<= 2 (OB © (OB ] ]
[SRIINS n 9 n QO 172} 17}
=l =g = c 2 o c 2 c c
S| @ |§ : S ) S @ (9]
o &ln @ SS @ TS © o°
S @ i £3 & £3 £ £
ol <|© Q = ° = 2 2
SE 3 83 5 83 3 3
S|k 3 sQ > sQ = =
T2 T
8 _
- O o
258 o
S0 £
gt
Q.
@ 8100 / Ssald
85 onua )’ = = = = - = = o o
[=H[*%] (%5} (%5} w (%5} (%5} w (%5} (%5} (%5} (%5}
=
1
N m Aiono0o0y © = = © © 0 - © A o
U o
[ o =) 0 o © ~ - =) N
< m .9 48d smojg o © ~T - ~ © < TR oY ~T
n:.w ) - - © o~ 2 © ~ ® = ~ .
N . © © o © .
3 32 9 % o 3 o g
_.._l. E( )| o) Vo) 0 o] 9
- o T T T T o T T T o) T T o T T T T 7o) T T =)
Q0 =
319 cE o o 9 o
-l Q ) © (o) ©
[ap] [se] <t <




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

W/O s
(_ L_
=X JE]
o Qe T8
) =@ 0
I32) TS |89
S 538 |7
@ 2 |0
S
N TF | .8
s |- - -
. MM ,m 1
S|l o 5 ,oop ——m—m—7- —"——"F" (——
2| = Ww 7o
o o S » F— - — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —
S| ES S b
e “ Q@ - _____ __ _ _ —_ - —_ —_ —_-_ —_ _ _ _ _-_- - - - - - - - - - -- - - - - " - D--—_—/—/¢-
N
© > Ae10 %
30 WS %
=R ;
m < pues 4%
o | pues W%
T o2 o
QlFl Peso%
a1eba.bby %,
Jolop JeTI1e 12975 KRG IEN
% SRNNNIN
=
©
C
<
= 5
5| ¢ T
I > 2 3
[¢p] RS . 0]
o S - el
= s 8 ° E8
Lo = o =
2 S 9 = 3D
S ~ T o) m =
© ~ W > ~ @© -
c S © 5
> © aQ o c o D
o NS = © @ Ly
Q. 0_8 o s w o 1
£ © = =l S Z 2 |o
£ N ks OE |£
< - —~
7] S o S w3 |]
< 53 Ola 5o s
1 alp wnl= qu.m (o]
5| §§5  ylg ==
o 6 o QlZ go |8
T [
Ol |yg3 % oL |8
o Na aVu > = (@©
(6] W [ m T O
ol € |97 2 > < 3z
S B8R 5 £
¥ 5| = 3 >
PO W Wa c =2 C
‘. 0] oD
Ol v |Q = £ o g
S| < |© Q S L0
Q x 2 5 I®
= | W Q [} an.w
< | = .~ = non et
Ol w
T2 y
8 .
STL
F290 £
gt
Q.
() 8100 / SSald
p .
o [ 5]
|52 onua § X
S |» » %)
it
m Aiono0o0y - o~
i
o ® -
<| £ .9 Jad smojg o+ @
— O Qo
Ol &8 - NI
Wi m N Y « ©| ©
3 g gs g g
TH TN o B | <
— o = T T T T % T T T T W T T T T % T T T T m T T T T m
S i3S
3|8 3
S o= 0 ol o
O 4 Q o o @
') w0l w0




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

W/. = - _ _ _ - - - - - - - - - - - - -V
< 9 -
=X JE]
ow -+ V-~ - -~ _ -~ -~ -~~~ -~ _~_ -~ _ _~_ _ _ -~ - - - - - - - - - - - - - - - -“\-"-=-\-"£&—/(—-"—-=-
S T
: s [sJ-----------"--"-"-"-"-"-"-"—-"-"-""—"—"—"———(———(—“—~"—~—~—~——~—~—(——(——~—\—~—-—
o -
S 53 |27
@ 2 |0
- S
S 53 |4
S | =
- s |8
=) I 5
Z| S mepm
o o < B [
S| N TMa g
S| o 2 @
x®
~~
@© > Ae10 % 5
30 WS % 2
=R - -
m < pues 4% 1
o | pues W% -
S mRu pues 0 % o
ajeba.bby %, o
607 aydess )
» 7 9lydeso
> .
a P
= g
< s 2 5
. C
2 52 3 S
I 235 = 2 8
‘n [ )Xo = 3 ©
n £ s > £
- kshs] T < -
= £3 3 h =
£ £ = © o
] 5% S 2 Z
c Lc 82 & < M
S b QL 3 » ul L
S - 28| | g =~ 3
= nox £50 2 ® >
£ ¥ Y Y MM_” = 5 2
N B og g S M . ° !
) © s 2Lex 3o c 4
< 83 £30| |OE S =
| | 5§ 2Bl B3 : >
[ % s} dm = o kel
o 52 839 |58 > 5 5
>
S| |48% E5| |e3 23 :
o
o ST 3 3 g€ - < g
o £|97 2 o3 5 o e o 5
> © | < 5 T 7 Qo .= & = Q
<als § 82| |ES : = =
Bl sl = | %2 S D I
ol o _.& B W 20 o o2 >
= Q - O » o o O o
Q x = ol dl S 4= 3B
W Qa - < - 0
S|= HlT 8 ® T Q =
Sl o »| Lo (TR L E
=B &
© w
8 _
4| ©8%
N~
238 5 0 o 9 % o 9 9 o 0
T anvm = ™ ™ = < o~ < N 3% o
Q.
o | a0/ ssaig _ Nl _
Q< @0
(2] mm - ] o) < [T) © ~ © o
S8 g %) %) %) %) %) %) %) %) %)
e
1
.18 A191008y © © ® © ® ® @ @ @
U o
© © © © N~ [ee] Te] ™ [ee]
<l £ .9 J8d smojg < < © © © < < ™ ©
n:.w N ™ ™ ™ ™ ™ ™ ™ o~ <
. ~ <
=@ 32 §s= 3 2 2
Ol o= 4998 5 8 9
— O = T T T T [Te) T T T T o T T T T [Te) T T T T m T T T T %
[ o = - -
Q0 =
=| O wm o)
O 4 Q % % 0




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

T
v 4 K- —-"-"-~" -~ -~~~ -~~~ -~ -~~~ -~ -~~~ -~ -~
N—
=X me \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
o mm :r F--———"""~"“~"“~"~"~"~"~"~"~"~"—~"—~"—~"—~"—~"—~"—~"—~"—~"—~"—~"—"—"—"—"—~—"—"—~—"———————
Q A..an:.w f K- - - - - - - - -
8 £s |28 T
o
% $8 |0
S
<
S 58 |33
- €S |8
nU. < - o
Z| S S € p89
o o < B [
S| =23
S| 0 o @
.y
o > Ae1d % 8
e wS % =
= ;
& >~ pues 4 % ~
o | pues W% o
S| pues 2 % o
Q|5 °
ajeba.bby %, o
* 607 a1ydeis
‘0
> .
a P
= 8
< 2 ]
. C 5
2 58 S 5 7} -
= L5 0 2 . =
2 3 2 3 £ Z2 |5 £
‘n [ %)) m @ A o - n
2 55 = g g e 2
c S 3 — g [t B3 o ©
R I - : R :
S ‘mH - = = o o) 3 8
= S® I > O ® ko] = .
C - = .8 mm < ~ =] c = —~
> 5PF gm | > = o] = —J
o) © <xw o3=Z|o < - @ > S
o o= 591> = Qe E= < o
£ ¥YY Lokl o NS g < =
< &z golfu Z < > o &
7)) S 5 .D.mDn - < | < Z . -
< 2% S£50|72 w o = 2 S
x 88 o8f|>E g 2 Z > 52 >
© s 3Ssal== 2 ] I < 7w <
o) » © hZD c . © o 7] ] O » I}
== P =] O O © = e} wi o 2
©] 82 ss |c = g € 2 28 ©
5| 1283 33 |3E 3 < 5 g |&E Z
() = < el — (o)) .
2GR 5 =% |5 > 2 S S cE W o
oS g 88 |e5§ s S 5 S |33 5 E
Bl 5 _m_R._ = o D o Mvu > M o< 5 -
Qo 2lg 0 go ES o 4] s =2 <2
Ol v |Q = > C n..\l_u = > [] o c s o
S| <O ) ‘E o - o 5 ® 32
Q Y > 58 LB - = >2 E
g8 9 = Z° g £ £ 65 £
S|k . r 3 o E ® n n >3 n &
=R d
© w
o
(@) ]
- O o
o
:nnuaw &= o o) o o o) 0 0 0 © ©
S & . . . . . . ] ] N N
T I g = ™ - < < ) I - - S =
[}
Q.
o | a10p/ssaid _ o _
Foige @
o) mm o - N ™ < 1) © ~ ©
(=2 oAl[g T T T T T T T T T
o |»n %) %) %) %) %) %) %) %) %)
e
1
.18 A1on090y @ @ @ @ @ @ @ @ @
Wi o I T
Te] © Te] [o)] © [ee] ™ ™ ™
<l £ .9 J8d smojg ™ ® ® ~ ™ ™ o~ O« O«
O N o~ o~ o~ < o~ o~ - = =
. . [e)] [e)] < < (o)) i
L S 2 & . o = 23
O -- LE g 0 3 < < ™ 3
[T w Te] Te] to] te} [¥e]
— O = T T T T m T T T T n_..mw T T T T A0~. T T T % T T T T m
8|8 S
3 (o] ox 0 0 2 o ot
-l Q ) ) o~ O )
X & < < <




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

W/O =
(_ L_
=X JE]
Ow T8
3 E§ | %
5 X | So
™
S 53 |27
@ 2 |0
- 3
S 58 |3°
g | =
- s |8
S 3 5
Z| S mepm
o o < B 1]
S| N TMa g
S| o « @
©
~~
© > Ae10 % 3
31 wS % 3
= [=
S >~ pues 4 % ~
o | pues W% =
S mRu pues 0 % o
ajeba.bby %, o
607 a1ydeu
K%} T
2 .
a P
c 8
< =
> ) -
£ RS = »
T =
g =3 S S-S
o
0 2g 2 g 2
T S5 3 o 2 ,
o TS =< - @
£ 8 £ E= o © =
5 S® S |3 S = e
c =L 082 [> 73 = I~
=] b L SE_|< x3¢E 5 ')
3 ¢ o8%|3 $e23 : ©
2 no= E59]0 O..0 = :
£ Sy Sl @ o %) 2
< 2 ZzZESL = £
< A b Lo = S
< o= MHC -5 — o= < u
1 @Ip M..QI..VS wm > © © = o]
X §E <etfw|sE 2E 5 3 £
Q 88 ©b o ST @) S
o RS 2RQ)x ¥ Tow® o
i o 3 O = < 2 Z S
&) <82 53 |38 T2 5 < @
- ma ) S5 v £ = O & N
() OW ) TL IS o - o5 = c
o S |¥° T QL3 23 [} x = =
> 8= 8 S e« = G & 7O S
Xa|S 3 &2 |5= Z- TE O 5
Bl 5| = 5 2 2 55
Ol @ | & 3G ) 283 ?
2 o & w Ew I mmw S
o AQn.. o @) o £ 0 U.mn %
Q R = mw 1) Sc 8 >
. C Vo) [@)]
g |4 Q 9 g QD9 ]
S|k T ®» 3 ® =6m >
T2 ry
8 _
4| ©8%
$% B o -
Hn = © o
o &
Q.
@ 8100 / Ssald
p .
(o} o o —
852 enLg = X N
S |v %) ) )
Y
N m Aiono0o0y © © =
Ul o I I o
<| £ .9 J4od smojg oo oo« R ®
O|% == == 8°
Wi m : N o < <
3 s® § i s g
T T o) 0 0 0
— O = T T % T m T T % T T T T m T T T T B
< (0] =
Q0 =
519 cE 0 o o
- Q e ) 0
Yo [{e] [(e]




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

se s -
P - - - - - - - - - -~ - - -~~~ -~ -~~~ -~ _ - - - - - - - - - - - - - - - -"-""-“"-—"\—"="="——_"=-
S 38
O m
o E S oy
o e | <
8 £s |28
o ] ~
° | ggfo
-
S 53 |+
g | =
= s |8
O. ~ (-
Z| 2 S € p89
o o < B 1]
S| N TMa g
S| S ® @
N
© > Ae10 % m
e WS % s
M >~ pues 4 % =
o2 pueswu o
g
- 0,
Q% Pueso% o
ajeba.bby %, o
bo7 aiyde.
» 7 9lydeso
>
©
B IS e
= o @ @
I 3 : :
o) © R . . .
8 W nmu SW 7 SW
(%) £ ., £ ‘© £
= 3 - g8 E ge
0] 8 e Q@ = S B
£ 8 > ) O )
© S 5 < & = = £
c (SIS — P o -4 7
3 22 =l |© 2 S 4
5> 4] 4]
Q v Z > » >
T Ql |z << c  |=&
m Al ~ L O = 4 O
= 5oz Q - O g = O g
< oS xl | g Zc % Zc
o 9 = =
o g€3a 1] s wa ) wa
() %m L c > 2 zZ > Q
o o O Q 3 T o < T o
O .3 S o g > wi g >
5| |28 ¢ = c £ = c £
> c c c
S c|g% 2 = £ 3 S |53
JE5 3 ; g5 Y _
o = = >
sl5lz .| E = £ |ED &
S| 8|y &3 T B G > 5 %> )
S »|Q E =| € g c = e =
< O @) o| S S5 @© =] S5 ®© .
o) <lg 2 25 52 5 5 2 N
M Q O D 0] D ©
c | = Q o
S5 o = = = = ®
=B d
© w
8 .
P | dor
S0 o 0 0 0
< -~ o 0 0 0 0 o To} o
aee 7] 4 N~ N~ N~
Q.
o | 810D /ssaid _ N _
e 0
o)
3|52 arug| ) Q@ ¥ 0 © N~ 0 @ e =
S8 - %) %) %) %) %) %) %) %) %) b b
- — e e e e e e |
1
.18 fionoosy| o 2| @ o @ ® ® © @ o @
W o T T T T T
< € WSDaedsmogl VY oY ~VOo-VO-T «? PV 897 [Oa” -7 ~®
n:.w N oy o~ o~ = = - = == = < -
. ™) ™)
S| | S gl 2 « @ @ 3
Ol x oE g8 3 3 % o
LL w o I s} 1o S (3!
— o = T T T T [Te) T T T T o T T T [Te) T T T T m T T T T %
c () = - -
Q0 =
5/9 oE o 0 0
- Q % - 0 ~




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

N
— o
a
W. = Nrd/%/
Sewmef S A
o - -/ - -\ _
= mm % - - _ _ _ _ _ -~ _ _ _ _ -~ _ - - _ - - - - - - - - - - - - - -"\-“"“z—-"-_—YYY_
< < T
8 cs =Y
o -~ -~~~ -~~~ "\ -~ “““““""""""““"""""“"“""“—“"————zZ
i 22 |0 Kw ““““““““ M ““““““““““““““““
s |V W ----- - \N_____ .
5| Eg e
R §—-———-———————————————-——-———-
~ xS ,m \\\\\\\\\\\\\\\\\ e~ -~ -~~~ -~"-~"~—"~"~"—"—“"—"—“ - —“ - ——““—“-——-——=
S|l o ADnn/a o
2| = =5 7S )
o o S » F— - — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —
o| N ke S Fs——"""""""———— A T T T T T T T T T T T T e e
=
D © v a r-z-__-_-_ -~ -~ -~ -~ -~ - -~~~ Tz____-_-_ -~~~ -~~~ ~_““’“’,r’———““"—'——'————=—
A
® > Ae10 % ; “
e WS % T B
M M pues 4 % ~ o
o | pues W% S X
© ;
a mRu pues "0 % © &
a1eba.bby %, < R
bo7 aiydeio 2 ® 1 ﬂvvwm
W ey ey ey L ] -\ L ]
‘©
<
> . e W Q
= g z o g
b -~ —-—
S 5 = % S
n £ 7} <) W
1
g 3 2 = =
(0] M ) (o] [0])
e . R LA 3 =
[ o) o -
2 S ¢ =] > |o
=1 S QO & 2 < )
o} 35 Z| | > = £ ©
o N ol | c » 2 '
£ = =l |E £ o |2
< Lo al = 2 Z 5
Z o S x] | ml %] s}
? <
) 2 M\w = S m S
% § £ wl |2 & 5 |E
) & o qQl |2 o) s |8
ut N Z = 5
O 8 < < 7] i}
= Ma [ %] 2 =
(6] W [0} c m m
ol |07 2 B S [S)
> 8= 3 o ) )
X1 35|%S B S 7] ]
==l c c
O O |13 &% % [0) [0)
g2 "o || :
ol v |Q ~ [] -3
al|<|© Q S 3 =2
& < = 3 35
S |k 3 = =2 |=%
S|< o o
T2 y
8 .
STL
T2e £
gt
Q.
o | a0/ ssaid
p .
(o} o~ ™ < 0
352 enLg N < = -
o |»n %) %) %) %)
S
[ce] [ce] o
0l = Aiono0o0y © ™ © o
Ww| o -
<l £ .9 4ad smojg ~5F o o & o™
olEs o B - o)
w m N Y o ™ © ™
3 se gz 3§ § s
T T o 0 0 0
— o T T o T T T [Te} T T T T o T T T T 0 T T T T [=)
5 O = o o 0 o
O 4 Q < = o 9
N [sp] [ap] [sp]




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

W/O =
(_ L_
=X JE]
Ow T8
3 E§ | %
5 T | So
0]
S 53 |27
@ 2 |0
3
N TF | .8
S | =
= s |8
o T 5
Z| S S € p89
o o < B [
SR =23
SN o @
Ay
@© > Ae10 % 3
e WS % ©
M >~ pues 4 % =
o |Q pues ‘W % ~
5 |
- 0,
Q& Pueso% o
ajeba.bby %, o
607 aydess )
» 7 9lydeso
> .
a P
g g ~
< 2 - Q
£ 58 2 - =
= T © o >
o] RS n ~ <
@© S ° L
= >0 = c
9 S £ M © o
b kshs] 0 Z
c S 3
3] &3 % E= =
S .25 a 2 4
o S 58 3 > >
S §EE § - 5 g .
g Ly e gl |2 o > 2
£ BT 5 | |2 z & ®
p .. 5 qf |§ o < £
[0 TS5 9 ¥ 9] 4 nwu 2
A (O] < e} > =
58 = O © 5 o
! T3 = O ° = 1S
4 & &€ o L] @ o = o
] &S IS} Q < © k= c
() o O < = = T
= SR 3 ie) > © - pie
®) Ge 5 9 = o c & c
— T O Q = (o)) W c =
o) =23 o 7 iy ) , ©
O C D = Q9 > . c = ..nlu...m.v =
> O |k 0§ © $o7P & 0o hall E
X a|g kS 3 > © b= = -
- S © (%) EZ c = = € -
Bl el S Hles= 2 @ - 0
S| Q@ = B oo 2 > @ )
~| < @) @) m n =t o > n To]
M-S (] = c |JZ = 2
s 3 |[»Ec® ® = i ®
=N =
© w
8 .
252 5| &8 o & @ @ & 3 s &
Hanvm = < - o P o < < o) “
Q.
Al A
o | @09 /ssaid _ il _ _ e _
o nmUIO wn wn
=2 - o Y ¥ 0 @ N~ @
S8 eAla o o o o o o o o
=
1
.18 A191008y © S ® © ® © @ @
w o
<l £ .9 48d smojg «® < N ' ' ~ <€ <%
n:.w N o~ o~ ©® - o~ o~
. N N
>| @ s o2 i 3 o
O - = @ N N~ 8
Th w © © ©
— O = T T T [re) T T T o T T T T %) T T m T T T T %
[ o = - -
) =
n/w (@] Wa/u\ 0
-l Q @ 1 I}
o [ce] ~




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

W/. s -
v 4 K- —-"-"-~" -~ -~~~ -~~~ -~ -~~~ -~ -~~~ -~ -~
e e
m m..an:.” % - _ _ _ - - - - - - - - - - - - -V
. << ¢} -
o S |29
o ] ~
@ 2 |0
-— D:..M o
S a3 [
= €S |38
nU. < - o
Z| S S € p89
o o < B [
S| N TMa g
SIS 2 @
.y
© > A8 % &
e S % T
M >~ pues 4 % S
o |Q pues ‘W % o
g
- )
Q I5) pues "0 % o
ajeba.bby %, o
\
607 o1ydeis %/%/////////////////////
2 N
= .
a P
= g
< 2 - z ;
2 2|8 B ;
o S = >
o >3 < 9 £
()] £ Cc m_u mu ©
= kshs] c
c < = ) I
[} © G < S %
S = ,mm P ul [ Q
2 o288 3 > 2 g
=1 8 3 ® e =
Q Lys ¢ Z|o S -
= s NN E Qlo £ o
£ YYo= 8 Flg =) >
2 )
% 5 2 3ls £ " <
< 25 § o|s o g oot
! T S S ola W.B 2 =
x g€ o wWl= 29 5 <
o) s 3 b= £ S L
o 5c 5 Qo 2 > -
ol lgfz 8 |t £ 8 S
o NWa 3 O o ? o 2 2 g
ol S| 2 ¢ Fal 7] ) s} » el
> © | = ) ] o5 - Q o c
Y5l 2§ 8 > 9 = @ T £
slalg @ g% 23 £ 8 g
Sl »|Q = h I o Q o o g
= A (@) e} 2] SY 4 4 o
o | Q 3§ o P P £
S|k T TS ao ® ® 7]
T2 iy
8 .
S3TS B o © © o o © Q © © g
unnaanvamu = < 3] o) o) 3V o) P -~ ~ o
Q.
o | @0/ ssag
0 mo. o o - o~ ™ < 0 © ~ ©
S (5= enug e by by by by by by by - by
=2% %) %) %) %) %) %) %) %) %)
e
1
(8] © © © © © © © © © ©
N~ Aienooey ® ® ® ® ® ® ® ® ® ®
Ww| o T
A“n £ .9 Jod smojg 6m o™ @ < © ' o © o® o' < © o_o
n:.w N = < ™ To) o~ o~ o~ ™ - o~ = -
>| @ 3 0 p S R
3| .. o g 2 g &
[T w Ie} te}
— O T T T T o T T T T [Te} T T T T o T T T T 0 T T T [=)
n h [3p] o™ < < |
8|8 S
n/.u (®] O = 0 o
-l Q ) )
X <




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

W/O =
< 49 -
=X JE]
Ow T8
3 E§ | %
; X | So
I39)
S 53 |27
@ 2 |0
S
5| B
S | =
- s |8
) s 5
Z| S S € p89
o o < B [
S| N TMa g
SIS 2 @
.y
@© > Ae10 % Q
e wS % o
= -
& >~ pues 4 % Q
o | pues Wy o
T |3
- )
Q% Pueso% o
ajeba.bby %, o
607 a1ydeu
» 7914yael
> .
a P
c < .
< 2 -
2 52 B S 5
<] T o c [ >
=3 g+ ©
) > o - B @ )
[¢p] £ £ T o 7} <
-— ST - C -
o 3 8 2 IS 3 E
= o £ o 9 c £ =
o= w O @ Q D
© S 58 3 ml o = )
c g =S 9 + O = @] = 5
> nﬂPF [e)) < € - ) s o)
] nys ¢ |28 = g > ¢
o s~ T OOlO S 5 o a) '
e So- s El-=2 = = o
= 1S > B Q < £
G 55 8 FISo ° %) (%} )
kSl g c c > > m
< 83 £ O|9% 8 0 S |5
[ S 3 N = @ 7] > 5 [e]
g9 (%] c © o
5 S < w Mm =) ° ° IS
O 88 S ce % 5 c 2
= 558 3 %3 o @ 2
D ~ N =2 oo o o
W,. Tk s 3 e 3 > ie] Q
oS & (%) N H = 0 0
.. » 0 |_e o c
sl = ) = = 2
Ol @ |0 & > w3 ® S =
Q| Q|9 Ty 0 © > 8 =
ol @ |38 = 2 S @ 8 E
| <9 Q S 3 55 9 39
& < =g =t e 32
< E Q = o ® o n
S|k T n® B o > =2
T2 i
8 .
£3L % 9
Tco 2 o
gt
Q.
o | @09/ ssaid
p.
o > p T m
852 enLg = X b
[=H[*%] n n N oo
et
O
N [{e] [ce]
0l = Aiono0o0y o © ©
Ul o T
<| € .9 40d smojg oovw = oS
Ol s == -
U'm ~ S ~ a N
3 se g 3 5 3 g
T TN 9 %) %) 0 0
— o = T T T T % T m T T T T % T T T T m T T T T m
.nnv Q S
S| 9 oE © o wl o
Of 4 Q « ~ ™ 0
Lo Lo [{e] [(e]




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

W/O s
ST =
=X JE]
o mm T
g S8 |5
™ S
S 53 |27
@ 2 |0
S
N TF | .8
g | =
= s |8
O. ~ (-
Z| 2 S € p89
o — 1]
< N3 2
o| N _IN (9]
S| %] &
A
8N Aejo % g
e S % g
=
m_m pues 4 % ©
o | pues W% ~
T (¢ o
Q% Pueso% o
ajeba.bby %, o
bo7 aiyde.
» 7 9lydeso
>
o ..
~ e)
< O g
2 o < > = = » »
8 2 = |o 3 5 g E
2 > B |z > S %
@ 5 £ |< < m o <
c 3 2 W =
) ® = |_ (@) — o
e .8 [m) > pd M o pd
° S 5 pd o < L N <
2l | & 5 |2 3 o |z |3
i .| O
g © S gl |23 s > Z 3 >
Qo (@) 3] @ © @©
£ R = € 2| ¢ > i z &
£ 5 4 z
= 5 g e os,nwv 2 S w 2
(] G § = o) = 0 = - ©
s gl 285, 53 5
< 33 O T2o| o B c o o c c
' et %) 5S|8% z E Q 2 2
x SIS OG|g 2 3 = = <) 8
[} eO E 3 =S [ o) = = =
o o 3 Q < w| O 8% = 5 5
[ Q= SElEL o 8 > ° 5
O G2 oSl o 2 ° ) ] ko)
8 _[3S 3 282§ 85 > T g
52 g9 2o ED o 5 £
¥lals # HlesS| 25 E g = =g |E
. S & IS L .e o 7
S| o= < ' Lo 4 o IS ;
S| 5| o 27|22 >2 7] w ® >
ol 8|y o LlgoalEg - o £ 1o S E
o R W ol 20lH c g2 m o m .- S
=~ AQn.. o o %Md s = &..m. n 2 o©
Q x = P g [ 9 @D g 03 e
g | Q o 2 BdE = 8 O & O ¢ £3
S M z <L o= s oo o c n=
=R d
© w
8 .
gL <= 0 0 0 o 0 0 10 k 0 0
T20 £ : i : : 0 i :
Han.vm = - o N - N N o) < N -
Q.
o | a0/ ssaid _ N _
pO. 175)
g5 arug| ) Q@ ¥ 0 © N~ 0 @ e =
S8 - %) %) %) %) %) %) %) %) %) b b
- — e e e e |
1
.18 fionoosy| @ 2| & 2 o ® ® © @ @ @
Ww| o T
< £ H40dsmogl < ¥ < ¥ 0@ ) &Y Oa® . ©® ©® o' 0
(@] N ko ©® ©® o~ o~ = o~ ©® © 0 ©®
U'm S Jdq @ < < o < N
3 ¥ Yo ¥ 2 3 5 12 9
T T ot RIS o) o) 0 0 o)
— o T T T T [Te) T T T T o T T T %) T T T o T T T 0|
) S
= O wm o o © o
Ol 4 Q o e % © 0 o~




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

W/. = HHHHHHHHHHHHHMMHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH
< 9 - X
=X me \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
Sow+w© p - - - - - -~
= EsS | V\ _ -~ - -~ -~ -~ - ;IrT- —_ - —_ —_ —_ —_ - - _- - - - - - - - - —-————-—=Z ®_ -
o~ <€ |- ——— - - T T
2] S
S 53 |27
@ 2 |0
S
s | L3
g | =
= s |8
o I 5
Z| S S € p89
o S kg
< N3 2
o| N _IN (9]
S| 2 &
A
@© > Ae10 % S
e WS % 2
= |~ - ©
S pues 4 % ®
o |Q pues ‘W % ~
g
- 0,
Q& Pueso% o
ajeba.bby %, o
bo7 aiyde.
» 7 9lydeso
>
2
< £
2 < o 2
= o < @
®© = = i
S = S 2%
= >
9N S M San
5 g o 23
= .8 z )
k=) S 5 < o £ -
c SIS L P Q
> O Q — 1 @ o
o) oo b S o3 o
o < o ol s N :
h X
E S =|> z35 o
. o S -2 £
3 ® 5 W S > o= S
< S Ol ¢ g N.m u—
' 3 ol 2 i <* o
X L E ] b= L 1=
[} SRS 5 = e
o} 6 o Ql= @ ~ S
IS) 5 ® B . € g5 °
b8 T E= S 2 g @ -
ol |8~ 2 1S 2 e > @
S8R 5 e S E 3
X 5| ® = - =7 [S )
B 5|2 S 2a 2 p £
Q| % @2 o E @ ™ ;&.W,
S|l w9 = - 0 o o € ¢
o A (@) @) Od 4 4 S5 ®
Q = g @ © = o
[ a £ N “ RS
S|k . n ® ® =3
T2 [y
8 _
4| ©8%
STg % 0 2 0 0 2 2 0 2 2 0
I anvm & @™ o - - o o © o o o
Q.
o | @0/ ssag
85 onua )’ = = = = - = = o o
=8%) %) %) %) %) %) %) %) %) %) %)
e
1
.18 A191008y © © ® © ® ® @ @ @ ®
W o T T T T TT
<| g 9 Jad smojg ~ © 0 < < O0s" o_~ oo o_” oow
1 — " <t © Yol < N ™ ~— ~ ~
n:.w N o~ < < o~ - = = = = ==
. ~
=@ 38 & o .
3| .. GRS 5 S|
[T w (e} Yo
— O = T T T T m T T T T n_..m T T T T A0~. T T T T % T T T T m
[~ (0] =
Q0 =
n/w (®] Wa/u\ 0 S
-l Q ) o
[ap] LO)|




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

)
Se =
Z oo
N—
W%L.mm
T3
3 Eg %
ol S TS |89
ol 5 =8 |29
ol N W ~
PI= oS |O
Sl = is |7
RZ] N
o| © Q3 3
“|e| 318
Ol o T .0
2| = mepm
o o < B 1]
S| =23
EIRE “ @
.y
© > Ae10 % Q
30 wS % 3
s -
Sl< pues 4% 2
o | pues Wy ©
® <
a mRu pues "0 % o
ajeba.bby %, o
" 607 oiydeis H
‘0
=
© 8
< g o
> - < S 3
£ 88 = g ©
5 g5 L S =
© =3 - o -
1) 22 S 5 )
= kSRS » c =
c SIS © >
o= e w
o o g = e g
5 55% S5 s 8 ©
c s LS m.m < = prd
] oy 282 &) - Y
s an 5591 |z o 4 ¢
e W YN S AR z Nl > ©
= ssa w 2z z ®
< FERRE 0 O < o =
o) T 3 me - 1 5
< | 83 £59| & o 2 2
x S§ of o < 1S
(0] o5 de heo] 0 c
) 88 289 |g Y z e
o R Q0 =
o T O Q5 W W - =
QG 5 ©I 3 S = E B
et 2 o 8 - = = =
XIalT 3 &2 EbB = =L -
.. = 7] (2] [Te)
| = | < | © O [o N
O @ |0 & Wl >€ > € N~
o &
2 %] w > o o (] O g <7
Sl »n|Q = m S £ > >0 ¢
a| < o Q 7. o - L 2
o < o4 e o .io w
.. - | 1 S
c W Q = = @© = Qo = @©
S|k T NI o o E Tt B
SIS =
© w
Q
(@) ]
STL % 0 0 g o o o © 0 o
© ] = (S} ™ ; < ™ ™ o~ 3V o)
TIge < @
Q.
o | @09/ ssaid
5 mm. onug - N o Y 0 © ~ o 2 2
S8 - o o o o o o o o o b
et
1
.18 A191008y - © S © ® ® © @ @ @
1]
< Mu Jod smo © © © © e} < © ~ o ©
1 — =© \m N~ Te] Te] ™ Te] ™ Te] Te] Te] Te]
n:.w N < ™ ™
. (] Q|
[ee] Te] Te] d
=@ 28 g3 3 % 3
Ol A K 3 5 8
— O = T T T [re) T T T o T T T %) T T m T T %
c () = - -
[5) S
=| O oE 0
O 4 Q N s )
o [ce] ~




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

)\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
s® =z} -\ -«
v 4 K- —-"-"-~" -~ -~~~ -~~~ -~ -~~~ -~ -~~~ -~ -~
N—
zX “5S
= =S T3
o g |5
ol S ST | §So
ol 5 _nmnw =2
ol N W ~
PI= oS |O
N = 23 |’
k%] |
o ® Q3 3
e MM 8L
Sl o A® o
2| = =5 SR
o o < B 1]
S| =23
EIRE “ @
.y
© > Ae10 % &
30 WS % B
=R -
S5 pues 4 % 8
o |Q pues ‘W % o
® <
’ (]
a mRu pues "0 % o
ajeba.bby %, o
* 607 a1ydeis
2
[ 2 .
< S B 3 . . .
> ) % o © ..& ..& © ..&
= 5 .S © IS IS o o c o
3 TS = ; I ~ S S s =
T s3 - k7 m 2 = = .M =
% ez |3 s |5 |5 . 5 18 |3
— 33 =~ > n o ©) = @)
c TS > = = Q = Nt Nt
>
] ®© G — o [$) o] > >
c o £ | &) © o S < < <
5 553 39 |2 = g ot & o |0 o
S gat 55_|3 5 = 3 =2 z Z z
3 ©oy e8| @ g = 2 < = <
33X 539|7 £ 5 > > o - ul
£ L YN SaRs] > = a < < >
=2l o P | | > Z >
S E g MOP o £ > 5] o (&) ° 4 ]
£ o S h.mm.nv - 5 S g pd pd g et S
' 2 BRI & 2 (&} P M M > S >
X g € o2y © = = 4 4 o c o
Q o3 3Ssqls & < e > > o B o
e % ©R |8 8 u > © o © 8 o
of l,8% 5,2 |2 &z IS > s 2|3
o ke = 0 © el
o) WW s T2 |S5cew o o c < c E c
ol c|ST 2 o3 |28°E S > S S 2 7 2
g2 g S8 |l o ° o < c c o S o
o|S B » £ s 8 c | = 2 S 5 o
Bl = P a © 4 o o = = =
.. N~ o o = T =
O O Iy % > € c S S 3 o @ 3
Ol Q|ln ) N = > 72} 72
S @@ i >3 8 g 5 5 £ EQ £
S 3 T o <) 5 = B o E
Qo < o B (e} o @ @ = = .. =
<E 5 |2E8 = B |3 ] 3 |53 B
Sk 0 r3® 7] T > > = ne =
=B &
© w
Q
(@) ]
cgd % o T 5 10 0 T T o 0 0
fsg gl = ¢ 2 &2 3 2 2 2 3 o=
Q.
o | @0/ ssag
~ mo. - ~ ™ < 0 © ~ © o o
o %N enug - - - - - - - - Y g
S %) %) %) %) %) %) %) %) %) %)
e
1
.18 A191008y © © ® © ® ® @ @ @ @
1]
< Mu 9 Jad smojg el ~ o © © © < w ™ <
1 — " Te] <t N~ Te] © © ™ <t ™ ™
O N < ™ ™ ™ ™ < - o~ o~ o~
Ui, N 3 © o © © © 0 o S
3 s 3 2 2 2 2 g g 5 8
T T O o) 0 0 0 ) ) ) o)
— O = T T T T m T T T % T T T T A0~. T T T T % T T T m
[~ (0] =
Q0 =
n/w (®] wm o) o o) o) o) o) o
-l Q © - ) © © 0O ©
N [sp] [ap] [sp] <t <t <t




DLZ Ohio, Inc. * 6121 Huntley Road, Columbus, Ohio 43229 * (614) 888-0040

Project: Kyger Creek - Ash Impoundment Stability Analysis

Client: OVEC-AEP
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Job No. 1021-3003.00

LL

40

S |
O / Non-Plastic - NP
20 30

STANDARD PENETRATION (N60)
Natural Moisture Content, % - @

PL
Blows per foot -
10

Project: Kyger Creek - Ash Impoundment Stability Analysis

Date Drilled: 8/19/2010 to 8/20/2010

Client: OVEC-AEP
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Job No. 1021-3003.00
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STANDARD PENETRATION (N60)
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APPENDIX III
Hydrologic and Hydraulic Evaluations



Hydrologic and Hydraulic Analysis Related to Compliance Requirements
South Fly Ash Pond, Boiler Slag Pond and Clearwater Pond
Kyger Creek Power Plant, Gallia County, Ohio

General

The intent of this section is to ascertain the compliance of the South Fly Ash Pond, Boiler Slag Pond, and
Clearwater Pond with the recently mandated coal combustion residuals (CCR) rules with regard to the
hydrologic and hydraulic capacity requirements for surface impoundments (Ref 1). All three
impoundments are up ground reservoirs which function as tailings ponds for the Ohio Valley Electric
Corporation’s (OVEC’s) Kyger Creek Power Plant. A site map is shown in Figure 1.

The CCR rules require that the impoundments undergo periodic hazard potential classification.
Currently, South Fly Ash Pond and Boiler Slag Pond (which includes Clearwater Pond) are listed under
the Class Il Hazard Classification for dams in the State of Ohio. This classification is somewhat different
from the hazard classification listed in Section 257.73 (a) (2) of the CCR but may be construed as
equivalent to a significant hazard potential CCR surface impoundment. As per Section 257.82 (a) (3) (ii)
the inflow design flood for a significant hazard CCR surface impoundment is the 1,000-yr flood.
However, since the primary classification is the State of Ohio Class Il Hazard classification, the minimum
design flood for such structures as per Ohio Administrative Code Rule 1501:21-13-02 is the 50%
probable maximum flood (50% PMF). In addition, the 50% PMP depths for this location are larger than
the 1000-yr rainfall depths for the same duration and thus the use of the 50% PMP for this analysis is
conservative. Consequently, the inflow design flood chosen to determine the hydraulic capacity
requirement is the 50% PMF.

The CCR rules also only state that the CCR unit must adequately manage the flow into and from the unit
during and after the inflow design flood. No specific criterion for freeboard in the CCR unit is specifically
listed. However, Ohio Administrative Code Rule 1501:21-13-07 for Class Il dams that are up ground
reservoirs specifically states that the minimum elevation of the embankment crest shall be 5 feet higher
than the elevation of the designed maximum operating pool level. As part of this compliance
certification, checks are conducted to verify that the 5 ft freeboard criterion for the top of dam as
compared to the operating pool level is met. In addition, surcharge elevations associated with the inflow
of the 50% PMF with maximum operating pool as the initial condition are also determined to ensure
adequate storage capacity of the tailings ponds.

PMP Estimates

The rainfall depth for the 6-hr 1 sq. mile PMP for the Kyger Creek Plant as per the latest guidelines (Ref
2) developed by the Ohio Department of Natural Resources (ODNR) is 19 inches. Since the drainage
areas to the ponds are relatively small and the associated time of concentrations will be much less than
6 hours, it is reasonable to use the 6-hr 1 sg. mile value for the PMP. It should be noted that the point
1000-yr 6-hr rainfall depth for the area is 5.6 inches as compared to the 0.5 PMP depth of 9.5 inches.
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Topographic Data

Topographic data for all three ponds were generated using the 2007 LiDAR information for the project
site that is available online from the Ohio Geographically Referenced Information Program (OGRIP)
website. The drainage areas and elevation-area data for each of the ponds were developed using the
above data. It should be noted that the elevations with the LiDAR data are referenced to the NAVD 88
vertical datum. Since the historical information for the ponds are based on the NGVD 29 datum, all
elevations based on this data are converted to the NGVD 29 elevations by adding 0.7 ft, which is the
appropriate correction factor for the project area. All elevations in this document are referenced to the
NGVD 29 datum unless otherwise expressly stated.

Historic Data and Previous Studies

Historic data on the tailing ponds were primarily taken from several previous studies (Refs 3 and 4). This
includes outlet structure information and normal pool elevations. Information was also obtained from
communications with OVEC and American Electric Power (AEP) personnel. A site visit was also
conducted on 7/22/15 to observe the various facilities on site.

South Fly Ash Pond

The drainage area for the South Fly Ash Pond is approximately 67.7 acres. The outlet structure for South
Fly Ash Pond is located near the south west corner of the pond and consists of a 36-inch concrete pipe,
with a 42 inch by 39 inch concrete riser pipe with the principal spillway at elevation 582 ft. As per OVEC
and AEP personnel, the maximum operating pool is at elevation 585 ft.

The site visit revealed that the Kyger Creek Plant’s coal yard drainage as well as storm drainage from a
portion of the plant site is pumped to the pond. This information is not available from any of the
previous reports. Discussions with OVEC and AEP personnel revealed that originally four Goyne pumps
each rated at 5,000 GPM delivered the drainage flow to the ponds. Currently, only two are working and
there are no current plans to replace the other two. For the purpose of this study, it is assumed that two
pumps will be active during storm events. The combined coal yard/plant drainage area is approximately
38 acres as per OVEC and AEP personnel.

Conservatively, it is assumed that the outlet structure is blocked during the occurrence of the 0.5 PMP
event, the initial pond elevation is at the maximum operating pool, and that the direct inflow to the
reservoir from the 0.5 PMP rainfall and the associated pumped drainage from the coal yard/plant area
are instantaneously imposed on the pond.

Assuming no losses, the direct inflow volume to the pond = 0.5*%19/12*67.7 = 53.6 ac-ft. Drainage
volume to the pond from the pumps will be the minimum of the pump delivery or the flow volume
associated with the drainage area. Maximum pump delivery during the 6-he PMP will be the rated pump
capacity multiplied by the 6-hr duration. Maximum pump volume = 5,000*2*60*6/7.48/43,560 = 11.0
ac-ft. Assuming no losses, the maximum volume from the 38 acre coal yard/plant drainage area during
the 0.5 PMP = 0.5%19/12*38 = 30 ac-ft. It appears that flow from the drainage area will be limited by the
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pump capacity which may not be the case in reality since there will be losses associated with the rainfall
over the coal/plant yard. A runoff coefficient of approximately 0.37 will make the runoff volume almost
the same as the pump capacity. Conservatively, the total volume to the pond can be estimated as
53.6+11.0 = 64.6 ac-ft.

The resulting water surface elevation is calculated to be 586.0 ft (see Table 1). The top elevation of the
embankment around the pond is considered to be at elevation 590 ft, though the 2007 LIDAR data
indicate variations in the elevations. Therefore, the freeboard for the 0.5 PMP event (assuming the
initial water level is at maximum operating pool) is of the order of 4 ft.

Also, there is a freeboard of 5 ft above the maximum operating level, which satisfies the minimum
freeboard requirements of the State of Ohio for up ground reservoirs.

Boiler Slag Pond

The drainage area for the Boiler Slag Pond is approximately 30.1 acres. The outlet structure for Boiler
Slag Pond is located at the southern end of the pond adjacent to the west end of the splitter dike
between Boiler Slag Pond and the associated Clearwater Pond. The outlet consists of a 36-inch concrete
pipe with a 42 inch by 39 inch concrete riser pipe with the principal spillway at elevation 557 ft. Water
entering the outlet structure is discharged to Clearwater Pond, through a 30-inch CMP which passes
through the splitter dike. There is no drainage from other sources entering Boiler Slag Pond. The
maximum operating pool level is reported by OVEC and AEP personnel to be approximately 558 ft.

Conservatively, it is assumed that the outlet structure is blocked during the occurrence of the 0.5 PMP
event, the initial pond elevation is at maximum operating pool, and that the inflow to the reservoir is
only from the 0.5 PMP rainfall. Assuming no losses, the direct inflow volume to the pond =
0.5*19/12*30.1 = 23.8 ac-ft. The initial storage in the pond corresponding to the maximum operating
pool elevation of 558.0 ft is 17.7 ac-ft, so the total storage in the pond corresponding to the 0.5 PMP is
41.5 ac-ft. The resulting water surface elevation in the pond due to the 0.5 PMP event is 559.3 ft.

The top elevation of the embankment around the pond is considered to be at elevation 582 ft, though
the 2007 LIDAR data indicate variations in the elevations. Therefore, the freeboard for the 0.5 PMP
event is of the order of 22.7 ft. The detailed calculations are shown in Table 2.

Clearwater Pond

The drainage area for the Clearwater Pond is 9.9 acres. The outlet structure for Clearwater Pond is
located at the southeast corner of the pond and is discharged to the Ohio River through a 30-inch CMP.
Details of the outlet structure do not appear to be available. The maximum operating pool level is
reported by OVEC and AEP personnel to be approximately 553 ft. The only incoming flow to Clearwater
Pond is from direct rainfall to the pond as well as the inflow from Boiler Slag Pond.

Clearwater Pond is not strictly a CCR unit since the purpose of Boiler Slag Pond is to store CCRs.
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Assuming no losses, the combined inflow volume from the drainage areas of both Boiler Slag Pond and
Clearwater Pond is = 0.5*%19/12*(30.1+49.99) = 31.7 ac-ft. It is also assumed that the initial storage of
17.7 ac-ft in Boiler Slag Pond corresponding to the maximum operating pool there will drain to
Clearwater Pond. In addition, since the initial elevation in Clearwater Pond is assumed to be at the
maximum operating level of 553 ft, there is an initial storage in Clearwater Pond of 5.5 ac-ft. Thus the
total storage volume in Clearwater Pond for these conditions assuming that the outlet is blocked is 54.9
ac-ft.

It should be noted that if the pool elevation at Clearwater Pond exceeds 557 ft (spillway elevation at
Boiler Slag Pond), the storage in Boiler Slag Pond above this elevation will also be activated in addition
to the storage in Clearwater Pond. The resulting water surface elevation in the pond for the 0.5 PMP
event assuming that the outlet is blocked is 558.6 ft.

The top elevation of the embankment around the pond is considered to be at elevation 582 ft, though
the 2007 LIDAR data indicate variations in the elevations. Therefore, the freeboard for the 0.5 PMP
event is of the order of 23.4 ft. The detailed calculations are shown in Table 3.

Summary and Conclusions

A summary table of the water level conditions in the three ponds is given in Table 4. It is concluded that
South Fly Ash Pond, Boiler Slag Pond and Clearwater Pond have sufficient storage capacity and
freeboard to satisfy the minimum requirements of CCR rules as well as the dam safety requirements of
the State of Ohio.
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Figure 1 Areal View of Project Site
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Table 1: Detailed Calculations for South Fly Ash Pond

South Fly Ash Pond

Drainage Area 67.7 acres
Feature Elevation (ft) Surface Area (ac) Incr Storage (ac-ft)
Principal Spillway 582.0 64.3 0.0
582.7 64.6 45.1
583.7 64.9 109.8
584.7 65.2 174.9
585.0 65.3 194.4
585.7 65.5 240.2
586.7 65.9 305.9
587.7 66.3 371.9
588.7 66.8 438.5
589.7 68.1 505.9
Top of Dam 590.0 68.7 526.4

Inflow Volumes
(Calculations assume that outlet structure is inoperable)

50% 6hr-1sq mile PMP volume to South Fly Ash Pond 53.6 ac-ft

Coal yard drainage max pump vol for 6 hrs 11.0 ac-ft

Drainage volume from 38 acre coal yard for 50% 6-hr PMP 30.1 ac-ft

Combined flow volume from 50% 6-hr PMP to South Fly Ash Pond 64.6 ac-ft

Storage in South Fly Ash Pond due to 50% 6-hr PMP 64.6 ac-ft

Assumed initial level (maximum operating pool) 585.0 ft

Initial storage 194.4 ac-ft

Total storage in South Fly Ash Pond 259.0 ac-ft

Max South Fly Ash Pond elevation 586.0 ft

Freeboard 4.0 ft
Hydrology and Hydraulic Analysis for December 2015
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Table 2: Detailed Calculations for Boiler Slag Pond

Boiler Slag Pond

Drainage Area

30.1

acres

Feature

Elevation (ft)

Surface Area (ac)

Incr Storage (ac-ft)

Principal Spillway

Top of Dam

557.0
560.7
570.7
579.7
582.0

16.7
19.5
26.3
29.0
29.2

0.0
67.0
296.0
544.5
611.4

Inflow Volumes

(Calculations assume that outlet structure is inoperable)

50% 6hr-1sq mile PMP volume 23.8 ac-ft

Storage in Boiler Slag Pond due to 50% 6-hr PMP 23.8 ac-ft

Assumed initial level (maximum operating pool) 558.0 ft

Initial storage (curve fit) 17.7 ac-ft

Total storage in Boiler Slag Pond 41.5 ac-ft

Max Boiler Slag Pond elevation (curve fit) 559.3 ft

Freeboard 22.7 ft
Hydrology and Hydraulic Analysis for December 2015
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Clearwater Pond

Table 3: Detailed Calculations for Clearwater Pond

Drainage Area 9.99 acres
Add
Elevation Surface Incremental Storage Total
(ft) Area (ac) S::ercf)e Boiler Slag S::ercf)e
Feature Pond (ac-ft)
Principal Spillway 552.0 5.7 0.0 0.0
552.7 5.8 4.0 4.0
556.7 6.4 28.4 28.4
557.0 6.4 30.4 0.0 304
560.7 6.9 54.9 67.0 122.0
570.7 8.2 130.5 296.0 426.5
579.7 9.6 210.7 544.5 755.2
Top of Dam 582.0 10.3 233.6 611.4 845.0
Inflow Volumes
(Calculations assume that outlet structure is inoperable)
50% 6hr-1sq mile PMP volume from Clearwater Pond 7.9 ac-ft
50% 6hr-1sq mile PMP volume from Boiler Slag Pond 23.8 ac-ft
Initial flow volume in Boiler Slag Pond 17.7 ac-ft
Combined Flow Volume to Clearwater Pond 49.4 ac-ft
Assumed initial level (maximum operating pool) 553.0 ft
Initial storage (curve fit) 5.5 ac-ft
Total storage in Clearwater Pond 54.9 ac-ft
Max Clearwater Pond elevation (curve fit) 558.6 ft
Freeboard 23.4 ft
Hydrology and Hydraulic Analysis for December 2015
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Summary Table

Table 4: Summary Table of Elevations

Elevation (ft) — NGVD 29 Freeboard (ft) Top of
Embankment
Normal Max | 59 pmp | 50% PMP Max Elevation(ft) —
Pool Operating Elevation Event Operating
Feature POO' POO' NGVD 29
South Fly Ash Pond 582.0 585.0 586.0 4.0 5.0 590.0
Boiler Slag Pond 557.0 558.0 559.3 22.7 24.0 582.0
Clearwater Pond 552.0 553.0 558.6 23.4 29.0 582.0

Note: Initial pond elevation for 50% PMP event assumed to be the maximum operating pool

Hydrology and Hydraulic Analysis for
Compliance, Kyger Creek Power Plant

Gallia, Ohio
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APPENDIX IV
Piezometer Readings and Pool Elevation Data Provided by AEP
A Summary of the Laboratory Testing and the Results of Strength Tests Performed in the 2010
Subsurface Investigation



Table 3 - South Fly Ash Pond Static Water Elevations
Dates H Elevation (ft)
I KC-1003 | KC-1004 | KC-1007 | KC-1008| KC-1011 | KC-1012
8/20/2010 558.09 ND 559.23 Dry ND ND
8/23/2010 I 561.35 ND 559.22 Dry ND ND
8/25/2010 561.35 ND 559.28 Dry ND ND
8/26/2010 561.43 551.24 559.27 Dry ND. ND
8/30/2010 561.61 || 549.95 55951 | Dry 567.31 ND
9/1/2010 561.7 549.96 559.58 Dry 567.23 ND
9/7/2010 561.91 549 .64 560.15 Dry 567.09 ND
9/8/2010 561.91 549.63 560.2 Dry 566.96 ND
9/9/2010 n 561.94 549.64 560.26 Dry 566.89 ND
9/10/2010 562.04 549.57 560.34 Dry 566.89 561.77
9/13/2010 562.24 549.49 56064 | Dry 567.07 | 561.67
9/14/2010 562.21 549.44 560.72 | Dry 566.94 | 561.71
9/15/2010 562.27 549.43 560.83 Dry 567.04 561.75
5/20/2011 568.49 551.09 569.93 Dry 567.89 561.47
8/19/2011 I 566.94 ND ND Dry ND ND
9/27/2011 564.37 550.39 576.73 Dry 567.28 561.39
3/20/2012 567.29 550.46 573.48 Dry 567.18 561.42
6/1/2012 567.32 549.74 572.63 Dry 565.27 | 5616
8/3/2012 567.68 549.35 572.65 Dry 564.61 | 560.78
10/25/2012 | 570.04 548.89 573.43 554.81 564.77 560.57
2/21/2013 ND 549.99 581.71 557.21 564.99 560.47
5/23/2013 572.59 549.34 576.33 554.01 565.49 560.47
8/16/2013 572.69 549.59 574.63 552.21 566.69 560.77
11/15/2013 572.79 549.79 575.63 Dry 566.79 560.67
3/7/2014 572.39 || 550.99 576.03 Dry 566.99 560.77
6/12/14 570.89 550.49 570.83 Dry 566.49 560.67
9/9/14 n 570.79 550.59 571.83 559.81 566.19 560.77
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Table 2 - Bottom Ash Pond Static Water Elevations

Elevation (ft

[

hla Mot

pates KC-1015 | KC-1016 KC-1018 | KC-1021 | KC-1022
8/30/2010 539.83 ND
9/1/2010 539.85 ND
9/7/2010 || . 539.76 538.79
9/8/2010 545.86 ND 535.5 530.6 539.73 “ 538.78
9/9/2010 545 82 536.3 535.74 531.85 539.72 538.84
9/10/2010 545.81 538.85 536 533.09 539.75 538.89
8/13/2010 546.02 539.3 537.06 535.85 539.72 539.04
9/14/2010 545.89 539.25 537.29 536.3 539.72 539
9/15/2010 546.02 539.15 537.59 I 536.7 539.72 538.94
5/20/2011 550.52 ND 549.79 ND L 545.32 545.94
6/7/2011 ND 539.15 ND 536.7 ND ND
9/27/2011 546.97 537.98 546 541.65 540.01 | 539.36
3/20/2012 547 65 541.1 550.79 537.5 542 38 541.74
6/1/2012 544.75 537.28 549.89 538.9 540.21 _n 539.73
8/3/2012 546.41 536.78 547.41 536.86 539.52 539
10/25/2012 ‘ 546.02 536.95 548.29 535.05 539.82 538.99
2/21/2013 546.47 539.1 549,39 539.2 541.52 540.14
5/23/2013 545.85 539.27 549,59 534.41 540.22 539.56
8/16/2013 546.67 537.9 548.99 534.8 I 540.02 539.24
11/15/2013 546.77 ° 538.4 548.69 534.3 539.92 539.34
3/7/12014 548.27 - i
6/12/2014 547.07
Sep-14 546.47

Bottom Ash Pond is also
known as Boiler Slag
Pond
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Table 1 - SUMMARIZED WATER ELEVATION DATA.

Dates Elevation (ft)
SFAP BAP CWP Ohio River

Apr-01 562 556 551 538
Apr-02 564,25 551.2 550.8

Apr-03 566,75 556.3 551

Oct-D4 57331 556.3 551

Dec-05 5787 551 ND

Jun-08 BAZ 18 BA6.92 550.03

Sep-09 582.11 556,87 548 57

Oct-09 582 68 556.8 549.82

MNowD9 583.43 556,78 549 04 538
Mar-10 583.97 556.72 540.75

Aug-10 584.01 556.39 549 87

Sep-10 5B83.85 556.34 545.79 539
Oct-10 5838 556.3 545 83 ND
MNow10 583.88 55638 548 85 538
Mar-11 584.08 556. 76 550.5 538
Apr-11 583.56 556,43 549 B3 548
May-11 583.59 557.09 550.33 538
Jun-11 583.56 557.03 £54. 62 543
Jul-11 583.76 556.84 550.33 539
Aug-11 5E4.6 A58 95 549,91 £39
Sep-11 5B3.41 558,78 549 95 539
Mow-11 583.3 556.68 549,45

Mow11 583.66 555,87 549,77

Dec-11 583.63 556.79 549.9

Jan-12 583.45 E55.8 540,48

Feb-12 583.3 556,63 5455

Mar-12 583.4 556.6 549.51 550.4
Apr-12 583.3 55A.8 549.5 5385
May-12 5835 556.7 £50.1 5388
Jun-12 5836 556.7 549 A 536 5
Sep-12 583.3 586,68 549 8 538.3
Oct-12 583.4 556.5 549.8 538.5
Feb-13 583.3 556.6 5498 538.5
May-13 5836 BET.5 G408 £37
Aug-13 5838 557.5 G40 R 538.4
Oct-13 583.5 557.8 5496 5384
Feb-14 583.B 557.9 549.9 540.6
May-14 583.4 557.9 549.8 540.2
Aug-14 5B3.5 558 549.7 538.1
Sep-14 EA36 558 549 6 537.7

SFAP - South Fly Ash Pond -Crest Elevation :588

BAP - Bottom Ash Pond -Crest Elevation -582
CWP - Clearwater Pond -Crest Elevation (582

ND - Mo Data




Table 1 - SUMMARIZED WATER ELEVATION DATA.

Dates Elevation (ft)

SFAP BAP CWP Ohio River
Apr-01 562 556 551 538
Apr-02 564,25 551.2 550.8
Apr-03 5BS 75 ] 551
Oct-04 573.31 556.3 551
Dec-05 578.7 551 ND
Jun-08 582.18 556.92 550.03
Sep-09 56211 556,87 548,57
Oct-08 582,68 556.8 549.82
Mow05 583.43 556.78 545.54 538
Mar-10 583.97 556.72 549.75
Aug-10 584.01 556.39 549.67
Sep-10 583.85 556.34 549.79 539
Oct-10 583.8 556.3 549,83 ND
Now-10 583 86 556.36 549.69 538
Mar-11 584.06 556.16 550.5 539
Apr11 583.56 556.43 549.63 549
May-11 583.59 557.08 550.33 539
Jun-11 583.56 557.03 554 62 543
Bk 583.76 556.84 550.33 539
Aug11 584 5 556.56 54961 539
Sep-11 583.41 556.76 549.05 539
Now-11 583.3 556.58 549.45
Now11 583.66 556,87 549.77
Dec-11 583.63 558.79 549.9
Jan-12 583.45 556.8 549.45
Feb-12 583.3 556.63 549.5
Mar-12 583.4 556.6 548.51 550,4
Apr-12 583.3 556.8 5485 538.5
May-12 583.5 556.7 550.1 538.6
Jun-12 5836 556.7 549.8 538.5
Sep12 5833 556.6 5458 538.3
Oct-12 583.4 556.6 549.8 538.5
Feb-13 583.3 556.6 549.8 538.5
May-13 583.6 557.5 549.8 537
Aug-13 583.6 557.5 549.8 538.4
Oct-13 583.5 557.6 549.6 538.4
Feb-14 583.6 557.9 549.9 540.6
May-14 583.4 557.9 549.8 540.2
Aug-14 583.5 558 5497 538.1
Sep-14 583.6 558 549.6 537.7

SFAP - South Fly Ash Pend -Crest Elewation 588

BAP - Bottom Ash Pond -Crest Elevation -582
CWP - Clearwater Pond -Crest Elevation ;582

MDY - No Data

Bottom Ash Pond is also known
as Boiler Slag Pond
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Bottom Ash Pond is also known as Boiler Slag Pond
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Figure 12 — Bottom Ash Pond Static Water Elevations
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Figure 13 - South Fly Ash Pond Static Water Elevations



Table 3 - South Fly Ash Pond Static Water Elevations
Dates H Elevation (ft)
I KC-1003 | KC-1004 | KC-1007 | KC-1008| KC-1011 | KC-1012
8/20/2010 558.09 ND 559.23 Dry ND ND
8/23/2010 I 561.35 ND 559.22 Dry ND ND
8/25/2010 561.35 ND 559.28 Dry ND ND
8/26/2010 561.43 551.24 559.27 Dry ND. ND
8/30/2010 561.61 || 549.95 55951 | Dry 567.31 ND
9/1/2010 561.7 549.96 559.58 Dry 567.23 ND
9/7/2010 561.91 549 .64 560.15 Dry 567.09 ND
9/8/2010 561.91 549.63 560.2 Dry 566.96 ND
9/9/2010 n 561.94 549.64 560.26 Dry 566.89 ND
9/10/2010 562.04 549.57 560.34 Dry 566.89 561.77
9/13/2010 562.24 549.49 56064 | Dry 567.07 | 561.67
9/14/2010 562.21 549.44 560.72 | Dry 566.94 | 561.71
9/15/2010 562.27 549.43 560.83 Dry 567.04 561.75
5/20/2011 568.49 551.09 569.93 Dry 567.89 561.47
8/19/2011 I 566.94 ND ND Dry ND ND
9/27/2011 564.37 550.39 576.73 Dry 567.28 561.39
3/20/2012 567.29 550.46 573.48 Dry 567.18 561.42
6/1/2012 567.32 549.74 572.63 Dry 565.27 | 5616
8/3/2012 567.68 549.35 572.65 Dry 564.61 | 560.78
10/25/2012 | 570.04 548.89 573.43 554.81 564.77 560.57
2/21/2013 ND 549.99 581.71 557.21 564.99 560.47
5/23/2013 572.59 549.34 576.33 554.01 565.49 560.47
8/16/2013 572.69 549.59 574.63 552.21 566.69 560.77
11/15/2013 572.79 549.79 575.63 Dry 566.79 560.67
3/7/2014 572.39 || 550.99 576.03 Dry 566.99 560.77
6/12/14 570.89 550.49 570.83 Dry 566.49 560.67
9/9/14 n 570.79 550.59 571.83 559.81 566.19 560.77
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Figure 9 — Ponds Water Elevations




4.2

Total Effective o /
C, tsf 0.080 0.055 -~
o, deg 25.9 36.5 i
Tan(¢) 0.48 0.74 ~

N
o)
N

Shear Stress, tsf
\
\\
Ny
\
\ \
1 N\
LY
T
1
|
/
/7
/
/
,/

=
I
\
\
N
NS
Y
N\
N
<
~
\\
N
/
/
/
d
e
7

/ N,
/ /(\ \ \
I N \
(] | \ \
7 i | \ \
T \ '.
0 H ] | \ 1

\\
\
‘\
/
/
1
/
/
/
7
/
-
prad
~
"
———
~

0 1.4 2.8 4.2 5.6 8.4
Total Normal Stress, tsf
Effective Normal Stress, tsf --—----
6 Sample No. 1 2 3
— 3 Water Content, 230 29 20
5 _ | Dry Density, pcf 1016 1055 106.0
8 | Saturation, 918 100.4 98.0
€ | Void Ratio 06899 06267 0.6189
B 4 Diameter, in. 2.82 2.83 2.83
g Height, in. 553 526 553
= L 2 Water Content, 24.6 214 196
o3 - | Dry Density, pcf 1025 1081 1116
g © | Saturation, 1000 1000 1000
> z Void Ratio 06756 05834 05385
a 2 — 1 Diameter, in. 281 281 2.78
"] Height, in, 551 52 543
Strain rate, in./min. 0.01 0.01 0.01
1 Back Pressure, tsf 130 130 130
Cell Pressure, tsf 2.30 331 4.32
0 Fail. Stress, tsf 1.89 324 5.26
0 5 10 15 20 Total Pore Pr., tsf 1.80 2.2 2.67
Axial Strain, % Ult. Stress, tsf 1.98 331 537
Total Pore Pr., tsf 1.75 211 2.59
o, Failure, tsf 240 433 6.91
Type of Test: _ .
CU with Pore Pressures o, Failure, tsf 0.50 1.09 165
Sample Type: 3" press tube Client: OVEC/AEP
Description: Light brown lean clay, damp,
decreasing moisture with increasing depth, stiff at || Project: OVEC: Kyger Creek - Ash Inpoundment Stability Analysis
LL= 34 PL=20 Pl= 14 DLZ Project No: 1021-3003.00
Specific Gravity= 2.75 Source of Sample: KC-1001 Depth: 285-30.0
Remarks: Actual strain rate=0.0120in/min. Sample Number: ST-2
Proj. No.: 1021-3003.00 Date: 930/2010
Figure D L Z
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KYGER CREEK - SUMMARY OF RESULTS OF LABORATORY TESTING

Particle Size Distribution Atterberg Limits Percent Hand Permea-
Cross-section Boring Sample Soil Classification Percent | Percent | Percent | Percent Liquid ‘ Plastic | Plasticity | Moisture, N60 Penetro- bility Consolidation-Undrained Parameters
Location No. No. No. Depth, ft | Elevation, ft Textural USCS Gravel Sand Silt Clay Limit, LL | Limit, PL | Index, Pl Wc N-values | meter,tsf| cm/sec C, psf ¢, degree C', psf | @', degree
South Fly Ash Pond 1 KC-1001 ST-2 28.5 560.8 Lean Clay CL 0 8 47 45 34 20 14 23 N/A 25 160 259 110 36.5
South Fly Ash Pond 1 KC-1001 S$-17 46 543.3 Lean Clay CL 0 8 58 34 34 20 14 295 5 15
South Fly Ash Pond 1 KC-1001 S-19 53.5 535.8 Sand with gravel SW 42 56 3 0 Non-plastic 8.9 59 N/A
South Fly Ash Pond 1 KC-1002 ST-1 8.5 549.8 Sandy Lean Clay CL 0 16 52 32 32 | 13 | 19 25.8 N/A -
South Fly Ash Pond 1 KC-1002 S-15 33.5 525.3 Sand with silt with gravel SW-SM 45 a7 8 0 Non-plastic 9.9 56 N/A
South Fly Ash Pond 1 KC-1002 S-19 435 514.8 Sand with silt with gravel SP-SM 18 75 7 0 Non-plastic 16.5 19 N/A
South Fly Ash Pond 1 KC-1002 S-21 48.5 509.8 Sand SW 4 96 0 0 Non-plastic 19.7 23 N/A
South Fly Ash Pond 2 KC-1003 S-7 16 572.4 Lean Clay CL 0 24 45 31 30 18 12 19.5 11 2.25
South Fly Ash Pond 2 KC-1003 ST-2 31 557.4 Lean Clay CL 0 17 47 36 31 18 13 18.6 N/A 4 1.8x10-7
South Fly Ash Pond 2 KC-1003 S-19 53.5 534.9 Lean Clay with sand CL 0 17 50 33 31 21 10 33.7 4 0.5
South Fly Ash Pond 2 KC-1004 S-8 16 539.8 Lean Clay with sand CL 0 20 51 29 32 19 13 28.3 1 0.75
South Fly Ash Pond 2 KC-1004 S-12 26 529.3 Sand with silt with gravel SW-SM 40 54 6 0 Non-plastic 10.8 69 N/A
South Fly Ash Pond 2 KC-1004 S-15 33.5 521.8 Sand with gravel SW 33 65 2 0 Non-plastic 14.9 16 N/A
South Fly Ash Pond 3 KC-1005 ST-2 185 569.7 Lean Clay CL 0 13 48 39 37 21 16 21 N/A 4 4.5x10-8
South Fly Ash Pond 3 KC-1005 S-18 48.5 540.2 Sandy Silty Clay CL-ML 0 30 46 24 25 21 4 253 4 0.25
South Fly Ash Pond 3 KC-1005 S-19 53.5 534.7 Silty Clay with sand CL-ML 0 26 51 23 26 19 7 32.1 2 0.25
South Fly Ash Pond 3 KC-1006 S-7 135 563.4 Lean Clay CL 0 10 42 48 41 21 20 24.2 10 25
South Fly Ash Pond 3 KC-1006 S-14 31 545.4 Lean Clay with sand CL 0 20 45 35 48 20 28 23.2 12 1.5
South Fly Ash Pond 4 KC-1007 S-7 16 573 Lean Clay CL 0 13 44 43 39 22 17 249 13 3.00
South Fly Ash Pond 4 KC-1007 S-19 46 543.5 Lean Clay with sand CL 0 22 52 26 28 18 10 26 7 0.5
South Fly Ash Pond 4 KC-1007 S-23 63.5 526 Sand with silt with gravel SW-SM 33 58 9 0 Non-plastic 64 N/A
South Fly Ash Pond 4 KC-1008 S-5 6 574.9 Lean Clay CL 0 5 53 42 40 22 17 24.4 17 35
South Fly Ash Pond 4 KC-1008 S-11 21 559.9 Lean Clay CL 0 6 47 47 41 22 19 245 14 35
South Fly Ash Pond 4 KC-1008 S-18 38.5 542.4 Sandy Lean Clay CL 0 35 43 22 24 16 8 25.5 6 0.5
South Fly Ash Pond 5 KC-1009 ST-1 16 573.2 Lean Clay CL 0 29 36 35 32 18 14 215 N/A 2.25 1.9x10-8
South Fly Ash Pond 5 KC-1009 ST-2 26 563.2 Lean Clay CL 0 7 52 41 38 22 16 229 N/A 4
South Fly Ash Pond 5 KC-1009 S-19 53.5 535.7 Sandy Lean Clay CL 0 31 45 24 28 20 8 27.4 4 0.5
South Fly Ash Pond 5 KC-1010 S-5 6 559.1 Lean Clay with sand CL 0 4 58 38 36 20 16 22.8 10 1.75
South Fly Ash Pond 5 KC-1010 S-11 235 541.6 Sandy Lean Clay CL 0 44 35 20 24 18 6 25.2 5 0.5
South Fly Ash Pond 5 KC-1010 ST-2 31 534.1 Sandy Lean Clay CL 0 31 50 19 29.4 26 18 8 N/A 0.75 1.8x10-7
South Fly Ash Pond 5 KC-1010 S-16 41 524.1 Gravel Gw 54 43 3 0 Non-plastic 11.5 a7 N/A
South Fly Ash Pond 5 KC-1010 S-17 43.5 521.6 Sand with silt with gravel SW-SM 23 70 7 0 Non-plastic 13.9 23 N/A
South Fly Ash Pond 6 KC-1011 S-5 11 578.2 Lean Clay CL 0 11 55 34 34 20 14 22.2 8 2.00
South Fly Ash Pond 6 KC-1011 S-16 38.5 550.7 Lean Clay with sand CL 0 15 51 34 33 19 14 26.4 8 1.25
South Fly Ash Pond 6 KC-1011 S-20 48.5 540.7 Sandy Silt ML 0 42 38 20 Non-plastic 29.7 2 N/A
South Fly Ash Pond 6 KC-1011 S-23 63.5 525.7 Sand with silt with gravel SW-SM 20 68 12 0 Non-plastic 13.7 25 N/A
South Fly Ash Pond 6 KC-1011 S-24 68.5 520.7 Sand with silt with gravel SP-SM 15 79 6 0 Non-plastic 17.5 16 N/A
South Fly Ash Pond 6 KC-1012 S-5 6 557 Lean Clay with sand CL 0 1 56 43 41 22 19 253 10 2.00
South Fly Ash Pond 6 KC-1012 ST-2 21 542 Sandy Lean Clay CL 0 35 43 22 26 19 7 25.7 N/A = 546 15.7 208 32.8
South Fly Ash Pond 6 KC-1012 S-13 33.5 529.5 Sandy Gravel GP 59 37 4 0 Non-plastic 13.9 27 N/A
Bottom Ash Pond 1 KC-1013 S-5 11 570.3 Lean Clay with sand CL 2 8 52 38 37 21 16 25.9 7 3
Bottom Ash Pond 1 KC-1013 S$-18 48.5 532.8 Sandy Lean Clay CL 0 23 47 30 30 18 12 28 7 0.75
Bottom Ash Pond 1 KC-1013 S-19 53.5 527.8 Sandy Silt ML 0 44 36 20 Non-plastic 2 N/A
Bottom Ash Pond 1 KC-1014 ST-1 11 547.6 Lean Clay CL 0 2 57 41 40 22 18 25.7 N/A 2.25 2.2x10°®
Bottom Ash Pond 1 KC-1014 S-13 31 527.6 Sandy Lean Clay CL 0 32 43 25 25 16 9 26.9 5 0.25
Bottom Ash Pond 1 KC-1014 S-16 38.5 520.1 Gravel with silt with sand GW-GM 52 42 6 0 Non-plastic 8.7 60 N/A
Bottom Ash Pond 2 KC-1015 S-6 13.5 566.9 Sandy Lean Clay CL 0 12 54 34 34 20 14 21.1 11 2.75
Bottom Ash Pond 2 KC-1015 S-16 46 534.4 Sandy Lean Clay CL 0 32 44 24 28 ‘ 19 ‘ 9 25.5 1 0.5
Bottom Ash Pond 2 KC-1015 S-19 58.5 521.9 Sand with silt with gravel SW-SM 43 51 6 0 Non-plastic 13.4 40 N/A
Bottom Ash Pond 2 KC-1016 ST-1 8.5 535.3 Lean Clay with sand CL 0 1 54 45 40 | 22 | 18 34.4 N/A - 356 16.2 276 32.2
Bottom Ash Pond 2 KC-1016 S-12 26 517.8 Sand with silt with gravel SW-SM 34 60 6 0 Non-plastic 16.1 19 N/A
Bottom Ash Pond 2 KC-1016 S-13 28.5 515.3 Gravel with sand GW 53 44 3 0 Non-plastic 10.8 16 N/A
Clearwater Pond 3 KC-1017 ST-1 18.5 561.6 Sandy Lean Clay CL 0 23 46 31 29 18 11 22.4 N/A 1.5 356 20.3 216 37.2
Clearwater Pond 3 KC-1017 S-15 41 539.1 Lean Clay CL 0 3 51 46 42 25 17 31.9 7 1
Clearwater Pond 3 KC-1017 S-19 53.5 526.6 Sandy Lean Clay CL 0 18 54 28 33 20 13 27.3 1 0.75
Clearwater Pond 3 KC-1018 ST-1 8.5 538.8 Lean Clay CL 0 4 53 43 44 24 20 21.8 N/A 4.5 9.3x10°
Clearwater Pond 3 KC-1018 S-9 185 529.3 Lean Clay CL 0 5 63 32 36 21 15 30.5 0 0.25
Clearwater Pond 3 KC-1018 S$-13 31 516.3 Sandy Silt ML 0 48 39 13 Non-plastic 33 5 N/A
Clearwater Pond 3 KC-1018 S-14 33.5 513.8 Sand with silt SW-SM 1 88 11 0 Non-plastic 21.7 5 N/A
Clearwater Pond 3 KC-1018 S-16 38.5 508.8 Gravel with silt with sand GP-GM 52 38 10 0 Non-plastic 16.3 13 N/A
Clearwater Pond 3 KC-1018 S-19 46 501.3 Sand with gravel SW 38 59 3 0 Non-plastic 12.9 19 N/A
Clearwater Pond 4 KC-1019 S-8 21 559.7 Lean Clay CL 0 13 51 36 33 20 13 23.9 8 1.25
Clearwater Pond 4 KC-1019 ST-2 26 554.7 Sandy Silt ML 0 38 38 24 21 18 3 22 N/A 0 3.3x10™
Clearwater Pond 4 KC-1019 S-19 53.5 527.2 Sand with silt SP-SM 0 90 10 0 Non-plastic 26.9 11 N/A
Clearwater Pond 4 KC-1020 S-5 6 553.5 Lean Clay CL 0 7 58 35 38 22 17 23.1 7 2
Clearwater Pond 4 KC-1020 S-7 16 543.5 Sandy Lean Clay CL 0 19 54 27 32 20 12 23.7 6 1
Clearwater Pond 4 KC-1020 S-12 28.5 531 Sandy Lean Clay CL 0 30 46 24 28 17 11 25.4 1 1
Clearwater Pond 4 KC-1020 S-14 36 523.5 Silty Sand SM 0 86 14 0 Non-plastic 28.6 7 N/A
Bottom Ash Pond 5 KC-1021 ST-1 18.5 561.7 Sandy Lean Clay CL 0 21 46 33 32 20 12 21.4 N/A 2.5 8x10°®
Bottom Ash Pond 5 KC-1021 S-15 41 539.2 Sandy Lean Clay CL 0 34 46 20 28 19 9 25.6 0 0.75
Bottom Ash Pond 5 KC-1021 S-20 58.5 521.7 Silty Sand SM 0 87 13 0 Non-plastic 27.8 13 N/A
Bottom Ash Pond 5 KC-1022 S-4 4.5 558.2 Sandy Silty Clay CL-ML 0 41 40 19 22 18 4 15.2 13 1
Bottom Ash Pond 5 KC-1022 S-7 16 546.7 Sandy Lean Clay CL 0 40 38 22 25 17 8 18.1 6 1.5
Bottom Ash Pond 5 KC-1022 S-13 335 529.2 Silty Sand M 0 81 19 0 Non-plastic 29.6 2 N/A
Bottom Ash Pond 5 KC-1022 S-14 36 526.7 Silty Sand SM 0 75 25 Non-plastic 26.6 8 N/A
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6 Sample No. 1 2 3
Water Content, 286 286 286
5 _ | Dry Density, pcf 9%6.3 9%6.0 %4
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Specific Gravity=
Remarks: Actual strain rate = 0.0120 in/min

Figure

press tube

275

Client: OVEC/AEP

Project: OVEC: Kyger Creek - Ash In
DLZ Project No: 1021-3003.00
Source of Sample: KC-1012

Sample Number: ST-2

Proj. No.: 1021-3003.00

poundment Stability Analysis

Depth: 21.0-230




75 75
1] 2|
| |
| ° | ®
| |
| |
(&) ()
59 45 S, 45
28. 22y
=07 =T T
a? S a? / T
L2 (T L9 3|/
o ®© o ®©
as as
= 54
(@] o
e 1.5 e 15
0 0
0% 10% 20% 0% 10% 20%
75 75
3 | 4]
| |
| 6 | 6
| |
| |
| |
(&) ()
5 o S 45
0w un n n
=R =R
a? a
©g © 9 3
o ® o .®©
a s a s
=fa) fa)
(@] o
e e 15
0
0% 10% 20% 0% 10% 20%
3 Peak Strength 7
Total Effective 7
a= 0.32 tsf 0.12 tsf 7
a= 14.8 deg 28.3 deg e
tan o= 0.26 0.54 7
2
o

Stress Paths: Total ———

3

p, tsf
Effective

Client: OVEC/AEP

Project: OVEC: Kyger Creek - Ash Inpoundment Stability Analysis
Source of Sample: KC-1012 Depth: 21.0-230
Project No.: 1021-3003.00 Figure

Sample Number: ST-2

DLZ, INC.




3.9 Total Effective i
C, tsf 0.178 0.138 P
o, deg 16.2 32.2 7
Tan(¢) 0.29 0.63 //’
w26 I
) ,’/// /
g ’/’/’/ /
& 1
. Prasieee —— ’A
] z= ~~~<l \
& ,/ > ~.
1.3 — >
4’//’:/ / \\ \
7T K — A
’,::::__§ ’I ~< // \ \\
/ﬁl”/ 7N E “\
AL I NN \
/’//‘71/7' \NOLA \
0 i! VLY \
0 1.3 2.6 3.9 5.2 6.5 7.8
Total Normal Stress, tsf
Effective Normal Stress, tsf -—————-
6
Sample No. 1 2 3
Water Content, 3H1 3H5 3038
5 __ | Dry Density, pcf 87.6 86.8 923
8 | Saturation, 100.5 0.8 984
€ | Void Ratio 09607 09784 0.8607
w4 Diameter, in. 282 283 283
) |3 Height, in. 552 550 544
= / Water Content, 316 304 265
o3 + | Dry Density, pcf 918 B5 9.3
£ @ | Saturation, 1000 1000 1000
> 2 Void Ratio 08692 08371 0.7288
a 2 Diameter, in. 2.76 2.75 2.77
— | | i Height, in. 5.46 543 5.28
— ] Strain rate, in./min. 0.01 0.01 0.01
1 Back Pressure, tsf 259 259 259
Cell Pressure, tsf 360 461 6.48
0 Fail. Stress, tsf 141 1.80 355
0 5 10 15 20 Total Pore Pr., tsf 319 429 517
Axial Strain, % Ult. Stress, tsf 141 1.80 355
Total Pore Pr., tsf 319 4.29 517
o, Failure, tsf 182 212 4.85
Type of Test: o
CU with Pore Pressures o, Failure, tsf 041 0.32 131
Sample Type: 3' press tube Client: OVEC/AEP
Description: Light brown lean clay (CL) Very stiff
@ top & middle to stiff @ bottom, damp Project: OVEC: Kyger Creek - Ash Inpoundment Stability Analysis
LL= 40 PL= 22 Pl= 18 DLZ Project No: 1021-3003.00
Assumed Specific Gravity= 2.75 Source of Sample: KC-1016 Depth: 85-105
Remarks: Actual strain rate = 0.055in/min. Sample Number: ST-1
Hand Penetrometer: Top =225 TSF Proj. No.: 1021-3003.00 Date: 10/16/2010
Middle=250TSF \
Bottom=1.25TSF D I Z
Figure

Tested By: Justin Bukey Checked By: Barry Wong




Stress Paths: Total ———

75 75
1 2 |
| |
| 6 | 6
| |
| |
g 45 g 45
72 ' 72 B e
58y 28y |
o S a P /
=) 8|7 ) 3
o ®© o ®©
o> a >
filal IS
o 1.5 o = 1.5
[ [
0 0
0% 10% 20% 0% 10% 20%
75 75
3 | 4 |
| |
| 6 | 6
| |
| P e | |
0] e )
5 0 4.5 / 50 4.5
28 / 28y
0 =8 / Q=8
a? | g
© 8 31 © S 3
o ® r o
o q>) o G>)
80 fcla)
o 15 o 1.5
[ [
0 0
0% 10% 20% 0% 10% 20%
3 Peak Strength L
Total Effective e
a= 0.17 tsf 0.21 tsf "
o= 15.6 deg 27.0 deg -
tan a= 0.28 0.51 e
ja)
o
0 1 2 3 4 5
p, tsf

Effective —————

Client: OVEC/AEP

Project: OVEC: Kyger Creek - Ash Inpoundment Stability Analysis
Source of Sample: KC-1016
Project No.: 1021-3003.00

Depth: 85-105
Figure

Sample Number: ST-1

DLZ, INC.

Tested By: Justin Bukey

Checked By: Barry Wong




45 Total Effective o
C, tsf 0.178 0.108 A7
¢, deg 20.3 37.2 _ el
Tan(¢) 0.37 0.76 Pt EEEEE
“ 3 -
ff ,/,’ /
7] P
Q i I =~
ﬁ 54’ = << /
§ / %\\\ \
71 N,
= 7/ AN
« 1.5 5 '/” // \\\
-7 ’:____ AN
e ’_\\/ \ \
A X
,/ / / \\\ \N \
4/’/,/ / \ \ \
of 1 | 5 | ! =.
0 15 3 4.5 6 75 9
Total Normal Stress, tsf
Effective Normal Stress, tsf --—----
9
Sample No. 1 2 3
Water Content, 224 24 220
7.5 _ | Dry Density, pcf 104.2 102.6 106.9
8 | Saturation, 95.1 91.6 99.6
'€ | Void Ratio 06483 06730 0.6061
B 6 3 Diameter, in. 2.84 2.84 2.84
g | —] Height, in. 553 557 556
= Water Content, 219 24 17.7
D45 - | Dry Density, pcf 1071 1061 1154
g © | Saturation, 1000 1000 1000
> = Void Ratio 06032 06174 04873
[a) 3 — -V Diameter, in. 2.80 2.80 2.74
T ] Height, in. 55 55 550
. |1 |Strainrate, in./min. 0.01 0.01 0.01
15 Back Pressure, tsf 259 259 259
/ Cell Pressure, tsf 3.60 461 6.62
0 Fail. Stress, tsf 170 249 4.86
0 5 10 . 20 Total Pore Pr., tsf 321 3.90 5.19
Axial Strain, % Ult. Stress, tsf 183 2.85 582
Total Pore Pr., tsf 3.09 373 449
- o, Failure, tsf 210 319 6.30
Type of Test: o, Failure, tsf 0.39 0.70 144

CU with Pore Pressures

Sample Type: 3' press tube

Description: Light brown lean clay with sand, damp
to noist, little to some very fine sand, medium stiff

LL=29 PL=18 PI=11

Specific Gravity= 2.75

Remarks: Actual strain rate=0.0120in/min.

Figure
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APPENDIX V
Exhibit 6 — USGS 2014 Seismic Hazard Map for the United States and Detailed Calculations of
Seismic Coefficient
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period, and is consistent with federal
dam safety guidance, specifically
FEMA. FEMA recommends in Federal
Guidelines for Dam Safety that dams be
formally assessed at a frequency not to
exceed five years by a qualified
professional engineer. EPA has adopted
this timeframe to maintain consistency
with FEMA guidance. The inspection
and assessment requirements in this
rule will ensure that there are consistent
and uniform inspection and assessment
practices across states and facilitias and
will ensure that problems related to
their stability will be promptly
identified and remediated as necessary.

b. Static, Seismic, and Liquefaction
Factors of Safety

(1) Static Factors of Safety,

Factor of safety (FOS) means the ratio
of the forces tending to resist the failure
of a structure, as compared to the forces
tending to cause such failure as
determined by accepted engineering
practice. This analysis is used to
determine whether a CCR surface
impoundment’s dikes are engineered to
withstand the specific loading
conditions that can be reasonably
anticipated to occur during the lifetime
of the unit without failure of the dike,
if accepted good engineering practices
are employed. Static factors of safety
refer to the factors of safety (FOS) under
static loading conditions that can
reasonably be anticipated to occur
during the lifetime of the unit. Static
loading conditions are unique from
other loading conditions (e.g., seismic,
liguefaction) in that static loading
conditions are those which are in
equilibrium, meaning the load is at rest
or is applied with constant velocity.

EPA reviewed a series of USACE
guidance documents addressing how to
determine static FOS. These documents
included, but were not limited to,
Engineer Manual EM 1110-2-1902
“Slope Stability” (October 2003), and
EM 1110-2-1902 “Stability of Earth and
Rock-Fill Dams.” The Agency also
assessed the recommmendations on how
to conduct static analysis contained in
the Engineering and Design Manual for
Coal Refuse Disposal Facilities,
originally published by the Mining
Enforcement and Safety Administration
{MESA} in 1975 and updated for MSHA
in May 2009, and in particular Chapter
6, “Geotechnical Exploration, Material
Testing, Engineering Analysis and
Design.” Based on recommendations
from ASDSO, among others, the Agency
adopted the USACE guidance to
determine static FOS, both in the
Assessment Program and in this
rulemaking, as these manuals are
recognized throughout industry as the

standard routinely used in field
assessment of structural integrity.

In EPA’s Assessment Program all CCR
units were assessed to determine their
static FOS. Each assessment classified a
CCR unit as having sufficient structural
stability under static loading conditions
if analysis of critical sections of
embankments demonstrated FOS that
met or exceeded the values defined by
USACE for static specific loading
conditions, EPA found that most CCR
surface impoundments exhibited
sufficient calculated factors of safety
under static loading conditions. EPA
also found that in those CCR units
which insufficient factors of safety
against failure due to static loading were
calculated, the owner or operator was
able to implement actions which
increased the factors of safety under
static loading conditions to acceptable
levels. Oftentimes, these implemented
actions were of a simple nature, such as
installing riprap (rock armoring the
slopes) or buttressing the slopes.

Similarly, this rule adopts the static
FOS from USACE Engineer Manual EM
1110-2-1902 “Slope Stability,” with the
exception of the rapid drawdown
loading condition,1* which was
determined not to be relevant to CCR
surface impoundments. EPA found the
factors of safety identified by EM 1110-
2-1902, specifically the Maximum
Storage pool, Maximum Surcharge pool,
and End-Of-Construction loading
conditions, provided consistent,
achievable levels of safety in GGR
surface impoundment dikes,
comprehensively assessed static
stability, and provided sufficient

11 Rapid (or sudden) drawdewn is a condition in
earthen dikes that may develop when the
embankment becomes saturated through seepage
during a high peol elevation in the reservoir, Rapid
drawdown becomes a threat to the dike when the
reservoir pool is drawn down or lawered at a rate
significantly higher than the excess poor water
pressure within the dike can dissipate. Typically,
rapid drawdown scenarios are considered for dikes
with reservoirs used for water supply and
management or agricultural supply. In these
scenarios, a high pool elevation is maintained in the
Teservoir in storage months, Subsequently, the
waler supply is drawn en in months where there
is a demand for the reservoirs contents. This
drawing down of the pool can present issues for the
structural integrity of the unit. However, the
management of CCR surface impoundments differs
from that of conventional water supply reservoirs.
CCR surface impoundments are never used for
water supply, and the only instance in which EPA
determined through its Assessment Program that
rapid drawdown loading conditions would be
refevant o CCR surface impoundments was in the
event that the CCR surface impoundment had
already released the contents of the impoundment
through a breach of the dike or emergency
discharge. Since the threat of release of CCR and the
reservoir has already been realized, any failure due
to rapid drawdown of the embankment is no longer
critical to the overall containment of the now-
released contents of the CCR unit.

consideration of compounding stresses
on dikes (e.g., factors of safety values
greater than 1.00 to account for
unanticipated loadings acting in
conjunction or misidentified strength of
materials).

(2) Seismic Factor of Safety.

Seismic FOS means the FOS
determined using analysis under
earthquake conditions for a seismic
loading event, based on the U.S.
Geological Survey (USGS) seismic
hazard maps for seismic events with a
specified return period for the location
where the CCR surface impoundment is
located. The seismic FOS analysis is
used to determine whether a dam would
remain stable during an earthquake or
other seismic event. The Agency relied
on guidance from USACE and MSHA to
evaluate the appropriate methods to
determine if a dam would remain stable
during a seismic event. This includes
the USACE guidance Engineer Circular
1110-2-6061: Safety of Dams—Policy
and Procedures 2204, Engineer Circular
1110-2-8000: Selection of Design
Earthquakes and Associated Ground
Motions 2008, and Engineer Circular
1110-2--6001: Dynamic Stability of
Embankment Dams 2004). EPA also
reviewed MSHA's 2009 Engineering and
Design Manual for Coal Refuse Disposal
Facilities, in particular Chapter 7,
“Seismic Design: Stability and
Deformation Analyses.” These
documents are viewed by ASDSO,
FEMA and MSHA as generally accepted
guidance on how to conduct seismic
stability analyses.

As noted earlier, in performing the
assessments, EPA directed its
engineering contractors to assess
seismic stability of CCR impoundments
during and following a seismic event
with a 2% probability of exceedance in
50 years (i.e. probable earthquake
within approximately 2,500 yearsj and a
horizontal spectral response
acceleration for 1.0-second period (5%
of Critical Damping). EPA selected this
return period for determining the
maximum design earthquake (MDE) by
first considering the operating life
anticipated for CCR surface
impoundments. EPA has identified the
operating life of CCR surface
impoundments to range between 40-80
years. EPA then consulted the United
States Geological Survey (USGS) and
ASDSO to determine a conservative
probability that should be used in the
assessments.?2 To reduce the likelihood
of a CCR unit failing during a seismic

12 Wieland, M., “Seismic Design and Performance
Criteria for Large Storage Dams™, Proc. 15th World
Conf. on Earthquake Engineering, Lisbon, Portugal,
Sep. 24-28, 2012.



APPENDIX VI
Results of Slope Stability Analyses
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APPENDIX VII
Exhibit 7 — Liquefaction Analysis of Granular Soils
Exhibit 8 — USGS Map, “Earthquakes in Ohio and Vicinity, 1776-2007”
Exhibit 9 — Liquefaction Analysis of Fine-grained Soils
Exhibit 10 — Additional Liquefaction Analysis of Potentially Liquefiable Fine-grained Soils
AGMU Memo 10.1 — Liquefaction Analysis, dated January 2010, from the Illinois DOT
USACE Slope Stability, Engineering Manual 1110-2-1902. October, 2003, page 1-6
Chapter 5 “Liquefaction Potential Evaluation and Analysis” of EPA/600/R-95/051



EXHIBIT 7 - KYGER CREEK ASH IMPOUNDMENT - LIQUEFACTION ANALYSIS OF GRANULAR SOILS

Mid-point | Mid-point | Elevation Groundwater
Depth to Depth to Depth of | Depth of | to Top of Level During Total Effective Fine
Cross-section| Boring | Top of Layer | Bottom of Layer Layer Layer Layer Sampler Soil Seismic Event | Overburden | Overburden | N, field (Nyeo Content (Nygocs Liquefaction
Location No. No. (ft, bgs) (ft, bgs) (ft, bgs) | (m, bgs) | (ft,bgs) | Type Type (ft, bgs) Stress, o, psf | Stress, o', psf | N-values Cy CE cB CR cs (blows/ft) | (%) a B (blows/ft) ry CSR (CRR); 5 MSF FSiiq Potential
South Fly Ash Pond 1 KC-1001 49.4 52 50.7 15.21 539.9 SS SM 0 6084 2920.32 4 0.85 1.21 1.00 1.00 1.00 411 13.00 1.89 2.82 13.49 0.75 0.06 0.15 533 12.65 NO
South Fly Ash Pond 1 KC-1001 52 57 54.5 16.35 537.3 SS SwW 0 6540 3139.2 49 0.82 1.21 1.00 1.00 1.00 48.61 3.00 0.00 0.00 0.00 0.72 0.06 0.05 533 4.50 NO
South Fly Ash Pond 1 KC-1001 57 63.5 60.25 18.075 532.3 SS SM 0 7230 3470.4 78 0.78 1.21 1.00 1.00 1.00 73.59 13.00 1.89 2.82 209.44 0.66 0.05 No Liquefaction 533 No Liquefaction NO
South Fly Ash Pond 1 KC-1001 63.5 65 64.25 19.275 525.8 SS GP-GM 0 7710 3700.8 33 0.76 1.21 1.00 1.00 1.00 30.15 5.00 0.00 0.00 0.00 0.63 0.05 0.05 533 5.08 NO
South Fly Ash Pond 1 KC-1002 5 85 6.75 2.025 553.3 SS SP-SM 0 810 388.8 3 1.70 1.21 1.00 1.00 1.00 6.16 5.00 0.00 0.00 0.00 0.99 0.08 0.05 533 3.27 NO
South Fly Ash Pond 1 KC-1002 235 33 28.25 8.475 534.8 SS GW-GM 0 3390 1627.2 27 1.14 1.21 1.00 1.00 1.00 37.20 5.00 0.00 0.00 0.00 0.93 0.08 0.05 533 3.46 NO
South Fly Ash Pond 1 KC-1002 33 36 345 10.35 525.3 SS SW-SM 0 4140 1987.2 55 1.03 1.21 1.00 1.00 1.00 68.57 8.00 0.30 2.75 189.07 0.90 0.07 No Liquefaction 533 No Liquefaction NO
South Fly Ash Pond 1 KC-1002 36 435 39.75 11.925 522.3 SS GW-GM 0 4770 2289.6 13 0.96 1.21 1.00 1.00 1.00 15.10 5.00 0.00 0.00 0.00 0.86 0.07 0.05 533 3.75 NO
South Fly Ash Pond 1 KC-1002 435 46 44.75 13.425 514.8 SS SP-SM 0 5370 2577.6 16 091 1.21 1.00 1.00 1.00 17.52 7.00 0.12 2.74 48.14 0.81 0.07 No Liquefaction 533 No Liquefaction NO
South Fly Ash Pond 1 KC-1002 46 58.5 52.25 15.675 512.3 SS SW 0 6270 3009.6 19 0.84 1.21 1.00 1.00 1.00 19.25 0.00 0.00 0.00 0.00 0.74 0.06 0.05 5.33 4.36 NO
South Fly Ash Pond 2 KC-1003 63 65 64 19.2 525.4 SS SW-SM 0 7680 3686.4 63 0.76 1.21 1.00 1.00 1.00 57.67 5.00 0.00 0.00 0.00 0.64 0.05 0.05 533 5.07 NO
South Fly Ash Pond 2 KC-1004 26 31 285 8.55 529.3 SS SW-SM 0 3420 1641.6 54 1.14 1.21 1.00 1.00 1.00 74.07 6.00 0.03 2.73 202.33 0.93 0.08 No Liquefaction 533 No Liquefaction NO
South Fly Ash Pond 2 KC-1004 31 335 32.25 9.675 524.3 SS GW-GM 0 3870 1857.6 43 1.07 1.21 1.00 1.00 1.00 55.45 5.00 0.00 0.00 0.00 0.91 0.07 0.05 533 3.54 NO
South Fly Ash Pond 2 KC-1004 33.5 35 34.25 10.275 521.8 SS SW 0 4110 1972.8 13 1.04 1.21 1.00 1.00 1.00 16.27 2.00 0.00 0.00 0.00 0.90 0.07 0.05 5.33 3.58 NO
South Fly Ash Pond 3 KC-1005 57 63.5 60.25 18.075 531.2 SS SC 0 7230 3470.4 4 0.78 1.21 1.00 1.00 1.00 3.77 13.00 1.89 2.82 12.53 0.66 0.05 0.14 533 13.43 NO
South Fly Ash Pond 3 KC-1005 63.5 65 64.25 19.275 524.7 SS SW-SM 0 7710 3700.8 29 0.76 1.21 1.00 1.00 1.00 26.49 5.00 0.00 0.00 0.00 0.63 0.05 0.05 533 5.08 NO
South Fly Ash Pond 3 KC-1006 0.3 1.5 0.9 0.27 576.2 SS SP-SM 0 108 51.84 8 1.70 1.21 1.00 1.00 1.00 16.43 5.00 0.00 0.00 0.00 1.00 0.08 0.05 5.33 3.22 NO
South Fly Ash Pond 4 KC-1007 54.5 57 55.75 16.725 534.5 SS SM 0 6690 3211.2 11 0.81 1.21 1.00 1.00 1.00 10.79 13.00 1.89 2.82 32.32 0.70 0.06 No Liquefaction 533 No Liquefaction NO
South Fly Ash Pond 4 KC-1007 63 65 64 19.2 526 SS SW-SM 0 7680 3686.4 53 0.76 1.21 1.00 1.00 1.00 48.52 9.00 0.56 2.76 134.70 0.64 0.05 No Liquefaction 533 No Liquefaction NO
South Fly Ash Pond 4 KC-1008 0.2 1.5 0.85 0.255 580.7 SS GC-GM 0 102 48.96 17 1.70 1.21 1.00 1.00 1.00 34.91 13.00 1.89 2.82 100.35 1.00 0.08 No Liquefaction 533 No Liquefaction NO
South Fly Ash Pond 4 KC-1008 1.5 3 2.25 0.675 579.4 SS SP-SM 0 270 129.6 10 1.70 1.21 1.00 1.00 1.00 20.54 5.00 0.00 0.00 0.00 1.00 0.08 0.05 533 3.23 NO
South Fly Ash Pond 5 KC-1009 61 65 63 18.9 528.2 SS SW-SM 0 7560 3628.8 36 0.76 1.21 1.00 1.00 1.00 33.21 5.00 0.00 0.00 0.00 0.64 0.05 0.05 533 5.01 NO
South Fly Ash Pond 5 KC-1010 36 41 385 11.55 529.1 SS GW-GM 0 4620 2217.6 36 0.98 1.21 1.00 1.00 1.00 42.49 5.00 0.00 0.00 0.00 0.87 0.07 0.05 533 371 NO
South Fly Ash Pond 5 KC-1010 41 435 42.25 12.675 524.1 SS GW 0 5070 24336 39 0.93 1.21 1.00 1.00 1.00 43.94 3.00 0.00 0.00 0.00 0.84 0.07 0.05 533 3.85 NO
South Fly Ash Pond 5 KC-1010 43.5 45 44.25 13.275 521.6 SS SW-SM 0 5310 2548.8 19 0.91 1.21 1.00 1.00 1.00 20.92 7.00 0.12 2.74 57.46 0.82 0.07 No Liquefaction 5.33 No Liquefaction NO
South Fly Ash Pond 6 KC-1011 48.5 50 49.25 14.775 540.7 SS ML 0 5910 2836.8 2 0.86 1.21 1.00 1.00 1.00 2.09 58.00 5.00 1.20 7.50 0.77 0.06 0.09 533 7.84 NO
South Fly Ash Pond 6 KC-1011 58.5 68.5 63.5 19.05 530.7 SS SW-SM 0 7620 3657.6 36 0.76 1.21 1.00 1.00 1.00 33.08 12.00 1.55 2.81 94.37 0.64 0.05 No Liquefaction 533 No Liquefaction NO
South Fly Ash Pond 6 KC-1011 68.5 70 69.25 20.775 520.7 SS SP-SM 0 8310 3988.8 13 0.73 1.21 1.00 1.00 1.00 11.44 6.00 0.03 2.73 31.27 0.60 0.05 No Liquefaction 5.33 No Liquefaction NO
South Fly Ash Pond 6 KC-1012 335 38.4 35.95 10.785 529.5 SS GP 0 4314 2070.72 33 1.01 1.21 1.00 1.00 1.00 40.31 4.00 0.00 0.00 0.00 0.89 0.07 0.05 5.33 3.63 NO
South Fly Ash Pond 6 KC-1012 38.5 40 39.25 11.775 524.5 SS SW 0 4710 2260.8 29 0.97 1.21 1.00 1.00 1.00 33.90 0.00 0.00 0.00 0.00 0.86 0.07 0.05 5.33 3.73 NO
Bottom Ash Pond 1 KC-1013 535 55 54.25 16.275 527.8 SS ML 0 6510 3124.8 2 0.82 1.21 1.00 1.00 1.00 1.99 56.00 5.00 1.20 7.39 0.72 0.06 0.09 5.33 8.29 NO
Bottom Ash Pond 1 KC-1013 58.5 60 59.25 17.775 522.8 SS GP-GM 0 7110 3412.8 39 0.79 1.21 1.00 1.00 1.00 37.10 5.00 0.00 0.00 0.00 0.67 0.05 0.05 5.33 4.79 NO
Bottom Ash Pond 1 KC-1014 36 40 38 11.4 522.6 SS GW-GM 0 4560 2188.8 38 0.98 1.21 1.00 1.00 1.00 45.14 6.00 0.03 2.73 123.32 0.87 0.07 No Liguefaction 533 No Liguefaction NO
Bottom Ash Pond 2 KC-1015 58.5 60 59.25 17.775 521.9 SS SW-SM 0 7110 3412.8 33 0.79 1.21 1.00 1.00 1.00 31.40 6.00 0.03 2.73 85.77 0.67 0.05 No Liquefaction 5.33 No Liquefaction NO
Bottom Ash Pond 2 KC-1016 235 28.5 26 7.8 520.3 SS SW-SM 0 3120 1497.6 34 1.19 1.21 1.00 1.00 1.00 48.83 6.00 0.03 2.73 133.39 0.94 0.08 No Liquefaction 5.33 No Liquefaction NO
Bottom Ash Pond 2 KC-1016 28.5 30 29.25 8.775 515.3 SS GW 0 3510 1684.8 13 1.12 1.21 1.00 1.00 1.00 17.60 3.00 0.00 0.00 0.00 0.93 0.08 0.05 5.33 3.48 NO
Clearwater Pond 3 KC-1018 31 335 32.25 9.675 516.3 SS ML 0 3870 1857.6 4 1.07 1.21 1.00 1.00 1.00 5.16 52.00 5.00 1.20 11.19 0.91 0.07 0.12 5.33 8.91 NO
Clearwater Pond 3 KC-1018 335 36 34.75 10.425 513.8 SS SW-SM 0 4170 2001.6 4 1.03 1.21 1.00 1.00 1.00 4.97 11.00 1.21 2.79 15.08 0.90 0.07 0.16 5.33 11.78 NO
Clearwater Pond 3 KC-1018 36 38.5 37.25 11.175 511.3 SS SC-SM 0 4470 2145.6 2 0.99 1.21 1.00 1.00 1.00 2.40 13.00 1.89 2.82 8.66 0.88 0.07 0.10 5.33 7.58 NO
Clearwater Pond 3 KC-1018 38.5 41 39.75 11.925 508.8 SS GP-GM 0 4770 2289.6 11 0.96 1.21 1.00 1.00 1.00 12.78 10.00 0.87 2.78 36.36 0.86 0.07 No Liquefaction 5.33 No Liquefaction NO
Clearwater Pond 3 KC-1018 41 43.5 42.25 12.675 506.3 SS GW 0 5070 2433.6 14 0.93 1.21 1.00 1.00 1.00 15.77 0.00 0.00 0.00 0.00 0.84 0.07 0.05 5.33 3.85 NO
Clearwater Pond 3 KC-1018 435 46 44.75 13.425 503.8 SS SW-SM 0 5370 2577.6 36 0.91 1.21 1.00 1.00 1.00 39.41 5.00 0.00 0.00 0.00 0.81 0.07 0.05 5.33 3.96 NO
Clearwater Pond 3 KC-1018 46 48.5 47.25 14.175 501.3 SS SW 0 5670 2721.6 16 0.88 1.21 1.00 1.00 1.00 17.05 3.00 0.00 0.00 0.00 0.79 0.06 0.05 533 4.09 NO
Clearwater Pond 4 KC-1019 235 25 24.25 7.275 557.2 SS SP-SM 0 2910 1396.8 6 1.23 1.21 1.00 1.00 1.00 8.92 5.00 0.00 0.00 0.00 0.95 0.08 0.05 5.33 3.41 NO
Clearwater Pond 4 KC-1019 285 335 31 9.3 552.2 SS SP-SM 0 3720 1785.6 5 1.09 1.21 1.00 1.00 1.00 6.58 5.00 0.00 0.00 0.00 0.92 0.07 0.05 5.33 3.51 NO
Clearwater Pond 4 KC-1019 535 60 56.75 17.025 527.2 SS SP-SM 0 6810 3268.8 8 0.80 1.21 1.00 1.00 1.00 7.78 10.00 0.87 2.78 22.47 0.70 0.06 0.25 5.33 23.49 NO
Clearwater Pond 4 KC-1020 3 6 4.5 1.35 556.5 SS SM 0 540 259.2 7 1.70 1.21 1.00 1.00 1.00 14.38 13.00 1.89 2.82 42.43 0.99 0.08 No Liquefaction 5.33 No Liquefaction NO
Clearwater Pond 4 KC-1020 31 40 35.5 10.65 528.5 SS SM 0 4260 2044.8 3 1.02 1.21 1.00 1.00 1.00 3.69 14.00 2.20 2.84 12.66 0.89 0.07 0.14 5.33 10.12 NO
Bottom Ash Pond 5 KC-1021 58.5 60 59.25 17.775 521.7 SS SM 0 7110 3412.8 11 0.79 1.21 1.00 1.00 1.00 10.47 13.00 1.89 2.82 31.40 0.67 0.05 No Liquefaction 5.33 No Liquefaction NO
Bottom Ash Pond 5 KC-1022 335 40 36.75 11.025 529.2 SS SM 0 4410 2116.8 7 1.00 1.21 1.00 1.00 1.00 8.46 19.00 3.43 2.92 28.16 0.88 0.07 0.38 533 27.91 NO
Note:

as Boiler Slag Pond

Bottom Ash Pond is also known

1. The "Simplified Method" described by Youd et al (2001) was used.
2. An earthquake moment magnitude (Mw) of 3.9 was assumed.
3. A peak ground acceleration of 0.06 g was used.
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This map summarizes more than 200 years of Ohio earthquake history. The history of Ohio
earthquakes was derived from letters, journals, diaries, newspaper accounts, scholarly articles and,
beginning in the early twentieth century, instrumental recordings (seismograms). All historical

accounts. Some of these events caused damage to buildings and their contents. The more recent

recorded and accurately located. The seismicity map (right) shows the historically located and
instrumentally recorded earthquakes in and near Ohio.

EARTHQUAKES

Earthquakes occur as a result of slip on faults, typically many kilometers underground, and most
causes an earthquake. Accordingly, the most direct indicators of earthquake hazards are the earth-
quakes themselves, not the faults on which they occur nor the motions of crustal plates.

Before earthquakes were instrumentally recorded, estimated locations were typically within a few

locations. However, in areas where networks of closely spaced recording instruments exist earth-
most parts of Ohio during the last 200 years.

Magnitude (M) is the most common measure of an earthquake’s size. An earthquake’s magnitude
reflects the total energy released as seismic waves. There are several methods to measure

(pre-instrumental) earthquakes that were large enough to be felt have been located based on anecdotal

widespread use of seismographs has allowed many small earthquakes, previously undetected, to be

earthquakes occur along the boundaries of moving crustal plates. Ohio is within the North American
plate, far away from any plate boundaries. Usually it is not possible to determine exactly which fault

tens of kilometers of the actual epicenters. Even with modern instrumentation, however, earthquake
locations within the Earth are only approximations, usually within several kilometers of their actual

quakes can be more accurately located. Despite location uncertainties earthquakes have occurred in

Earthquakes 1n Ohio and Vicinity 1776-2007

SEISMIC HAZARD

Some level of seismic hazard from earthquake ground shaking exists in every part of the United

shown (far right).

as 40 km (25 mi).

EASTERN U.S. EARTHQUAKES

EARTHQUAKES IN OHIO AND VICINITY

earthquake magnitude. The first and most frequently cited is the “Richter scale.” The different
methods used can give slightly different magnitude values for the same earthquake. As a result,
differences of several tenths of a magnitude may be reported.

Although the size of an earthquake is characterized by its magnitude, a single number, the levels of
ground shaking are characterized by a range of intensity values, which vary over the affected area.
The Modified Mercalli Intensity (MMI) scale defines recognized intensity values from I (barely felt
or not felt) to XII (total destruction; see table at far right). Modified Mercalli Intensity VI marks the
onset of slight damage to poorly built structures, whereas MMI VII or higher generally results in
considerable damage to buildings—even their collapse. An earthquake’s intensity usually decreases
away from its epicenter location. Earthquake isoseismal (intensity) maps show this pattern of
decreasing seismic shaking away from the place where the earthquake occurred. Isoseismal maps
also illustrate how different ground conditions affect intensity values resulting in intensity patterns
that are more irregular than might be expected. Two isoseismal maps for Ohio earthquakes are

Earthquakes are less common east of the Rocky Mountains than in Pacific coast states, such as
California. However, because of differences in crustal properties, an earthquake that occurs in the
eastern U. S. of the same magnitude as a west coast earthquake can affect a much larger area. A
magnitude 4.0 eastern U.S. earthquake typically can be felt 100 km (60 mi) from where it occurred
and will frequently cause damage near its source. A magnitude 5.5 eastern U.S. earthquake usually
can be felt 500 km (300 mi) from where it occurred and can sometimes cause damage as far away

In terms of tectonic setting, Ohio is part of a much larger geographic area known as the Stable
Continental Region (Wheeler, 2003). This region includes all of eastern North America. Exclusive
of several selected areas, such as the New Madrid seismic zone, this region experiences infrequent
earthquakes. Earthquakes, as previously stated, are generated as the result of movement on faults
often thousands of feet below ground. Although there are many known faults within the Stable
Continental Region, few of the earthquakes that occur here are associated with known faults.

Ohio has experienced more than 160 felt earthquakes since 1776. Most of these events caused no
damage or injuries. However, 15 Ohio earthquakes resulted in property damage and some minor
injuries. The largest historic earthquake in the State occurred in 1937. This event had an estimated
magnitude of 5.4 and caused considerable damage in the town of Anna and in several other western

Ohio communities. At least 40 earthquakes have been felt in this area since 1875. Northeastern
Ohio, east of Cleveland, is another area of seismic interest. There a 5.0 magnitude event in 1986

of information and location uncertainty, two early felt events in 1776 and 1779 (Hansen, 2006) are
not plotted on this map.

The origins of Ohio earthquakes, as with earthquakes throughout the central and eastern U.S., are
poorly understood. However, Ohio earthquakes appear to be associated with ancient zones of

by deeply buried and poorly documented faults. Some of these weak zones periodically release
accumulated strain in the form of earthquakes.

Ohio is on the periphery of the New Madrid seismic zone, site of the 1811-1812 earthquake
sequence, the largest earthquake sequence to occur in historical times in the continental U.S.
Some of the events in this sequence had magnitudes in the range of 8.0 and were felt throughout
all of the eastern U.S. The intensity of ground shaking generated by these large earthquakes
toppled chimneys as far away from the epicenter as Cincinnati.

The table below lists notable earthquakes, magnitude 3.5 and greater, located in Ohio and vicinity.
On the earthquake location map at right, these events, with one exception, are labeled with their
dates of occurrence. The single exception is the earliest recorded earthquake in the State, a magni-
tude 4.0 event, that occurred in the summer of 1776 near the Muskingum River in south-central
Ohio. The location for this event is an approximation and is not considered accurate. It is not listed

mn the table.
NOTABLE OHIO AND VICINITY EARTHQUAKES
MAGNITUDE > 3.5
YR MO DY LAT(°N) LON(°W) MAG SOURCE
1824 7 15 39.7 80.5 4.1 NCEER
1834 11 20 39.6 84.3 3.5 OSN
1834 11 20 38.65 83.8 3.5 OSN
1843 6 19 40.1 83.8 3.5 OSN
1848 4 6 39.65 82.53 3.7 NCEER
1854 1 11 39.4 83.7 3.5 CERI
1857 2 27 42.31 80.94 4.1 OSN
1873 1 4 40.2 83.0 3.8 NCEER
1875 6 18 40.2 84.0 4.7 NCEER
1884 9 19 40.7 84.1 4.8 PDE
1885 1 18 41.15 81.55 3.8 NCEER
1886 5 3 39.36 82.24 3.8 NCEER/OSN
1892 4 15 40.55 84 .57 3.8 NCEER
1894 11 24 39.27 81.56 3.8 OSN
1901 5 17 38.73 82.99 4.3 NCEER
1926 11 5 39.1 82.1 3.6 NCEER
1929 3 8 40.4 84.2 3.7 NCEER
1930 9 30 40.3 84.3 4 .2 NCEER
1931 9 20 40.43 84 .27 4.7 NCEER
1937 3 2 40.49 84 .27 4.9 NCEER
1937 3 9 40.47 84.28 5.4 NCEER/PDE
1943 3 9 41 .63 81.31 4.4 NCEER
1944 11 13 40.4 84 .4 4.1 NCEER
1947 8 10 41.93 85.0 4.5 NCEER
1952 6 20 39.64 82.02 3.9 NCEER
1953 6 12 41.7 83.6 3.5 NCEER
1956 1 27 40.5 84.0 3.7 NCEER
1956 1 27 40.4 84.2 3.7 NCEER
1961 2 22 41.2 83.3 3.7 NCEER
1967 4 8 39.65 82.53 3.7 NCEER
1974 10 20 39.06 81.61 3.8 NCEER
1979 11 9 38.49 82.81 3.8 NCEER/OSN
1983 8 17 38.47 82.77 3.5 NCEER/OSN
1986 1 31 41.65 81.16 5.0 PDE
1986 7 12 40.55 84.39 4.5 ASN
1987 7 13 41.896 80.767 3.8 PDE
1991 1 26 41.61 81.594 3.5 JCU
1993 10 16 41.698 81.012 3.6 PDE
1995 2 19 39.12 83.47 3.6 PDE
1998 9 25 41.495 80.388 5.2 PDE
2001 1 26 41.942 80.802 4.3 PDE
2003 6 30 41.8 81.2 3.6 PDE
2006 6 20 41.84 81.23 3.8 PDE
OHIO SEISMIC NETWORK

The Division of Geological Survey of the Ohio Department of Natural Resources coordinates a
25-station cooperative network of seismograph stations (OhioSeis) in order to continuously record
earthquake activity in the state and the surrounding region as shown on the map. These stations are
located across the state at colleges, universities, and other institutions, but are concentrated in the
most seismically active areas or in areas that provide optimal conditions for detecting and locating
small earthquakes. Small earthquakes are important because they occur more frequently than larger
earthquakes and help to identify faults that may periodically produce larger, potentially damaging
earthquakes.

The Ohio Division of Geological Survey coordinates the seismic network and operates from the
Ohio Earthquake Information Center at the Division's Laboratory at Alum Creek State Park, north of
Columbus. This seismograph system allows earthquakes anywhere in the state to be rapidly located
and their magnitudes to be quickly calculated.

The OhioSeis network was established with the purposes of accurately locating and evaluating Ohio
earthquakes, providing information to the public, and defining areas of seismic risk. The network is

a joint State and Federal project, part of the National Earthquake Hazards Reduction Program (NEHRP,
http://www.nehrp.gov/).

"U. S. Geological Survey, Box 25046, MS 966,
Denver, CO 80225, USA

2 Department of Geological Sciences, University
of South Carolina, 701 Sumter Street, EWS 617,
Colunbia, SC 29208, USA

caused moderate damage. In southern Ohio more than 30 earthquakes have been felt. Due to a lack

weakness within the North American continental crust. These zones of weakness are characterized

Prepared in cooperation with the
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EARTHQUAKE CATALOGS known faults are seismically active. Numerous smaller or deeply buried faults may remain undetected. observations are shown as color-coded circles. Each observation

Various institutions and agencies compile catalogs of earthquake data. Each uses different criteria

in determining the catalog's content. The earthquake locations shown on the map were taken from
several catalogs. To some extent, these catalogs cover overlapping time periods. An attempt has been
made to locate and remove duplicate events. In the case of event duplication the order of catalog
preference, as listed, was generally applied:

OSN, Ohio Seismic Network, 1999-2007

ASN, Anna Seismic Network, 1977-1992

JCU, John Carrol University Seismological Observatory, 1900—1992
UTLO, University of Toledo seismic station

UK, University of Kentucky

LCSN, Lamont-Doherty Cooperative Seismic Network, 1990-2005
DNAG, Decade of North American Geology, 1534—1985

NCEER, National Center for Earthquake Engineering Research, 1627-1985
SIGUS, Significant Earthquakes in the U.S. (Stover and Coffman, 1993), 1568—1989
PDE, Preliminary Determination of Epicenters, 1973-2007

CERI, Center for Earthquake Research and Information, 1974-2007

The catalogs used may contain mining-related and other types of non-earthquake events. Mining
events are typically of small magnitude and may not be easily differentiated from small earthquakes
(Street and others, 2002). An attempt was made to exclude non-earthquake events.
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Isoseismal Map
Distribution of Intensities for the March 9, 1937, Anna, Ohio, Maximum Intensity VIII, Magnitude 5.4 Earthquake
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Distribution of Intensities for the January 31, 1986, Northeast Ohio, Maximum Intensity VI, Magnitude 5.0 Earthquake
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was assigned a Modified Mercalli Intensity (MMI) and the results
were contoured. The mapped intensity values (integers) correspond
to the Roman numeral values in the table (above left). An observation
coded "F" is a location where shaking was felt but no MMI value

not felt.

_

I

42°N

earthquake.

was assigned and "N" if source document indicated that the event was

Contouring of the assigned intensity values, shown as circles on the
maps (left), was computer generated using an inverse-distance weighted
algorithm. The assigned values are from Neumann (1937) for the Anna
earthquake and from Stover and Brewer (1994) for the northeast Ohio

Hansen, 2006.

Author's Note

The information presented here was derived from existing
sources and earlier publications. Specifically, general
information on earthquake occurence and seismic hazard
came from Tarr and Wheeler, 2006. This downloadable
report is available at http.//pubs.usgs.gov/of/2006/1017/.
Several additional publications provided detailed information
on Ohio earthquake history. They include Stover and
Coffman, 1993; Crone and Wheeler, 2000; Wheeler, 2003;

2008-1221.
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DISCLAIMER

The suggestions and illustrations included in this document are
intended to improve earthquake awareness and preparedness;
however, they do not guarantee the safety of an individual or
structure. The contributors and sponsors of this publication do
not assume liability for any injury, death, property damage, or
other effects of an earthquake.

Any use of trade, product, or firm names is for descriptive
purposes only and does not imply endorsement by the U.S.
Government.

Although this information product, for the most part, is in the
public domain, it also contains copyrighted materials as noted
on the text. Pemission to reproduce copyrighted items for
other than personal use must be secured from the copyright
owner.

For sale by U.S. Geological Survey Information services
Box 25286, Federal Center, Denver, CO 80225
1-888-ASK-USGS

A PDF of this report is available at:
http://pubs.usgs.gov/of/2008/1221
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EXHIBIT 9 - KYGER CREEK ASH IMPOUNDMENT - LIQUEFACTION ANALYSIS OF FINE-GRAINED SOILS

| | | | | ILLINOIS DOT* USACE Recommendation’ OHIO EPA Recommendations’
Particle Size Distribution Atterberg Limits Percent Is Fine Is Is Is Is Fine Is IS Is
Cross-section | Boring Sample Soil Classification Percent | Percent | Percent | Percent Liquid Plastic | Plasticity [ Moisture, IS IS Is Soil Contents LL Pl Soil Contents LL Wc Soil
Location No. No. No. Depth, ft | Elevation, ft Textural uscs Gravel Sand Silt Clay Limit, LL | Limit, PL | Index, PI Wc PI<12 |Wc/LL>0.85| Liquefiable >20% >=34 >=14 Liquefiable <15% <35 >0.9LL Liquefiable

South Fly Ash Pond 1 KC-1001 ST-2 28.5 560.8 Lean Clay CL 0 8 47 45 34 20 14 23 NO NO NO NO NO NO NO NO YES NO NO
South Fly Ash Pond 1 KC-1001 S-17 46 5433 Lean Clay CL 0 8 58 34 34 20 14 29.5 NO YES NO NO NO NO NO NO YES NO NO
South Fly Ash Pond 1 KC-1002 ST-1 8.5 549.8 Sandy Lean Clay CL 0 16 52 32 32 13 19 25.8 NO NO NO NO YES NO NO NO YES NO NO
South Fly Ash Pond 2 KC-1003 S-7 16 572.4 Lean Clay CL 0 24 45 31 30 18 12 19.5 NO NO NO NO YES YES NO NO YES NO NO
South Fly Ash Pond 2 KC-1003 ST-2 31 557.4 Lean Clay CL 0 17 47 36 31 18 13 18.6 NO NO NO NO YES YES NO NO YES NO NO
South Fly Ash Pond 2 KC-1003 S-19 53.5 534.9 Lean Clay with sand CL 0 17 50 33 31 21 10 33.7 YES* YES* YES* NO YES YES NO NO YES YES NO
South Fly Ash Pond 2 KC-1004 S-8 16 539.8 Lean Clay with sand CL 0 20 51 29 32 19 13 28.3 NO YES NO NO YES YES NO NO YES NO NO
South Fly Ash Pond 3 KC-1005 ST-2 18.5 569.7 Lean Clay CL 0 13 48 39 37 21 16 21 NO NO NO NO NO NO NO NO NO NO NO
South Fly Ash Pond 3 KC-1005 S-18 48.5 540.2 Sandy Silty Clay CL-ML 0 30 46 24 25 21 4 253 YES* YES* YES* NO YES YES NO NO YES YES NO
South Fly Ash Pond 3 KC-1005 S-19 53.5 534.7 Silty Clay with sand CL-ML 0 26 51 23 26 19 7 321 YES* YES* YES* NO YES YES NO NO YES YES NO
South Fly Ash Pond 3 KC-1006 S-7 13.5 563.4 Lean Clay CL 0 10 42 48 41 21 20 24.2 NO NO NO NO NO NO NO NO NO NO NO
South Fly Ash Pond 3 KC-1006 S-14 31 545.4 Lean Clay with sand CL 0 20 45 35 48 20 28 23.2 NO NO NO NO NO NO NO NO NO NO NO
South Fly Ash Pond 4 KC-1007 S-7 16 573 Lean Clay CL 0 13 44 43 39 22 17 24.9 NO NO NO NO NO NO NO NO NO NO NO
South Fly Ash Pond 4 KC-1007 S-19 46 543.5 Lean Clay with sand CL 0 22 52 26 28 18 10 26 YES* YES* YES* NO YES YES NO NO YES YES NO
South Fly Ash Pond 4 KC-1008 S-5 6 574.9 Lean Clay CL 0 5 53 42 40 22 17 24.4 NO NO NO NO NO NO NO NO NO NO NO
South Fly Ash Pond 4 KC-1008 S-11 21 559.9 Lean Clay CL 0 6 47 47 41 22 19 24.5 NO NO NO NO NO NO NO NO NO NO NO
South Fly Ash Pond 4 KC-1008 S-18 38.5 542.4 Sandy Lean Clay CL 0 35 43 22 24 16 8 25.5 YES* YES* YES* NO YES YES NO NO YES YES NO
South Fly Ash Pond 5 KC-1009 ST-1 16 573.2 Lean Clay CL 0 29 36 35 32 18 14 215 NO NO NO NO YES NO NO NO YES NO NO
South Fly Ash Pond 5 KC-1009 ST-2 26 563.2 Lean Clay CL 0 7 52 41 38 22 16 22.9 NO NO NO NO NO NO NO NO NO NO NO
South Fly Ash Pond 5 KC-1009 S-19 53.5 535.7 Sandy Lean Clay CL 0 31 45 24 28 20 8 27.4 YES* YES* YES* NO YES YES NO NO YES YES NO
South Fly Ash Pond 5 KC-1010 S-5 6 559.1 Lean Clay with sand CL 0 4 58 38 36 20 16 22.8 NO NO NO NO NO NO NO NO NO NO NO
South Fly Ash Pond 5 KC-1010 S-11 235 541.6 Sandy Lean Clay CL 0 44 35 20 24 18 6 25.2 YES* YES* YES* NO YES YES NO NO YES YES NO
South Fly Ash Pond 5 KC-1010 ST-2 31 534.1 Sandy Lean Clay CL 0 31 50 19 29.4 26 18 8 NO NO NO NO YES NO NO NO YES NO NO
South Fly Ash Pond 6 KC-1011 S-5 11 578.2 Lean Clay CL 0 11 55 34 34 20 14 22.2 NO NO NO NO NO NO NO NO YES NO NO
South Fly Ash Pond 6 KC-1011 S-16 38.5 550.7 Lean Clay with sand CL 0 15 51 34 33 19 14 26.4 NO NO NO NO YES NO NO NO YES NO NO
South Fly Ash Pond 6 KC-1012 S-5 6 557 Lean Clay with sand CL 0 1 56 43 41 22 19 25.3 NO NO NO NO NO NO NO NO NO NO NO
South Fly Ash Pond 6 KC-1012 ST-2 21 542 Sandy Lean Clay CL 0 35 43 22 26 19 7 25.7 YES* YES* YES* NO YES YES NO NO YES YES NO
Bottom Ash Pond 1 KC-1013 S-5 11 570.3 Lean Clay with sand CL 2 8 52 38 37 21 16 25.9 NO NO NO NO NO NO NO NO NO NO NO
Bottom Ash Pond 1 KC-1013 S-18 48.5 532.8 Sandy Lean Clay CL 0 23 47 30 30 18 12 28 NO YES NO NO YES YES NO NO YES YES NO
Bottom Ash Pond 1 KC-1014 ST-1 11 547.6 Lean Clay CL 0 2 57 41 40 22 18 25.7 NO NO NO NO NO NO NO NO NO NO NO
Bottom Ash Pond 1 KC-1014 S-13 31 527.6 Sandy Lean Clay CL 0 32 43 25 25 16 9 26.9 YES* YES* YES* NO YES YES NO NO YES YES NO
Bottom Ash Pond 2 KC-1015 S-6 13.5 566.9 Sandy Lean Clay CL 0 12 54 34 34 20 14 211 NO NO NO NO NO NO NO NO YES NO NO
Bottom Ash Pond 2 KC-1015 S-16 46 534.4 Sandy Lean Clay CL 0 32 44 24 28 19 9 255 YES* YES* YES* NO YES YES NO NO YES YES NO
Bottom Ash Pond 2 KC-1016 ST-1 8.5 535.3 Lean Clay with sand CL 0 1 54 45 40 22 18 34.4 NO YES NO NO NO NO NO NO NO NO NO
Clearwater Pond 3 KC-1017 ST-1 18.5 561.6 Sandy Lean Clay CL 0 23 46 31 29 18 11 224 YES NO NO NO YES YES NO NO YES NO NO
Clearwater Pond 3 KC-1017 S-15 41 539.1 Lean Clay CL 0 3 51 46 42 25 17 31.9 NO NO NO NO NO NO NO NO NO NO NO
Clearwater Pond 3 KC-1017 S-19 53.5 526.6 Sandy Lean Clay CL 0 18 54 28 33 20 13 27.3 NO NO NO NO YES YES NO NO YES NO NO
Clearwater Pond 3 KC-1018 ST-1 8.5 538.8 Lean Clay CL 0 4 53 43 44 24 20 21.8 NO NO NO NO NO NO NO NO NO NO NO
Clearwater Pond 3 KC-1018 S-9 18.5 529.3 Lean Clay CL 0 5 63 32 36 21 15 30.5 NO NO NO NO NO NO NO NO NO NO NO
Clearwater Pond 4 KC-1019 S-8 21 559.7 Lean Clay CL 0 13 51 36 33 20 13 23.9 NO NO NO NO YES YES NO NO YES NO NO
Clearwater Pond 4 KC-1019 ST-2 26 554.7 Sandy Silt ML 0 38 38 24 21 18 3 22 YES* YES* YES* NO YES YES NO NO YES YES NO
Clearwater Pond 4 KC-1020 S-5 6 553.5 Lean Clay CL 0 7 58 35 38 22 17 23.1 NO NO NO NO NO NO NO NO NO NO NO
Clearwater Pond 4 KC-1020 S-7 16 543.5 Sandy Lean Clay CL 0 19 54 27 32 20 12 23.7 NO NO NO NO YES YES NO NO YES NO NO
Clearwater Pond 4 KC-1020 S-12 28.5 531 Sandy Lean Clay CL 0 30 46 24 28 17 11 25.4 YES* YES* YES* NO YES YES NO NO YES YES NO
Bottom Ash Pond 5 KC-1021 ST-1 18.5 561.7 Sandy Lean Clay CL 0 21 46 33 32 20 12 214 NO NO NO NO YES YES NO NO YES NO NO
Bottom Ash Pond 5 KC-1021 S-15 41 539.2 Sandy Lean Clay CL 0 34 46 20 28 19 9 25.6 YES* YES* YES* NO YES YES NO NO YES YES NO
Bottom Ash Pond 5 KC-1022 S-4 4.5 558.2 Sandy Silty Clay CL-ML 0 41 40 19 22 18 4 15.2 YES NO NO NO YES YES NO NO YES NO NO
Bottom Ash Pond 5 KC-1022 S-7 16 546.7 Sandy Lean Clay CL 0 40 38 22 25 17 8 18.1 YES NO NO NO YES YES NO NO YES NO NO

*See Spreadsheet for Additional Liquefaction Analyses of Potentially Liquefiable Fine-grained Soils for Fnal Results
Note: 1) lllinois DOT - AGMU Memo 10.1-Liquefaction Analysis, dated January 14, 2010, from the Illinois Department of Transportation.
2) USACE Recommendations - U.S. Army Corps of Engineers. Slope Stability. Engineering Manual 1110-2-1902. October, 2003, page 1-6.
3) OHIO EPA Recommendations - Chapter 5, Liquefaction Potential Evaluation and Analysis, RCRA Subtitle D (258) Seismic Design Guidance for Muncipal Solid Waste Landfill Facilities, EPA/600/R-95/051, April 1995.
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EXHIBIT 10 - KYGER CREEK ASH IMPOUNDMENT - ADDITIONAL LIQUEFACTION ANALYSES OF POTENTIALLY LIQUEFIABLE FINE-GRAINED SOILS

Mid-point | Mid-point | Elevation Groundwater
Depth to Depth to Depth of | Depth of | to Top of Level During Total Effective Fine
Cross-section | Boring | Top of Layer | Bottom of Layer Layer Layer Layer Sampler Soil Seismic Event | Overburden | Overburden | N,, field (N1)60 Content (Nyeocs Liquefaction
Location No. No. (ft, bgs) (t, bgs) (ft,bgs) | (m, bgs) | (ft,bgs) | Type Type (ft, bgs) Stress, o, psf | Stress, o', psf | N-values Cy CE CcB CR cs (blows/ft) (%) a B (blows/ft) ry CSR (CRR);.5 MSF FSiiq Potential
South Fly Ash Pond 2 KC-1003 53.5 55.5 54.5 16.35 534.9 SS CL 0 6540 3139.2 3 0.82 1.21 1.00 1.00 1.00 2.98 83.00 5.00 1.20 8.57 0.72 0.06 0.10 5.33 9.23 NO
South Fly Ash Pond 3 KC-1005 48.5 53.5 51 153 540.2 SS CL-ML 0 6120 2937.6 3 0.85 1.21 1.00 1.00 1.00 3.08 70.00 5.00 1.20 8.69 0.75 0.06 0.10 5.33 8.90 NO
South Fly Ash Pond 3 KC-1005 53.5 57 55.25 16.575 534.7 SS CL-ML 0 6630 3182.4 2 0.82 1.21 1.00 1.00 1.00 1.97 74.00 5.00 1.20 7.36 0.71 0.06 0.09 5.33 8.39 NO
South Fly Ash Pond 4 KC-1007 46 48 47 14.1 543 SS CL 0 5640 2707.2 6 0.88 1.21 1.00 1.00 1.00 6.41 78.00 5.00 1.20 12.69 0.79 0.06 0.14 5.33 11.42 NO
South Fly Ash Pond 4 KC-1008 385 40 39.25 11.775 542.4 SS CL 0 4710 2260.8 5 0.97 1.21 1.00 1.00 1.00 5.84 65.00 5.00 1.20 12.01 0.86 0.07 0.13 5.33 9.99 NO
South Fly Ash Pond 5 KC-1009 53.5 55.5 54.5 16.35 535.7 SS CL 0 6540 3139.2 3 0.82 1.21 1.00 1.00 1.00 2.98 69.00 5.00 1.20 8.57 0.72 0.06 0.10 5.33 9.23 NO
South Fly Ash Pond 5 KC-1010 235 255 24.5 7.35 541.6 SS CL 0 2940 1411.2 4 1.22 1.21 1.00 1.00 1.00 5.92 55.00 5.00 1.20 12.10 0.94 0.08 0.13 5.33 9.18 NO
South Fly Ash Pond 6 KC-1012 21 23 22 6.6 542 SS CL 0 2640 1267.2 1 1.29 1.21 1.00 1.00 1.00 1.56 65.00 5.00 1.20 6.87 0.95 0.08 0.09 5.33 5.97 NO
Bottom Ash Pond 1 KC-1014 31 32 315 9.45 527.6 SS CL 0 3780 1814.4 4 1.08 1.21 1.00 1.00 1.00 5.22 68.00 5.00 1.20 11.26 0.92 0.07 0.12 5.33 8.92 NO
Bottom Ash Pond 2 KC-1015 46 47.5 46.75 14.025 534.4 SS CL 0 5610 2692.8 1 0.89 1.21 1.00 1.00 1.00 1.07 68.00 5.00 1.20 6.29 0.79 0.06 0.08 5.33 6.78 NO
Clearwater Pond 4 kc-1019* 26 28 27 8.1 554.7 SS ML 0 3240 1555.2 4 117 1.21 1.00 1.00 1.00 5.64 62.00 5.00 1.20 11.76 0.94 0.08 0.13 5.33 9.05 NO
Clearwater Pond 4 KC-1020 28.5 31 29.75 8.925 531 SS CL 0 3570 1713.6 1 111 1.21 1.00 1.00 1.00 1.34 70.00 5.00 1.20 6.61 0.92 0.08 0.08 5.33 6.00 NO
Bottom Ash Pond 5 KC-1021 41 42 41.5 12.45 539.2 SS CL 0 4980 2390.4 0 0.94 1.21 1.00 1.00 1.00 0.00 66.00 5.00 1.20 5.00 0.84 0.07 0.07 5.33 5.61 NO
Note:

1. The "Simplified Method" described by Youd et al (2001) was used.

2. An earthquake moment magnitude (Mw) of 3.9 was assumed.
3. A peak ground acceleration of 0.06g was used.
4. The sample is a Shelby tube sample but was assumed as a split spoon sample for analysis.
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Design Guide AGMU Memo 10.1 - Liquefaction Analysis

Liquefaction Analysis

This design guide illustrates the Department’s recommended procedures for analyzing the
liquefaction potential of soil during a seismic event considering Article 10.5.4.2 of the 2009
Interim Revisions for the AASHTO LRFD Bridge Design Specifications and various research.
The phenomenon of liquefaction and how it should be evaluated continues to be the subject of
considerable study and debate. It is expected that enhancements will evolve and modify how
liquefaction should be evaluated and accounted for in design. This design guide outlines the
Department’s current recommended procedure for identifying potentially liquefiable soils. Also
included are recommendations for characterizing the properties and behavior of liquefiable soils

so that substructure stiffness and embankment response to seismic loading can be modeled.

Liguefaction Description and Design

Saturated loose to medium dense cohesionless soils and low plasticity silts tend to densify and
consolidate when subjected to cyclic shear deformations inherent with large seismic ground
motions. Pore-water pressures within such layers increase as the soils are cyclically loaded,
resulting in a decrease in vertical effective stress and shear strength. If the shear strength
drops below the applied cyclic shear loadings, the layer is expected to transition to a semi fluid

state until the excess pore-water pressure dissipates.

Embankments and foundations are particularly susceptible to damage, depending on the
location and extent of the liquefied soil layers. Such soils may adequately carry everyday
loadings, however once liquefied, retain insufficient capacity for such loads or additional seismic
forces. Substructure foundations shall either be designed to withstand the liquefaction or
ground improvement techniques shall be used to achieve the IDOT performance objectives of
no loss of life or loss of span. End slopes and roadway embankments on liquefiable soils
require an analysis to determine the likely extent of pavement/slope damage so that the cost of
ground improvement techniques can be compared to alternatives such as re-routing traffic

around the damaged lanes or quickly effecting emergency repairs.

The stiffness of liquefiable soils supporting foundations is anticipated to degrade over the

duration of the seismic event and reduces the lateral stiffness of the substructure. The reduced
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stiffness results in increased deflection and moment arm, concern for buckling, and potentially

additional loading on adjacent substructures. The lateral stiffness, moments and forces carried
by such foundations supported by liquefiable soils is best determined using programs such as
COM624 or LPILE. The liquefied soil layers can be modeled in these programs with reduced
strength parameters or the p-y curves can be modified to reflect the residual strength of the
liquefied layers. Note that the estimated fixity depths indicated in Design Guide 3.15 (Seismic

Design) should not be used for analyzing substructures with liquefiable soils.

Vertical ground settlement should be expected to occur following liquefaction. As such, spread
footings should not be specified at sites expected to liquefy unless ground improvement
techniques are employed to mitigate liquefaction. For driven pile and drilled shaft foundations,
the vertical settlement will result in a loss of skin friction capacity and an added negative skin
friction (NSF) downdrag load when the liquefiable layers are overlain by non-liquefiable soils.
Geotechnical losses from liquefaction and any liquefaction induced NSF loadings shall only be
considered with the Extreme Event | limit state group loading, since the strength limit state

group loadings represent the conditions prior to, not after a seismic event.

Since liquefaction may or may not fully occur while the peak seismic bridge loadings are
applied, structures at sites where liguefaction is anticipated must be analyzed and designed to
resist the seismic loadings with nonliquefied conditions as well as a configuration that reflects
the locations, extent and reduced strength of the liquefiable layers. However, the design
spectra used for both configurations shall be the spectra determined for the nonliquefied

configuration.

Embankments and bridge cones are susceptible to lateral movements in addition to vertical
settlement during a seismic event. When the seismic slope stability factor of safety approaches
1.0, slope deformations become likely and when liquefaction is expected, these movements can
be substantial. The ability of embankments and bridge cones to resist such failures when
liquefiable soils are present should be investigated using the slope geometry and static stresses
along with residual strength properties for the liquefied soils as described later in the design
guide. A new AGMU Memo 10.3 (Slope Stability Design Criteria for Bridges and Roadways) is
expected to be issued this year to provide further guidance on the seismic analysis of

embankments.
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Liguefaction Analysis Criteria

All sites located in Seismic Performance Zones (SPZ) 3 and 4 as well as sites located in SPZ 2
with a peak seismic ground surface acceleration, As (PGA modified by the zero-period site
factor, Fpga), €qual to or greater than 0.15, require liquefaction analysis. The exception to this is
when the all liquefaction susceptible soils at a site have corrected standard penetration test
(SPT) blow counts (N1)eo above 25 blows/ft. or the anticipated groundwater is not within 50 ft of
the ground surface. The groundwater elevation used in the analysis should be the seasonally
averaged groundwater elevation for the site which may not be equal to that encountered during

the soil boring drilling.

Low plasticity silts and clays may experience pore-water pressure increases, softening, and
strength loss during earthquake shaking similar to cohesionless soils. Fine-grained soils with a
plasticity index (P1) less than 12 and water content (w,) to liquid limit (LL) ratio greater than 0.85
are considered potentially liquefiable and require liquefaction analysis. While Pl is regularly
investigated for pavement subgrades, it has rarely been considered in the past for structure soil
borings. However, in order to investigate liquefaction susceptibility of fine-grained soils, the
plasticity of such soils should be examined when conducting structure soil borings. Drillers
should inspect and describe the plasticity of fine-grained soil samples. Low plasticity fine-
grained soils, particularly loams and silty loams, should be retained for the Atterberg Limit

testing with the results indicated on the soil boring log.

For typical projects, liquefaction analysis shall be limited to the upper 60 ft of the geotechnical
profile measured from the existing or final ground surface (whichever is lower). This depth
encompasses a significant number of past liquefaction observations used to develop the
simplified liqguefaction analysis procedure described below. If the liquefaction analysis indicates
that the factor of safety (FS) against liquefaction is greater than or equal to 1.0, no further
concern for liquefaction is necessary. However, if soil layers are present indicating a FS less
than 1.0, the potential for these layers to liquefy and the effect on the slope or foundation but be

further evaluated.
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Liguefaction Analysis Procedure

The method described below is provided to assist Geotechnical Engineers in facilitating
liquefaction analysis for typical or routine projects. For simplicity, numerical expressions or
directions are provided for determining values of the variables necessary to conduct the
liquefaction analysis for such projects. Non-linear site response analysis programs can be
used to determine more exacting values for some of the variables, however this should only be
considered necessary for large or unique projects where a more refined liquefaction analysis is

desired.

The “Simplified Method” described by Youd et al. (2001) as well as refinements suggested by
Cetin et al. (2004) shall be used to estimate liquefaction potential as contained herein. The
simplified method compares the resistance of a soil layer against liqguefaction (Cyclic Resistance
Ratio, CRR) to the seismic demand on a soil layer (Cyclic Stress Ratio, CSR) to estimate the FS
of a given soil layer against triggering liquefaction. The FS for each soil sample should be
computed to allow thin, isolated layers to be discounted and the specific locations and extent of

those determined liquefiable to be indicated in the SGR and accounted for in design.

An Excel spreadsheet that performs these calculations has been prepared to assist
Geotechnical Engineers with conducting a liquefaction analysis and may be downloaded from
IDOT's website.

FS = CRR
CSR
Where:

CRR = CRR,.K_K_ MSF

CSR = 0.65AS{G‘,’° er
(o2

VO

CRR; = cyclic resistance ratio for magnitude 7.5 earthquake
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— 1 +(N1)60<:S + 50 _ 1
34-(Ny)soes 135 [1O(N,),,., +45F 200

60cs

K = overburden correction factor

N ()]
=| 2w | and 1.5<K, <9
2.12

f = soil relative density factor
(N )eo
=0.831-—22¢ and 0.6<f<0.8
160

K = sloping ground correction factor

= 1.0 for generally level ground surfaces or slopes flatter than 6 degrees. See

the following discussions for liquefaction evaluation of slopes and

embankments.
MSF = magnitude scaling factor
=87.2(M,,)>?*°
My = earthquake moment magnitude.
As = peak horizontal acceleration coefficient at the ground surface
= Fa PGA
Faga = site amplification factor for zero-period spectral acceleration (LRFD Article
3.10.3.2)
PGA = peak seismic ground acceleration on rock.
O yof = total vertical soil pressure for final condition (ksf)
o'vof = effective vertical soil pressure for final condition (ksf)

O »Ouf » @nd o, may be calculated using the following correlations for

estimating the unit weight of soil (kcf):

Above water table: ¥y e =0.095N%%
7 cohesive =0. 1215Q8'095
Below water table: ;s =0.105N5,"" —0.0624
7 cohesive 20'1215Q8.095 -0.0624

Fill soils being modeled for the final condition may be assumed to have unit
weights of 0.120 kcf and 0.058 kcf above and below the water table.
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Page 6

lq

VS 40'

(Nl)GOcs

FC

(N 1 )60

= soil shear mass participation factor

—-23.013-2.949A4 +0.999M,, +0. 016V

:lford<65ft

1+ 16.258 + 0.201e" 104(-d+0.0785V, 4 +24.888)
) _1 ~23.013-2.949A +0.999M,, +0. 016V
16,258+ 0.2016% 1000755V, 12055
_1+ —23.013 - 2.949A +0.999M,, +0. 016V }

16.258 + 0,201 104[-65+0.0785V, 1o +24.888)

s 23.013 -2.949A4 +0.999M,, + 0. OlGV

16.258 + 0.201e>10400785V; 1 +24.885)

~0.0014(d - 65) ford > 65ft

|

= average shear wave velocity within the top 40 ft of the finished grade (ft/sec).

40

n

Zi

i1 Vg

= shear wave velocity of individual soil layer (ft/sec)

= 169N05%

Fill soils may be assumed to have a shear wave velocity of 600 ft/sec.

= thickness of individual soil layer (ft)

= depth of soil sample below finished grade (ft)

= (N,),, adjusted to an equivalent clean sand value (blows/ft)

a+ ﬂ(Nl)eo

= clean sand adjustment factor coefficient

=0for FC<5%

190

6_7

= e[ ] for 5% < FC < 35%

=5 for FC > 35%

= clean sand adjustment factor coefficient

=1.0for FC <5%

15

= 0.99 + FC
1000

for 5% < FC < 35%

=1.2 for FC > 35%
= % passing No. 200 sieve

= corrected SPT blow count (blows/ft)
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= NmCNCECBCRCS
N = field measured SPT blow count recorded on the boring logs (blows/ft)
Cun = overburden correction factor
2.2

= £f <17
1.2+ Jvoi_
2.12

(o}

wi = effective vertical soil pressure during drilling (ksf)
Ce = hammer energy rating correction factor
ER - .
= 60 ; ER = hammer efficiency rating (%)
Cs = borehole diameter correction factor
= 1.0 for boreholes approximately 2% to 4% inches in diameter
= 1.05 for boreholes approximately 6 inches in diameter
= 1.15 for boreholes approximately 8 inches in diameter
Cr = rod length correction factor
= (-2.1033x107)/® +(7.9025x107°)¢° —(1.2008 x107°)¢* +(9.4538 x107°)¢?
—(4.0911x107°)¢% +(9.3996 x107%)/ +0.0615 and 0.75<C, <1.0
Cs = split-spoon sampler lining correction factor
= 1.0 for samplers with liners
_ . CWN, . ,
=1+ 1—for samplers without liners where 1.1<Cg <1.3
ER = hammer efficiency rating (%)
Unless more exacting information is available, use 73% for automatic type
hammers and 60% for conventional drop type hammers.
14 = drill rod length (ft) measured from the point of hammer impact to tip of sampler.

¢ may be estimated as the depth below the top of boring for the soil sample
under consideration plus 5 ft to account for protrusion of the drill rod above the

top of borehole.
For soils explorations conducted by IDOT, boreholes are typically advanced using hollow stem

augers that are 8 inches in diameter or using wash boring methods with a cutting bit that results

in approximately a 4% inch diameter borehole. The diameter and methods of advancing the
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borehole can vary between Districts and Consultants performing soils explorations for IDOT. As

such, it is recommended that the borehole diameter be included on the soil boring log in addition
to the drilling procedure (hollow stem auger, mud rotary, etc.). Geotechnical engineers
conducting a liquefaction analysis and calculating the borehole diameter correction factor (Cg)

should inquire with the soils exploration provider if the borehole diameter is not provided.

SPT tests are generally conducted in accordance with AASHTO T 206 and the split-spoon
samplers are designed to accept a metal or plastic liner for collecting and transporting soil
samples to the laboratory. Omitting the liner provides an enlarged internal barrel diameter that
reduces friction between the soil sample and interior of the sampler, resulting in a reduced SPT
blow count. Past experience indicates that interior liners are seldom used and the AASHTO T
206 specification indicates that the use of liners is to be noted on the penetration record. Thus,
it shall be assumed in the calculation of the split-spoon sampler lining correction factor (Cs) that

liners were not used unless otherwise indicated the soil boring log.

The field measured SPT blow count values obtained in lllinois commonly use an automatic type
hammer which typically offer hammer efficiency (ER) values greater than the standard 60%
associated with drop type hammers. For soils exploration conducted with automatic type

hammers, an ER of 73% may be assumed unless more exacting information is available.

Liguefaction resistance improves with increased fines content. As such, sieve analysis should
be conducted for low plasticity fine-grained loams and silts below the anticipated groundwater
elevation and within the upper 60 ft when the (N;)g is less than or equal to 25 blows/ft to
determine percent passing a No. 200 sieve (Fines Content, FC). These data should be included

in the SGR and/or reported on the soil boring log.

M, and PGA Values for Liquefaction Analysis

The spectral accelerations for the 0.0 second, 0.2 second and 1.0 second structure period are
typically used by the structural engineer to conduct a pseudo-static seismic analysis and design
of the bridge and foundation elements. These are commonly obtained from U.S. Geological
Survey (USGS) maps which were developed using a probabilistic seismic hazard analysis
(PSHA). PSHA estimates the likelihood that various seismic accelerations will be exceeded at a

given site, over a future specific period of time, by analyzing various potential seismic sources,
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earthquake magnitudes, site to source distances, and estimated rates of occurrence. With this

methodology, as the desired probability of exceedance is decreased (or design return period is
increased), the corresponding spectral accelerations increase. The 0.0 second spectral
acceleration is commonly considered as the PGA (hereafter referred to as the PSHA PGA) for

the structure’s design return period.

In addition to PGA, duration of shaking is a key factor in triggering liquefaction and is

represented in the liquefaction analysis procedure by the earthquake Moment Magnitude (M,).
In the past, IDOT used the PSHA PGA with the Mean Earthquake Moment Magnitude (W)

provided by the USGS for the site location and design return period. However, this PGA and M,,
combination will not properly indentify a site’s liquefaction potential for the design return period.
Portions of lllinois considered multi-modal, meaning that there are multiple earthquake
scenarios that have a significant contribution to the overall hazard, require liguefaction potential
be checked for multiple PGA and M,, pairs to determine the controlling values. Multi-modal
conditions are often characterized by a distant seismic source, capable of producing a large M,
with a smaller PGA, and a near-site source capable of producing a smaller M,, with a larger
PGA. The distant seismic source will almost always be the New Madrid seismic zone (NMSZ).
The near-site source will typically be the “background seismicity” sources gridded by the USGS,
although the Wabash Valley seismic zone (WVSZ) will control the near-site source for some
sites in southeastern lllinois. Sites near the southern most portion of the state become less
multi-modal and are solely controlled the NMSZ. The PGA and M,, values to be checked must
be determined wusing the USGS 2008 PSHA deaggregation data, located at:

http://eqgint.cr.usgs.gov/deagqint/2008/, which summarizes the contribution of various

earthquake scenarios to the hazard.

The distant seismic source (NMSZ) is typically represented by the Modal source-site distance
(R*) and magnitude (M,*) values provided at the base of the deaggregation, which reflect the
largest contribution to the overall site hazard. The PGA to be used with this source must be
calculated using the R*, M,,* and the ground motion prediction equations (GMPE’s) used by the
USGS for the NMSZ. The USGS uses a weighted average of 8 different ground GMPE'’s for the
NMSZ, which due to their complexity, are not presented herein. They are provided in IDOT's
Liguefaction Analysis Excel spreadsheet and used to compute the distant seismic source PGA

with input of R*, M,,*, and selecting “NMSZ” for the proper ground motion prediction equations.
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The R and M,, values representing the near-site sources can be identified by evaluating the

“ALL_EPS” and source-site distance “DIST(KM)” columns of the deaggregation data. The
ALL_EPS column indicates the percent contribution each earthquake scenario adds to the
overall hazard. Scenarios contributing more than 5% to the hazard with a source-site distance
not extending to the NMSZ should be selected as near-site sources to be investigated. The
PGA to be used with each selected near-site R and M,, pair shall be calculated using the USGS
ground motion prediction equations for the Central Eastern United States (CEUS). The USGS
uses a weighted average of 7 different GMPE’s to for the CEUS. These GMPE’s are also
programmed into the IDOT Liquefaction Analysis spreadsheet to provide near-site PGA values
for each selected R, and M,, when the “CEUS” is input as the proper ground motion prediction

equations.

Two examples for interpreting the deaggregation data and determining the PGA and M,, pairs to

be used for the liquefaction analysis are included at the end of the design guide.

Liguefaction Analysis Procedure for Slopes and Embankments

The liquefaction resistance of dense granular materials under low confining stress (dilative soils)
tends to increase with increased static shear stresses. Such static shear stresses are typically
the result of ground surface inclinations associated with slopes and embankments. Conversely,
the liquefaction resistance of loose soils under high confining stress (contractive soils) tends to
decrease with increased static shear stresses. Such soils are susceptible to undrained strain
softening. The effects of sloping ground and static shear stresses on the liquefaction resistance
of soils is accounted for in the previously described Simplified Procedure by use of the sloping

ground correction factor, K.

K. is a function of the static shear stress to effective overburden pressure ratio and relative
density of the soil. Graphical curves have been published that correlate K, with these variables
(Harder and Boulanger 1997). With the exception of earth masses of a constant slope, the ratio
of the static shear stress to effective overburden pressure will vary at different points under an
embankment, and most slopes, making it difficult to determine an appropriate K,. Researchers
that developed the Simplified Procedure have indicated that there is a wide range of proposed

K, values indicating a lack of convergence and need for additional research. It is recommended
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that the graphical curves that have been published for establishing K, not be used by

nonspecialists in geotechnical earthquake engineering or in routine engineering practice.

Olson and Stark (2003) have presented an alternative approach for analyzing the effects of
static shear stress due to sloping ground on the liquefaction resistance of soils. A detailed
description of the method is not included herein and Geotechnical Engineers should obtain a

copy of the reference document for further information.

The method provides a numerical relationship for determining whether soils are contractive or
dilative. If soils are determined to be contractive, an additional analysis should be conducted to
investigate the effects of static shear stress on the liquefaction resistance of soils. The
additional analysis is an extension of a traditional slope stability analysis typically performed
with commercial software, and can be readily facilitated with the use of a spreadsheet and data
obtained from the slope stability software. If the additional analysis indicates soil layers with a
FS < 1.0 against liquefaction, a post-liquefaction slope stability analysis should be conducted
with residual shear strengths assigned to the soil layers expected to liquefy. While Olson and
Stark (2003) present one acceptable method for estimating the residual shear strength of
liquefied soil layers, there are also a number of other methods presented in various reference

documents concerning liquefaction.

The Department’s Liquefaction Analysis spreadsheet that estimates liquefaction resistance of
soil using the Simplified Method described above also estimates whether soils are contractive or
dilative based upon the relationship provided by Olson and Stark (2003). As the classification of
contractive or dilative soils is affected by overburden pressure, the presence of such soils
should be assessed considering a soil column that starts at the top of the embankment/slope

and another soil column that begins at the base of the embankment/slope.

Note that the method provided by Olson and Stark (2003) also includes an equation for
estimating the seismic shear stress on a soil layer (Eqg. 3a in the reference document). The
variable Cy, included in the referenced equation shall be replaced with the variable MSF and
both variables MSF and ry shall be calculated using the equations outlined above for the
Simplified Method.
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Examples for Determining M,, and PGA Values

The first of two examples is for a location near Grayville, lllinois and the corresponding

deaggregation data, obtained from the USGS website, is provided in below in Figure 1.

In this

case, the five earthquake scenarios highlighted in the figures have an “ALL_EPS” contribution to

the total hazard greater than 5%.

*** Deaggregation of Seismic Hazard at One Periocd of Spectral Accel. ***
*** Data from U.S.G.S. National Seismic Hazards Mapping Project, 2008 version ***
PSHA Deaggregation. %contributions. site: Grayville, IL long: 88.015 W., lat: 38.257 N.
V30 {m/s)= 760.0 CEUS atten. model site <l BC(firm} or A(hard).
MNEHMP 2007-08 See USGS OFR 2008-1128. dM=0.2 below
Return period: 275 yra. Exceedance PGA =0.2147 g. Weight * Computed Rate Ex 0.104E-02
#Pr[at least one eq with median motion==PGA in 50 yrs]=0.02123 - -
#This deaggregation corresponds to Mean Hazard w/all GMPE=
DIST (KM} MAG{MW} ALL_ EPS EPSILON=Z 1<EPS<2 0<EPS<l -1<EPS<0 -2<EPS<-1 EFPS<-2
11.6 4.60 3.483 0.2432 1.627 1.385 0.138 0.000 G.000
28.5 4.61 0.589 0.466 0.123 0.000 0.000 0.000 0.000
[ 12.1 4.80 7.215 0.564 3.247 2.915% 0.488 0.000 G.000
29.2 4.81 1.674 1.065 0.60% 0.000 0.000 0.000 0.000
| 12.6 5.03 6.111 0.365 2.177 2.831 0.738 0.000 G.000
30.0 5.04 2.112 0.881 1.129% 0.002 0.000 0.000 G.000
55.8 5.05 0.086 0.086 0.000 0.000 0.000 0.000 G.000
1z.0 5.21 2.627 0.1z20 0.780 1.338 0.3278 c.o01 QG.000
30.6 5.21 1.205 0.427 0.721 0.047 0.000 0.000 G.000
57.6 5.21 0.081 0.081 0.000 0.000 0.000 0.000 0.000
13 .4 5.3% 4.41%9 0.18% 1.130 2.343 0.735 0.022 g.000
31.1 5.40 2.638 0.682 1.6877 0.2692 0.000 0.000 0.000
58.8 5.40 0.262 0.262 0.000 0.000 0.000 0.000 0.000
1z.7 5.61 2.434 0.082 0.532 1.315 0.473 0.024 Q.000
21.9 5.62 1.85%8 0.3226 1.1=20 0.434 0.000 0.000 G.000
59.7 5.62 0.288 0.267 0.020 0.000 0.000 0.000 0.000
13.9 5.80 2.291 0.077 0.45%2 1.152 0.562 0.042 0.000
32.3 5.81 2.234 0.282 1.267 0.678 0.000 0.000 0.000
60.1 5.81 0.385 0.213 0.082 0.000 0.000 0.000 0.000
88.4 5.82 0.052 0.052 0.000 0.000 0.000 0.000 0.000
1z.92 6.01 1.740 0.050 0.2301 0.757 0.568 0.0632 0.000
22.6 6.01 2.166 0.186 1.0386 0.9811 0.023 0.000 0.000
51.2 65.01 0.434 0.252 0.182 0.000 0.000 0.000 0.000
BB.5 65.01 0.078 0.o078 0.000 0.000 0.000 0.000 0.000
1z2.5 6.21 1.725 0.047 0.279 0.700 0D.619 0.080 G.000
34.1 7.39 0.9%9%9 0.031 0.1832 0.461 0.314 0.010 0.000
£9.4 7.40 Q.32 0.020 0.120 0.222 0.007 0.000 0.000
85.0 7.38 0.168 0.017 0.101 0.050 0.000 0.000 0.000
120.6 T332 0.144 0.027 0.113 0.004 0.000 0.000 0.000
L155.1 7.44 5. 773 1.40& 3.581 0.786 0.000 0.000 0.000
14 .4 7.59 0.060 0.001 0.008 0.021 0.021 0.008 0.000
34 .3 7.59 0.158 0.005 0.027 0.068 0.055 0.003 0.000
62.2 T.59 0.062 0.003 0.018 0.038 0.004 0.000 0.000
2.080 7.962 £.779 0.000 0.000 0.000
155.1 8.00 7.98 0.623 3.017 3.584 0.765 0.000 0.000

summary statistics for above PSHA PGA deaggregation, R=distance, e=epsilon:

Contribution from this GMPE (%) : 100.0

Mean src-=ite R= 64.%2 km; M= 6.33; ep=0= 0.12. Mean calculated for all sources.
Modal sre-site R= 155.1 km; M= ?.?0} epz0= 0.67 from peak (R,M} bin

MODE R*= 155.1km; M*= 7.70; EPS.INTERVAL: 1 to 2 sigma $% CONTRIE.= 7.962

Principal sources (faults, subduction, random seismicity having > 3% contribution)

Source Category: % contr. R (km) M epsilon0 (mean values).

New Madrid 3Z no clustering 29.53 155.1 7.73 0.63

CEUS gridded 70.47 271 5.95 -0.08

Individual fault hazard details if its contribution to mean hazard > 2%:

Fault ID % contr. Roed(km) M epsilond Site-to-sre azimuth(d)
New Madrid FZ, midwest 2.91 155.% T.03 0.63 -139.1

New Madrid FZ, central 21.22 153.6 T.13 0.61 -143.6

New Madrid FZ, mideast 2.80 158.3 T3 0.66 -146.9

fx*x**kxxx*End of deaggregation corresponding to Mean Hazard w/all GMPEs *#**kkk&k&j

Figure 1. Grayville Deaggregation Data.
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Three of the five sites have source-to-site distances indicative of the NMSZ and thus, the Modal
source-site distance (R*) and magnitude (M,*) values can be used to represent the distant
seismic source. The remaining two earthquake scenarios are considered near-site sources
which both requiring further investigation. The PGA for each of the three earthquake scenarios
is then calculated using the indicated R and M,, values with selection of the proper GMPE model

programmed in the IDOT Liquefaction Analysis spreadsheet.

= EQ Scenario #1, Dist. (R) = 155.1 km, My, = 7.70 — PGA = 0.115 (NMSZ Model)
= EQ Scenario #2, Dist. (R) =12.1 km, M, =4.80 - PGA =0.175 (CEUS Model)
» EQ Scenario #3, Dist. (R) =12.6 km, M, =5.03 - PGA =0.209 (CEUS Model)

In this instance, it is clear that EQ Scenario #3 will control over EQ Scenario #2 and as such,
EQ Scenario #2 does not require further consideration for the liquefaction analysis. The PGA
and M,, pairs for EQ Scenario’s #1 and #3 serve as an example of the potential multi-modal

nature of some locations.

There will be many instances where the deaggregation data indicates that there are no near-site
sources that contribute at least 5% to the hazard that need to be considered for liquefaction
analysis. In such cases, the hazard is likely dominated by the NMSZ and only the Modal

combination needs to be considered.

The second example is for a location near Cairo, lllinois and the site deaggregation data is

provided in below in Figure 2.
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There are three highlighted earthquake scenarios where the “ALL_EPS” contribution is greater
than 5%.

*** Deaggregation of Seismic Hazard at One Period of Spectral Accel. #**x*

*k* Data from U.S.G.S. National Seismic Hazards Mapping Project, 2008 version #***

PSHA Deaggregation. %ceontributions. site: Cairo, IL long: 89,181 W., lat: 27.005 N.

V30 {m/s)= 760.0 CEUS atten. model site el BC{(firm) or Alhard).

NSHMP 2007-08 See USGS OFR 2008-1128. dM=0.2 below

Return period: 275 vrs. Exceedance PGA =1.161% g. Weight * Computed Rate Ex 0.101E-02
#Pr[at least one eq with median motion==PGA in 50 yrs]=0.04009

#This deaggregation corresponds to Mean Hazard w/all GMPEs

DIST (KM} MAG(MW) ALL_EPS EPSILON=2 1<EPS<2 0<EPS<l -1<EPS5<0 -Z2<EPS<-1 EPS<-2

6.9 4.61 0.075 0.046 0.028 0.000 0.000 0.000 0.000
7.6 4.80 0.203 0.114 0.080 0.000 0.000 0.000 0.000
8.5 5.04 0.238 0.117 0.121 0.000 0.000 0.000 0.000
9.2 5.21 0.132 0.064 0.068 0.000 0.000 0.000 0.000
10.0 5.40 0.287 0.135 0.137 0.015 0.000 0.000 0.000
11.1 5.62 0.218 0.083 0.110 0.0z24 0.000 0.000 06.000
11.8 5.81 0.258 0.08% 0.1z4 0.035 0.000 0.000 0.000
11.7 6.02 0.315 0.079 0.162 0.067 0.000 0.000 0.000
11.4 6.22 0.423 0.087 0.206 0.130 0.000 0.000 0.000
1z.4 6.42 0.377 0.065 0.184 0.1z8 0.000 0.000 0.000
1z2.2 €.59 0.257 0.03¢ 0.120 0.101 0.000 0.000 0.000
1z.1 6.79 0.404 0.038 0.187 0.178 0.001 0.000 0.000
31.0 6.76 0.070 0.04%2 0.021 0.000 0.000 0.000 0.000
14.0 7.00 0.370 0.035 0.1l68 0.164 0.003 0.000 0.000
14.7 719 0.223 0.019 0.100 0.101 0.003 0.000 0.000

[ 11.4 7.42 21.47¢| 1.447 8.511 17.760 3.7582 0.000 0.000
29.8 7.39 0.271 0.07%9 0.182 0.000 0.000 0.000 0.000

{ 11.5 i i) 48.171 2.025 1z.040 27.292 6.814 0.000 0.000
29.4 7.70 0.708 0.115 0.471 0.121 0.000 0.000 0.000

1 11.5 8.00 14.768| 0.524 3.5325 2.424 2.215 0.000 0.000
27.0 8.00 0.593 0.047 0.237 0.309 0.000 0.000 0.000

Summary statistics for above PSHA PGA deaggregation, R=distance, e=epsilon:

Contribution from this GMPE(%) : 100.0

Mean src-site R= 11.8 km; M= 7.59; epsO= -0.24. Mean calculated for all sources.
Modal src-zite R= 11.5 km; M= 7.70) eps0= -0.32 from peak (R,M) bin

MODE R*= 11.4km; M*= 7.70; EPS.INTERVAL: 0 to 1 sigma % CONTRIEB.= 27.292

Prinecipal sources (faults, subduction, random seismicity having > 3% contribution)

Source Category: % contr. R {km} M epsilon0 {(mean values).

New Madrid SZ no clustering 95.65 11.7 7.66 -0.28

CEUS gridded 4 .35 13.5 6.24 0.76

Individual fault hazard details if its contribution to mean hazard > 2%:

Fault ID % contr. Red (km}) M epsilon® Site-to-src azimuth (d)
New Madrid FZ, midwest F.47 17.4 7.68 -0.02 -50.3

New Madrid FZ, central 74 .16 10.3 7.65 -0.35 -47.2

New Madrid FZ, mideast 9.94 12.1 7.66 -0.29 132.6

New Madrid FZ, east 2.63 22.5 7.69 0.32 131.2

frkkkkkwrxEnd of deaggregation corresponding to Mean Hazard w/all GMPEs **¥kkkkxkj

Figure 2. Cairo Deaggregation Data.
By inspection, they all have source-to-site distances indicative of the NMSZ and can be
represented by a single check of the Modal R and M combination. With no near-site scenarios
contributing more than 5% to the hazard, only the single distant seismic source need be
investigated.

e EQ Scenario #1, Dist. (R) = 11.5 km, M,, = 7.70 —» PGA = 1.528 (NMSZ Model)

Similar to Example #1, the PGA value for the earthquake scenario has been determined using

the IDOT Liquefaction Analysis Excel spreadsheet and the indicated GMPE model.
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CHAPTER 5

LIQUEFACTION POTENTIAL EVALUATION AND ANALYSIS

This chapter provides information to use when

. . . . il liquefacti inl
evaluating and analyzing the potential for failure Soil liquefaction occurs in loose, saturated

cohesionless soil units (sands and silts) and sensitive

dug to liquefaction during a ??ismic event at an clays when a sudden loss of strength and loss of
Ohio waste containment facility. Ohio EPA stiffness is experienced, sometimes resulting in large,
requires that the soil units at any waste containment permanent displacements of the ground. Even thin
facility be able to withstand the effects of a lenses of loose saturated silts and sands may cause an
plausible earthquake and rule out the possibility of overlying sloping soil mass to slide laterally along the
. . .. .. liquefied layer during earthquakes. Liquefaction
liquefaction. This is ‘?ecause it is generally beneath and in the vicinity of a waste containment
expected that the engineered components of a waste unit can result in localized bearing capacity failures,
containment facility will lose their integrity and no lateral spreading, and excessive settlement that can
longer be able to function if a foundation soil layer have severe consequences upon the integrity of waste
liquefies containment systems. Liquefaction-associated lateral

spreading and flow failures can also affect the global
stability of a waste containment facility.

REPORTING

This section describes the information that should be
submitted to demonstrate that a facility is not susceptible Any drawings or cross sections referred to in
to liquefaction. Ohio EPA recommends that the following | this policy that are already present in another
information be included in its own section of a part of the geotechnical and stability analyses

ical bili . . report can be referenced rather than
geotechnical and stability analyses report. Ata minimum, duplicated in each section. It is helpful if the

the following information about the liquefaction evaluation | yesponsible party ensures the referenced

and analysis should be reported to Ohio EPA: items are easy to locate and marked to show
the appropriate information.

¢« A narrative and tabular summary of the findings of the
liquefaction evaluation and analysis including all soil
units evaluated.

A detailed discussion of the liquefaction evaluation including:
! A discussion and evaluation of the geologic age and origin, fines content, plasticity index,

saturation, depth below ground surface, and soil penetration resistance of each of the soi/
units that comprise the soil stratigraphy of the waste containment facility,
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; The scope, extent, and findings of the subsurface investigation as they pertain to the
liquefaction potential evaluation.
! A narrative description of each potentially liquefiable layer, if any, at the facility, and

! All figures, drawings, or references relied upon during the evaluation marked to show how
they relate to the facility.

If the liquefaction evaluation identifies potentially liquefiable layers, then the following information
should be included in the report:

' A narrative and tabular summary of the results of the analysis of each potentially liquefiable
layer,

! Plan views of the facility that include the northings and eastings, the lateral extent of the
potentially liquefiable layers, and the limits of the waste containment unit(s),

! Cross sections of the facility showing soil units, full depictions of the potentially liquefiable
layers, and the following:

- location of engineered components of the facility,

- material types, shear strengths, and boundaries,

- geologic age and origin,

- fines content and plasticity index,

- depth below ground surface,

- soil penetration resistance,

- temporal high phreatic surfaces and piezometric surfaces, and

- insitu field densities and, where applicable, the in situ saturated field densities.

! The scope, extent, and findings of the subsurface investigation as they pertain to the analysis
of potentially liquefiable layers,

; A description of the methods used to calculate the factor of safety against liquefaction,

; Liquefaction analysis input parameters and assumptions, including a rationale for selecting
the maximum expected horizontal ground acceleration,

g The actual calculations and/or computer inputs and outputs, and

' All figures, drawings, or references relied upon during the analysis marked to show how
they relate to the facility.
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FACTOR OF SAFETY

The following factor of safety should be used, unless superseded by rule, when demonstrating that a
facility will resist failures due to liquefaction.

The number of digits after the decimal point indicates

Liquefaction analysis: FS > 1.00 that rounding can only occur to establish the last digit.

For example, 1.579 can be rounded to 1.58, but not 1.6.

The above factor of safety is appropriate, only if
the design assumptions are conservative; site-
specific, higher quality data are used; and the calculation methods chosen are shown to be valid and
appropriate for the facility. It should be noted, however, that historically, occasions of liquefaction-
induced instability have occurred when factors of safety using these methods and assumptions were
calculated to be greater than 1.00. Therefore, the use of a factor of safety against liquefaction higher

than 1.00 may be warranted whenever:

t A failure would have a catastrophic effect upon human health or the environment,

«  Uncertainty exists regarding the accuracy, consistency,
or validity of data, and no opportunity exists to
conduct additional testing to improve or verify the
quality of the data,

+  Large uncertainty exists about the effects that changes
to the site conditions over time may have on the

Designers may want to consider increasing
the required factor of safety if repairing a
facility after a failure would create a hardship
for the responsible parties or the waste
disposal customers.

stability of the facility, and no engineered controls can be carried out that will significantly reduce

the uncertainty.

Using a factor of safety less than 1.00 against liquefaction
is not considered a sound engineering practice. This is
because a factor of safety less than 1.00 indicates failure is
likely to occur. Furthermore, performing a deformation
analysis to quantify the risks and damage expected to the
waste containment facility should liquefaction occur is not
considered justification for using a factor of safety less
than 1.00 against liquefaction. This is because the strains
allowed by deformation analysis are likely to result in
decreased performance and loss of integrity in the
engineering components. Thus, any failure to the waste
containment facility due to liquefaction is likely to be
substantial and very likely to increase the potential for
harm to human health and the environment. If a facility
has a factor of safety against liquefaction less than 1.00,
mitigation of the liquefiable layers will be necessary, or
another site not at risk of liquefaction will need to be used.

If the liquefaction analysis does not result in a
factor of safety of at least 1.00, consideration
may be given to performing a more
sophisticated liquefaction potential
assessment, or to liquefaction mitigation
measures such as eliminating the liquefiable
layer, or choosing an alternative site.

A variety of techniques exist to remediate
potentially liquefiable soils and mitigate the
liquefaction hazard. Liquefaction of Soils
During Earthquakes (National Research
Council, Committee of Earthquake
Engineering, 1985) includes a table
summarizing available methods for
improvement of liquefiable soil foundation
conditions. However, Ohio EPA approval
must be obtained prior to use of any methods
for mitigation of liquefiable layers.
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The responsible party should ensure that the designs and specifications in all authorizing documents and
the quality assurance and quality control (QA/QC) plans clearly require that the assumptions and
specifications used in the liquefaction analysis for the facility will be followed during construction,
operations, and closure. If the responsible party does not do this, it is likely that Ohio EPA will require
the assumptions and specifications from the liquefaction analysis to be used during construction,
operations, and closure of a facility through such means as are appropriate (e.g., regulatory compliance
requirements, approval conditions, orders, settlement agreements).

From time to time, changes to the facility design may be needed that will alter the assumptions and
specifications used in the liquefaction analysis. If this occurs, a request to change the facility design is
required to be submitted for Ohio EPA approval in accordance with applicable rules. The request to
change the facility design must include a new liquefaction analysis that uses assumptions and
specifications appropriate for the change.

LIQUEFACTION EVALUATION

Ohio EPA requires the assessment of liquefaction potential as a key element in the seismic design of a
waste containment facility. To determine the liquefaction potential, Ohio EPA recommends using the
five screening criteria included in the U.S. EPA guidance document titled RCRA Subtitle D (258)
Seismic Design Guidance for Municipal Solid Waste Landfill Facilities, EPA/600/R-95/051, April 1995,
published by the Office of Research and Development. As of the writing of this policy, the U.S. EPA
guidance document is available at www.epa.gov/clhtml/pubtitle htiml on the U.S. EPA Web site.

Recommended Screening Criteria for Liquefaction Potential

The following five screening criteria, from the above reference, are recommended by Ohio EPA for
completing a liquefaction evaluation:

+ Geologic age and origin. If a soil layer is a fluvial, lacustrine or aeolian deposit of Holocene age, a
greater potential for liquefaction exists than for till, residual deposits, or older deposits.

v Fines content and plasticity index. Liquefaction potential in a soil layer increases with decreasing
fines content and plasticity of the soil. Cohesionless soils having less than 15 percent (by weight) of
particles smaller than 0.005 mm, a liquid limit less than 35 percent, and an in situ water content
greater than 0.9 times the liquid limit may be susceptible to liquefaction (Seed and Idriss, 1982).

t  Saturation. Although low water content soils have been reported to liquefy, at least 80 to 85 percent
saturation is generally deemed to be a necessary condition for soil liquefaction. The highest

anticipated temporal phreatic surface elevations should be considered when evaluating saturation.

t Depth below ground surface. If a soil layer is within 50 feet of the ground surface, it is more likely
to liquety than deeper layers.
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| Soil Penetration Resistance. Seed et al, 1985, state o .
In some cases, it is necessary to stabilize a

that soil layers with a normalized SPT blowcount borehole due to heaving soils. The use of
[(N))go] less than 22 have been known to liquety. hollow-stem augers or drilling mud has been
Marcuson et al, 1990, suggest an SPT value of proven effective for stabilizing a borehole
[(N))e] less than 30 as the threshold to use for without affecting the blow counts from a standard

. . ion potential. Liquefaction ha penetration test. Casing off the bgrehole as it is
suspecting liquefaction potenti que S advanced has also been used, but it has been

also beep shown to 9‘30‘” if the normalized CPT found that for non-cohesive soils, such as sands,
cone resistance (q,) is less than 157 tsf (15 MPa) it has an adverse effect on the standard
(Shibata and Taparaska, 1988). penetration test results (Edil, 2002).

If three or more of the above criteria indicate that
liquefaction is not likely, the potential for liquefaction
can be dismissed. Otherwise, a more rigorous analysis of the liquefaction potential at a facility is
required. However, it is possible that other information, especially historical evidence of past
liquefaction or sample testing data collected during the subsurface investigation, may raise enough of a
concern that a full liquefaction analysis would be appropriate even if three or more of the liquefaction
evaluation criteria indicate that liquefaction is unlikely.

LIQUEFACTION ANALYSIS

If potential exists for liquefaction at a facility, additional subsurface investigation may be necessary.
Once all testing is complete, a factor of safety against liquefaction is then calculated for each critical
layer that may liquefy.

A liquefaction analysis should, at a minimum, address the following:

t  Developing a detailed understanding of site conditions, the soil stratigraphy, material properties and
their variability, and the areal extent of potential critical layers. Developing simplified cross
sections amenable to analysis. SPT and CPT procedures are widely used in practice to characterize
the soil (field data are easier to obtain on loose cohesionless soils than trying to obtain and test
undisturbed samples). The data needs to be corrected as necessary, for example, using the
normalized SPT blowcount [(N,),,] or the normalized CPT. The total vertical stress (c,) and
effective vertical stress (o) in each stratum also need to be evaluated. This should take into
account the changes in overburden stress across the lateral extent of each critical layer, and the
temporal high phreatic and piezometric surfaces,

«  Calculation of the force required to liquefy the critical zones, based on the characteristics of the
critical zone(s) (e.g., fines content, normalized standardized blowcount, overburden stresses, level
of saturation),

¢ Calculation of the design earthquake’s effect on each potentially liquefiable layer should be
performed using the site-specific in situ soil data and an understanding of the earthquake magnitude

potential for the facility, and

¢ Computing the factor of safety against liquefaction for each liquefaction susceptible critical layer.

5-5
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Liquefaction Potential Analysis - Example Method

The most common procedure used in practice for liquefaction potential analysis, the "Simplified Procedure,” was
developed by H. B. Seed & I. M. Idriss. Details of this procedure can be found in RCRA Subtitle D (258)
Seismic Design Guidance for Municipal Solid Waste Landfill Facilities (U.S.EPA, 1995). As of the publication
date of this policy, the U.S. EPA guidance document was available from www cpa.sov/clhtml/pubtitie.html on the
U.S. EPA Web site. Due to the expected range of ground motion in Ohio, the Simplified Procedure is applicable.
However, if the expected peak horizontal ground acceleration is larger than 0.5 g, more sophisticated, truly
nonlinear effective stress-based analytical approaches should be considered, for which there are computer
programs available. The simplified procedure comprises the following four steps:

1. Identify the potentially liquefiable layers to be analyzed.

2. Calculate the shear stress required to cause liquefaction (resisting forces). Based on the characteristics
of the potentially liquefiable layers (e.g., fines content, normalized standardized blowcount), the critical
(cyelic) stress ratio (CSR, ) can be determined using the graphical methods included in the U.S. EPA
guidance referenced above. Note: this determination is typically based on an earthquake of magnitude
7.5. If the design earthquake is of a different magnitude, or if the site is not level, the CSR,; will need to
be corrected as follows,

CSRL( M-M) = CSRL(M=7.5) ko kg ok CR)
where
CSRym. wy=  corrected critical stress ratio resisting The correction factors can be obtained from
liquefaction, different sources, such as the 1995, U.S.
CSRypmer5y=  critical stress ratio resisting liquefaction EPA, Seismic Design Guidance, or the
for a magnitude 7.5 earthquake, summary report from the 1996 and 1998
ky =  magnitude correction factor, NCEER/NSF Liquefaction Workshops. The
ko =  correction factor for stress levels exceeding 1 U.S. EPA document tends to be somewhat
tsf, and ’ more conservative for earthquakes with a
k, =  correction factor for the driving static shear magnitude less than 6.5. Tn 1999, M.

stress if sloping ground conditions exist at the
facility. Special expertise is required for
evaluation of liquefaction resistance beneath
ground sloping more than six percent (Youd,
2001).

The k-values are available from tabled or graphical
sources in the referenced materials.

Calculation of the design earthquake’s effect on the
critical zone {driving force). The following

equation can be used.

a
CSRy, = 0.65[ “‘a“’z)rd(

where

GO
I,

g

Idriss proposed yet a different method for
calculating the empirical stress reduction
factor (r,), which was less conservative than
the method included in the U.S. EPA
guidance, but more conservative than the
method included in the NCEER method.
Designers should select correction factors
based on site-specific circumstances and
include documentation explaining their
choices in submittals to Ohio EPA.

(5.2)

CSR,, = equivalent uniform cyclic stress ratio induced by the earthquake,

o, = total vertical overburden stress,

£ 8
2
b

g = the acceleration of gravity.

effective vertical overburden stress,
the maximum horizontal ground acceleration, and
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Liquefaction Potential Analysis - Example Method (cont.)

Aoz = (am )(”d) (5.3)

where @, ., = the maximum horizontal ground acceleration,
F: - peak ground surface acceleration, and
empirical stress reduction factor.

it

at
fi

amax@depth D ‘
¥, = (5.4)
amax@mrface
0 o @depih D( g )

Calculate the factor of safety against liquefaction (resisting force divided by driving force).

CSR
FS, = -——Cé}(‘;w > 1.00 (5.5)
where FS, = factor of safety against liquefaction,
CSRMM“M) = shear stress ratio required to cause liquefaction, and
CSRgq, = equivalent uniform cyclic stress ratio.
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the embankment or foundation may be excessive. It may be necessary in such cases to use the shearing
resistance mobilized at 10 or 15 percent strain, rather than peak strengths, or to limit placement water contents
to the dry side of optimum to reduce the magnitudes of failure strains. However, if cohesive soils are
compacted too dry, and they later become wetter while under load, excessive settlement may occur. Also,
compaction of cohesive soils dry of optimum water content may result in brittle stress-strain behavior and
cracking of the embankment. Cracks can have adverse effects on stability and seepage. When large strains
are required to develop shear strengths, surface movement measurement points and piezometers should be
installed to monitor movements and pore water pressures during construction, in case it becomes necessary to
modity the cross section or the rate of fill placement.

d. Liquefaction. The phenomenon of soil liquefaction, or significant reduction in soil strength and
stiffness as a result of shear-induced increase in pore water pressure, is a major cause of earthquake damage to
embankments and slopes. Most instances of liquefaction have been associated with saturated loose sandy or
silty soils. Loose gravelly soil deposits are also vulnerable to liquefaction (e.g., Coulter and Migliaccio 1966;
Chang 1978; Youd et al. 1984; and Harder 1988). Cohesive soils with more than 20 percent of particles finer
than 0.005 mm, or with liquid limit (LL) of 34 or greater, or with the plasticity index (PI) of 14 or greater are
generally considered not susceptible to liquefaction. The methodology to evaluate liquefaction susceptibility
will be presented in an Engineer Circular, “Dynamic Analysis of Embankment Dams,” which is still in draft
form.

e. Piping. Erosion and piping can occur when hydraulic gradients at the downstream end of a hydraulic
structure are large enough to move soil particles. Analyses to compute hydraulic gradients and procedures to
control piping are contained in EM 1110-2-1901.

S Other types of slope movements. Several types of slope movements, including rockfalls, topples,
lateral spreading, flows, and combinations of these, are not controlled by shear strength (Huang 1983). These
types of mass movements are not discussed in this manual, but the possibility of their occurrence should not
be ignored.
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