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GZA Engineers and
GeoEnvironmental, Inc. Scientists

August 17, 2012
File No. 01.0170142.30

Mr. Stephen Hoffman

Office of Resource Conservation and Recovery (5304P) USEPA
2733 Crystal Drive, 5" Floor

Arlington, Virginia 22202

Re: Round 10 Dam Assessment - Final Report
EPA Contract No. EP10W001313
American Electric Power — Picway Generating Station
Ash Pond
Lockbourne, Ohio

Dear Mr. Hoffman:

In accordance with our proposal 01.P000177.11, dated March 28, 2011, and U.S. Environmental
Protection Agency (EPA) Contract No. EP10W001313, Order No. EP-B11S-00049, GZA
GeoEnvironmental, Inc. (GZA) has completed our inspection of the American Electric Power
(AEP) Picway Generating Station (PGS, Site) Ash Pond located in Lockbourne, Ohio. The Site
visit was conducted on June 9, 2011. The purpose of our efforts was to provide the EPA with a
Site-specific evaluation of the impoundments to assist EPA in visually assessing the structural
stability of the impoundments under the authority of the Comprehensive Environmental Response,
Compensation, and Liability Act Section 104(e). We are submitting one hard copy and one CD-
ROM copy of this Final Report directly to the EPA.

Based on our visua inspection, and in accordance with the EPA’s criteria, the Ash Pond is
currently in SATISFACTORY condition, in our opinion. Further discussion of our evaluation and
recommended actions are presented in the Round 10 Dam Assessment Report. The report includes:
(8) completed Field Assessment Checklists; (b) figures of the impoundments; and (c) selected
photographs with captions. Our services and report are subject to the Limitations found in
Appendix A and the Terms and Conditions of our contract agreement.

We are happy to have been able to assist you with this inspection and appreciate the opportunity to
continue to provide you with dam engineering consulting services. Please contact the undersigned
if you have any questions or comments regarding the content of this Round 10 Dam Assessment
Report.

Sincerely,

GZA GEOENVIRONMENTAL, INC.

J,&?z%@@{ - @ﬁ%m

Frank Vetere, P.E. (OH) Peter Baril, P.E. (MA)
Senior Project Manager Principal
frank.vetere@gza.com peter.baril @gza.com

x:\01.xx norwood\01.0170142.30 ccw dams round 10\aep_southern picway\report\picway cover letter_final.doc

Copyright 2011° GZA GeoEnvironmental, Inc.
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EXECUTIVE SUMMARY

This Inspection Report presents the results of a visual inspection of the American Electric Power
(AEP, Owner) Picway Generating Station (PGS, Site) Ash Pond located in Lockbourne, Ohio. The
visual inspection was performed on June 9, 2011 by representatives of GZA GeoEnvironmental,
Inc (GZA), accompanied by representatives of AEP and the Ohio Department of Natural Resources
(ODNR).

Based on the maximum height of 24 feet and a storage volume of approximately 275 acre-feet (at
the maximum elevation of approximately 573 feet NGVD 29), the Ash Pond is classified as a
Small sized structure. Size classifications are based on U.S. Army Corps of Engineers (COE)
guidelines. The ODNR has assigned an overall classification of “Class I1” based on height (“Class
IV”, less than 25 feet), storage capacity (“Class 111", greater than 50 acre-feet but less than 500
acre-feet) and hazard classification of “Class|1”.

Under the EPA classification system, as presented on page 2 of the EPA checklist (Appendix C)
and Definitions section (Appendix B), it is GZA’s opinion that the Ash Pond would be considered
as having a Sgnificant hazard potential. The hazard potentia rating was assigned based on the
available information that indicated that the failure or misoperation of the dam would result in no
probable loss of life but could cause economic loss, environmental damage, damage of lifeline
facilities (plant) or could impact other concerns. Losses would be primarily limited to the Owner’'s
property, but the Scioto River is located in close proximity to the west embankment of the south
pond and could receive ash-related material in the event of a failure or misoperation of the Ash
Pond. The ODNR has assigned a hazard classification of “Class 1" based on the potential for loss
of public water supply, loss of awastewater treatment facility or release of health hazardous waste,
but has assigned an overall (combined size, storage and hazard) “Class 11" designation to the Ash
Pond.

Based on the results of the visual inspection, discussions with AEP personnel, and a review of
available design documentation, the Ash Pond was found to have the following deficiencies:

1 Portions of the outer embankment slopes had not been mowed recently;

2. Presence of minor rodent burrows in the exterior slopes of the embankments;

3. Presence of abare area on the western exterior embankment of the south pond,;

4, No instrumentation (i.e., staff gauge) to observe the elevation of the water within the
pond/impoundment;

5. No instrumentation (i.e., survey/settlement monuments) to monitor crest elevations and/or
embankment movement;

6. Bare areas, areas of limited vegetative growth or areas of gravel cover present on crest;

7. Presence of vegetation on the interior dopes of the embankment;

8. AEP personndl were unsure if the discharge pipe from the concrete discharge structure has
been inspected internally since it was installed,;

9. Visible variations in crest elevations, particularly along the west embankment of the south
pond;

10. Minor ruts on crest from vehicle traffic;

11. Minor surficia pitting or flaking/cracking on the concrete discharge structure;
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12. Reported crest and maximum pool elevations indicate potential for non-compliance with
state freeboard requirement of five feet for Class II dams per OAC Rule 1501:21-13-07;
and,

13. Presence of standing water at or near the toe of the exterior embankment slopes of the
south pond, particularly near the southwest corner.

GZA recommends that the Owner arrange for the following to be performed:

Studiesand Analyses:

1 Survey of the crest of both ponds by a licensed Professional Surveyor to evaluate the
current elevation profile of the crest and confirm that survey monuments are not moving
horizontally;

2. Evaluate freeboard conditions based on maximum pool elevation and more recent

topographical data; and,
3. Camera survey of the CMP outfall should be performed.

Operation & Maintenance Activities:

1 Freguent monitoring of steep slopes for evidence of doughing or erosion that could lead to
instability, movement or failure of the embankments;

2. Review emergency action plan annually per OAC Rule 1501:21-21-04 and update as
applicable;

3. Clear vegetation from the interior embankment slopes,

4, Remove trees and resulting stumps on or near the exterior dopes of the embankment,

particularly near the west embankment of the south pond, Outfall 601 and the northern end
of the clearwater pond,;

5. Continue to monitor and control rodent activities and repair burrows as they are
discovered. Keeping the embankments mowed can help to reduce populations of certain
Species;

6. Maintain interior slopes of at least 2H:1V during ash excavation as recommended by
BBC&M;

7. Install a staff gauge on or near the outlet structure in Cell S3 and on or near the concrete

discharge structure in the clearwater pond in order to take periodic measurements of the
Ash Pond water surface e evation;

8. Inspect each of the monitoring wells installed in 2009 and ensure each well has a cap,
lockable protective cover/casing and is visible during mowing operations;
9. Perform periodic water level measurements in the monitoring wells to evaluate water levels

below the crest and at the toe of the embankments; and,

10. If AEP has the opportunity to stop discharging from the clearwater pond for a limited time
period, inspect the discharge pipe from the concrete discharge structure to the duck-hill
flap gate to verify that the pipe is operating correctly and is in good condition. This may
be performed by video photography.
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Repair Recommendations:

1 Minor concrete repair work on the concrete discharge structure in the clearwater pond;
2. Re-seed and/or over seed bare areas of the embankments and crest to establish healthy
grass cover;
3. Clear the area of established vegetation near the lower portion and toe of the outer
embankment slopes near the outfall structure; and,
4, Regrade areas near the toe of exterior slopes to facilitate proper drainage away from the
embankments.
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PREFACE

The assessment of the general condition of the embankments at the American Electric Power
(AEP) Picway Generating Station is based upon available data and visual inspections. Detailed
investigations and analyses involving topographic mapping, subsurface investigations, testing, and
detailed computational evaluations are beyond the scope of this report.

In reviewing this report, it should be realized that the reported condition of the embankments is
based on observations of field conditions at the time of inspection, along with data available to the
inspection team. In cases where an impoundment is lowered or drained prior to inspection, such
action, while improving the stability and safety of the embankment, removes the normal load on
the structure and may obscure certain conditions, which might otherwise be detectable if inspected
under the normal operating environment of the structure.

It is critical to note that the condition of the embankments depends on numerous and constantly
changing internal and external conditions, and is evolutionary in nature. It would be incorrect to
assume that the present condition of the embankment will continue to represent the condition of the
embankment at some point in the future. Only through continued care and inspection can there be
any chance that unsafe conditions be detected.

umnmm
Prepared by: ﬁ:::i OF o%g%
Z

: FRANK 5.
GZA GeoEnvironmental, Inc. VETERE

E-62508

L/%Z%ﬁiéﬁ{ %fana 8
Frank Vetere, P.E.

Senior Project Manager

Ohio License No.: 62568

X:\01.xx Norwood\01.0170142.30 CCW Dams Round 10\AEP_Southern Picway\Report\Picway Preface FINAL.docx
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1.0 DESCRIPTION OF PROJECT
11 General
1.1.1 Authority

The United States Environmental Protection Agency (EPA) has retained GZA
GeoEnvironmental, Inc. (GZA) to perform a visual inspection and develop areport of conditions
for American Electric Power (AEP, Owner) Picway Generating Station (PGS, Site) Ash Pond in
Lockbourne, Ohio. This assessment was authorized by the EPA under the authority of the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) Section
104(e). This assessment and final report were performed in accordance with Round 10 of the
Assessment of Dam Safety of Coal Combustion Surface Impoundments, RFQ-DC-16, dated
March 16, 2011, and EPA Contract No. EP10W001313, Order No. EP-B11S-00049. The
assessment generally conformed to the requirements of the Federal Guidelines for Dam Safety™.
This report is subject to the limitations contained in Appendix A and the Terms and Conditions
of our Contract Agreement.

1.1.2 Purpose of Work

The purpose of this assessment was to visually assess and evaluate the present condition
of the Impoundment(s) and appurtenant structures to attempt to identify observable conditions
that may adversely affect their structural stability and functionality, to note the extent of any
deterioration that may be observed, review the status of maintenance and needed repairs, and to
eval uate the conformity with current design and construction standards of care.

The assessment was divided into five parts:. 1) obtain and review available reports,
investigations, and data from the Owner pertaining to the impoundments and appurtenant
structures; 2) perform an on-Site review with the Owner of available design, inspection, and
maintenance data and procedures for the Impoundments; 3) perform a visual assessment of the
Site; 4) prepare and submit a field assessment checklist; and, 5) prepare and submit a draft and a
fina report presenting the evaluation of the Impoundments, including recommendations and
proposed remedial actions.

1.1.3 Definitions

To provide the reader with a better understanding of the report, definitions of commonly
used terms associated with dams are provided in Appendix B. Many of these terms may be
included within this report. The terms are presented under common categories associated with
dams which include: 1) orientation; 2) dam components;, 3) size classification; 4) hazard
classification; 5) general; and, 6) condition rating.

' FEMA/ICODS, April 2004: http://www.ferc.gov/industries/hydropower/saf ety/guidelines/fema-93.pdf
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12 Description of Project
121 Location

The Picway Generating Station (PGS) is|ocated approximately 2 miles southwest of the
city of Lockbourne, Ohio, along the shore of the Scioto River, at the address 9301 South U.S.
Route 23, Lockbourne, Ohio 43137. The Picway Ash Pond is located approximately 350 feet
east of the PGS at latitude 39° 47' 21" North and longitude 83° 0' 34" West. A Site locus of the
Ash Pond and surrounding area is shown on Figure 1. An aerial photograph of the Ash Pond
and surrounding areaiis provided as Figure 2.

1.2.2 Owner/Caretaker

The PGS is owned and operated by Columbus Southern Power Company, a subsidiary
of AEP of Columbus, Ohio.

Dam Owner/Car etaker

Columbus Southern Power Company, a subsidiary of
Name American Electric Power, Picway Generating Station
Mailing Address 9301 U.S. Route 23
City, State, Zip L ockbourne, Ohio 43137
Contact Gary Zych, PE
Title Manager — Geotechnical Services
E-Mail gfzych@aep.com
Phone Number 614-716-2917

1.2.3 Purpose of the Pond

The PGS is a one unit (formerly 5 units) coal-fired power plant with a maximum
generating capacity of approximately 106 megawatts. Commercial operation of the PGS facility
began in 1955. The Ash Pond was constructed in conjunction with the PGS facility for the
purpose of storing and disposing coal combustion byproducts and was commissioned in 1954.
Wastewater discharged from the Ash Pond is regulated under a National Pollution Discharge
Elimination System (NPDES) permit® issued by the Ohio Environmental Protection Agency
(OEPA).

The Ash Pond was constructed for the purpose of storing and disposing plant
wastewater, bottom ash and fly ash from the PGS facility. In addition to direct precipitation, the
Ash Pond also receives inputs from the floor, lab and roof drain sump, the sump discharge
collection pit runoff and water from the plant drains. The estimated combined average rate of
al identified Ash Pond inputs is 644,710 gallons per day®, assuming Unit 5 of the PGS is
operating at average load during the summer. The combined maximum rate of all identified Ash

2 National Pollutant Discharge Elimination System (NPDES) Permit No. 41BO0000* GD, Picway Generating Station,

Ohio Environmental Protection Agency, March 30, 2007.
% Based on estimated flows from a Water Balance Diagram provided by Mr. Gary Zych of AEP on June 16, 2011.

Ash Pond
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Pond inputs is 1,584,710 gallons per day, assuming a 10-year, 24-hour storm event”.
Wastewater from the Ash Pond is discharged via Outfall 601 to a discharge cana at an estimated
average rate of 100,000 gallons per day and an estimated maximum rate of 628,000 gallons per
day®. The discharge canal ultimately discharges to the Scioto River at Outfall 001. The overall
Fly Ash Pond plan is shown on Figure 3.

1.2.4 Description of the Ash Pond and Appurtenances

The following description of the Ash Pond is based on the Owner interview, design
reports provided by the Owner, as-built drawings, and field observations by GZA.

The Ash Pond dam consists of approximately 4,900 feet of earthfill embankment and
approximately 1,000 feet of natura embankment. The maximum crest height (from the lowest
toe elevation to the top of embankment) is approximately 24 feet. An access road along the top
of the crest has a width of approximately 10 to 15 feet and a design elevation of approximately
693 feet, National Geodetic Vertical Datum of 1929 (NGVD 29). Actua crest elevations are
reportedly as low as 690 feet®. Portions of the Ash Pond base were reportedly keyed into the
existing natural grade, and the design elevation of the base of the Ash Pond is 673 feet’. The
inner dope of the embankment has a slope of approximately 1.5 horizontal to 1 vertica
(1.5H:1V) and the outer dopes of the embankment have a slope of approximately 2H:1V. The
Ash Pond has not been expanded or raised since its original construction.

The Ash Pond has one discharge point. The discharge (decant) structure is located in
the southwestern portion of the clearwater pond and consists of a concrete tower with 36-inch
stop-logs. The tower is equipped with a skimmer to prevent debris from clogging the screen
affixed to the tower. Once water enters the discharge structure, it is conveyed through a 36-inch
diameter corrugated metal pipe (CMP), through a duck-bill flap gate, and then into a canal that
joins the Scioto River. The duck-bill flap gate at the end of the 36-inch CMP is identified as
“Outfall 601" in the 2007 NDPES permit (refer to Figure 3 for location).

No information was provided regarding invert elevations of the 36-inch CMP.
However, based on a review of AEP Drawing 15-30011-0 provided by the Owner, the ground
elevation in the immediate vicinity of the discharge point of the 36-inch CMP is approximately
668 feet, based on the 2006 contours shown. No information was provided regarding the
presence of seepage collars along the 36-inch CMP as it penetrates the embankment.

The Ash Pond facility does not have any instrumentation or seepage collection systems.
No survey monuments were observed aong the top of the embankment during our site visit.
Five monitoring wells (MW-0901S, MW-0901D, MW-0902S, MW-0902D and MW-0903S)
were ingtalled around the Ash Pond in 2009 as part of an evaluation of the embankments. At the
time of the site visit, AEP personnel stated that no samples from the monitoring wells have been
collected to date, and no water level measurement data was available. Additiona information
on the construction and performance history of the Ash Pond is provided in Sections 1.3.5 and

* Based on estimated flows from a Water Balance Diagram provided by Mr. Gary Zych of AEP on June 16, 2011.
® Based on estimated flows from a Water Balance Diagram provided by Mr. Gary Zych of AEP on June 16, 2011.
® Based on Plate 3, Section E of Appendix A, of the report entitled AEP Picway Plant Ash Pond

Investigation prepared by BBC&M Engineering, Inc. and dated April 2010.
7 Based on review of Drawing No. 18-530.00 provided by AEP, originally dated June 26, 1953.
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1.3.6 of this report. Additional information on the construction and performance history of the
Fly Ash Pond is provided in Section 1.3.7 of thisreport.

125 Operations and Maintenance of the Ash Pond

The Ash Pond operates under the regulations of the Ohio Department of Natural
Resources (ODNR), including their dam safety regulations. According to the most recent
ODNR dam safety report (February 9, 2009 inspection date), there is no permit number for the
Ash Pond (permit no. listed as “N/A”), but the ODNR lists the Ash Pond as File No. 9630-001.
In accordance with Ohio Revised Code Section 1521.062, owners of dams must monitor,
maintain and operate their dams safely.

Operation and maintenance of the Ash Pond is regulated by the EPA, ODNR and the
OEPA (NPDES Permit). Monitoring requirements under the NPDES permit are discussed
below.

The Ash Pond and the surrounding area are operated and maintained by AEP personnel.
A summary of the maintenance and inspection items listed in AEP' s February 2010 Operation,
Maintenance and Inspection manual (OMI) (as provided to GZA) is provided below.

. Mow grassed s opes of embankments (external and internal) 4 times per year;

. Special maintenance items including seepage control, sloughing or dides of the
embankments, and rehabilitation of rock berms are to be performed based on
the recommendations in engineering inspection reports or as identified during
guarterly plant inspections and discussions;

. Repair erosion gullies with compacted fill and stabilize with seed and mulch as
appropriate as needed;

. Re-grade and compact ruts along the crest of the embankments as needed,;

. Repair rodent damage by backfilling with mud packs as needed. If animals are
persistent, trapping and/ or fumigants may be necessary;

. Remove debris around skimmer and discharge structure as needed;

. Repair discharge structure and skimmer as needed;

. Inspection within 24 to 48 hours after placing 3 or more stop logs in any

discharge tower;
. Inspection within 3 days of switching between active cellsin the south pond;

. Inspection within 24 hours of each rainfal event which results in 3 or more
inches of rain over a 24-hour period,;

. Inspection by a qualified individual experienced in dam engineering and under
the supervision of aregistered professional engineer at |east once every 2 years,

Ash Pond
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. Monitoring of the items associated with the NPDES Permit in accordance with
the permitted frequencies, which range from daily to monthly; and,

. Periodic (every 5 years) safety inspection performed by ODNR.

Inspection reports produced by ODNR are provided to AEP. If necessary, these reports
may include required remedia measures or other discussion items that require action and/or
response by AEP. The most recent ODNR report is dated May 4, 2009 and describes conditions
and observations noted on February 9, 2009. According to this report, AEP is required to
address any deficiencies noted in the inspection within 5 years, provide the ODNR with any
plans, specifications, investigative reports or other supporting documentation for review and
approval prior to construction and provide arecord of al repairsin the OMI.

Based on GZA'’s discussions with AEP personnel and a review of the May 4, 2009
ONDR inspection report (refer to Section 1.3.7), it appears that progress toward completing the
required remedial measures listed in the May 4, 2009 ODNR report is being made.

According to the NPDES permit, AEP is required to submit a monthly report to the
OEPA that includes NPDES monitoring data. Specifically, at Outfall 601, AEP is required to
record the flow rate daily, collect grab samples for pH twice each week, collect grab samples for
total suspended solids on aweekly basis and collect grab samples for oil and grease and hexane
on amonthly basis.

1.2.6 SizeClassification

For the purposes of this EPA-mandated inspection, the size classifications will be based
on United States Army Corps of Engineers (COE) criteria. According to guidelines established
by the COE, dams with a storage volume between 50 to 1,000 acre-feet and/or a height between
25 and 40 feet are classified as Small sized structures. Based on the maximum height of 24 feet
and a storage volume of approximately 275 acre-feet, the Ash Pond is classified as a Small sized
structure.

The ODNR has assigned an overall classification of “Class 11" based on height (“Class
IV”, less than 25 feet), storage capacity (“Class I11”, greater than 50 acre-feet but less than 500
acre-feet) and hazard classification of “Class 117, discussed in Section 1.2.7 below.

1.2.7 Hazard Potential Classification

Under the EPA classification system, as presented on page 2 of the EPA checklist
(Appendix C) and Definitions section (Appendix B), it is GZA’s opinion that the Ash Pond
would be considered as having a Significant hazard potential. The hazard potential rating was
assigned based on the available information, which indicated that the failure or misoperation of
the dam would result in no probable loss of life, but could cause economic loss, environmental
damage, damage of lifeline facilities (plant) or could impact other concerns. Losses would be
primarily limited to the Owner’s property, but the Scioto River is located in close proximity to
the west embankment of the south pond and could receive ash-related material in the event of a
failure or misoperation of the Ash Pond. The overall site plan is shown on Figure 3.
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The ODNR has assigned a hazard classification of “Class |1” based on the potential for
loss of public water supply, loss of a wastewater treatment facility or release of health hazardous
waste, but has assigned an overall (combined size, storage and hazard) “Class I1” designation to
the Ash Pond. ODNR assigns a “Class I” hazard rating to those dams with the highest hazard
potential and a“Class IV” hazard rating to those dams with the lowest hazard potential.

13 Pertinent Engineering Data
1.3.1 DrainageArea

The Ash Pond is an enclosed embankment built up from the natural ground surface. As
such, the contributory drainage area is the surface area of the impoundment, approximately 27
acres. The Ash Pond aso receives stormwater runoff from the roof drain of the power
plant/generation building. The roof drain stormwater collection area was not visited by GZA
during the Ash Pond inspection, and the associated drainage area acreage of this area was not
provided but is presumed to be equal to the footprint of the building, or approximately 51,400
square feet based on measurements made from aerial photographs.

132 AshPond

The Ash Pond is |located approximately 425 feet east of the Scioto River and is bordered
by farmland to the north, east and south and by the PGS and the Scioto River to the west.

The Ash Pond consists of approximately 4,900 feet of earthfill embankment and
approximately 1,000 feet of natura embankment. The maximum crest height (from the lowest
toe elevation to the top of embankment) is approximately 24 feet. An access road along the top
of the crest has a width of approximately 10 to 15 feet and a design elevation of approximately
693 feet, National Geodetic Vertical Datum of 1929 (NGVD 29). Actua crest elevations are
reportedly as low as 690 feet®. Portions of the Ash Pond base were reportedly keyed into the
existing natura grade and the design elevation of the base of the Ash Pond is 673 feet®. The
inner dope of the embankment has a slope of approximately 1.5 horizontal to 1 vertica
(1.5H:1V) and the outer dopes of the embankment have a slope of approximately 2H:1V. The
Ash Pond has not been expanded or raised since its original construction.

At the crest elevation of 693 feet, the Ash Pond is estimated to have a surface area of
approximately 27 acres and a storage volume of approximately 275 acre-feet.

1.3.3 Discharges at the Site

Discharges at the Site are regulated under the previously noted NPDES Permit. Under
normal operating conditions, wastewater outflows from the Ash Pond to Outfall 601 and thence
to a cana leading to the Scioto River where it is ultimately discharged at an estimated average
rate of 100,000 gallons per day (assuming Unit 5 of the PGS is operating at average load during
summer) and an estimated maximum rate of 628,000 gallons per day (assuming a 10-year, 24-

8 Based on Plate 3, Section E of Appendix A, of the report entitled AEP Picway Plant Ash Pond
Investigation prepared by BBC&M Engineering, Inc. and dated April 2010.
® Based on review of Drawi ng No. 18-530.00 provided by AEP, originally dated June 26, 1953.
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hour storm event). Vaues were based on data provided on AEP's water balance diagram
(undated).

1.34 General Elevations
Ash Pond elevations presented in this report, where available, are taken from design

drawings, reports and other data provided by AEP. Elevations are based upon the NGVD 29
vertical datum. Actua eevations may be lower than design elevations.

A. Top of Embankment + 693.0 feet

B. Maximum Operating Pool + 688.0 feet

C. Normal Operating Pool Variable, based on operations

D. Outlet Structure Inlet (Cell S3) + 682.0 feet (681.0 feet plus estimated
height of stop-logs present during site visit)

E. Discharge Structure Inlet Not Available, estimated at + 674.8 feet
based on 2006 topographic contours

F. Invert of Outfall 601 Not Available, estimated at + 668.0 feet

based on 2006 topographic contours
1.3.5 Design and Construction Records and History of the Ash Pond

According to the information provided by AEP, the Ash Pond was designed by
Columbus & Southern Ohio Electric Company of Columbus, Ohio. Construction of the Ash
Pond was completed in 1955. The embankment was constructed to its full height prior to filling
it with coal ash wastewater. The origin of the materials comprising the embankments and base
of the pond was not specified, although it is possible that some portion of the fill material used
in construction of the embankments was taken from the native soils. Select record drawings
were provided to GZA for review including Drawing Nos. 18-530.00, Sheet 8 dated June 26,
1953, 18-530.00, Sheet 1 dated January 6, 1970 and 15-30011-0 dated September 22, 2006.
These drawings are provided for reference in Appendix E.

1.3.6 Operating Records

Based on our interviews with AEP personnel and our review of Drawing No. 15-30011-
0 dated September 22, 2006, the interior of the south pond was modified in 2007 by adding
interior dikes to create three cells labeled Cells S1, S2 and S3. The three cells are reportedly
used to facilitate operations and typically involves filling of only one cell a a time beginning
with Cell S1 followed by Cell S2 and then by Cell S3.

The availability of operating records was limited to select inspection reports performed
by AEP or an outside engineering firm. Findings from the reports provided to GZA are
summarized in Section 1.3.7 below. No other operating records were provided by AEP.

1.3.7 Previous Inspection Reports
Various types of visua inspections of the Ash Pond are conducted by AEP on a

monthly, quarterly or bi-annual basis. Informal inspections by the Owner are performed as
needed during and after heavy rainfal events, defined by AEP as three inches or more in a 24-
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hour period. Records of these inspections are maintained internally. In addition, AEP contracts
with a Registered Professional Engineer to perform an inspection every two years.

The ODNR Division of Water performs an inspection every five years and prepares a
report including remedial measures that is provided to AEP. A representative from ODNR was
on-site during the assessment. The most recent ODNR inspection was performed on February 9,
2009. Key findings or recommendations from this inspection include, but were not limited to,
the following:

1. Trees and brush are not permitted on embankment surfaces. Remove the trees
and brush from all embankment surfaces.

2. The embankment crest must have a uniform elevation

3. Rodent burrows weaken dam embankments and must be repaired. Rodent
activity must be controlled.

4. The embankment and spillways must be protected from erosion. A hedthy
grass cover should be present on embankment and spillways as needed.
Establish a healthy grass cover on the embankment crest.

5. The owner must provide a device or plan to permit draining of the reservoir
within a reasonable period of time in accordance with OAC Rule 1501:21-13-
06.

6. The reservoir/lagoon must be maintained at or below its maximum operating
level to ensure sufficient freeboard. Modify the operation of the reservoir to
maintain sufficient freeboard. A written request for variance from this rule may
be made to the chief if adequate justification is provided.

7. This dam must have an operation, maintenance and inspection manual (OMI).
Prepare and OMI.

8. Monitor the steepest portions of the exterior slope for any signs of instabilities.

A separate Ash Pond Inspection was performed by BBC&M Engineering, Inc.
(BBC&M) on March 16, 2009. Based on the findings of this inspection, BBC&M concluded
that the north pond portion of the Ash Pond was in good condition and the south pond was in
fair condition. Refer to Figure 3 for location of interior cells and ponds. Key findings or
recommendations from this inspection include, but are not limited to, the following:

1. Due to the excessive humber of rodent burrows and recurrence, fumigation
and/or trapping should be considered.

2. Repair concrete riser in the south pond. The excessive honeycombing of the
concrete will reduce its service life since the aggregate is not well proteted.

3. Remove trees on the outboard sope of the western embankment of the south
pond near the outlet structure.

4. Regrade any areas aong the toe of the embankment where surface water is not
draining away from the toe.

5. Repair bare areas on the slope by overseeding the embankment.

6. Continue to monitor the embankments. There are several areas that appear to
have been eroded (over-steepened slopes) and/or had failures in the past.

Based on the findings of BBC&M’s March 16, 2009 inspection, an investigation of the
Ash Pond was performed by BBC&M in August and November of 2009 to develop subsurface
data at five cross-sections through the Ash Pond embankments. Seepage and slope stability
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analyses to provide an indication as to the level of safety provided by the embankments were
performed at two cross-sections. The investigation consisted of the installation of eleven soil
borings, including five borings (B-0903, B-0904, B-0906, B-0907 and B-0909) completed
through the crest of the embankments, and four borings (B-0905, B-0908, B-0910 and B-0911)
at the toe of the embankments.

According to BBC&M's report, static and seismic analyses were performed for two
cross-sections (Sections C and D) in the south pond since this area of the Ash Pond is
periodically filled and excavated. The purpose of the cross-sections was to determine the factor
of safety against rotational failure for the interior and exterior slopes using drained soil strength
parameters. Rapid drawdown was also investigated for the interior slopes. A table summarizing
the results of BBC& M’ s stability analysisis provided below:

Computed Factor of Safety
Analysis Case Interior Slopes Exterior Sopes
Section C | Section D | Section C | Section D
Static (Steady-State Seepage) 2.51 4.15 1.53 1.54
Pseudo-Static 2.16 2.96 154 1.48
Rapid Drawdown 1131 124 | ;}'i‘(’:tabl e | Ap ;}'i‘(’:tabl .

Notes:
1. Assumesinterior slope will be maintained at a 2H:1V or flatter when ash excavation occurs.

Based on the results of their analyses, BBC&M concluded that at the two cross-sections
evaluated, the embankments exhibit an adequate factor of safety relative to those recommended
by the United States Army Corps of Engineers for existing facilities and assuming interior
slopes of 2H:1V during ash excavation.

2.0 INSPECTION
21 Visual Inspection

The PGS Bottom Ash Pond and Fly Ash Pond were inspected on June 9, 2011 by Frank Vetere,
P.E., and Matthew Vander Eide, P.G., of GZA. The weather conditions during the inspection
were sunny with temperatures above 90 degrees Fahrenheit. The weather during the weeks
leading up to GZA's site visit was wet with higher than normal rainfal. Photographs to
document the current conditions of the embankments were taken during the inspection and are
included in Appendix D. Underwater areas were not inspected, as this level of investigation
was beyond GZA'’s scope of services. A copy of the EPA Checklist for both ponds isincluded
in Appendix C.

With respect to our visual inspection, there was no evidence of prior releases, failures, or
patchwork observed by GZA.
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211 Genera Findings

In general, the PGS Ash Pond was found to be in SATISFACTORY condition and the
Specific concerns are identified in more detail in the sections below.

212 AshPond

An overall Ash Pond site plan showing the pertinent features, including the location and
orientation of photographs provided in Appendix D, is detailed on Figure 3.

2.1.2.1 Outer Embankment Slope (Photos 7, 10, 15, 17-19, 20, 24-26, 29, 30)

The outer embankment slope generally appeared to be steep, but in good condition.
Most portions of the slopes had been mowed recently. Mowing in those areas not completed
before GZA'’s site visit (south and east embankment of north pond) was reportedly scheduled to
be completed in the near future. Similar to previous inspections by others, rodent burrows were
observed in multiple locations, but did not appear to be excessive in size. One area on the
western exterior embankment of the south pond was observed to be bare of vegetation (Photo
17). Evidence of standing water at the toe of the embankments was observed, particularly in the
southwest corner of the south pond where an area of standing water measuring approximately 30
feet long by 5 feet wide was present (Photo 18). According to AEP personnel, recent rainfal
had been excessive and the Scioto River had risen and flooded the portions of the area
surrounding the south pond embankments. Rip rap has been used to address areas of erosion on
the slope, such as the area shown in Photo 24. No unusual movement or sloughing was
observed in the dope.

2.1.2.2 Crest (Photos 2, 5, 7, 9, 10, 15, 17, 21, 25, 27-30)

The crest of the Ash Pond serves as an access road around the perimeter of the pond
and was generally grass covered, but had areas that were bare or covered with gravel. Minor
ruts from vehicle traffic were observed on the crest between Cell S2 and the clearwater pond
(Photo 7). The alignment of the top of the embankment appeared to vary, with visible elevation
changes along the western embankment of the south pond in the vicinity of the clearwater pond
and BBC&M boring B-0903 (Photo 15). Evidence of elevations less than the design elevation
(693 feet) is noted in the topographic contours shown on Drawing No. 15-30011-0, dated
September 22, 2006. According to AEP personnel, efforts to address the crest elevation have
been ongoing. An elevation survey along the crest by a Professional Surveyor would be
required to further evaluate the actual alignment of the top of the embankment and to determine
current conditions.

2.1.2.3 Interior of Embankment (Photos 1, 2, 3, 5- 9, 21, 22, 23, 27)

The interior embankment slope generally appeared to be in good condition. As a
result of the ash filling operations in the south pond, the volume of fly ash and water is variable
and is not continuous during the year. As such, some vegetation has grown within the cells of
the south pond (Photos 5-8, 21-23). Ash is periodically excavated from the south pond and
relocated to the north pond, which is partially capped with cohesive materials, topsoil and grass.
It is GZA’s understanding, through interviews with AEP personnel, that operations at the PGS
may be limited further than current levels or possibly ceased within 5 years.
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Freeboard was not observed to be a concern during GZA's site visit based on the
current operations. However, based on the information provided to GZA, freeboard could
potentially be a concern in certain areas considering a maxi mum operating pool elevation of 688
feet and multiple areas of the crest shown with a 2006 elevation less than 693 feet (i.e., certain
areas have less than 3 feet of freeboard at the maximum operating pool and less than the ODNR
requirement of 5 feet). More recent topographical information was not available at the time of
GZA'’sditevisit.

According to AEP, the volume of material stored in the Ash Pond is variable, as ash
isoccasionally removed for beneficia reuse.

2.1.2.4 Appurtenant Structures (Photos 1, 2, 4, 5, 9-14, 16, 21-23)

There is one discharge structure associated with the Ash Pond. The concrete discharge
structure is located in the clearwater pond located near the southwest portion of the pond
(Photos 7, 9-14). Additionally, an outlet structure is located in Cell S3 of the south pond
(Photos 2, 4, 23) and conveys water to the clearwater pond. Both of these structures were
observed to be in good condition and clear of debris. The concrete visible above the water
surface in the discharge structure appeared intact with minor surficial pitting or flaking/cracking.
The interior of the concrete discharge structure could not be observed below the water level to
evaluate duice gates, piping or other features. The CMP discharge pipe associated with the
concrete discharge structure is sub-grade and could not be visualy inspected during the
assessment. However, AEP reportedly has never had an issue with the discharge pipe since the
Ash Pond was originally constructed. The terminus of the CMP was visible and was fitted with
aduck-bill flap gate that appeared to be in good condition (Photo 16).

2.2 Caretaker Interview

Maintenance of the Ash Pond is the responsibility of AEP personnel. As detailed in previous
sections, GZA met with AEP personnel and discussed the current operations and maintenance
procedures, regulatory requirements, and the history of the Ash Pond since it was constructed.

2.3 Operation and Maintenance Procedures

As discussed in Section 1.2.5, AEP personnel are responsible for the regular operation and
maintenance of the Ash Pond. AEP has developed internal inspection forms that are to be
completed upon completion of the various inspections that are scheduled to be performed on a
monthly, quarterly or bi-annual basis.

Routine maintenance procedures also include monitoring and sampling of the outfal from the
clearwater pond in accordance with the existing NPDES permit (Outfall 601).

24 Emergency Action Plan

In accordance with Rules 1501:21-21-04 and 1501:21-15-07 of the Ohio Administrative Code
(OACQC), owners of Class|, Class Il and Class |11 dams must prepare and maintain an emergency
action plan (EAP). Further, Rule 1501:21-21-04 states the following: “The emergency action
plan shall be updated on at least an annual basis including updating all emergency contact
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information. The owner or the owner's representative shall meet with the local county
emergency management director annually to review and update the plan. The owner shall
annually submit to the division updated pages of the emergency action plan including a
signature page from the county director indicating that the annual update meeting occurred and
that the county director received a copy of the updated pages of the plan”.

Review of AEP's EAP indicates that emergency detection, evauation, classification,
notification, contact information and procedures are addressed and provided in the plan.

25 Hydrologic/Hydraulic Data

GZA did not perform an independent assessment of the hydraulics and hydrology for the
embankments, as this was beyond the scope of services. However, we did review available
design documentation for the Ash Pond.

According to design drawings provided by AEP, the design crest eevation of the Ash Pond is
693 feet. The normal pool elevation varies, but the maximum operating pool elevation is
documented as 688 feet. Subtracting the maximum pool elevation from the design crest
elevation results in a theoretical freeboard of 5 feet. Actual crest elevations appear to vary
however, and are as low as 690 feet (based on the available 2006 topographic data), which
results in certain areas having freeboard less than the ODNR requirement of 5 feet. OAC Rule
1501:21-13-07 states that “For class | and class Il dams that are upground reservoirs, the
minimum elevation of the top of the dam shall be at least five feet higher than the elevation of
the designed maximum operating pool level unless otherwise approved by the chief”.
According ONDR representatives, AEP may request a variance to this rule that would decrease
the minimum freeboard at this dam from 5 feet to 3 feet. More recent topographical information
was not available at the time of GZA’ s site visit.

Additionally, GZA reviewed a Hydrology/Hydraulic report prepared by AEP and dated June 13,
2011%°. The objective of this report was to “evaluate the hydraulic capacity of the diking system
by analyzing the change in water surface elevation within [the] south ash pond during an
extreme weather event”. The design flood used in AEP' s analysis was for a Class | structure,
and was a 6-hour, 0.5 Probable Maximum Flood (PMF), which was generated from the 50
percent Probable Maximum Precipitation (PMP). According to AEP s evaluation, the maximum
water surface elevation reached during the 50% PMF is 688.71 feet, when assuming a pool
maximum operating pool elevation of 688 feet. This results in a potential pool eevation that is
less than the documented crest elevations (approximately 690 to 693 feet) but also less than the
ODNR requirement for freeboard (5 feet).

Based on the findings of their evaluation, AEP concluded that “the ash pond complex analysis
has demonstrated that it is of adequate hydraulic capacity and storage. The ash pond complex
can safely contain the design flood (50% PMF) without overtopping of the dike”. A copy of this
report is provided in Appendix E.

1o Hydrology/Hydraulic Report, Ash Pond Complex — File #9630-001, Picway Power Plant, prepared by AEP Civil
Engineering Department, Geotechnical Engineering Section, June 13, 2011.
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2.6 Structural and Seepage Stability

The original structural and seepage stability analyses, if any exist, were not available to GZA at
the time of inspection. Sope stability analyses and seepage anayses have been performed
recently in 2009 and are discussed above in Section 1.3.7. Foundation liquefaction analyses and
settlement analyses reports were not available. The hydraulic conductivity of the earthfill
materials was not available.

3.0 ASSESSMENTSAND RECOMMENDATIONS
31 Assessments

In general, based upon the information provided and our observations, the overall condition of
PGS Ash Pond isjudged to be SATISFACTORY.

The Ash Pond was found to have the following deficiencies:

Portions of the outer embankment slopes had not been mowed recently;

Presence of minor rodent burrows in the exterior slopes of the embankments;

Presence of abare area on the western exterior embankment of the south pond,;

No instrumentation (i.e., staff gauge) to observe the elevation of the water within the

pond/impoundment;

No instrumentation (i.e., survey/settlement monuments) to monitor crest elevations

and/or embankment movement;

Bare areas, areas of limited vegetative growth or areas of gravel cover present on crest;

Presence of vegetation on the interior dlopes of the embankment;

AEP personnel were unsure if the discharge pipe from the concrete discharge structure

has been inspected internally since it wasinstalled;

9. Visible variations in crest elevations, particularly along the west embankment of the
south pond;

10. Minor ruts on crest from vehicle traffic;

11. Minor surficial pitting or flaking/cracking on the concrete discharge structure;

12. Reported crest and maximum pool elevations indicate potential for non-compliance with
state freeboard requirement of five feet for Class || dams per OAC Rule 1501:21-13-07;
and,

13. Presence of standing water at or near the toe of the exterior embankment slopes of the

south pond, particularly near the southwest corner.

o rowbdPE

o N

3.2 Studies and Analyses

The following recommendations and remedial measures generally describe the recommended
approach to address current deficiencies. Prior to undertaking recommended maintenance,
repairs, or remedial measures, the applicability of environmental permits needs to be determined
for activities that may occur within resource areas under the jurisdiction of the appropriate
regul atory agencies.
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GZA recommends the following studies and analyses:

1 Survey of the crest of both ponds by a licensed Professional Surveyor to evaluate the
current elevation profile of the crest and confirm that survey monuments are not moving
horizontally;

2. Evaluate freeboard conditions based on maximum pool elevation and more recent

topographical data; and,
3. Camera survey of the CMP outfall should be performed.

33 Recurrent Operation & Maintenance Recommendations

GZA recommends the following operation and maintenance level activities:

1 Freguent monitoring of steep slopes for evidence of sloughing or erosion that could lead
to instability, movement or failure of the embankments;

2. Review emergency action plan annualy per OAC Rule 1501:21-21-04 and update as
applicable;

3. Clear vegetation from the interior embankment slopes,

4, Remove trees and resulting stumps on or near the exterior slopes of the embankment,

particularly near the west embankment of the south pond, Outfall 601 and the northern
end of the clearwater pond,;

5. Continue to monitor and control rodent activities and repair burrows as they are
discovered. Keeping the embankments mowed can help to reduce populations of certain
Species;

6. Maintain interior slopes of at least 2H:1V during ash excavation as recommended by
BBC&M;

7. Install a staff gauge on or near the outlet structure in Cell S3 and on or near the concrete

discharge structure in the clearwater pond in order to take periodic measurements of the
Ash Pond water surface elevation,

8. Inspect each of the monitoring wells installed in 2009 and ensure each well has a cap,
lockabl e protective cover/casing and is visible during mowing operations,
9. Perform periodic water level measurements in the monitoring wells to evaluate water

levels below the crest and at the toe of the embankments; and,

10. If AEP has the opportunity to stop discharging from the clearwater pond for a limited
time period, inspect the discharge pipe from the concrete discharge structure to the
duck-bill flap gate to verify that the pipe is operating correctly and is in good condition.
This may be performed by video photography.

34 Repair Recommendations

GZA recommends the following repairs which may improve the overall condition of the Ash
Pond, but do not ater the current design of the embankment. The recommendations may
require design by a licensed Professional Engineer and construction contractor experienced in
embankment construction.
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1 Minor concrete repair work on the concrete discharge structure in the clearwater pond;

2. Re-seed and/or over seed bare areas of the embankments and crest to establish healthy
grass cover;

Ash Pond
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3. Clear the area of established vegetation near the lower portion and toe of the outer
embankment slopes near the outfall structure; and,

4, Regrade areas near the toe of exterior slopes to facilitate proper drainage away from the
embankments.

35 Alternatives
There are no practical alternatives to the repairs itemized above.
4.0 ENGINEER’'S CERTIFICATION

| acknowledge that the management units referenced herein, the Picway Generating Station Ash
Pond, has been assessed to bein SATISFACTORY condition on June 9, 2011.

gy,
AL
| 7 J“Q{\‘f G

FRANK 8.
VETERE
E-52608

-
Frank Vetere, P.E. =3
Senior Project Manager ':",-%_

X:\01.xx Norwood\01.0170142.30 CCW Dams Round 10\AEP_Southern Picway\Report\AEP Southern Picway - Report_FINAL.docx
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DAM ENGINEERING & VISUAL INSPECTION LIMITATIONS

The observations described in this report were made under the conditions stated herein. The conclusions
presented in the report were based solely on the services described therein, and not on scientific tasks or
procedures beyond the scope of described services or the time and budgetary constraints imposed by the
United States Environmental Protection Agency (EPA).

In preparing this report, GZA GeoEnvironmentd, Inc. (GZA) has relied on certain information provided
by American Electric Power (AEP) (and their affiliates) as well as Federal, state, and local officials
and other parties referenced therein. GZA has aso relied on certain information contained on the State
of Ohio’'s website as well as Federa, state, and local officials and other parties which were available to
GZA at the time of the inspection. Although there may have been some degree of overlap in the
information provided by these various sources, GZA did not attempt to independently verify the accuracy
or completeness of all information reviewed or received during the course of this work.

In reviewing this Report, it should be noted that the reported condition of the Ash Ponds is based on
observations of field conditions during the course of this study along with data made available to GZA.
The observations of conditions at the Ash Ponds reflect only the situation present at the specific moment
in time the observations were made, under the specific conditions present. It may be necessary to
reevaluate the recommendations of this report when subsequent phases of evaluation or repair and
improvement provide more data.

It is important to note that the condition of a dam or embankment depends on numerous and constantly
changing internal and external conditions, and is evolutionary in nature. It would be incorrect to assume
that the present condition of the dam or embankment will continue to represent the condition of the dam
or embankment at some point in the future. Only through continued care and inspection can there be any
chance that unsafe conditions may be detected.

Water level readings have been reviewed and interpretations have been made in the text of this report.
Fluctuations in the level of the groundwater and surface water may occur due to variations in rainfall,
temperature, and other factors different than at the time measurements were made.

GZA’'s comments on the history, hydrology, hydraulics, and embankment stability for the Ash Ponds are
based on a limited review of available design documentation for the Picway Generating Station.
Calculations and computer modeling used in these analyses were not available and were not
independently reviewed by GZA.

This report has been prepared for the exclusive use of EPA for specific application to the existing dam
facilities, in accordance with generally accepted dam engineering practices. No other warranty, express
or implied, is made.

This dam inspection verification report has been prepared for this project by GZA. This report is for
broad evaluation and management purposes only and is not sufficient, in and of itself, to prepare
construction documents or an accurate bid.

The Phase | investigation does not include an assessment of the need for fences, gates, no-
trespassing signs, repairs to existing fences and railings and other items which may be needed
to minimize trespass and provide greater security for the facility and safety to the public. An
evaluation of the project for compliance with OSHA rules and regulations is also excluded.

V:\01.xx Norwood\01.0170142.30 CCW Dams Round 10\AEP_Southern Picway\Report\Appendices\Appendix A - Picway Limitations.doc
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COMMON DAM SAFETY DEFINITIONS

For a comprehensive list of dam engineering terminology and definitions refer to references
published by the U.S. Army Corps of Engineers, the Federal Energy Regulatory Commission, the
Department of the Interior Bureau of Reclamation, or the Federal Emergency Management
Agency.

Orientation

Upstream — Shall mean the side of the dam that borders the impoundment.
Downstream — Shall mean the high side of the dam, the side opposite the upstream side.
Right — Shall mean the area to the right when looking in the downstream direction.

Left — Shall mean the area to the left when looking in the downstream direction.

Dam Components

Dam — Shall mean any artificial barrier, including appurtenant works, which impounds or diverts water.

Embankment — Shall mean the fill material, usually earth or rock, placed with sloping sides, such that it
forms a permanent barrier that impounds water.

Crest — Shall mean the top of the dam, usually provides a road or path across the dam.

Abutment — Shall mean that part of a valley side against which a dam is constructed. An artificial abutment
is sometimes constructed as a concrete gravity section, to take the thrust of an arch dam where there is no
suitable natural abutment.

Appurtenant Works — Shall mean structures, either in dams or separate there from, including but not be
limited to, spillways; reservoirs and their rims; low level outlet works; and water conduits including tunnels,
pipelines, or penstocks, either through the dams or their abutments.

Spillway — Shall mean a structure over or through which water flows are discharged. If the flow is controlled
by gates or boards, it is a controlled spillway; if the fixed elevation of the spillway crest controls the level of
the impoundment, it is an uncontrolled spillway.

General

EAP — Emergency Action Plan - Shall mean a predetermined plan of action to be taken to reduce the
potential for property damage and/or loss of life in an area affected by an impending dam break.

O&M Manual — Operations and Maintenance Manual; Document identifying routine maintenance and
operational procedures under normal and storm conditions.

Normal Pool — Shall mean the elevation of the impoundment during normal operating conditions.

Acre-foot — Shall mean a unit of volumetric measure that would cover one acre to a depth of one foot. It is
equal to 43,560 cubic feet. One million U.S. gallons = 3.068 acre feet.
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Height of Dam — Shall mean the vertical distance from the lowest portion of the natural ground, including
any stream channel, along the downstream toe of the dam to the crest of the dam.

Spillway Design Flood (SDF) — Shall mean the flood used in the design of a dam and its appurtenant works
particularly for sizing the spillway and outlet works, and for determining maximum temporary storage and
height of dam requirements.

Condition Rating

SATISFACTORY - No existing or potential management unit safety deficiencies are recognized.
Acceptable performance is expected under all applicable loading conditions (static, hydrologic, seismic) in
accordance with the applicable criteria. Minor maintenance items may be required.

FAIR - Acceptable performance is expected under all required loading conditions (static, hydrologic,
seismic) in accordance with the applicable safety regulatory criteria. Minor deficiencies may exist that
require remedial action and/or secondary studies or investigations.

POOR - A management unit safety deficiency is recognized for any required loading condition (static,
hydrologic, seismic) in accordance with the applicable dam safety regulatory criteria. Remedial action is
necessary. POOR also applies when further critical studies or investigations are needed to identify any
potential dam safety deficiencies.

UNSATISFACTORY - Considered unsafe. A dam safety deficiency is recognized that requires immediate
or emergency remedial action for problem resolution. Reservoir restrictions may be necessary.

Hazard Potential

(In the event the impoundment should fail, the following would occur):

LESS THAN LOW HAZARD POTENTIAL: Failure or misoperation of the dam results in no probable
loss of human life or economic or environmental losses.

LOW HAZARD POTENTIAL: Dams assigned the low hazard potential classification are those where
failure or misoperation results in no probable loss of human life and low economic and/or environmental
losses. Losses are principally limited to the owner’s property.

SIGNIFICANT HAZARD POTENTIAL: Dams assigned the significant hazard potential classification are
those dams where failure or misoperation results in no probable loss of human life but can cause economic
loss, environmental damage, disruption of lifeline facilities, or can impact other concerns. Significant

hazard potential classification dams are often located in predominantly rural or agricultural areas but could be
located in areas with population and significant infrastructure.

HIGH HAZARD POTENTIAL: Dams assigned the high hazard potential classification are those where
failure or misoperation will probably cause loss of human life.

J:\170,000-179,999\170142\170142-00.JPG\Inspections\Salt River round 2\Report\definitions.doc
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US Environmental L e .,

Coal Combustion Dam Inspection Checklist Form Protection Agency | i |
Site Name: Picway Generating Station Date: June 9, 2011
Unit Name: Ash Pond Operator's Name: AEP Ohio
Unit I.D.: Ohio 9630-001; National # OH00570  Hazard Potential Classification: High Gignifica“_D Low

Inspector's Name: Frank Vetere, P.E. & Matt Vander Eide, P.G.

Check the appropriate box below. Provide comments when appropriate. If not applicable or not available, record "N/A". Any unusual conditions or
construction practices that should be noted in the comments section. For large diked embankments, separate checklists may be used for different
embankment areas. If separate forms are used, identify approximate area that the form applies to in comments.

Yes No Yes No

1. Frequency of Company's Dam Inspections? Quarterly 18. Sloughing or bulging on slopes?
2. Pool elevation (operator records)? Unavailable | 19. Major erosion or slope deterioration?
3. Decant inlet elevation (operator records)? 682 +/- feet | 20. Decant Pipes:
4. Open channel spillway elevation (operator records)? N/A Is water entering inlet, but not exiting outlet?
5. Lowest dam crest elevation (operator records)? 690.0 feet Is water exiting outlet, but not entering inlet?
6. If instrumentation is present, are readings . . ”

tecordad|(operator records)? NZA Is water exiting outlet flowing clear?

/ 21. Seepage (specify location, if seepage carries fines,

7. Is the embankment currently under construction? . -
and approximate seepage rate below):

8. Foundation preparation (remove vegetation,stumps, /

in?
topsoil in area where embankment fill will be placed)? From underdrain

9. Trees growing on embankment? (If so, indicate . . "

largest diameter below) v At isolated points on embankment slopes” /
10. Cracks or scarps on crest? v At natural hillside in the embankment area? v
11. Is there significant settlement along the crest? / Over widespread areas? /
12. Are decant trashracks clear and in place? v From downstream foundation area? v
13. Depressions or sinkholes in tailings surface or "ol "

whirlpool in the pool area? ,/ Boils" beneath stream or ponded water” /
14. Clogged spillways, groin or diversion ditches? N/A Around the outside of the decant pipe? /
15. Are spillway or ditch linings deteriorated? N/A 22. Surface movements in valley bottom or on hillside? N/A
16. Are outlets of decant or underdrains blocked? v’ | 23. Water against downstream toe? /
17. Cracks or scarps on slopes? / 24. Were Photos taken during the dam inspection? /

Major adverse changes in these items could cause instability and should be reported for
further evaluation. Adverse conditions noted in these items should normally be described (extent, location,
volume, etc.) in the space below and on the back of this sheet.

Inspection Issue # Comments

The embankment comprised one unit but contained multiple "cells" which were separated by interior dikes. Additional comments corresponding to the
checklist above are provided below:

2) The maximum operating elevation, or normal pool, is reportedly 688 feet. However, the plant does not operate continuously and the current pool
elevation was not known during visit and varies depending on operations.

3) Decantinletinvert elevation is reported as 681 feet. Two stop logs were present and each appeared to be approximately 6-inches tall. Elevation of the
top of the stop logs was estimated to be approximately 682 +/- feet.

5) Crestis reported as 693 feet in some documents including the but a cross section in a 2010 engineering report shows crest as low as 690 feet.

8) According to plant personnel, foundation preparation was performed.

9) Vegetation including small diameter trees (<2-inches) was present on downstream slope near the outlet structure in the "Clear Water Pond". The plant
was actively cutting/mowing vegetation during site visit. Mature trees present around portions of the downstream perimeter of the embankment, but
these trees were set back from the toe of the embankment.

23) Remnants of standing water observed against the downstream toe (east, south and west), reportedly due to excessive spring precipitation and

resulting high Scioto River levels. Local soils are reportedly slow draining.
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Based on the information provided, it does not appear that the impoundment was constructed over wet ash or slag.

EPA FORM -XXXX
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U. S. Environmental Protection Agency

' .
¥ agguct

Coal Combustion Waste (CCW)
Impoundment Inspection

Frank Vetere, P.E.
Impoundment NPDES Permit# _OHO005398 INSPECTOR Matt Vander Eide, P.G.

Date June 9, 2011

Impoundment NamePicway Generating Station Ash Pond
Impoundment Company AEP Ohio (a.k.a Columbus & Southern Ohio Electric Co.)
EPA Region 5
State Agency (Field Office) Addresss _2045 Morse Road. Bldg. B-2
Columbus, Ohio 43229

Name of Impoundment _ picway Generating Station Ash Pond
(Report each impoundment on a separate form under the same Impoundment NPDES

Permit number)

New X Update

Yes No
Is impoundment currently under construction? X
Is water or ccw currently being pumped into
the impoundment? X

IMPOUNDMENT FUNCTION: Storage of bottom and fly ash sluice

Nearest Downstream Town : Name Circleville, OH
Distance from the impoundment _ 13.25 miles

Impoundment

Location: Longitude 83 Degrees O Minutes 34  Seconds
Latitude 39 Degrees 47 Minutes 21 Seconds
State OH County __ Pickaway

Does a state agency regulate this impoundment? YES X NO
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If So Which State Agency? Ohio DNR Division of Water 1.D. 9630-001

EPA Form XXXX-XXX, Jan 09 1
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HAZARD POTENTIAL (In the event the impoundment should fail, the
following would occur):

LESS THAN LOW HAZARD POTENTIAL: Failure or misoperation of

the dam results in no probable loss of human life or economic or environmental

losses.

LOW HAZARD POTENTIAL: Dams assigned the low hazard potential

classification are those where failure or misoperation results in no probable loss of

human life and low economic and/or environmental losses. Losses are principally
limited to the owner’s property.

X SIGNIFICANT HAZARD POTENTIAL: Dams assigned the significant

hazard potential classification are those dams where failure or misoperation results
in no probable loss of human life but can cause economic loss, environmental
damage, disruption of lifeline facilities, or can impact other concerns. Significant
hazard potential classification dams are often located in predominantly rural or
agricultural areas but could be located in areas with population and significant
infrastructure.

HIGH HAZARD POTENTIAL: Dams assigned the high hazard

potential classification are those where failure or misoperation will probably cause

loss of human life.

DESCRIBE REASONING FOR HAZARD RATING CHOSEN:

Dam fairlure or misoperation would result 1n no probable loss of human

life but could cause economic loss, environmental damage, damage of

lifeline facilities (plant) or could impact other concerns. The

losses would be primarily limited to the owner®s property, but

the Scioto River is located to the west of the western dike.

EPA Form XXXX-XXX, Jan 09 2



CONFIGURATION:

Water or ccw
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original
ground

~ INPOUNDMCNT

CROSS-VALLEY

T T

Water or ccw

=
2
]
I

SIDE-HILL

DIKED

Water or ccw

Height

y
e
ord
ord
ord
ord

original ground

INCISED

)

Water or ccw

ININWND0A IAIHDOYEY vYd3 SN

Cross-Valley

Side-Hill

Diked

X

Incised (form completion optional)
Combination Incised/Diked

Embankment Height

Pool Area

Embankment Material Compacted clay

feet

24

acres Liner Compacted clay

feet

26

Liner Permeability unknown

>5

Current Freeboard

EPA Form XXXX-XXX, Jan 09
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TYPE OF OUTLET (Mark all that apply)

X Open Channel Spillway =~ ™#F2oAL TRIANGULAR
X(2) Trapezoidal Top Width Top Widh
Triangular > >

Rectangular iDepfh ¢ Depth

Irregular 1. cell S1 to Cell 52 Borom’
2. Cell S2 to Cell S3

_ depth ] RECTANGULAR IRREGULAR
bottom (or average) width Average Width
top width

Avg
I Depth '
+—>

Width

X  Outlet(from ""Clear Water Pond"™ to canal that drains to Scioto River)

A
36 1n inside diameter
Material Inside | Diameter
X__ corrugated metal (with duckbill valve
welded steel at outlet)
concrete
\ 4

plastic (hdpe, pvc, etc.)
other (specify)

Is water flowing through the outlet? YES X NO

No Outlet

30-inch corrugated metal pipe decants
X Other Type of Outlet (specify) from Cell S3 to ""Clear Water Pond"

The Impoundment was Designed By Columbus & Southern Ohio Electric Co.

EPA Form XXXX-XXX, Jan 09
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Has there ever been a failure at this site? YES

If So When?

If So Please Describe :

NO

EPA Form XXXX-XXX, Jan 09




Has there ever been significant seepages at this site? YES NO

If So When?

IF So Please Describe:
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EPA Form XXXX-XXX, Jan 09




Has there ever been any measures undertaken to monitor/lower
Phreatic water table levels based on past seepages or breaches
at this site? YES NO

If so, which method (e.g., piezometers, gw pumping,...)?

If so Please Describe : No past seepages or breeches.
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EPA Form XXXX-XXX, Jan 09




Appendix D
Photographs

ININWND0A IAIHDOYEY vYd3 SN



c,m GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name: U.S. Environmental
Protection Agency

Site Location: American Electric Power (AEP)
Picway Generating Station
Lockbourne, Ohio

Project No.
01.0170142.30

Photo No. Date:

1 06/09/11
Direction Photo
Taken:

West
Description:

Discharge pipe conveying
bottom ash into the north
pond. Picway Plant is shown

in the background.

Photo No. Date:
2 06/09/11

Direction Photo

Taken:

South

Description:

Outlet structure located in
Cell S3 of south pond.




Gﬁ GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name: U.S. Environmental
Protection Agency

Site Location: American Electric Power (AEP)
Picway Generating Station
Lockbourne, Ohio

Project No.
01.0170142.30

Photo No. Date:

3 06/09/11
Direction Photo
Taken:

Southeast
Description:

View of Cell S3in south
pond.

Photo No. Date:
4 06/09/11

Direction Photo

Taken:

West

Description:

View of outlet structure
located in Cell S3 of south
pond.




c,\ GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name: U.S. Environmental

Protection Agency

Site Location: American Electric Power (AEP)
Picway Generating Station
Lockbourne, Ohio

Project No.
01.0170142.30

Photo No. Date:
5 06/09/11

Direction Photo
Taken:
East

Description:

View of rock berm
separating Cell S2 (right)
from Cell S3 (l€ft).

Photo No. Date:
6 06/09/11

Direction Photo

Taken:

Southeast

Description:

View of Cell S2 of south
pond.




Gﬁ GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name: U.S. Environmental
Protection Agency

Site Location: American Electric Power (AEP)
Picway Generating Station
Lockbourne, Ohio

Project No.
01.0170142.30

Photo No. Date:

7 06/09/11
Direction Photo
Taken:

South
Description:

View of berm dividing Cdll
S2 (Ieft) from clearwater
pond (right). Note concrete
discharge structurein
clearwater pond.

Photo No. Date:
8 06/09/11

Direction Photo

Taken:

Southeast

Description:

View of Cell S1in south
pond.




c,m GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: U.S. Environmental Site Location: American Electric Power (AEP) Project No.

Protection Agency

Picway Generating Station 01.0170142.30
Lockbourne, Ohio

Photo No. Date:

9 06/09/11
Direction Photo
Taken:

Southwest
Description:

View of concrete discharge
structurein clearwater pond.

Photo No. Date:
10 06/09/11

Direction Photo

Taken:

Northeast

Description:

View of concrete discharge
structurein clearwater pond.




c,z{‘. GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: U.S. Environmental Site Location: American Electric Power (AEP) Project No.

Protection Agency

Picway Generating Station 01.0170142.30

Photo No. Date:

11 06/09/11
Direction Photo
Taken:

East
Description:

View of access ramp to
concrete discharge structure
in clearwater pond .

Lockbourne, Ohio

Photo No. Date:
12 06/09/11

Direction Photo

Taken:

Not Applicable

Description:

View of interior of concrete
discharge structurein
clearwater pond.




Gﬁ GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name: U.S. Environmental

Protection Agency

L

Photo No. Date:

13 06/09/11
Direction Photo
Taken:

Northeast
Description:

View of skimmer preceding
inlet of concrete discharge
structurein clearwater pond.

Photo No. Date:
14 06/09/11

Direction Photo

Taken:

West

Description:

View of screen located on
concrete discharge structure
in clearwater pond. Screen
is positioned after the
skimmer shown in photo 13
and precedestheinlet.

Site Location: American Electric Power (AEP) Project No.
Picway Generating Station 01.0170142.30

ockbourne, Ohio

i




7\) GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: U.S. Environmental
Protection Agency

Site Location: American Electric Power (AEP) Project No.
Picway Generating Station 01.0170142.30
Lockbourne, Ohio

Photo No. Date:

15 06/09/11
Direction Photo
Taken:

South
Description:

View of west embankment
of the south pond in vicinity
of concrete discharge
structurein clearwater pond
and vicinity of boring
B-0903 performed by
BBC&M in August 2009.
Note variable elevation of
crest

Photo No. Date:
16 06/09/11

Direction Photo

Taken:

South

Description:

View of duck-bill flap gate
outfall (Outfall 601 in
NPDES permit). Water
discharges from clearwater
pond to a cand that
ultimately discharge into the
Scioto River.




Gﬁ GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name: U.S. Environmental
Protection Agency

Site Location: American Electric Power (AEP)
Picway Generating Station

Project No.
01.0170142.30

Photo No. Date:
17 06/09/11

Direction Photo

Taken:

Southeast

Description:

Areaof outer west
embankment observed to be
bare of vegetation. Note
hand rail of concrete
discharge structurein
background for reference
point (circled).

Photo No. Date:
18 06/09/11

Direction Photo
Taken:
Southwest

Description:

Area of standing water at the
toe of the southwest corner
of the outer south
embankment of the south
pond.

Lockbourne, Ohio




Gﬁ\. GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name: U.S. Environmental Site Location: American Electric

Protection Agency

Picway Generating Station 01.0170142.30

Lockbourne, Ohio

Power (AEP) Project No.

Photo No. Date:

19 06/09/11
Direction Photo
Taken:

West
Description:

View of outer south
embankment of south pond.
Photo taken near the
southeast corner of the south
pond.

Photo No. Date:
20 06/09/11

Direction Photo

Taken:

North

Description:

View of outer east
embankment of south pond.
Photo taken near the
southeast corner of the south
pond. Picway Plant stack is
shown in background.




c,a GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name: U.S. Environmental

Protection Agency

Site Location: American Electric Power (AEP)
Picway Generating Station
Lockbourne, Ohio

Project No.
01.0170142.30

Photo No. Date:

21 06/09/11
Direction Photo
Taken:

Northwest

Description:

View of Cell S1 of the south
pond and fly ash slurry

pipdine. Picway Plantis
shown in the background.

Photo No. Date:
22 06/09/11

Direction Photo

Taken:

Northwest

Description:

View of Cell S2 of the south

pond and fly ash slurry

pipeline. Picway Plant is
shown in the background.
Cell S2 was the active cell
during the June 9, 2011 site
visit.




G:\ GZA GeoEnvironmental, Inc. PHOTOGRAPHIC LOG

Client Name: U.S. Environmental Site Location: American Electric Power (AEP) Project No.
Protection Agency Picway Generating Station 01.0170142.30
Lockbourne, Ohio
Photo No. Date:
23 06/09/11 o
Direction Photo
Taken:
Northwest
Description:

View of Cell S3 of the south
pond. Picway Plant and
outlet structure (circled) are
shown in the background.

Photo No. Date:
24 06/09/11

Direction Photo

Taken:

Northwest

Description:

View of rip rap placed on the
outer east embankment to
address isolated area of
erosion.




ﬁ\, GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name: U.S. Environmental

Protection Agency

Site Location: American Electric Power (AEP)
Picway Generating Station

Project No.
01.0170142.30

Photo No. Date:

Lockbourne, O

25 06/09/11
Direction Photo
Taken:

East-Southeast
Description:

View of crest and outer
south embankment of the
north pond. Note un-mowed
vegetation.

N o et
g |
S

Photo No. Date:
26 06/09/11

Direction Photo

Taken:

North

Description:

View of outer east
embankment of the north
pond. Note un-mowed
vegetation.




Gﬁ GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name: U.S. Environmental

Protection Agency

Site Location: American Electric Power (AEP)
Picway Generating Station
Lockbourne, Ohio

Project No.
01.0170142.30

Photo No. Date:

27 06/09/11
Direction Photo
Taken:

North
Description:

View of crest of east
embankment of the north
pond. Note un-mowed
vegetation on outer
embankment and capped
portion of north pond in | eft
background.

Photo No. Date:
28 06/09/11

Direction Photo

Taken:

South

Description:

View of crest of east
embankment of the north
pond. Note capped portion
of north pond to right.




Gﬂ GZA GeoEnvironmental, Inc.

PHOTOGRAPHIC LOG

Client Name: U.S. Environmental

Protection Agency

Site Location: American Electric Power (AEP)
Picway Generating Station
Lockbourne, Ohio

Project No.
01.0170142.30

Photo No. Date:
29 06/09/11

Direction Photo

Taken:

West

Description:

View of crest of north
embankment of the north
pond. Note capped portion
of north pond to | eft and
Picway Plant in the

background.

Photo No.
30

Date:
06/09/11

Direction Photo

Taken:
South

Description:

View of crest of west
embankment of the north
pond. Note capped portion
of north pond to | ft.




Appendix E

Selected Studies, Analyses, Reports and Engineering Drawings Provided by AEP
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Aprl 30, 2010
01111487019

Mr. Padro Amaya. F.E.
American Electlric Power
1 Riverside Plaza
Columbus, OH 43215

Re:  Subsurface Investigation and Analysis
Ash Pond Dike Evaluation
AEP Ficway Plant

Lockboume, Shio

Dear Mr. Amaya:

In accordance with our proposal dated June 3, 2008, and our signed contract dated October 7,
2009, BEBCAM Engineering, Inc. (BBCMY has completed a g eclechnical assessment of the Ash
Ford Complex located at the AEP Picway Plant in Leckbourne, Ohio.

BBCM's scope of work, as developad by AEP, consisted of developing subsurface dala at five
cross-sections through the ash pond complex dam, and perfarming seepage and slope stability
analyses to provide an indication a s to the level of safety pr ovided by the embankments. The
following reporl is a summary of our investigation. 1t should be noled that during the summer of
2008 BECM installed & walls at ihe ash ponds, the results of which have been used to
supplemenl this investigation where applicable. A report describing the well installation process
which included the well logs was submitted to AEP on September 4, 2009

We appreciate having been given the opportunity to be of service on Lhis project. If you ha ve
any questions, please do not hesitate to conlact this ofice.

Respactfully submitted,

PBCAM ENGINEERING, INC.
Columbus, Chic

T}.\ T a4
Jason D, Ross, E.|. Michael G, Rowland, P.E,
Staff Engineer Senior Enginser

Submitted: 1 bourd copy
1 electronic copy on COROM
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INTRODUCTION

The FPicway Generaling Plant is located in Lackbourng, Chid in Pickaway County, a3 shown on
the Vicinity Map included as Plate 1 of Appendix A The plant 15 located on the east bank of the
Scioto River, just south of the confluence with Big Walnut Creek. The bottom ash pond complex
is loca ted immediately east ofth e plant an d consists of a multi-sided upgro  und earthe n
embankment slructure.  The embankment ranges between 15and 2 () feet above the natur al
grade and has an overall length of approximately 8,000 fe et. A drain age swale was mouted
along the toe of the embankmenl on the east side during construction  of the ash pond. BBCM
understands the drainage swale can become inu ndated by several feet of water during pericds
of prolonged rainfall events. The drainage swale drains su rface water into the Scioto River on

the southwest side of (h € complex. The west embankment sils approximately 100 feet from a
diversion channel of the Scioto Rive r. The pond s are completely isolated from e xtenor sufface
water inflow. Atthe time of the investgaten |, all pe nds were dry, as the p lant had ngt hee n
operating for approximately 1 manth.

The bottom ash complexis dvided nte two mai n ponds, denoted as the norh pond and south
pond. The north pond contains 2 cells, N1 and N2, and the south pond contains 3 cells, 51, S2
and 33. Cell N1 of the nodh pond is out of service and has been capped. BECM undersiands
plans have been developed by AEP 1o cap the remaining cell in the norl h pond. and the entire
south pond area. The analyses pedormed for the ash pond embankments ¢onsiderad only the
existing conditions and  did not evaluate the st ability of th & embankmeants under  any future
lnading cenditions.

SCOPE OF WORK

As developed by AEP, the scope of work wihi  ¢h was performed as p  arl of this gectechnical

investigation consisted of 1) a review of anginal plans: 2) cursery visual observation of the pond
embankments at the boring lacations: 3} the per formance of 2ight soil b erings. four through the
crest of t he ash pond dikes and four along t he log; 4} Iabeoratory testing on  the recovered
samples; and 9) engineering analyses of the existing embankments with consideration given to
seepage a nd varying slope  skability condit ions includi ng steady-state, sei smic and rapi d
draydown.

REVIEW OF HISTORICAL PLANS AND INFGCRMATION

Based on discussions with AEP. construclion or design records were not availahle for the ash
pond complex. BBCM received a copy of the 'Deep Well Water Supply Study’ pe dormed by
The Layne Ohig Company, dated Movember 21, 1945, The repor documents the groundwater
investigation and findings related ta the installation of groundwater wells for the plant. As part of
this report, a number o fwell logs were provid  ed that contain information on the  subsurface
stratigraphy. including bedrock elevations. Bedrock consisting of shale, limastong, or seapstone
was indicated to be at d epths ranging from 75 1o 116 feat be |low the ground surdace at varying
[acations arcund the plant,

EBCM performed & Da m and Oike Condition  Survey of Ash Pond Complexont  wo separate
occasions prior o this investigation . The surveys were ¢ ompleted on October 17, 2007 and
March 16, 2000 as part of an o verall inspection of all of  the dams at the facility  Additional
information concerning the visual condition of the dam may be found in these reports.
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BBECHM installed 5 momtoring wells at three separate localicn s around the ash pond complex in
August, 2008, The wells are denated as MW-08015 and MW-0001D,  MW-DS025 and 05020
and MW-02 035 Thre & barings, denoted as B-0901, B-0%902, and EB-0803, we re dnlled o
determine the well sor  gen intervals, however no [aborat  ory work was performad and all
recovergd samples were submitted to AEP,  B-0901 and B-0%02 were drilled at ¢r beyond the
tog of the norlh pond embankment  on the east and west side, respactively and B-0903 was
drilled from the crast of the west embankrment of the south pond. Boring lecations ar & includead
on the 'Plan of Bonngs' included as Plate 2 of A ppendix A, The boning logs and well logs have
been included in Appendix E.

GEOLOGY

Tha site lie s within the Columbus Lowland Till Plains physiographic  section of th e Central
Lowland Province. Th e natural soils in the area generally consist of a relatively  thin layer of
alluvium silt and clay over glacial ou twash deposits of varia ble thickness overlying the bedrock
sudace, The alluvium clays and silt s consist of sedimenlary matter and are typically no more
than 10 feet thick, while the cutwash materials typically consist of sand, gravel and silt deposits.
Eased on available geologic literatu re, the glacial outwash extends to b edrock, estimated to be
roughly 90 feet below the ground surface, The  upper most bedreck at the ash pond complex
likely consists of Ohio Shale of Devonian Age.

FIELD WORK

Site Reconnaissance

On November 17, 2009, & Stalf Engineer from our office visited the site  to obsarve and layout
the boring localions as propesed by EBCM an d approved by AEP. T he boring locations wer 2
selected to obtain su  bsurface er 6ss s ctional dala fro m each embankmeant  side and
complement the locatic ns of the previous berings. At each of the cross-sect  ion locations, the
outboard slope was grass covered and no seepage was observed emanating fraom the
embankments themselves. At the toe of the cutbeard slopes, no e vidence of seepage or
ponded water was evident. The so uth emhankment of the south pond did appear steeper than
a2H: 1V slope. |t should be noted that the ponds were inactive at the time these observations
were made as thep lant had bes n shut dow nfor an extended peried of time pricr to the
ohservation. Please note that the site reco nnaissance to locate barings shoe  uld not be
considered a farmal inspection of the facility.

Soil Berings

During the period of N ovember 1 9 through  Nowvember 24 2009, BBCM was on-sitean d
performed a tolal  of 2ight {8) secil borings, d esignated B -0904 throuw gh B-0911, that were

extended to depths ran ging from 20 to 37.5 feet below existing grade <. Borings B-0904, B-
0906, B-0907 and B-0 808 were located at  the crest of the ash p ond embankments att he
designated cross-sections The remaining borings were [ocated at the toe of the e mbankment
slopes. The boring location areas were selected and field located by BBCM, and approved by
AEP. The konng locations are shown on the 'Plan of Borings' presented as Plate 2 of Appendix
A, Allboring elevations were  surveyed b y AEP personnel after  completion of the drilling.
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Surface profiles were then created based on the boring elevations and topographic  infermation
of the ash pond complex provided by AEF.

All bonings were performed with 3 track-mounted drill rig and were advanced between sampling
attempts wsing 3¥4-inch | 0 hollow-stem augers. Dislurbe d, bt repre sentative samples were
chtained by lowering a z-inch O.0. split-barrel sampler to the bottomof  the hole and dnving it
inte the so il by hlows from a 140-pound autem  atic hammer freely falling 30 inche s {Standard
Penatration Test, ASTM D1588). T he automatic hammer u sed to advance the SPT sampler
had previously been calibrated for e nergy transmission wsing dynamic pile monitoring methods
The energy calibration  factor is incuded on the boring logs. SPT sampling wa 5 performed
continuously through th e embankment fill and 3t 2-foot intervals on ce the nat ive soil was
enceuniered. Split b arrel samples were examined immediately after recovery an d
representative porlions of &ach sample were placed in air tight jars and retained for subsequent
[aboratory testing.

Undisturbad Soil Sample

In addition to the disturbed samples, thin-walle d press tube samples {"Shelby” tub es5) were also
atlempted 3t vanous de pths to ob tain relatively undistuibed soil sample s far strength testing,
The samples were ¢collected by b ydraulically pressinga  3-inch diam ater thin-walled stee |
{Shelby) tube at the end of the drill r od stem into the soil 8t 3 uniform rake. The samples were

preserved inside the Shelby tube sampler and sealed with wax. Th e sample collection wa g
completad in accordan & with ASTM D 15837 Method for Thir-Walled Tube Gestechnica I
Sampling of Seils.

Boehole Backfilling and Extendad Groundwater Measurements

During and at the ¢co mpletion of drilling. gr  ocundwater measurame nts weara measurad an d
recorded in all borings.  In Borings B-0809 and B-0%911, 1l4inch dia meter slotted-PYC pipe &
were placed in each b oring to permit extende d groundwater level readings. Two extended
groundwater measurements were o blained in e ach boring while the drilling crew was still on-
site.

At the comp letion of sach boring {or at the end of exiended groundwater measurements in B-
0909 and B-0811}, each boring was backfilled with cement-bentonite grout.

Recording of Field Data

In the fig Id. the fallowin g procedure s and sp ecific dutie s were performed by a Staff Enginger
from our office;

i. examined all samples recovered from the borings;
i, <cleaned =0/l samples of cuitings an d preserved representat ive portions in airtight g lass
jars:
ii.  made seepage cbservations and measured the water levels inthe borings;
iv. prepared a log of each boring:
v.  made hand-penetrometer measurements in soil samples axtibiting cobesion;
wi.  prowided liaiscn between the field personnel and the Project Manager s o that the i eld
investigation could be modified in 1h e event that unexpected subsurface conditions wera
encountered; and
vii.  obtained extended groundwater measurements
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At the completion of dr illing, all samples were transported to the BBCM laboratory for furthe
examination and testing

LABORATORY TESTING
Index Testing

In the lak, wisual identifications were perfarme  d on all 3o 1l zamples o blained fro m Borings
B-0904 through B-0811, and on select represe ntative soil samples from these borings. natural
maisture cortent (ASTM 02216}, liquid and p lastic limits (BECM adjustment to ASTM [4318 ),
and grain size distributions (ASTH D422) were determined. The results of these and other tesls
permit an eval uation of the strenglh, compressibility and permeabilit ¥ characteristics of the soils
encountered at this site.

The results of the moist ure content testing and of the liqu id and plast ic limits are g raphically
displayed on the individual boning  ogs presented as Plat es S throug h 17 in App endix A. A
summary of labaratory t est results are presented as Plates 1 through 4 in Appen dix B, The
resulis of a lgrain size analyses 2 re also disp layed graphically and p resented as Plales &
through 31 in Appendix B. Soils  described in this re port have been classified  basica lly in
aocordance with the Unified Joil Classification System, but this system has been augmented by
the use of specia la djectives to designate the appra ximate percentages o f minor so il
companents. Definit ions of the se special adje ctives and an explanation of the  symbaols and
terms used on the boring logs are presented on Plate 4 of Appendix A,

& statistical surmmary of index testin g for all la yers which a significant number of index testin g
was perfformed is presented in Table 1. For 3 co mprehensive summary of all index t esting and
grain size analyses results, see the parameter justiiication in Appendix C.

Table 1: Summary of Index Yalues

Cohesive Embankmenl Fill

Stalistic MC LE PL P CF
Sample Sire 99495 g 7

Minirmurn 2144 24 20 3.7
Maximum 2857 3 30 a8 6
Mean 238511 26]1 250 35.5
Median 24 50 25 24 358
Maode 24 50 27 23 M
Slandard Devialion 22 4.0 2.2 3.3 27
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Nalural Cohesive Soil

Statistic MG LL PL Fl CF
Sample Size 7 &8 £8

Mininwm 19 32 16 15 228
Maxinnurm 27 54 26 28 42 2
Wean 229 44.0 21|18 223 330
Median 22 455 23 23374

Maode 22 32 23 27 MIA
Startdard Dewviahion 25 Ed435 5274

Specialty Testing

In additicn to the above index test s. wo thr ee-point isotropically consalidated-undrained {CU)
trigxial she ar tests (ASTM D478 7}, and on @ flex-wall pammeability test were  parformead on
undisturbed soil samples obtained from Shelby Tube sampling. Gne CU lest was pedormed on
the embankment fil, and cne on the natural cohesive soil. [t should be noted that the CU series
performed on the fou ndation soil was repre  sentative of the lowest blow count material
enceuntered for this layer. The permeability test was performad  on the emb ankment fill .
Results of all laboratory testing are included in Appendix B including laboratary logs of Shelby
tubes (Flate 5 32 throug h 34), tnaxial test  resu lis (Plates 35 through  3£). and th e flex-wall
permeability test resull (Plate 383,

GENERAL SUBSURFACE CONDITIONS

Barings B-0904, 0208, 0907, ang 0908 were parformed through the crest of the embankment of
the ash pond complex. Borings B-0905. 0908, 09140, and 0511 were performed at the toe of the
embankment, Al three location s. acrest and toe bonng were completed to develop cross-
sections. At ane location (B-0911}, the boring was combined with 2 boring from the August
2009 investigation (B-0%03) to devel op a cross-section. At the final [ocation (B-0306). anly  an
embankment boring was completed. The subsurface profile  developed between these borings
is denoted as Secltions A, B, C, D. and EinTa ble 2. The crest of the embankment is currently
used o gain access to the ash pond complex to monitor  the ponds, Al of the crest boring s,
except B-0908, were completed after an additional 3 f eat of fill w as placed on top of the
embankments in Novemnmber 2009. Boring B-0906 was completed befor e the placement of the
additional Al and therefore the baring elevation is estimaled on the boring log.

Cross Sections

The final cross-sect ions depicted in this report were de veloped based on the  subsurface
conditions encountered 0 the borings, surv ey and topographic data provided by AEFP, and
available historical data. The ground surface elevation st each boring was submitted by AEP as
a resull of surveying completed afer the investigation The profile of the inboard 2and outboard
slope was created Using recent wpographical info  rmation pravided by AEP. This infarmation
was evidently qenerated at a time that the ash ponds ware empty.

The development of each section and why it was selected for analysis is detailed below. Table
2 summarnizes the borings used to develop the cr oss-sections. The cross-sect ions are shown
with general subsurface conditions on Plale 3 of Appendix A
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Table 2: Cross-Sechion Data

Cross-Section Location Crest Bering Toe Boring |
Section A East Embankment - Morth Pond B-0304 B-0905
Section B South Embankment - Nerth Pond B-0806 MiA
Section G East Embankment - South Pand B-0807 B-0908
Section Ot South Embankment - South Pond B-0809 B-O%10
Sedtion E Wesl Embankmenl - South Poand B-0803 B-0811

At the time of the site reconnaissance perdomed on November 17, 2009 the ash  ponds were
inactive, and there was ro sign of a water level inside lhe pond. This was a result of lhe plant
hawving been shut down f or an exlended pericd of time prior to our armval. For the purposes of
the analysis, it will be 2 ssumed that the ash pond water level is 3 feet below the crost of the
embankment, as this is the maximum beight permitted. Due to the similanties prasant in the five
cross-sections developed, only th e two that  were deemed the mos tcritical for  stability and
seepage wera analyzed further.

Stratigraphy

Eased on the descriptio ns of the samples recovered inthe  borings and laboratory { esting, the
subsurface stratigraphy can generally be described in descending order as follows:

Crest Borings

Bonngs B-0804, 0906, 0907, and 0909 were pedormed through the o est of the embankment,
and encountered betwaen 17.5 and 18.7 feet of cohesive fill that predo mnantly consisted of a
very-stiff to hard brown and dark-brown mott  led with gr ay silty cla y. Hand penetrometer
measuraments ranged between 1.5-4. 5+ tsf. The perce nt passing t he z00 sieve for teste d
samples ranged between 95 and 98. The material predominantly was plastic and classified as a
Fat Clay {CH) ar a Lean Clay {CL) under the Unified Spil Classificalion System.

Beneath the cohesive embankment fill, all four crest borings encountere d a layer of veny-stiff to
hard brown mottled with gray silty clay with thicknesses bherween 23 and 10.0 fest. Hand
penetrometer measurements ranged between 2.25-4 5+ tsf. The percent passing the 200 sieve
for tested samples of t his stratum varied bebwaen 94 and 99, The material was predominantly
plastic and classified as a Lean Clay. or a Fat Gl ay {CH) u nder the Unified Soil Classification
System. Boring B-0807 and B-0909 encountarad a medium-stff to stifl brown mottled with gray
silty clay with some fine to coarse =and undarlying the natural very-stiff to hard silty clay layer.
This layer became very-soft to soft in B-0207. The thickne 5ses of this layer varied between 2.8
and 6.3 fee tand the hand penetro meter measurements ranged between 0.1-1.75  tsf. The
percent passing the 200 sieve was 53 in the o nly sieve an alysis for this layer. Th e malerial
predominantly was plast ic and classifted as 2 £ andy Lean Clay (CL} under the Unified Sail
Classification System.
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LUnderlying the natural cohesive soils in B- 0804, 0908, 080 7, and 080 Swas a gr anular layer
consisting of either medium-dense 1o dense brown fing 10 coarse sand wilh some fine gravel. ar
medium-dense to dense brown fine to coarse gr avel with seme fine sand. The thicknesses of
this layer ranged between 7.5 and 11.2 feet and N-60 values (corrected for 0% energy) ranged
from 15 10 4 B with an average of 29. The percent passing t he 200 sigve rangsd betwesn 13 1
and 24,3, Threg of the four crest borings terminated in this layer at depths between 35 and 37.5
fegt B-0904 terminated at a depth of 25 feet after penetrating 0.5 feet into a hard gray silly clay
layer.

Toe Borings

Borings B-0L0%, 0808, 08910, and 0811 were completed at the toe of the ash pond embankmen t
near the elevaton of the nalural ground suface. Boring B-0510 encountered 2.4 feet of fill that
was loose brown fine to coarse sa  nd "and” siit y clay wilh  an N-80 val e {correcte d for 80%

energy) of 4 Bonng B-0911 encountered fill that consisted of 2.5 feet of very-stiff to hard Brown
roltled with gray silty clay with asphalt fr agments. Hand penetrometer measurements range d
between 3.5 and 4.0 tsf. Borings B-0905, 08908, ang 0911 & ncountered bebween 2 5 and 10.0

feet of very-stifi to hard brown mottled with gray silty clay. Hand penetrometer mea surements
were recorded between 2 0 and 4.0 tsf. The percent passing the 200 sieve ranged betweasen 78
and 98, The material predominantly was plastic and classified as a Lean Clay or Lean Clay with
Sand (CL), or a Fat Clay (CH) under the Unified Sail Classification System. Borings B-0908 and
0810 encountered between 3.3 and 3.5 feet of medium-stM becoming very sofl brown mottle d
with gray silty clay with little to some fine to co arse sand.  Hand penetrometer me asuremeants
were recorded betwaen 0.1 and 1.5 tsf The malerial predominantly was plastic a nd claszifiad
as a Lean Clay (CL) under the Unified Soil Classification Systemn.

Underlying the layers of natural cohesive sail is a granular zone that varies in thickness between
7.0 and 20.5 feet. This layer is generally described as githe r a medium-dense to de nse brown
fine to coarse gravel with some to "and” fine to coarse zand |, or a mediu m-dense to very-dense
brown fine to coarse sand with little to some fin e to coarse gravel. N-560 values {co rrected far
B0% energy) for this layer ranged between 10 and 65 with an average of 2& {(spoon refusal was
metin B-05 045, 5-5). The percenl passing the 2 00 sieve ranged between 13,7 and 24.3. All of
the toe borings except B-0805 were terminated in this gra nular zone at depths of either 20 fe et
{B-0910 and B-0811) or 30 feet {B-0908).

B-0305 penetrated 4.5 Feet into a2 layer of hard gray clayey silt with some fine to coarse sand
before terminating at 8 depth of 20 feet. Hand penetrometer measurements were 4.5+ tsf. The
percent passing the 200 sieve was 63, The material predominantly was plastic and classiiied as
a Sandy Lean Clay (CLYunder the Unified Soil Classification System. This material was also
enceuntered in B-0904, which is the crest boring that coincides with B-0905,

Far detailed description  of the sira  tigraphy, including the presence of mingr  variations ang
inclusions, 1 he logs of  the individu al borings  should be  examined in conjunct ion with the
summaries above.

Groundwater

Groundwater observations ware ma de as sach boring was advancsed and measuramsents ware
made at the completion of drilling.  The groundwater observations are graphically displayed on
the boring logs and also noted al the bottom of the log. Extended groundwater me asurements,
sumimarized in Table 3, were  made in two bo rings throug b the use of a 1Y=-inch diameter
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slotted-PVC pipe p laced inthe boring upon completion. Water lev el measure ments were
obtained during the dur aticn of the driling before being backfilled with cement-pentonite growut
upon completion of the other borings.  Initial water level readings fro mthe meonitoring wel
installed at the active ash pond (MW-09035) 1s also shown in Table 3. No addition al readings
from the wells have bes n provided to BBCM since the installation of the wells. For referancs,
the Saoto River is locat ed to the weast of the ash pond ¢o mplex and maintaing an ordinary low
water level of approximately Elevation 870 feet. As previously noted | the a sh p onds were
inactive at the time of lhis investigation.

Table 3: Extended Sroundwater Elevation Measurements

Ground Water Depths®
Surface First At
Boring Elevation Encountered | Completion 11,20/08 11523/09
E-0909 592 81 66411 H68.01 86601
E-0911 §79.35 685|36 BG536 655,56 B57.20
Information obtained in August 2009 from B-0803 [active pond]: 8/24/09 /709
MW-09035 IR ] 667 B 663.0

*Mota: The ponds were inactive during this investigation. Mo waler was obsenved within 2 feel of the ash
surface adjacenl to the inboard slope.

SEEPAGE AND STABILITY ANALYSIS

Embankment dams must exhibit ad equate factors of safet y against a slope stability failure for
stabc and seismic cond ihens. As part of this  project, BBCM considered areas o n the pand
embankments the appeared to be the most critical to analyze for stability. Sections C and D
were each developed by perfermi ng borings through both the crest and outboard toe of the
embankment. The kllowing sections of this report discuss the analyses that were performed,
explain the rationale supporting parameter selection and present the results.

Although two separate cross-sections {Section © and Section ©) were analyzed, the parameters
selected lo represent th e permeakility and strength of the differert fill layers were kept the
same. Although there are mingr differences b ebween the embankmen tfill, it is be lieved that
therg is insuficient evidence to  support delin eating the [ ill between the sections. Forth is
reason, the permeability and shear strength parameters used to represe nt the embankment fill
were hasad on the totality of tast data available across the entire site.

The natural cohesive scils underlying the pond embankments are also slightly variable. As with
the embankment fill, it is difficult 1o justify developing spe cific parameters for a given cross-
section, as the praperties of this str atum are expecled to vary over sh ort distances. As such,
the parameters used to represent the natural cohesive sail were base  d on the tot ality of test
data available acress lhe entire site.

Methodology

The seepag e and stab ilily analyses were perfo rmed for lhe existing P icway Flant Ash Fond

embankments with the  aid of th & camputer program Slide (Version 5.0) de veloped b y
Rocscience, Inc. The  program performs 2- D imit equilibr ivm slope  stability ana lyses and
steady-state unsaturated groundwater analysis the latter using the finite alament methad. Pore
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pressure values prod uced from the seepage analysis are used in the slope stabilit Y
computations for each model.

Static and seismic slope stability analyses were performed on Lhe outhoard embankment slopes
for Cross-Sections Ca nd Dusing Spencers method {Sp encer, 1972 ) with a deterministic
approach, The methed provides solutions for - given cross sactions based on imit equilibr ium
theory. The criica | slip surfaces corresponding to the lo west factor-of-safety is shown in the
graphical output. Seismic slope stability analyses were  performed b ased on a pseude-stati ¢
slope stability approach  Siability calculalion s were performed ingen eral aceord ance with the
U3 Army Corps of Engineer's Engineering Manual 1110-2-1932 entitled Slope Stability.

Seepage Analysis

The lecation of the piezometric level within the embarkments was eslimated in consideration of
the maximum allowahle waler level for the ponds. [tis typical practice t o rely on & combination
of actual g roundwater measurements from  piezometers and seep age analysis result st o
develop a phreaticsy dace for st ability anal yses. However, for  the Picway ash pond s,
groundwater readings obtained during the investigation are not considered representative of full
pool condiicns, as the pond was inactive dunng the investigation an  d there was no sign of
water at or near the surface of the ash. For this reason, the phreatic surface within the
embankments used wit h the stability analyses was principally based  on the results of fin  ite
element seepage analyses,

Hydraulic Properlias

Permeability values assigred to the modal layars are show nin Table 4 balow. The cohesive
embankment fill was  modeled with anisctro pic permeability functi ong. The horizental
permeability {k . of the cohesive ambankment fill was taken as aithar 5 or 10 times (both
conditions were examingd) the venlical permeability (K ) to best model the srat ification of the
soil as a result of compacting the fill in honizontal lifts (Casagrande, 1937). A perme ability test
performed on an und isturbed sample obtained in the cohesive fill vielded an aver age vertical
parmeability of 1.83x10 ® emisec. T he natural cohesive soil and sand a nd gravel la yers were
assigned isotropic permeability functions.

Table 4; Permeaability Values

Material Description " {cn::::fahi";: 3 Reference

Lohesive Embankment Fill 5x10° Soril Flex-all Permeability Test
General Fill (Section D anly) £x10° & Typical Walues

Malural Cohesive Soil 5x10” 1 Hoftz and Kovacs (1981}
=and and Gravel 5x10 " 1 Grain Size Correlation

Ash Pond avestigabon (011-11497 018)
AEP Picway Plant
Lockbourne, Ohie
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Hydraulic Boundary Conditions

The Fllowing boundary conditions were assigned o the nite e¢lement based models.

-Section C and Section D
¢ A'Constant Head' boundary of 890" was used to represent the level of water in the ash
pond. This level maintains the required 3 feet of freeboard on the inboard slope.
s A 'Constant Head' bou ndary of 67 (" was used to represent the low  water level i n the
nearby Scicto River and was placed on the downstream end of each model.
« A 'No-Flow' boundary was placed on the bottaom of the model at Elevahon 8§30

+ A'Ne-Flow' boundary was also placed on the upstream end of the model. On the
upstream side, the flow is assumed to become predominantly downward near the middle
of the pond

e CUnkmown' boundary conditions were set on the remainder of the exterior boundaries t o
allow the program free  dom to ¢zl culate values af these locations,  These locations
include the downsiream slope face and the downstream ground surface.

Finite Element Discretization and Mesh

The following steps were performed during the development of the seepage model

s G Noded Triangles were used {o generate the fimte sle ment meash for the models
{Grapmcal pnntouts included in Appendix D),

« The density of nodes was manually increased to minimize the number of "Poar Quality
Elements based on the Mesh Quality function availakble in Slide,

Poor quality elements were defined as elaments with one of the following characteristics:
«  Maximum side length to minimum side length ralio greater than 10,
« Minimum interior angle less than 20 degrees.
« Maximum interior angle greater than 120 degrees.

Seepage Analysis Models and Results

Graphical cutput from the seepage analyses for Sections C and D are presented in Appendix D.
Mo attempts were made to calibrate the models to observed field conditions, as the ponds wera
inactive and the measured water e vels in the borings likely do not ref lect typical active pond
levels. The models did produce slightly abnormal phreatic surface shapes.

As previously discussed | the compa cted fill li kely exhibits an anisotr opic permeability possibly
as large a5 10:1 for k. k.. To this end, EBCM investigated the sha pe and laocation of the
phreatic surface when employing tow different permeability ratios. Vvhen a ratio of 10:1 was
used, the p hreatic surface approached very close to the  exlerior slope of the emb ankment for
Section C. Changing lhe ratio to 5:1 resulted in - a phreatic surface that does not approach the
adge of the exterior slope. The two dike co noition surveys completed did not  reveal any
seepage ar eas on the extenor slope, leadin g o the likelihood that  the actual anisotropic
permeability ralio is closer to 5:1 ¢ ather than 10:1. However, as the 10:1 ratior  epresents a
mare conservative scenario, the subsequent stability analyses modeled the embankment with &
11 ratio. Plates 4 and 5 of Appendix O show the impro vement in the seepage and stabilty of
the embankment by altering the anisotropic characteristics.

Ash Pond avestigabon (011-11497 018)
AEP Picway Plant
Lockbourne, Ohie
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Stakility Analyses
Shear Strength Parameters

In order to perform slope stability analyses, it was necessary 10 estimate appropnate unit weaight
and strangth paramets rs to represent the varn  ous 501l layers. The shear strength and unit
weight values used for the slope stability an alyses were basad on 3 combination of the
laboratory index test r esults, triaxial shear te stresult s, published v alves and  engineering
judgment, and are intended to be representative of long-term conditions.  As previously
indicated, t he sail zpe  cimen used for the Sl series perdormed o n the foundation scils
représented the lowest blow count material encountered for this layer. To estimate the eflective
friclion angl & of the cohasive emb  ankment fill and natural cobesive sail, several  carrelation
methods were exa mined. The mode or med ian {ifmod e does not exist)  values from the
stadistical &analysis for liqud | mit, plasticty index, and cday sized fra ction (per cent finer tha n
0.002 mm) were used in the correlations, Table 5 lists the design strength parameters used for
static analyses for each stratum. Supporting calculations for the development of these strength
values are presented inthe Slope Stability Shear Sirength and Fermcability Parameter
Jdustification section of Appendix C.

Table 5 Strength Values for Static Steady-State Conditions:
Yot Strength
ipef) &' ¢ [psf}

Material Description Reference

CU Triaxial Tesl

Cohesive Embankment Fill 130 30 200 (BBCM. 2009 and Index
Testling Cormrelations
Index Testing Carrelations
{Stark cf al, 2005)

Cl) Traxtal Tesl

Matural Cohesive Snil 1211 28" a (BEBCMK. 2009 and Index
Testing Correlations

SPT and Grain Size
Zorrelations

General Fill {Seclion O only) 124 28° a

Sand and Gravel 115 35 g

In addition to the static steady-state stability analyses, strength parameters were  developed for
use with the pseudo-siatic seismic analyses. With respect to seismic loa ding, it is believed that
the cohesive embankment fill and natural cohesive soils may exhibit an undrained response. As
the ponds have been in place for  an extended period of time, the cohesive fill and natural
cohesive 50ils have co me to equilibrium under  the prasent steady-state seepage conditions.
Therefore. lhe shear strength envelope used in the analysis was calculated based on lhe results
of lhe "R" test as recommended inthe Army Corps of Engineer's Manual  1110-2-1905
“Laboratory Soils Testing," and suggested by Duncan and ‘Wright in their 2005 publication. This
is essentially the slope and y intercept of the CU strength values. The sand and gravel stratum

will maintain drainage during a seismic event, as such, drained strength values  were used for
seismic loading. Table & lists the design strength parameters used for pseudo-siatic analyses
for each stratum.
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Table 6: Strength Yalues for Seismic Conditions:

Material Description ook S":“gt" o | Reference

Cohesive Embankment Fill 130 | 22 a00 %Légﬁ”igéggf‘

General Ful (Section D only) 120 | 14° 200 ::gf::;ﬁ:ﬂgu?}g;m'aﬁﬂﬂﬁ
Nalural Cehesive Soil 120 | 10 500 ?E‘égﬁ:“zﬂéggft

Sand and Gravel 115 35° 0 gz;'; ;gﬁuﬁfi" Size

A rapid dra wdown anal ysis was also completed for the  ash pond embankment 5. 1tis the
understanding of BBCM that the po nds are typically filled with ash which would tend to support
the inboard slopes. However, 0 n an occasional basis, during times of ashry  emovaland
subsequent re-filling. a f ull poal of w ater could be astablished and a rap id drawdown scenario
could ocour if it were suddenly emptied. Addit ionally, the pond does not receive storm waler
runof from the surrounding area and the amou nt of water in the pond is controlled by the plant
personnel. For these reasons, while not impo  szible, a lar ge scale rapid drawdown everl with
unsupported interior  slopes is unlikely. Motwithstanding, arapid dr awdown analysis was
completed using the canventional mathed wh  ereby the phreatic surf ace is po sitioned at th &
ground surface and extending up the inboard embankmen t slope to th 2 normal pool elevation,
Drained strength parameters are used in th is scenaric The drawdown level for the analysis
was consid ered to ccour from the  normal operating poel Bl 690 down o the natural ground
sudace on the inboard side of the embankment as d etermined from the to  pographical
informatien provided by AEP.

Analvses and Results

Static and seismic analyses were performed on each se clicn to determine the facto r of safety
against rota tional falur @ forthe  inboard and outboard slopes u sing drained  sail strenglh
parameters. Rapid drawdown wa s investigat ed for the inboard slop e only. Th e graphical
computer output for these analyses has been included with this report in Appendix 0.

Seismic analyses were performed f or bolh inboard and oulbcard slope s using a p seudostatic
analysis with a horizontal seismic coefliciant of 0.08g. This coefliciant was determined from the
2008 LUSGS National Seismic Hazard Maps for the “Peak Accelaration { %q) with 2% Probability
of Exceedance in 50 Years”. This map is provided as Plate 18 of Appendix A,

(iraphical results of the slope stability analysis for seizmic conditions are shown in Appendix 0.
Table 7 summanzes the lowest factors of safety determined for each analysis case.
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Table 7; Stability Analysis Summary:

Computed F5
Analysis Case Qutboard Slopes Inboard Slopes
Section C Section D Section C Section D
Slatic (Sleady-Slate
Seepage) 1.531.54 2.51 415
Fceudo-Static 1.54 143 216 2.96
Rapid Drawdown MA IS 113" 1 24

" Assumes inboard slope will be maintained at a 2H:1Y or flatter when ash excavation occurs.

The critical failure surfaces were located throug h a deterministic search, with no limitations on
failure surface location. The results are based an the highest pool level pemmitted for the ponds
{Elevation &390 — 3 feel of freeboard on the inboard slope).

Accaording to the topographical infor mation provided, the inboard emban kment slope at Section
C iz steep which resultsinalow computed factor of saf ety for the rapid drawdown case
However, since the ash  provides support for the inboard slope, the ¢ nly way 1o create this
scenario is o completely removet he ash from the inkoard embankment slope AEP has
indicated thal when ash is excavate d from the p ond. the intericr emban kments are maintained
at a 2ZH1V  slope or flat ter. With this underst anding, BBCM co mpleted an analysis where a
2H:1V slope is maintained on the inboard slope after excavating the ash from the pond  Based
on this geometry, a factor of safety of 1.13 was computed for rapid drawdown conditions.

Ascan be seen inthe profile of Section D_the south embankment ont he south pond is over-
steepened and shallow sloughs have been observed at this location. As was noted by BBCM in
the previous condilion survey (March 2009}, the cutboard slope of this embankment should he
re-graded. BBCM understands that subsequent to cur March 2009 insp eclion visit, an altempt
has been made to regrade the slop e back to original design grades with a sidehill fill. however
proper benching techniques were not used andg t e hll materi al flowed down the slop e, To this
end, itis imporant that additional steps be taken to stabilize this area.

CONCLUSIONS

As part of t his report, BECM examined the stability of ih & cutboard embankment slopes at 2
locations under steady-state seepage and seismic loading conditions using the results of 11 =aoil
korings (8 with this investigation, 3 with a previcu s investigation), The analyses suggest that at
the two cross-sections examingd, the embankments exhibit adequate factors of safety relative
to those recommended by the US Army Corps of Engineers {(COE) for existing facilities, with the
exception of the issues previously discussed.
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APPENDIX A

Site Investigation
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EXPLANATION OF SYMBOLS AND TERMS USED ON BORING LOGS
FOR SAMPLING AND DESCRIPTION OF SOIL
SAMPLING DATA

I - Blocked-in ‘SAMPLES" column indicates sample was attempted and re coverad within
this depth interval.
[[] - Sample was atternpted within this interval but not recoverad,
2/5/9 - The number of blows required for aach B-inch increrment of penetration of a "Standard”

Z-inch O D. =plil-barrel sampler. d nven a dist ance of 18inches by 2 140-pou nd
hammer freely falling 30 inches. The raw "hlowcount” ar "N is equal to the sum of the
second and third B-inch increments of penetration.  Addition of one of  the following
symbols indicates the use of a split-barrel ather than the 27 O.0. sampler:

- 2%'0.D split-barrel sampler

- 3" 0.0 spht-barrel sampler
MNeg - Corrected Blowcount = [[BBCM Dnill Red Energy Ratic} 4 {0.60 Standard}] X N...
P - Shelby tube sampler, 37 Q.0 hydraulically pushed,
R - Refusal of sampler in very-hard or dense soil, or on a resistant surtace.
50-2° - Number of blows (50) to drive a splitbarrel sa mpler a cer ain number of inches (2).

othar than the normal 8-inch increment.
S0 - Split-barrel sampler (53 advanced by weight of drill rods (D).
SH - ESplikbarrel sampler (8) advanced by combined weight of rods and drive Hammer {H).

SOIL DESCRIPTIONS
All soils have been classified basica lly in accordance with the Unified Seil Classaification System,

bBut this 5y stem has been augmeanted by the use of spacial a djsctives o designate t ha
approximate percentages of minor componens, as follows:
Adiective Percent by Weight
trace 11010
little 11 to 20
EOME 2110 55
“and” 36 to 50

The lllowing terms are used o describe density and consistency of soils:
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Term {Granular Soils! Blows per foot (Neal
Yary-loose Less than S
Lopse Sto 10
Medium-dense 11 to 30
Cense 31 to 50
Very-dense Owver 50
Term {Cohesive Soils) Qu [tsf
Veny-soft Less than 0 25
Soft 0251005
Medium-stiff 0510 1.0
Stiff 10t 20
Wery-stiff 2010 4.0
Hard Cwer 4.0
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BOMY 1525 25 S0 27 23| ¢ *
B-OMM 1978 25 51 24 27| ¢ .
B-PHd 26.75 12 4 A
B-WS 425 19 27 18 9 | o+ *
B-0MM¥s 425 1] * *
B0o0s 1675 10 3 (5 8 |+ *
B-0906 475 23 49 25 24| ¢ *
B-0906 1025 21 57 2T M
B-0906 1525 18 S4 3 13 | .
B-0%S 2435 27 S0 23 37 | v .
B-0%06 3175 ' !
R-(FM)7 8,75 23 4R 25 23 * *
B-007 1475 21 S50 25 25 |+ *
B-0907 1935 22 48 23 25| + .
B-0907  23.74 o6 16| ¢ * .
e sies . _ . o L -
coer s . ) _ . L L .
B-'[HJ'I]H. 4.25 . 12 . 41 23 . 19 K *
R-(FHIE A8 41 22 0 * *
- PROJECT AEP PICWAY PLANT A5H POND DIKE EVALUATION
BBC% TESTING SUMMARY - STANDARD LOCATION LOCKEQURNE, OHIO
JOB NO.  011-11497-019 DATE 1464 G
A SoLumions Te Builp Ow J
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SUMMARY OF LABORATORY TEST RESULTS
GIADATION  CEPALTIHON TRIAXLAT,  DIRECTSHEAR 11C 6| 560 LW B PERMEARILDIY W 1P 10 3 o= &
N0 Pk R I it |l
JI m twovoun 4l Jd u r hj;'\l E [I‘;: I ‘I-J H conora In I*'l: o IR. -
: Gime | A S I U A A T 10 S - O S I B T
el R T R 1 1 S O A I 150 A R A A
. ' L r worar Al X 1 2 : 1 h | ! H
L4 1 d ol n 1 PRI W
" U o " *SEEINDATICAL TEST CLURVES PCE Y "
| pows 1435 15 . .
B8 2425 *
B-0p 475 M o4 M " *
B-HEr 1475 47 25 2z 4 .
B-PHEr 1525
B-rH¥r  I5TS
By 1725 I8 S5 27T 18 * *
B 2175 22 43 2 * *
B-®10 4925 la * *
B-m11 425 354 2 23 * *
G-0011  9.2% o 3 17 IA * *
B-u11 16.75 "
- PROJECT AEP PIGWAY PLANT ASH POND DIKE EVALUATION
BBC TESTING SLMMARY - STANDARD LOCATION LOCKEOURNE, DHIG
JoB NG, 01111497019 DATE 1610
A SoLumions Te Builp Ow J

AEPFIPOOO0GS



- ™\
ATTERBERG LIMITS' RESULTS BBC%
il
Ll Cll
A1
Il
1. iy
A
5
;
|~ A
i
|
|
v
2
[
]
b
" ;\ n
_ - e ¥R 11
I : s
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LLl E Layer: Cohesive Fill
z : Specinn 1. Depb BT LI PL Pl Fies ASTEN Classification
: ® B.OM 47 2 83 M W
:‘ = I B 1525 25 SO 27 23 976 FaTolavin
u A B.0906 475023 49 I8 13 9GS IEANCLAVCL
o * B-(0 .10,25.21 ST.ZT.J[I. .
B-000 1525 15 £ 31 13 9TE FLANTIOSILT vl
a n B-0007 8.75 13 45 5 3y 90T LEANOCLAY O
B-00T 14.75 21 b ] a5 15 G2 AT Conavaon
m D000 4.75 M H | W 90 LEANOLAYCL
> TR 1475 47 25 21 RRT LEANCLAY (L
-
m PROJECT BEP PICWAY PLANT ASH POND DIKE EVALUATION
: LOCATION LOCHBOLUIRNE, OHID
JOB N, 011-11497-0719 DATE 1/65M10
. 7
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m : Layer: Nalural Cohesive (Silty Clay) WL
z : Specinn 1. Depth BT [ Pl Fies ASTEN Classification
' ® BOH 1975 25 81 M 2T 98BS arcnavon
:‘ = I Bips 4,25 1 27 18 B A CLAYEV AN
u A B.WOS 1675 W0 23 IS 8 618 SANDY LEANCLAY CL
o * B-{5M .25 27 = 23 2T OeRT  FATorAaY o
B-0007 1935 12 45 23 150 91 LEANCLAY L
a ] B-020T 2375 32 16 16 5301 =ashy LEANCLAY L
B-0m04 4,25 22 42 2 [ 949 1EANCLAY L
m (008 T.25 42 22 W W0 LEANOLAYCL
> FR LY nTE n 430 22 11 8974 LEANCLAY (T
H B-0911 4.25 13 L) 26 OIS T YN
I BROSIT 935 19 32 17 IS 782 1ENCLU wmsuMeL
m PROJECT BEP PICWAY PLANT ASH POND DIKE EVALUATION
: LOCATION LOCHBOLUIRNE, OHID
JOB N, 011-11497-0719 DATE 1/65M10
. 7

PLATE 4
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LA SLAL TN AL LT
ROULDERS  COBBIES _GRAVEL . N - SITOR CLAY
Specimen ldea Beato - Dheptly Classi el o LL PL Pl L WYY LD
& B0 S0 145 te 156 FILL : Dark-brown mottled with brown and gray silty clay, trice 25 S0 27 23
I fine 1o coarse sand.
A
* FAT CLAY CH
Specirmen Tdendibigation - Diepih PRI THIA [0 3] 11 L ¢l s sl Yol Ton
® EiMH 510 145t 56 4. 75N 00633 TRLIAE] 0159 0.0 P 6.1 3306
- 4
‘.
Es
PROJECT AEP PICWAY PLANT ASH POND DIKE EVALUATION
ASTM D422 GRADATION CURYE  LOCATION LOCKBOURNE, CHIO
\L JOR NO. 011-11467-0189 DATE 1/6110 _)
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Specimen ldea Beato - Dheptly Classi el o LL PL Pl L
& B0 S-13 190 e L5 Dark-brown muattled with brown and gray silty clay. trace fine 25 B | 24 17
Lo medium sand.
FAT CLAY CH
Specirmen Tdendibigation - Diepih PRI THIA [0 3] 11 L ¢l s sl Yol Ton
® EiMd 513 190 t0 0.8 200000 00519 TRL ] 0134 1.1} 1 A7 a4 42,19
FROJECT AEP PICWAY PLANT ASH POND DIKE EVALUATION
ASTM D422 GRADATION CLRYE LOGCATION LOCKBOURNE, OHIO
JOB NO. 041-11487-019 OATE 181D
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Specirmen Tdendibigation - Diepih PRI THIA [0 3] 11 L ¢l s sl Yol Ton
® EiMH 516 160 to 7.1 15 (M0 18,0899 34093 2.03H 00152 J3.60 4111 2133 294
FROJECT AEP PICWAY PLANT ASH POND DIKE EVALUATION
ASTM D422 GRADATION CLURYE LOCATION LOCKBOURNE, OHIO

JOB NO. 041-11487-019 OATE 181D
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CLAYEY 3AMD SC
Specirmen Tdendibigation - Diepih PRI THIA [0 3] 11 L ¢l s sl Yol Ton
L B-090S 52 35 1pde 4. 75N 12328 N.1370 nnTas 1.1} 51.06 3 40 17.54
FROJECT AEP PICWAY PLANT ASH POND DIKE EVALUATION
ASTM D422 GRADATION CLURYE LOCATION LOCKBOURNE, OHIQ
JOB NO. 041-11487-019 OATE 181D
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Specirmen Tdendibigation - Diepih PRI THIA [0 3] 11 L ¢l s sl Yol Ton
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ASTM D422 GRADATION CLURYE LOCATION LOCKBOURNE, OHIO
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& B-0H5 57 160t ITY Giray clayey slt, some fine i coarse sand, trace fine gravel. 14 23 15 B

SANDY LEAN CLAY CL

Specirmen Tdendibigation - Diepih PRI THIA [0 3] 11 L ¢l s sl Yol Ton
® RBOME 5T 160 w17Y 12,5040 46797 .18 nn2sd 4,90 Jiu 43403 18.73
FROJECT AEP PICWAY PLANT ASH FOND DIKE EVALUATION
ASTM D422 GRADATION CURVE LOGATION LOCKBOURNE, OHIQ
l\_ JOB NO. 041-11487-019 DATE 1610 j

AEPFIFPOO00OT1



1l 3L¥T1d

L% SV OPRTS [N P s U5 s|FVE U RS YRR
i R 1 33 12 * K1l F.':- T Sink
412 B — .
A0
]:l
o own .
14
L »
I T
L
| .
fia
I L ]
< *
I L
I
] .
¥ o -
W
F M
L2
(i
IV
[ 1
II.:III-'I (L] li | n. 1 [TRH ] RET|
LA SLAT I AL LS s
ROULDERS  COBBIES _GRAVEL . N - SITOR CLAY
Specimen ldea Beato - Dheptly Classi el o LL PL Pl L WYY LD
& BB 53 40 wdd FILL : Brown silty clay, trice fine to coarse sand. 23 44 25 24
I
&
* LEAM CLAY L
Specirmen Tdendibigation - Diepih (ML ThiA (3] [354) [ g el *o Sl &N Yol o
> B0 5-3 40 10l 4, T5H 00672 N.W32 N.MEG 0.0 s 632 333
) 4
‘.
&
PROJECT AEP PICWAY PLANT ASH POND LDIKE EVALUATION
ASTM D422 GHADATION CURYE LOCATION LOCKBOURNE, CHIO
\L JOR NO. 01111497019 OATE 15610 _)
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& B0 59 140t ISE FILL : srk-brown mattled with brown and gray silty clay. trace 28 = 3 23
I fine 10 coarse sand.
A
* {/567.& BELY O+
Specirmen Tdendibigation - Diepih PRI THIA [0 3] 11 L ¢l s sl Yol Ton
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PROJECT AEP PICWAY PLANT ASH POND DIKE EVALUATION
ASTM D422 GRADATION CURYE  LOCATION LOCKBOURNE, CHIC
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Specimen ldea Beato - Dheptly Classi el o LL PL Pl ¢ L
& B S-14 235 te 250 Brawn mottled with gray silty clay, trace fine to coarse sand, 27 S0 23 17
Lrace fine pravel.
FAT CLAY CH
Specirmen Tdendibigation - Diepih PRI THIA [0 3] 11 L ¢l s sl Yol Ton
® E G 504 135t 1500 12, 504K} 00695 TR 0134 nTe 3 =2 53186 41,83
FROJECT AEP PICWAY PLANT ASH POND DIKE EVALUATION
ASTM D422 GRADATION CLRYE LOGCATION LOCKBOURNE, OHIO
JOB NO. 041-11487-019 OATE 181D
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Specirmen Tdendibigation - Diepih PRI THIA [0 3] 11 L ¢l s sl Yol Ton
® Eikh 517 M0t HT 375K 335471 8.0779 49085 S.66 J44 1493
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ASTM D422 GRADATION CLRYE LOGCATION LOCKBOURNE, OHIO
JOB NO. 041-11487-019 OATE 181D
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& B-F7 55 S0 ds FILL : Brown and dark-brown mottled with gray silty clay, trace 13 45 25 23
I fine 10 coarse sand.
&
* LEAM CLAY L
Specirmen Tdendibigation - Diepih (ML ThiA (3] [354) [ g el *o Sl &N Yol o
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&
PROJECT AEP PICWAY PLANT ASH POND LDIKE EVALUATION
ASTM D422 GHADATION CURYE  LOCATION LOCKBOURNE, CHIO
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& B-0H7T 59 140 toISE FILL : srk-brown mattled with brown and gray silty clay. trace 21 S0 25 15
I fine 1o coarse sand.
A
* FAT CLAY CH
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Specimen ldea Beato - Dheptly Classi el o LL PL Pl ¢ L
& B-0'N7 5128 187" to 200 Brawn mottled with gray silty clay, trace fine to medium sand. 22 48 23 15
LEAMN (LAY (L.
Specirmen Tdendibigation - Diepih PRI THIA [0 3] 11 L ¢l s sl Yol Ton
® BN S 12B 187 to MY 24NN .34 0. N9 N33 1.1} .55 F4 06 3949
FROJECT AEP PICWAY PLANT ASH POND DIKE EVALUATION
ASTM D422 GRADATION CLRYE LOGCATION LOCKBOURNE, OHIO
JOB NO. 041-11487-019 OATE 181D
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SANDY LEAMN CLAY CL
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ASTM D422 GRADATION CLURYE LOCATION LOCKBOURNE, OHIO
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& B-¥5 51 AR tdd Brawn mottled with gray silty clay, trace fine to medium sand. 22 42 23 19
LEAMN (LAY (L.
Specirmen Tdendibigation - Diepih PRI THIA [0 3] 11 L ¢l s sl Yol Ton
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LEAMN (LAY (L.
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APPENDIX C
Slope Stability Shear Strength

Parameter Justification
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BBC DRAINED SHEAR STRENGTH PARAMETER CORRELATION
SOLUTIONS TO BLELD ON

Page 1 of 2
Froject Mo: 011,11497.019
Propect: AEFP Floway Flant Dike Evaluation

Reference:

Drained Shear Strength Parameters for Analysis of Landslides. Timathy D. Stark; Hangseck Chei; and Sean
McCone. Journal of Geotechnical Engineering, May 2005. pp 575 - 528

Purpose:
Estimate effective stress, or drained, shear strenglh parameters of cohesive soils through emperical

comelations using laboratory index testing and the effective normal stress. Serant residual and secam fully
soffened friclion angles can be estimated from charts developed by Stark et al.

Laboralory Data

Soil Layer: Cohesive Embankment Fill

Statistical Resulls frem 4 Borings % Passing Clay Sized
B20H) Sieve  Fractlon
Mo LE EL Pl LO75 me)  1.002 mim)
Mumber in Slatistical Sample g a ] 9 7 7
Minimum 21 44 24 20 04,096 3173
Maximum 28 a7 R 30 97.78 38.63
Mean 24 51 28 28 oy 35
Meadian 24 50 25 24 95.5 3591
Mode 24 50 27 23 BMNA HMNIA
Std Dev 2 4 2 3 1 3
Design Value - S50 - - - a5

Adiustment Factor for ASTM Derived Yalues
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balt-miffed derived £.1 LLjaeg=s 5O
Mg = = 007 (ASTM derived LL) + 1.23 s
ASTM derived L1 Lluw= 690
bal-miffed derived CF _ . .
ASTM derived GF = LO003 (ASTM derived CRIZ2 - D.0XFASTM derived CF) + 2. 254
CF}@,]’M = 35
wherg; LL = Liguid Limit Chon= 464
oF = Clay-sized Fraction
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BBC DRANED SHEAR STRENGTH PARAMETER CORRELATION
SDLUTHOMS TC Bt D OGM

Page 2 of 2
Soil Layer: CoResive Embankment Fill
LI..[;M = 659.0
EFSM: 464
. T T T T T T T T T T T T T T 1 1 T T T T T T T T T T T o T
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S5= | T T
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#BE o} - . s
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DRAINED SHEAR STRENGTH FPARAMETER CORRELATION
SOLUTIONS TO BUILD ON

Methad: Terzhagi, Peck, and Mesr, 1956
Source;  FHWA GEC Mo & pg 165

Equation: Graphic

FrictionAngle, ¢ (degrees)

Flasticity Index, 1p (¥)

Figime 74, Relavonship between ¢ and PT (Terzaghi, Peck, and Mesr, 19961

Layer: Cohesive Embankment Fill

Boring | Sample 2f (23

B-0804 3 28 28.0
B-D904 10 23 0.0
B-DG06 3 24 29.5
B-0806 i3] 30 28.0
B-0906 g 23 30.0
B-0%07 5 23 30.0
B-0907 S 25 280
B-0M8 3 20 30.5
B-0909 10 28 28.5

Minimum 25
Maximum 21
Average 203
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BEC™

SOLUTIONS TO BUILD ON

DRAINED SHEAR STREMGTH PARAMETER CORRELATION

Froject No, 011.14447.019

Project: AEF Picway Flant Dike Evalualicn

Reference:

Drained Shear Strength Parameters for Analysis of Landsiides. Timothy D. Slark; Hangs=ok Choi; and Sean
McCone. Journat of Geotechnical Engineering, May 2005. pp 575 - 588

Purpose:

Estimate effective stress, or drained, shear strength parameters of cohesive soils through emperical
correfations using laboralory index testing and the effective normal stress. Secant resideal and secarnd fulty
sofened friction angles can be estimated fram charts developed by Slark et al.

Labeoratory Data

Soil Layer: Matural Cohesive

Page 1of 2

Statistical Resuits from _8  Borings

Mumber in Statistical Sample
Mirimum

Maximum

Mean

Median

Mode

Skd Dev

Dezigir Value

Adjustment Fachor for ASTM Darived YValues

% Passing Clay Sized
H200 Sigve  Fragtion

LL PL fu | LO75 mrm]  LOQ2 mm)

B 8 3] B a

32 18 15 hE. 12 22749

54 28 28 09,15 42.149

44 22 22 a0 35
455 23 23 05,56 7425

32 23 27 HHA fMIA

8 3 5 15 7

45 - . - 37

Ball-miffed derived £.1 . Llaxym= 45
. = 003 (ASTM derived LL) + 1.23
ASTM derived L Llpm= Bt.4
hail-miffed derived CF - , .
ASTM dorived CF = (L0003 (ASTM denived CF)2 - D.037(ASTH derivad CF) + 2.254
GF,.isjp,,q: 37
where: L1 = Eiquid Limi CFpy= 478
CF = Cigy-sized Fraction
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US EPA ARCHIVE DOCUMENT

BERCA

SOLUTIoNS TO BUILD Op

DRAINED SHEAR STRENGTH PARAMETER CORRELATION

TECANT FULLLY SOFTENED

FRICTION ANGLE {DEGREES)

Fig. 5. Serant Ay softered ficticn mgle relydenchyes aith liqud limi, chy-o2e faction, 2 efacive pomal stross

0

Page 2 of 2
Soif Layer: Naturat Cohesive
gy = £1.4
CFap = 475
1 1 1 ) | I 1 1 T T ) ¥ T I I I I i I L i i | 1 T 1 T L] I T |
EFF. HORMAL CLay SIRF )
FTREIS (WFa FAACTIGH (%) | |
- 8- 5
- M- X Zg .
A .
s v = Ay
cm e — L 25 L CF £45
— T — ar -
- ,.. - m 4
Ce—le - 100 o0
—a— 4m -
-_-‘-‘_H_‘_‘_‘-‘-‘_' —
1-‘_-_."'—-—-.,_____-_‘_ ——
T T ]
- _“—‘—--_._________-_“_‘_-__ Bl i
L a - ]
- = = Baryplé nat ball-milked _.
L i | L 1 H 1 i 1 L 1 1 k L 1 E 1 1 1 | i . L J H | 1 1
G 4 60 120 100 Fabll} g 21 mo =1

LIGURD LIMAIT (%)

Secant Fully Sofened Friction Angle
Effective Normal Stress
Matural Clay has effeclive normal

Al kP | 100 kP2
stress between 100 - 200 kPa

24 =CF =45 - 27.5°

Clay Sized
Fraction, %

=50 - 245"

| Design Value | 25° |
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BECA

FOLUNAOMNS TO Bl Om

DRAINED SHEAR STRENGTH PARAMETER CORRELATION

Method: Terzhagi, Peck, and Mesri, 1996

Source: FHWA GEC No 5: pg 165

Equation: Graphic

1 t T T ; T T T T T T T TTTT

- I Mexoo ity o

b | Clar

&z | AtamUAGHE & -
o |
= |
= " : _

. 2 |
™ A

[=] E%.Dghmgaa %‘_-T_‘_-ﬁ“—‘-l—h.__._}:"
& i 4 . I, - ]
s A
: BN |
w [ S

] e
] | ] 1 A | [ A
3] B8O 100 200 400 800 10800

Plasticity index, 1, (%)

Fipue 74. Relavonshp betaeen &' and PI (Terzaphi, Peck, and Mesn, 1996).

Layer: Natural Cohesive

Borng | Sample P &
B-0S04 | 13 27 | 290
B-0BOG | 14 27 1 290
BT | 128 25 | 785
B-0505 oz 13 | 300
B-DSOG { 13 | 21 298
CB-091t | 2 28 29.0
B-0911 4 | 15 | 310

Minimum 29
Maximum 31
ﬁweragg 30
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RANGE OF HYDRALULIC CONDUCTVITY

SOLUTIONS TO BUHLD ON BASFD ON SOIL TYPE

Mathod: Hellz and Kovacs, 1981 (after Casagrande)
Source; FHAWA GEC No 5 pg 1684

Equation: Graphic
Soil Layer: Aliuvium

CIOEFF ICIENT OF PERMEAIILITY
CRS {LEWS SCALE)

1w w0 o 0w ow' ot 1wt w7 o 1w

“La- ' PPN Of PN, OGS, B0 B T Grhieh

Figure 90. Fumge of bydulic conductiviry valuss bazed on soil rype.
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W0t i By | alerierapasal N, _ L —_ Colkuated 8y IDR _ Date '$12709
I e P (0T g b o . . .
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TR lagec woa breely - ditaiing granwlas Marerial and thevefcte,
anly drawed strength pafmetens ynil be considered.

secphen: Me de tode gy f-cise, fit o = Fic 3?, I
OR,

Me -de 10 A ay {2 gn

N‘E-G Jalues.

"n l-x .
cw=m ke Mand ! Fooosa, g

Mar: £f
Min B
Fog @ 30
Prde &

- Dreoned Strengbn Pacameters
!.\_.I‘:Emﬁﬂé.nf.,k.a‘ o Uchida (1998)
TR o g (See cerrelaticn thisagpendir )
IY reek, Hansen, and Theraburn (1953)
¢'-25° (s0e cgeceladicn s oppendy)
S} Scheopder et ol

"Jﬁi:. Eu\JS Y - 30 S g { See cectelad ity
this appendix )

{nngides ng these metheds, design strength $or the sand
ord geavel layet: -

=1

[ - [ '
e R o= o ;
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US EPA ARCHIVE DOCUMENT

FOLUTIO N TO BuiLD On

SHEAR ETREHGTH CORRELATION
FOR COHESIONLESS S0ILS

Mathod:  Hatanaka and Lichida, 3995
Bource: FHWA GEC Mo A: Equaticn 72, pg 184
Equatgn: @' = J15.4{ N, e + 20°
e e | e ——l
E .. — __l\ —_— —_ 1
| ] P 1 .- . - —_— - - ——!
.E.. 1 | l —. -
F
- 3] — —_
[
E s
x .
3 W ; i -
¥ o3g : R e
|
44— : s —
s — | !
s — | i
0 15 E5] &5 )

Layer: Sand and Graved

Oaring | Samiwie M o Ly
B-0a04 158 8 | 31
bpaoBnd4 | 16 28 | 385
B-0m0d 17 ! 425
_B0004 | @ ) 35 | 412
80304 | 184 2 42.5
Bogos |z | e 31,1
B-0965 3 12 336
BOa0% | 0 & 24 | 392
=T S -
B-D805 LI . 2319
_B-OB06 | w25 348.6
Boude | 17 | 38 | 445
LB0e0s | 18 | 36 izs
_BO080F |15 U ac.z2
B0907 | Y 0 | 411
_Bosoz 1 48 | @2 42,2
BO090A | & A - -
_Be-0808; 6 L I ST
_BORE | 7 " 530
B-H90S 8 | 4B 274
BOG08 | 9 L I - 2cY
_Bo3os | 0 | 28 | 4ty
Bogce | 19 | 37 438
B-03G8 | 12 .36 425
_B-099% ! 198 15 kL]
B-0909 18| ap 473
Booog | 17 1 zZa 408
_B-omog | 18 40 | 443
BOuEng g 40 448
pooo [~ & "% {425
B-0610 & _|._28 408
80810 i ag 445
8-0511 B [ 1@ | e
LBost | T 3 435
80911 [ _ 8 21 IRD
Avaraga 405
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US EPA ARCHIVE DOCUMENT

FILUTIONS TOTUILD Ok

SHEAR STRENGTH CORRELATION
FOR COHESIOMLESS SCILS

Kathod:  Pedk, Harson, aod Thombum, 1953
Saurce:  Lambea and Whiman, 196%. Figure 11.14

Equatign  Graphlc

Very ooz Very denss
= Loosa I:
0 Madiym Danse |
10
5 2 P
Ex \\
5 o S SO R, i _
35 \
TE 40 i
3F <
+ [,
g ~
60 '\\
70 I X
1
3023 32 35 40 4
o {dimreey)
Layer. Sand and Gravel
Harng | Xample M e i
B-OE04 | 15E ‘A 00
B | 18 25 350
BB | 17 33| 368
80904 L T -1 8
gao0d | i3a 33 ET
80905 2 B 290
BoBOs | 3 82 2491
g5 | 4 24 34 b
B-0EOS 5 199 | a0
B-RO0S & 56 43.3
B0gne | 18 25 254
B-0E06 i 3% 385
Bt} 18 13 B0
THEOWT P 16 15 s
B-08OT | 17 i s
EB0507 i3 32 ks
B-0002 3 ¢ 320
& 090e 5 | 1 an
D-6008 | 7 L - 4
B-F30G8 g G 500
T 5| n 0.3
B0908 | 10 249 5.5
BOSOA |11 ¢ 37 |0
BOGm [ 12 . 3R ¥7
ROo05 158 15 3.8
B-0D0% 16 58 43
B0903 | A7 24 355
B-H0g 13 40 _ATs
B-rang 13 45 I3
B-00E0 R 5
BT . % | 385 _
BOsD © 6 . 3§ %5
B9l 6 1 e | 323
BOei1 ;7 i % 38O
pgsn ;B L 3332
i | I
Average 152

PLATE 25

AEPFIPOOO1ZE



-
<
L
>3
-
O
o
Q
L
=
—
L
O
o
<
<
Q.
L
v
=

SHEAR STREWNGTH CORRELATION

SOLUTIONS T aUILD ON FOR COHESIONLESS SOILS

Meathod:  Meyehof, 1856
Source:  FHWA GEC No & Equation 73, pg 184
State of Relative Density | Standard Peneiration Resistance, ¥ EFriction angle, ¢
Packing {%4) (lows 3 mm) ()
Very loose =20 = < 10
Loase 2040 410 I0-3»
Compact 40-40 1030 3540
Dence G0-30 IB-50 045
Wery dense =8 =50 =45

Notr: N =15+ (N'- 15}7 2 for ) > 15 in saturated very fine or Silty sand, where N' — measured
blow count and N = blow count comrected for dynamic pore pressure effects during the SPT

Method:
Source:

Bowles, 1888
Foundation Analysis and Design, 4th Ed. Table 3-4

Empirical values for ¢, I»,, and onit weight of granular solls based on the SPT at
about & m depdy and normally consolidated

Demripticn: Very Incae Lee Medmm Dhomn Very deoms
Relative densiry O, 1] 15 035 ass 085
SPT M%y,: Ane -3 &£ T-15 1430 %
medicm 2-3 47 - 214 = &
COATH i-6 ) 10-23 2043 =43
g@: finy 18 26-30 i 3134
o 1e Ir-28 F-3Z .38 542 = W0
CHETSEs -3 R-HM 3340 40-30
Freein P o100 90115 110120 {1D-140 131 50
(k™ m 3 (1118} (14-1%) Q=200 (17 23 (20-23)

T Bxcavaied acil or marerial dumpred from a troek will weigh 8t 14 5 m* and ool be quetc donss 10 seeigh mach
over 21 kN Mo sniging 2ol has 2 D = Q00 por & vabue of I.00—-Common ranges ars (rom 5.3 w0 20

Method: Schmeder, Dickenson, and Y¥arrington MED (Avg) = 29.5
Source:  Soils In Construction. Sth Ed. Table 7.1 ¢' =36.36

TABLE 7.7 Reistive Demity of Cobhesinnbess Solbx

Relarive Denrity Approcimts Nap Seargiard Approximars Angle of Erictien
Lroxigruiian 1 Rﬂw‘ Lwenriry, % Pamarraticon Rayirramos of Soild, degrens -
Yooy boomg Ap-a20 05 0— 23 ZE

Loase Q0 - BS 530 410 28-30

Mecthrn o= 18 3-a0 10-30 M-

Degae TI-LNLY- o0-85 e 1 2 1] MN-a)l

Yery ceme Ple- ix@ RS Cregr 55 e
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BBC% RANGE OF HYDRAULIC CONDUCTIVITY
] BASED ON GRAIN SZE

SOLUTIONS TO BUILD DN

Method: Geosyntec
Source:  FHWA GEC Mo 5 pg 184

Equation: Graphic

= 1.C+01 N—
"E 1Hne R 1 Lorw Graufieni~1m X H
'\5'-.-!' 1-|E"'0“ H“h ,h T+ —]
'a- f.l:-ﬂ“ —Ii j“‘h Nt =~ T .“M- EE I'HHEE‘ ﬂf ks
E 1.E-02 - e P j,* L
E 1E43 i T Dl antining Shm<s ~ 25 1P|
[ ] H H z ]
g 1.E404 ; <" 118
5 1c05 §: T
AT

o 1EQ6 12Nl
5 1.E07 [Contmmg Svess ~ 210 %Fa | ar.h
& ; M ke
& 1.E08 ,\ 1
T 1.Ed0 N .

1066 100 10 1 0.1 0.0 6.001

CHARACTERISTIC PARYICLE SUFE, d15, OF THE S0IL {mm}

Figure ¥1. Kanpe of bydraulic comductivity based on grain size (afler GeoSyntee, 1941).

Layer: Sand and Gravel

Boring | Sampie ds
B-0804 16 0.028
B-0905 4 0.050
E-0906 17 0.075
B-0907 16 0.150
B-0008 6 0.140
B-0808 10 0.120
B-08910 4 0.070
JBost [ 7 T eors

Average: 0.089

use k, = 1.0E-03 cm/s = 3.28E-05 Afs
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APPENDIX D
Seepage and Slope Stability Analysis
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Pioway Plant Ash Pond Oike Evaluation
Seepaqe and Slope Slability Analysis

Rl
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Ficway Plant Ash Pond Dike Evaluation
Seepage and Slape Elabilily Lnalysis

-Section © (B-0907 and B- G90E}
-Beapane Analysis
-Total Head Conlours

Ash Pond

PTER Lo T LT T T ST L okt TSR Tt [T

. c o Farmeatnity
Laysar .- . -

pet pst degrees | k. fomsect| Kok,
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Picway Plant Ash Pengd Diks Evaluation
Seepage and Slope Stakilty Analysis

-Section G (B-0907 and B- QH08)
-Seepage Analysis

-Changed anisoligpic penmeability
of cohesive il to 5.

-Total Head Contowrs

Ash Pand

Layer "t c' iy Parmraablity
el nsf degrees | K (emosen) K.,k
BBCM Engineering Inc, Cohosiva Fil 133 21 30 L QE-03 b
1" =30 Ceneral Filt [Section D only) 120 o 28 £ OE-O7 g
NS Ltk : 129 o 23 5 0E-02 E
Sand and Gravel 115 G 35 1.0E-03 :
-5 i} 5 53 75 100 125 150 173 200 225 250

AEPFIPO00132



TS

673

%25

» 1yl B0

M Ficway Flanl Ash Pond Dike Evaluation
bg, Seepage and Slope Slability Analysis
T _Section C (B-0907 and B- 0908)

S -Slability Analysis

D.E -Sleady State Seepage

Ash Pond

1453

syvar e o &’ Permu?miiw
| pusf degries | kofumese) ke s K
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Ficway Flant Ash FPond Dike Evaluation
Zeepage and Slope Stability Analysis

~Zeckion C {(B-0907 and B- 0008}
Stability Analysis
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~ -Sleady Slate Seepane
-Changed anisiropic permeability
of cohesive fill to 5.
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Picway Planl Ash Fond Dike Evalualion
Seepage and Slope Blability Analysis

-Seclion C {8-0907 and B- 090&)
-Stability Analysis

-Intraam Iope

-Steady State Seepage

EBCM Engineering Inc.
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Method, Spencer
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Ficway Plant Ash Pond Dike Evaluation
Seepane and Slope Stabilily Analysis

-Bection C (B-0807 and B- D90E)
-Psaudostatic Stability Analysis

Ash Pond 1.54 :
o D

Layer o ¢ L4
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Picway Plant Ash Pond Dike Evalyalion
Zeepage and Slope Stahilty Analysis

-Section C {B-9907 and B- 0308)
-Psendaslatic Stability Analysis
-Inboard Slope

2.18

Ash Pond

BBCM Engingering Ino.
17 =3l
Method: Spencer

Laver ik < ¢
ok pst doegrees
Cohesna Fill 1:0]) kETY) 17
120 LN 14
170 Shn !
115 0 5
(e iTE 20 233 z30

AEPFIPOOO13Y



£00

TS

=54 E75 Fiu) T2

¥

al 31wd B

Ficway Flant Ash Pond Cike Evaloation
Seepage and Slope Stability Analy5is

-Section C (B-0907 and B- 0908)
-Rapid Drawdown Analysis
-Drained Strength Parameters
-Inbgard Slope mainained at 2H1Y
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Picway Plant Ash Pond Dike Evaluation
Seepane ana Slope Stanhihby Analysis

-Seclion O {B-0909 and B- 0210}
-Finte Element Mesh
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Ficway Plant Ash Pond Dike Evaluation
Seepage and Slope Slability Analysis

-Secilion O [(B-0909 and B- 050
-Seepage Analysis
-Tolal Head Contours
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Ficway Plant Ash Pond Dike Evaluation
LGeepage and Slope Stabilty Analysis
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Ficway Flanl &4sh Fand Dike Evaluation
Seepaga and Slope Slability Analysis
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Ficway Plant Ash Pond Dike Evalualion
Segpage and Slope Staplity Analysis
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-Inboard Slope
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Picway Planl Ash Pond Dike Evaluation
Seepage and Slope Stabilily Analysis
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APPENDIX E
August 2009 Investigation

Soil Boring and Monitoring Well Logs
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Page | of 4 LOG OF BORING NO. B-UFHI] -
: AEP PICWAY PLANT ASIIPOND MONITORING WELLS BBC
LOCKBOURME, OO |
Lowalton N 653.930: E. 1.826463 (OH 5) FIFVATON  GTOR [RATI B0 - ¥/13009
macesG Merieny 2214 LD Hellow-stem Auger; 3-T8" Tricone Bt CONPLLEION DIETIL Y
SAMELEE 51 2" and 2-1/2"" 0.1 Split-barrel Samplers
A = . — 18y
T |ERELs L Bl w22 DL5CRIPTION K. e RISH1TS
. I 3 TOPSOIL - 12 INCIIES L AL W u
H &L o 1 e Y DU P P _—
Pl b— 3 © | ¥eno-stafT 1o hard broven clavey sili, irace lng 1o 15
= S i ecarse sand. lew rools, dry. S SR NS D "
- T 3 R Ven -still 1o hard brown siliy elay_ race fing 10
= — Tl M M eoarse sand, lew rools, dry. B
A .
A0 S N EREY T
_. I 113 . 14
| evia A ki T B3 734
h # + I5 S e venv-sndT brown siliy clav, trace (ing (o i
z B i . L coarse sand, damp becoming moisl. HES3-dn
3 EEESEY o 1 1209
m z - z T R
= i K He L1114
z b ET TN L, i 10
- T - Loose brown fing to coprse sand. hide Noe o 07
: 5 Tl § M eoarse eranvel. some sl elav, wet.
" 4
H . S
ONE==i -
—_— 7 - ¥ A
S i _— —
_ N
] L3
a _ x 13 5 il
|5 <.
fhiH 1 I I I
m L7 Loose brown and wray fing W coarse sand “and”
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Picwen Proscer Pl Akt el Cianpder fludbeefone s Sedeemelie Slegmos

Dhverview

Picway Power Pl s AP owned coul fired cleericity penerating facitey,
Wiaihin the pht conlines there ix o diking system pseed o sende bottony ash and {ly ash
whicliis a prodact of soal burning electricity seneration. The ash poad conples is an
above pronmd reserveir system that s subdivided o tso seetioms: the tNorth Ash Pond
and the South Al Pond. A Jarge portion of the North Axsh Pood bas been closed and
capped. The remsmimder aren of the MNorth Ash Pond recerves aovery sl snoant of
Pesdton sh and aony v fild aat i ot cvaporated i mBilivaed into the sail thus for the
purpose ol this study the Notth Ash Pond wall be excluded from this analysis, The South
Ash Poand that reccives Ty ash from the plant is diveded into three internal celbs (51, 52
angd $3), Refor o Exhibit [ i Appendix A for o detailed nigp of the South Ash Pond
The diking system Bas been clssificd as o Cluss 11 steocture il s under the punsdiction

the Ohio Brepactiment of Naturd Resousrces fOTHNR)

Hurpose

The South Ash pand recetves mot atly Ny ash b rainfall a2 owell Al rinfadl
caplured by the pood systeny miost e conlingd switlin it hauks where it s slowly released
by the nutler struclare. Any overtepping ol she pond™s banks could copse {ailarg of i
dikitg systan, The pupaose of this seormwater analysis 2 1o determine the hvdranlie
capaily othe diking system by gnalyzing the change 1t water surface elevation willun
Seuth Ash Pond durimy an extremne weamthwr evens, The desien ffood [ora Class 11
stiwctwne i thy G-Twour, 0.5 Probable Maximom Flood {PWEE), The 008 PMIE 13 penerated
frenm the 30 pereent Probuble ivaximum Preeipitanion (PMPY aod s used in the aalysis

of thiz report.

watershed Charvaciorisiics

The South Ashk Pond i3 containad witlin an above pronnwd diking system as shown
won Bxhilsie 1 and Fxhilit 2 of Appeidiz AL The entiee pond i approsaniteiy 6.5 geres
atd s subdivided into three cells (81, 52 and 533 by two splitter dikes amd there is no
sub-zrea autside the pond limits tribatary 1o the pond. The thuee celts are aterconnecned

By Lo overtTow woeirs ot eaciy sphitter dike. There is o sinafe onzbet struchre responsible

Aot i
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S s S P Il Bt Covpedey Ofvdbesdonne s Sl Benrt
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Tor deatning the entive poned located in cell 82 The owtlel siructure consists of riser pipe
structure where surface wadter elevations wre contralled By stop logs as shown on Exhibi
3ol Apperlix AL The vutlet structure dischacges Urough o 307 pipe into a rip-rap ined
channel that conveys water Wl Clese Water Pond and ultimanely to the Scicto River
theotgh the Clear Waler Pond autlet stractire. Tae Claar Water Pend has beea exeluded
froum thes snalvses The Clear Water Tand has been excluded from this avalvses due w

o being meteved by the Seuth Ash Pood outlet strecture.

hvdraelopic Analvsis

The hydrologic paramelors such ws Time ol Concentration { Tot and Renoft Curve
Numbers (CNY were determind wsing stapdand Natural Resources Conservatian Service
(B RCS Y methodelome, A mininne Te ol 5 minutes and a CN of 100 wsed assuaunae the
paed had o wet surlace and reflecting that only runoff within the baeks of the pond will
be delamed, Analvsis was conduetad nsing Baestad Mobiod's Pod Pack version v
based on MRS methodology. The PME way estimabed For ghis aren s be 26,5 inches
ustay e National Weather Service Hydrometeorological Report 310 As reyuived the
ik st be enalyzed vsing the 30 percent of the PAY. This equates o a wial raindall
cvend ol 13,25 inches. The maodel used the NROS Type [F eombBall distribution with 5 6

Bt dnrstion.

The mode] was created by assuming the mnst extreme eperating conditions for the South
Ash fond. Phe octlet siractore stap log elevaiion and conscquently the nennal pool
elovations wore set 1o AHF retlecting a maximuom operating condilion, AL ilis opeeating
condiliue the sao weir strociures eoneeting e 3 celks wsomemdaied amd therefors his po
clfect ar the model The model considered sl three cells 1w he one pond since at

clovetion 688 they will be frecly slerconiveted.

Existine MPond Characterislivs

Reler to Exhibit 2 of Appendiy A for more inlormion,
mormal Poal - GRG0 {upsrernwest operating clovition)

Top i Bunk 69300 idike clevanon)

dur A

aAtnersean fSivereee Penver
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Nesuliy

Chatket Steacture slop

Tatlwaler

Contrel 20

bow 1 iser strucinice (0 GRE (L

" ontlet pipe wish Bree owtfall G 68100

Flavativn-Area-Storase Tahle
o Bas_
Curnelative
Contour Sorage
FElevation | Arvea Valume
113! awred {ac-1)
i 6.7 {
GEY 720 6,505
i MY a7 3441 ]

The mapcimunm water surfacs elavation reached during e 50% PMI 5 038,71

which is below the lop ol bepk clevation of A9300° The Tollowing is a summeary of the

results and the detailed ouput frome the Pond Pack mode! has been included i

Aprendix B3,

S Fwgnt:

Tutad Ramalfl Vaolinee:

Preak Inltow:
enk DulTow:

Maxpruun Siornge Required:

13,237, 4-haour
FoELT ac-f
3478 1A
GAT I
4067 ae-t

Soastentes Waler Surfoce Elevation: G857

{niclusion

The asty pond comples analysis s deaonsteated thal 11 s of adeguate hydrondic

capacity and staraee, The ash pond complex can sadely comtam the design foed (5075

PMIEY wishout overtoppiag of tye dike.

Al Fhee reie Hiveer

Aof §
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