ATTACHMENT 46
Closure Cap Risk Analysis Study
Special Waste Landfill Permit
Big Sandy Plant — Ash Pond Closure
Lawrence County, Kentucky

The existing facility proposed for closure was designed and operated as surface water dam. Since its
commissioning in 1970, it is currently still regulated and monitored under an individual KPDES permit,
with a compliant operating history.

On June 21, 2010, the United States Environmental Protection Agency (US EPA) announced proposed
rules for the final disposition of coal combustion by-products. The proposed rules have not been
promulgated by US EPA, however; KDEP has requested closure of the impoundment as a special waste
landfill in anticipation of their promulgation.

An analysis of the proposed closure cap is attached and prepared in accordance with the Kentucky
Administrative Regulations (KAR), Energy and Environment Cabinet, Department for Environmental
Protection (Title 401), Technical and Operating Requirements for Special Waste Landfills (401 KAR
45:110). The purpose of the analysis is to describe how the proposed closure cap system will meet the
environmental performance standards of 401 KAR 30:031, Sections 4, 5, and 6 concerning surface and
groundwater. The attached cap risk analysis will address each of the factors listed in 401 KAR 45:110,
Sectin 5, as applicable.
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1.0 INTRODUCTION

This Closure Cap Risk Analysis (Cap RA) has been prepared in accordance with the Kentucky
Administrative Regulations (KAR), Energy and Environment Cabinet, Department for Environmental
Protection (Title 401), Technical and Operating Requirements for special waste landfills (401 KAR
45:110). The purpose of this document is to describe how the proposed closure cap system will meet the
environmental performance standards of 401 KAR 30:031, Sections 4, 5, and 6 concerning surface and
groundwater. This document will address each of the factors listed in 401 KAR 45:110, Section 5, as
applicable. This Closure Cap Risk Analysis has been developed in support of the coal ash pond closure at
Kentucky Power’s Big Sandy Plant in Lawrence County, Kentucky.

2.0 NARRATIVE DESCRIPTION OF THE FACILITY AND OPERATION

2.1 SITE LOCATION AND DESCRIPTION

Kentucky Power Company (KPCo), a wholly owned subsidiary of American Electric Power (AEP), owns
and operates the 1,097 Mega Watt (MW) Big Sandy Plant on the west bank of the Big Sandy River, near
Louisa in Lawrence County. Currently, coal combustion fly ash from the plant is disposed of in the Big
Sandy Fly Ash reservoir, which is impounded by the Horseford Creek Dam located approximately 0.75
miles northwest of the plant. In expectation of future Federal Regulations pertaining to wet ash
impoundments, the Project involves closure design of the Plant’s existing 140-acre wet fly ash
impoundment, which will no longer be needed for wet sluice disposal beginning in 2016. In an effort to
effectively close the fly ash reservoir in accordance with expected but not-yet-promulgated Federal
Regulations for wet CCP impoundments, it is AEP’s desire to permanently close the facility by draining
and capping the Big Sandy Fly Ash Pond.

2.2 DOCUMENT FORMAT

Information presented in this document has been organized and presented consistent with the
requirements presented in 401 KAR 30:031, Sections 4, 5, and 6 and 401 KAR 45:110, Section 5. Sections
within this document have been titled and enumerated consistent with the regulations to facilitate the
review process. The following italicized text is copied verbatim from the aforementioned regulations.
For clarity of discussion, each response is provided in bold text.

3.0 ENVIRONMENTAL PERFORMANCE STANDARDS
3.1 SURFACE WATERS

401 KAR 30:031; Section 4 (1) — No waste site or facility shall:
(1) Cause a discharge of pollutants into waters of the Commonwealth, including wetlands, that

violate any requirements of KRS Chapter 224, or the surface water standards of 401 KAR
Chapter10 or 8; or
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(2) Cause a discharge of dredge material or fill material to waters of the Commonwealth that is in
violation of the requirements under 33 USC 1251 et. seq. (Section 404 of the Clean Water Act of
1977 as amended).

As stated in Section 2 of this document, the facility is an existing wet fly ash impoundment. It
is designed and operates as a surface water dam, preventing water from discharging into
adjacent properties. The design allows for surface drainage to be redirected away from the
Horseford Creek Dam (or Main Dam) to the Saddle Dam to decrease the drainage area to the
significant hazard dam and direct water through the Saddle dam, which is a low hazard dam.
The facility is currently being monitored under an Individual KPDES permit with prescribed
effluent limitations for associated outfalls.

The Closure Cap System proposed includes a stabilized vegetative layer above a barrier layer.
A healthy vegetated cap comprised of grass totaling 90 percent cover provides approximately
99 percent reduction of erosion, according to the Kentucky Erosion Prevention and Sediment
Control Field Guide. The facility’s Storm Water Pollution Prevention Plan (SWPPP) will be
modified to ensure adequate controls for storm water discharges during construction activities
are implemented and the facility meets the requirements of its KPDES permit.

Risk of impacting the surface water after final closure is minimal. For example, administrative
and regulatory restrictions, already in place are reflected in the closure cap design.
Additionally, a minimal profile slope (0.50%, typical) is used as part of the design to minimize
flow velocity and scour. The use of turf reinforcement and rock dams is also prescribed in the
design to promote vegetative growth and energy dissipation, respectively.

A surface water delineation was performed for the facility in 2012 and was submitted to the
United States Army Corps of Engineers, Louisville District for a jurisdictional determination in
2013. In the event construction will result in a discharge of dredge or fill materials into waters
of the United States, an application for a Section 404/10 permit and 401 Water Quality
Certification will be submitted to the Corps and KDEP.

3.2 (GROUNDWATER

401 KAR 30:031; Section 5 — Groundwater. No waste site or facility shall contaminate an
underground drinking water source beyond the point of compliance in excess of the maximum
contaminant levels specified in 401 KAR Chapter 8.

The facility was designed as a surface water dam and operated under KDEP, Division of Water
regulations. A liner system was not required as part of initial construction of the facility. A
Hydrogeologic Site Investigation (HSI) was performed for the facility and the report has been
included in the Special Waste Landfill Permit Application as part of Appendix 30. Based on the
HSI, the subsurface soil permeability varies throughout the facility, including sand, clay, silt and
rock layers. A clay cut-off wall was incorporated into the dam during its original construction
and subsequent raisings which impedes groundwater movement. Groundwater generally
follows existing surface topography towards the Horseford Dam (down valley), roughly
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mimicking the current process water flow. The basis of the dam is to restrict and retain water
(surface and subsurface) from flowing from the facility.

The proposed closure cap is comprised of the following layers from the bottom to the top:

Contouring Fill — consisting of bottom ash and/or structural clay fill at varying thickness to the
appropriate grade. Bottom ash material is generated as a byproduct of coal combustion power
generation at the Big Sandy Plant;

Low permeability Layer — consisting of either 18 inches of compacted clay or flexible membrane
liner (FML). Clay is to be compacted to Proctor values to meet a maximum permeability of 1 x
10" cm/sec based on laboratory testing;

Drainage Layer (where needed) — consisting of a geocomposite drainage layer;

Protective Cover — Low permeability layer consisting of 18 inches of compacted clay with 6
inches of soil cover capable of supporting vegetation. Areas where the FML will be utilized will
have 24 inches of protective cover with 6 inches capable of supporting vegetation.

The installation of the closure cap system is designed to restrict water from percolating into
the coal combustion product (CCP) mass by providing an engineered barrier for storm water.

3.3 LAND USE FOR FOOD CHAIN CROPS

401 KAR 30:031; Section 6 — Application to Land Use for the Production of Food Chain Crops. No
waste site or facility shall exist or occur that applies waste within three (3) feet of the surface of
land used for production of food chain crops unless in compliance with all the requirements of (1)
or (2) of this section.

No food chain crops are anticipated to be produced on the facility after closure. Additionally, a
notice indicating the property was used to store waste material will be recorded in the
property deed.

4.0 CLOSURE AND POSTCLOSURE REQUIREMENTS

401 KAR 45:110; Section 5(2) — A closure plan shall have a closure design prepared to specify the
function and design of the final cover on the special waste landfill considering:

(a) The type and amount of waste in the facility;

(b) The mobility and expected rates of migration of the waste or leachate constituents;

(c) The site location, topography, surrounding land use, and final site use;

(d) The climatic conditions in the area;

(e) The characteristics of the cover material including its chemical and physical composition,
erodibility, slope stability, final surface contours, thickness, porosity, permeability, slope, length of
run of slope, and type of vegetation on the cover; and

() The geology and soil profiles and surface and subsurface hydrology of the site.
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4.1 TypPe AND AMOUNT OF WASTE IN THE FACILITY

The wet fly ash pond was designed and commissioned in 1969. The original facility covered
approximately 97.1 acres, and had modifications constructed as recent as 1992. The facility
covers approximately 130 acres of area. As of 2009, the total storage capacity of the facility is
approximately 13.4 Myd®.

4.2 MOBILITY AND EXPECTED RATES OF MIGRATION

As part of the Hydrogeologic Site Investigation (HSI) (provided in Attachment 30), seven
monitoring wells were completed for hydraulic testing. Three wells were completed in
sandstone units, one in the sandy clay alluvium, and three in various locations on the property.
The resultant rate of groundwater flow at the facility is calculated to be 0.036 feet per day. As
previously noted, a liner system was not required. The groundwater at and around the facility
follows the surface topography, flowing into the facility and towards the Horseford Creek Dam.

The material in the facility consists of wet fly ash produced from the Big Sandy Plant. Typical
chemical constituent data for fly ash are publically available through the US Environmental
Protection Agency (US EPA) as EPA-HQ-RCRA-2009-0640-6300 or Electric Power Research
Institute (EPRI) as EPRI Report 1012578, as part of the proposed rule published in the Federal
Register on June 21, 2010. The report utilized 81 field leachate samples collected at 29
management sites thereby providing a large cross-section of data for various coal sources and
the by-products from various air pollution controls. These reports generally indicate that these
materials are non-toxic with low levels of inorganic constituents near or slightly above the MCL
drinking water standard. In addition, the reports state that high readings from TCLP testing are
not indicative of anticipated exposure levels in groundwater.

Site specific samples of the groundwater were taken and tested in 2012. Samples were taken
from monitoring wells onsite and analyzed for the metals listed in 401 KAR 45:160, Section 7
(2). Arsenic was the only dissolved metal with reported concentrations above the MCL in the
monitoring wells during each of the sampling events. The metal was found in the up-gradient
wells MW-1010 and MW-1011, and the alluvial deposit well MW-1206. The results of the
testing can be found in Tables 4.4a through 4.4d of the HSI. The cessation of the sluicing
operation and the installation of the closure cap are expected slow the rate of recharge
through the material mass, thereby further reducing migration from the facility.

4.3 SITE LOCATION, TOPOGRAPHY, AND LAND USE

The facility is the result of damming the valley of Horseford Creek, located in Lawrence County,
Kentucky. Approximately 30 acres of the facility is inundated with water. Depths of surface
water within the facility have been reported to be up to 42 feet. Process water outfalls from
the facility discharges into Blaine Creek, which, in turn, discharges into the Big Sandy River.

Surrounding property is owned by AEP and is generally undeveloped. Access into the facility is
limited by natural boundaries and gated access roads. Nearby facilities include an asphalt
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manufacturing facility located south of the site in the adjacent Burke Branch valley and the
power plant located approximately 3,000 feet to the southeast of the reservoir. The proposed
closure cap system is designed to help prevent unintended contact with waste materials by
anyone who intentionally or unintentionally accessed the site without the permission of AEP.

The closure cap is designed to provide a barrier from surface waters from infiltrating into
groundwater through the material mass. The closure cap will force surface water to shed away
from, and to avoid contact with the CCP material. Additionally, groundwater already isolated
within the material mass may be treated prior to release, as required for any liquid that has
percolated through or drained from waste.

4.4 CLIMATIC CONDITIONS

Historic climatic conditions were considered for the grading design of the closure cap.
Precipitation data for the area was obtained from the National Oceanic and Atmospheric
Administration (NOAA) and was incorporated into the storm water design for the cap grading.
The analysis and calculations associated with the proposed storm water controls can be found
in the Special Waste Landfill Permit Application as Attachment 23. The cap system proposed is
designed to function with the anticipated climatic conditions of the site.

4.5 COVER MATERIAL

The cover material used for the closure cap is discussed in Section 3.2 of this document. The
permeability of the cover material was selected based upon the permeability of the facility’s
underlying soil. As indicated above, the HSI resulted in subsurface materials with variable
permeability. However, observations also indicate that groundwater followed the surface
topography and the surface water ultimately flows towards the Horseford Creek Dam. The
wells found to have the highest hydraulic conductivity ranged from 107 to 10° cm/sec.

Slope stability analyses of the critical areas, i.e., Horseford Creek and Saddle Dams, were
analyzed to set baseline requirements. The analyses were performed following guidance
provided in the US Corps of Engineers’ (USCOE) EM-1110-2-1902 “Slope Stability” and Ohio
Environmental Protection Agency’s (OEPA) “Geotechnical and Stability Analyses for Ohio
Waste Containment Facilities” as no other guidance is available from KDEP. The OEPA
guidance utilizes infinite slope analysis, which is highly conservative. The critical sections are
analyzed for deep-seated stability, shallow translational stability (i.e. cap system stability), and
seismic stability.

The Kentucky Dam Safety permit allows for the storage of CCP materials to an elevation of 705
ft. msl at the Horseford Creek Dam. The final elevation of the CCP material at closure is highly
dependent on the amount of coal burned between now and the time of closure. This is directly
related to electricity demand, balancing of loads with other regional power plants, and the ash
content of the coal burned. All of these factors will vary considerably throughout the
remaining life of the Big Sandy Plant. The closure grades presented in Attachment 20 are
based on estimates of the amount of ash to be produced between the most recent survey date
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and the date of closure. As such, the grades depicted are intended to represent the general
grading scheme at closure. Actual closure grades for portions of the facility footprint or the
entire footprint may be raised or lowered 2 to 10 feet, as needed. It is intended that the
majority of the site will have a typical grade of approximately 2%, a minimum grade of 0.5%,
and a maximum cap grade of approximately 25%. These proposed grades, along with the
proposed vegetation plan and planned storm water channel reinforcement are anticipated to
provide a stable, low maintenance cap system for the closure of the ash pond.

4.6 SITE GEOLOGY/HYDROGEOLOGY

As discussed above, the site geology and hydrogeology are discussed in Attachment 30, the site
is underlain by variable geology. Existing groundwater flows indicate that the groundwater at
the site follows the existing grade toward the Horseford Creek Dam. The proposed
groundwater monitoring system will monitor the site throughout the post-closure period. The
cessation of sluicing and the installation of the proposed cap system is anticipated to decrease
the mobility of constituents in the groundwater at the site.
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URS Corporation

I.

AEP BIG SANDY POWER PLANT
ASH POND CLOSURE

GEOTECHNICAL CALCULATIONS SUPPORTING CLOSURE DESIGN

Introduction

This calculation package includes URS’s geotechnical analyses performed in support of the design for
the Ash Pond Closure project (drawings have been submitted under separate cover). Section II below
provides a table of contents of the calculations that have been performed to date and are included
herein, and Section III below provides a brief summary of results obtained for each of the calculations.

II.

L.

IL.

II1.

IV.

List of Calculations

Cap Constructability/ Bearing Capacity Analyses - Bearing capacity was evaluated for three
cases for construction of the cap namely; 1) Geomembrane and cap system placed directly on
sluiced fly ash; 2) Improvement of cap subgrade by undercut and placement of 2 feet of bottom
ash; and 3) Improvement of cap subgrade by consolidation via placement of a pre-loading
surcharge prior to cap construction.

Settlement Analysis — Analysis of total and differential settlement for key project elements
was performed. The consolidation settlement evaluation included determination of total and
differential settlement of the proposed pore water drain as a result of consolidation of the
sluiced fly ash and the underlying native alluvium soils under the surcharge of new borrow fill
placed over the pond as part of the closure. In addition, the strain developed in the cap system
due to settlement across a critical cross-section was analyzed.

Closure Cap Deep-Seated Slope Stability Analysis — The majority of fills placed to shape
grades for the closure cap will feature very shallow slopes, and global slope stability for most
of the cap system should be adequate by inspection. The separator berm proposed to be
installed north of the saddle dam, separating the upper pond from the lower pond represents the
only permanent fill that has an appreciable slope. Deep-seated static and seismic slope stability
(the latter evaluated using pseudostatic methods) was evaluated for this critical area of the cap
system. Static analyses were performed for both long-term drained conditions and short term
undrained conditions.

Closure Cap Shallow Translational Slope Stability Analysis - Shallow translational slope
stability was analyzed for the cover system by evaluating the veneer stability of the final cover
system proposed for the facility. There are no prescriptive standards related to slope stability in
the Kentucky Special Waste Solid Waste Regulations, however this calculation check was
performed for completeness.

Seismic Liquefaction Analysis — Analysis to determine liquefaction potential of the very
loose/soft sluiced fly ash that underlies the project was performed.

K:\Projects\A\AEP\13815151_BSPond\DOCs\Analyses\TOC-100%Geotech Calculations.docx
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VL

VIL

VIIL

I1I.

Hydrostatic Uplift Analysis — The only significant area with the potential for cap system uplift
is the storm water channel, which is excavated below the current fly ash surface elevation.
When the cap system is placed above this area, there is potential for elevated water levels in the
ash subgrade to apply uplift pressures to the cap system. Hydrostatic Uplift Analysis - The
potential for development of hydrostatic uplift was addressed by designing a porewater
drainage system to manage pore water inflow into the excavated channel area and to provide a
means to lower the pore water elevation to below the cap system in the long-term. This system
is designed to incorporate a 2 foot thick bottom ash layer throughout the channel area which
drains to two 6-inch diameter perforated pipes. These pipes will convey the collected pore
water to a pump station which will convey the water to a leachate storage lagoon. In addition,
the pore water levels adjacent to this storm water channel area will be monitored during
construction by a series of piezometers to be installed parallel to the channel. These
piezometers will help identify if any adjustments to the pore water management system are
necessary based on the rate of dissipation of the pore water level in the ash. Therefore, formal
calculations for hydrostatic uplift were deemed as not required.

Transmissivity of the Final Cover System Geocomposite — Analysis was performed to
calculate the required transmissivity of the final cover system geocomposite.

Main Dam Stability Analysis — Slope stability analysis of the Main Dam, in its proposed
lowered configuration (Note: This analysis has been submitted to AEP separately and is not re-
attached herein.

Summary Results of Analyses

The supporting calculations are attached to this document, the purpose of this section is to present a
brief summary of analyses only. The summary results of analyses are as follows:

L.

IL.

Cap Constructability/ Bearing Capacity Analyses - The analyses indicated that placement
heavy equipment directly on (unimproved) sluiced ash may result in bearing failure of the ash.
To achieve a minimum factor of safety of 1.3 against bearing capacity failure, an undercut of
2.75 feet and replacement with bottom ash, or placement of a temporary surcharge of 7.5 feet
of fill placed for an approximately a six month pre-loading duration (to allow consolidation and
strength gain in the upper areas of the sluiced ash) are feasible solutions to allow construction
of the cap on fly ash subgrade.

Settlement Analysis — The settlement analysis indicates that up to 8-inches of settlement may
occur under the proposed drainage channel and pore water drain piping, with the highest
settlements occurring mainly in the far western end of the channel alignment. The magnitude
of the change in slope (both positive and negative) is generally not large and is anticipated to be
accommodated without significant loss of discharge capacity and without inducing significant
strain in the proposed HDPE piping. Furthermore, the maximum estimated strain in the
geosynthetic components of the cap (post-settlement) are roughly 0.1%, which are well below
allowable values.
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II1.

IV.

VL

VIL

Deep-Seated Slope Stability Analysis — Results of the slope stability analysis indicate factors
of safety against slope stability of the separation berm exceed guidance values given in the U.S.
Corps of Engineers’ EM-1110-2-1902 “Slope Stability” for all cases considered.

Shallow Translational Slope Stability Analysis - Using the methodology outlined in Koerner
and Soong (2005), the analysis consisted of finding minimum strength parameters (friction
angle @ with assumed cohesion c=0) for a variety of conditions listed below with the
corresponding minimum required factor of safety against translational failure for that particular
condition

Static Conditions (Peak Strength): FS > 1.50
Static Conditions (Residual Strength): FS > 1.10
Static Conditions (Full Drainage Layer): FS >1.10
Static Conditions (Equipment Loads): FS > 1.25
Seismic Conditions: FS > 1.00

Results of the shallow translational slope stability analysis indicate a minimum required peak
interface friction angle of 17.8 degrees and a residual interface friction angle of 12.4 degrees.

Seismic Liquefaction Analysis — Under the seismic action of a 7.5 magnitude earthquake with
a return period of approximately 2,500 years, based on a design earthquake event of 2%
probability of exceedence in 50 years and site bedrock to consist of NEHRP Class B material,
the analysis indicates minimum factors of safety against dynamic liquefaction in the range of
1.3 to 1.8 for the fly ash within 7.5 feet of the surface. Minimum factors of safety for fly ash
below 7.5 feet increase to a range of 1.4 to 2.0. Application of the cap system soils is
anticipated to improve the factors of safety for the fly ash within 7.5 feet of the surface. It is
generally accepted that no liquefaction should be anticipated for materials that exhibit factors
of safety greater than or equal to 1.4 under seismic activity. Therefore, liquefaction of the ash
under the design earthquake is not anticipated.

Transmissivity of the Final Cover System Geocomposite — The minimum transmissivity
required to maintain drainage inside the geocomposite on the 4H:1V slopes is 6.22 x 10
m%/sec and represents the minimum required value for the testing and manufacturer’s
specifications, (Tspec).

Main Dam Stability Analysis — Slope stability analysis of the Main Dam, in its proposed
lowered configuration indicates that all factors of safety meet or exceed typical guidance
provided by the U.S. Army Corps of Engineers (as given in EM-1110-2-1902 “Slope
Stability”).
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Manufacturer John Deere
Mode! 850K
DATE OF SPECIFICATION - 14 March 2012
ENGINE
Emission Rating Interim Tier 4

Engine Make / Engine Model

John Deere / PowerTech PVX 6068

Net Power, kW (hp) @ Rated rpm

152 (205) @ 1800

Gross Power, kW (hp)

not published

Displacement, L (cu in.)

6.8 (415)

TRANSMISSION

Type

Hydrostatic

Speed Range - forward 1
Speed Range - reverse 1
Maximum Speeds Forward, kph (mph) | 9.7 (6)
Maximum Speeds Reverse, kph (mph) 9.7 (6)

FINAL DRIVES

Type Double Reduction
STEERING
Type No
HYDRAULIC SYSTEM
Pump Type Variable Displacement Piston

Pump Flow, L/min {gpm)

163 (43)

System pressure, kPa (psi)

24990 (3625)

UNDERCARRIAGE

Track Gauge, mm (ft in)

1880 (6 ft 2 in)

Length of Track on Ground, mm (ft in)

2769 (9 ft 1in)

Standard shoe type -

Single Grouser - Moderate Service

Ground Contact Area, cm sq (sq in)

33760 (5233)

Ground Pressure, kPa {psi) 56 (8.13)
No. of Track Rollers 7

Track Pitch, mm (in) 203 (8)
Track Shoes, each side 40

Track Oscillation Yes

DOZER

Blade Width, mm (ft in)

3251 (10t 8 in)

Blade Height, mm (ft in)

1422 (A £t 8 in)

SAE Blade Capacity, ¢u mt (cu yd) 5.6 (7.3)
Blade Lift Height, mm (ft in) 1151 (3 ft 9 in)
Digging Depth, mm (in) 599 (24)

Blade Width at Full Angle, mm (ft in)

not published

Blade Tilt, mm (ft in)

753 (2 ft 6 in)

DIVIENSIONS

Height w/ROPS, mm (ft in)

3161(10ft5in)

Length w/Dozer, mm {ft in)

not published

Ground Clearance, mm (in) 409 (16.1)
CAPACITIES

Fuel Tank, L (gal) 356 (94)

Hydraulic Reservoir, L (gal) | 106 (28)

WEIGHT

SAE Operating Weight, kg (Ib)

19295 {42538)

Specifications are based on published information at the time of
publication.Specifications are subject to change without notice.

Prices are subject to change without notice. Prices are in dollars and only applicable
to products sold in the United States.In all cases, current published price lists and
incentive program bulletins will take precedence.All trademarked terms, including
John Deere, the leaping deer symbol and the colors green and yellow used herein
are the property of Deere & Company,unless otherwise noted.

Sheek C?/(b

K:\Projects\A\AEP\13815151_BSPond\DOCs\Analyses\Bearing Capacity analyses\850K_Specifications
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BEARING CAPACITY OF FOUNDATIONS 251

Step 2. Obtain bearing-capacity factors for the Hansen equation using Tables 4-1 and 4-4. Do not
compute ¢y, since footing is square. For ¢ = 35° use program BEARING on your diskette and
obtain

Ny, =33 N, =34 2tan¢--- = 0.255 (also in Table 4-4)

§q = 1+%sinq§= 1.57 s7=1—0,4%=0_6

D
dy = 1+ 2tan B

dy

1.1
1+O.255§3 = 1.11 d, = 1.10

From Table 4-1 and dropping any terms that are not used or are 1.0, we have
qur = YDN,s,dg +0.5y.B'N,s,d,
Substituting values (note y = soil above base), we see

gue = 1.1(18.10)(33)(1.57)(1.11) + 0.5(14.86)(2.5)(34)(0.6)(1.0)
= 1145 + 379 = 1524 kPa

1
Qs = % = 762 kPa (a very large bearing pressure)
It is unlikely that this large a bearing pressure would be allowed—a possible maximum is 500 kPa
(about 10 ksf). We might simply neglect the -y, BN, term to obtain g, = 570 kPa (still large). If the
latter term is neglected, the computations are considerably simplified; and doing so has little effect
on what would normally be recommended as g, (around 500 kPa in most cases).

"

4-§ BEARING CAPACITY FOR FOOTINGS
ON LAYERED SOILS

It may be necessary to place footings on stratified deposits where the thickness of the top
stratum from the base of the footing d; is less than the H distance computed as in Fig. 4-2. In
this case the rupture zone will extend into the lower layer(s) depending on their thickness and
require some modification of gy;. There are three general cases of the footing on a layered
soil as follows: \

Case 1. Footing on layered clays (all ¢ = 0) as in Fig. 4-5a.
a. Top layer weaker than lower layer (¢; < ¢y)
b. Top layer stronger than lower layer (¢; > ¢p)
Case 2. Footing on layered ¢—c soils with a, b same as case 1.

Case 3. Footing on layered sand and clay soils as in Fig. 4-5b.
a. Sand overlying clay
b. Clay overlying sand

Experimental work to establish methods to obtain gy;; for these three cases seems to be
based mostly on models—often with B < 75 mm. Several analytical methods exist as well,
and apparently the first was that of Button (1953), who used a circular arc to search for an
approximate minimum, which was found (for the trial circles all in the top layer) to give
N. = 5.5 < 24 as was noted in Sec. 4-2.
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{a) Footing on layered clay soil. For very soft ¢, failure may occur
along sliding block labe and not a circular arc and
reduce N, to a value less than 5.14.

| g=7b
__LLL P YRSXS IR

p Layer 1

Bx L :L:L\L‘L____Y

I I I 4 |z
I\ | I !
b [ ! I\[/\L\LJ' n
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Figure 4-5  Footings on layered soil.

The use of trial circular arcs can be readily programmed for a computer (see program B-1
on diskette) for two or three layers using s, for the layers. Note that in most cases the layer s,
will be determined form g, tests, so the circle method will give reasonably reliable results. It

is suggested that circular arcs be limited to cases where the strength ratio Cp = cy/c; of the
top two layers is on the order of

Where Cp is much out of this range there is a large difference in the shear strengths of the

two layers, and one might obtain N, using a method given by Brown and Meyerhof (1969)
based on model tests as follows:

ForCr =1

Nes = I;dl + 5.14Cg =514 (for strip footing) (4-5)

For a circular base with B = diameter

3.0d
Nc,r = B L

+ 6.05Cg = 6.05 (for round base)
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When Cg > 0.7 reduce the foregoing N, ; by 10 percent.
For Cg > 1 compute:

Ny = 4.14 + Odﬂ (strip) @-7)
1 ‘ ,

Nog = 414 + 1'd£ (4-Ta)
1

(round base) - (4-8)

Ny, = 5. : (4-8q)

In the case of Cg > I we compute both N;; and N, ; depending on whether the base is rect-
angular or round and then compute an averaged value of N.; as

Noi = L 20 (4-9)

The preceding equations give the following typical values of N.;, which are used in the
bearing-capacity equations of Table 4-1 for N,.

Cr =04 2.0

d/B  Strip  Round Ny, Ny, N,

03 2.50 3.32 5.81 7.81 6.66
0.7 3.10 452 4.85 571 513
1.0 3.55 542 4.64 5.24 492

When the top layer is very soft with a small dy/B ratio, one should give consideration either
to placing the footing deeper onto the stiff clay or to using some kind of soil improvement
method. Model tests indicate that when the top layer is very soft it tends to squeeze out from
beneath the base and when it is stiff it tends to “punch” into the lower softer layer [Meyerhof
and Brown (1967)]. This result suggests that one should check this case using the procedure
of Sec. 4-2 that gave the “lower-bound” solution—that is, if g, > 4¢; + g of Eg. (c) the soil
may squeeze from beneath the footing.

Purushothamaraj et al. (1974) claim a solution for a two-layer system with ¢—c soils and
give a number of charts for N, factors; however, their values do not differ significantly from
1s of the R N_ in Table 4-4. From this observation it is suggested for ¢—c soils to obtain modified ¢ and
7 (1969) ¢ values as follows:

ram B-1
layer s,
2sults. It
21 of the

1. Compute the depth H = 0.5B tan(45 + ¢/2) using ¢ for the top layer.
2. If H > dy compute the modified value of ¢ for use as’

o = digy + (H ~ di)y.
- H

>This procedure can be extended to any number of layers as necessary, and “weighting” may be used..
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3. Make a similar computation to obtain ¢'. :
4. Use the bearing-capacity equation (your choice) from Table 4-1 for gt With ¢’ and ¢,

If the top layer is soft (low ¢ and small ¢) you should check for any squeezing using Eq. (¢).
of Sec. 4-2.

For bases on sand overlying clay or clay overlying sand, first check if the. distance & will
penetrate into the lower stratum. If H > d; (refer to Fig. 4-5) you might estimate Guir as’
follows::

1. Find gy based on top-stratum soil parameters using an equation from Table 4-1.

2. Assume a punching failure bounded by the base perimeter of dimensions B X L. Here
include the g contribution from d;, and compute qyy Of the lower stratum using the bage
dimension B. You may increase g/;, by a fraction k of the shear resistance on the punch
perimeter (2B + 2L) X ks, if desired.

3. Compare gy to g, and use the smaller value.
In equation form the preceding steps give the controlling Qe 3S

! " PUK tan d C
Gut = Guie T P Asf ¢ + pA; = Gunt (4-10)

where gy = bearing capacity of top layer from equations in Table 4-1
gy = bearing capacity of lower layer computed as for gur: but also using B =

footing dimension, 7 = ydy; ¢, ¢ of lower layer ~ -
p = total perimeter for punching [may use 2(B + L) or 7 X diameter]

P, = total vertical pressure from footing base to lower soil computed as fod‘ yhdh
qd)
K = lateral earth pressure coefficient, which may range from tan?(45 = d/2)or
use K, from Eq. (2-18a)
tan¢ = coefficient of friction between P,K; and perimeter shear zone wall
pdic = cohesion on perimeter as a force
! Ay = area of footing (converts perimeter shear forces to a stress)

This equation is similar to that of Valsangkar and Meyerhof (1979) and applies to all soils.

Note that there will not be many cases of a two- (or three-) layer cohesive soil with clearly
delineated strata. Usually the clay gradually transitions from a hard, overconsolidated surface
layer to a softer one; however, exceptions may be found, primarily in glacial deposits. In these
cases it is a common practice to treat the situation as a single layer with a worst-case Sy value.
A layer of sand overlying clay or a layer of clay overlying sand is somewhat more common,
and the stratification is usually better defined than for the two-layer clay.

A possible alternative for ¢—c soils with a number of thin layers is to use average values:
of ¢ and ¢ in the bearing-capacity equations of Table 4-1 obtained as

ciHy + cyHy + ¢3Hz + -+ + c,H,
Cay = S H
i
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I. Purpose: The purpose of this analysis is to evaluate the primary consolidation
settlement along the main porewater collection drain trunk line as well as the strain
developed in geosynthetic components of the cap system as part of the Big Sandy Pond
Closure project.

The settlement analyses summarized herein were performed to support the design of the Big
Sandy Pond Closure project. The consolidation settlement analysis included determination of
the total and differential settlement anticipated due to consolidation of the subsurface materials
under the surcharge of new borrow fill to be placed over the pond as part of the closure. Total
settlement at the elevation of the invert of the proposed main porewater collection drain line
(referred to herein as the trunk line) was calculated at discrete points along its alignment, to
determine change in slope due to differential settlement and ascertain the ability of the trunk line
to maintain positive drainage from the upper pond to the lower pond. Total settlement along the
drainage channel was calculated to ascertain the ability of the drainage channel to maintain
positive drainage with limited potential for ponding. In addition, the strain developed in the cap
system due to settlement across a critical cross-section was analyzed.

II. Project Description

The proposed project consists of closure of the 140-acre Big Sandy Fly Ash impoundment reservoir,
which is used to dispose coal combustion product (fly ash) generated at the Big Sandy Plant owned
and operated by American Electric Power. The Plant is located on the west bank of the Big Sandy
River, near Louisa, KY with the ash reservoir located approximately % mile northwest of the Plant.

In order to aid the drainage and achieve design grades necessary for placement of final cap, borrow
fill material will be placed over the existing pond surface in four phases, starting at the upstream end
and extending downstream to the main dam. The borrow fill will be contoured to promote surface
water drainage into a central surface water channel, and the overall system (including the channel)
will be sloped to drain from the west to north. A majority of the surface/storm water will be
directed into the central surface channel (referred to as the main drainage channel in Phases 1 and 2,
and the tributary drainage channel in Phase 3) to a new spillway constructed at the existing saddle
dam, with a smaller portion directed to a new spillway at the existing main dam. Stormwater
channels were centrally located based on the unique configuration of the pond and the distance from
the western end to the proposed spillway. Slopes for the channels were set at 0.5% from the west
draining to the existing saddle dam at the east and the cap system was graded at a cross-slope of 2%
to drain toward the central channel.

The pore water management system will include a main trunk line and two lateral lines installed
along the length of ash pond with its lowest point at the leachate pump station near the Saddle Dam.
The trunk line will consist of two 6-inch diameter high density polyethylene (HDPE) pipes
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constructed in the middle of a 2-foot thick bottom ash subgrade layer, approximately 3-foot below
the proposed invert of the central channel. The two 6-inch diameter pipes will be separated by a
horizontal clear distance of 13 feet and have a 0.5% minimum slope.

The top of the borrow fill will be capped to complete the closure. Two final cap systems will be
used to close the fly ash pond. Areas with 5 feet or more of contouring fill will receive a soil cap
system. The soil cap system consists of 18 inches of re-compacted clay and 6 inches of top soil with
vegetative cover. Areas with less than 5 feet of contouring fill will not allow for adequate
compaction of the clay, and will therefore receive a geosynthetic cap system. The geosynthetic cap
system consists of a flexible membrane layer (FML), a geocomposite drainage layer, and 24 inches
of top soil with vegetative cover.

Over the majority of the closure footprint, final grades will be below existing grades, so no net
surcharge will be placed over the sluiced ash in the pond. Significant settlements of the cap or
associated features (such as the main drainage channel and pore water drain lines) are not
anticipated in these areas.

A few areas of the closure will include permanent fills to raise grades for the cap system. These
areas are subject to potential settlements induced by the surcharge created by the fill and include:

e Phase 1 of the closure, where new fill ranging in height from 24 to 26 feet will be required
to meet the proposed grades.

e A small area at the upstream (west) end of Phase 2. This area includes placement of
approximately 3 to 4 feet of new fill below the first 600 feet (Sta. 0+00 to Sta. 6+00) of the
main trunk line.

¢ The northern end of Phase 3 and all of Phase 4. A pore water drain is not proposed in this
area, and the main drainage channel occupies only a small portion of this area.

The above areas are the focus of this settlement analysis.

III. Settlement Analysis - Theory

Classical settlement theory was used herein. At the Big Sandy site, both the sluiced fly ash
deposit and underlying alluvium are anticipated to be in a normally consolidated state, based on
the results of 1D consolidation testing performed as part of the subsurface exploration (see
further discussion below). Therefore, for the analyses presented herein, the following equation
applies:

H.C o, +Ao

s, =——=log

=
I+e, o,

where,

s;= Settlement of layer
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H ;= Thickness of layer
C.= Compression Index of layer
e, = Initial void ratio at layer

oo’ = Effective overburden pressure at layer center
o, = Effective preconsolidation pressure
Ac = Surcharge pressure at layer center, Yz

Some analyses presented herein estimate the point-to-point strain in geosynthetic components of
the cap system, as a result of differential settlement. For these calculations, strain was computed
as follows:

L, —L,
E, (%)=———%100 where,
LO
Er = Tensile strain
L;= Original distance separating two location points
Ly = Final distance separating the same two points after settlement is complete
Methodology for determination of the various parameters involved in the above equations is

described in subsequent sections.

IV. Settlement Analysis - Methodology

Settlement analysis was performed for cross-sections A-A, B-B, and C-C, as shown on Figure A-
I in Attachment A. These sections correspond to areas of the project where more significant fills
will be placed and were selected and analyzed as follows:

e Section A-A: Currently, the primary geosynthetic component proposed as part of the cap
system is a geocomposite drainage layer, proposed to be used as necessary, in the soil and
geosynthetic cap system. In addition, a 40-mil PVC geomembrane liner will be used in
the geosynthetic cap system proposed for the Closure Phases 2 and 3, where the depth of
contouring fill is less than 5 feet.

It is anticipated that, with this nominal thickness of new fill, settlements and strains of the
cap system will be small. To provide a conservative analysis and interpretation of cap
system strains, a cross-section within Phase 1 (Section A-A) was selected for analysis.
Cross-section A-A is considered a critical section with respect to the potential for
settlement-induced strain in the cap system for the following reasons: 1) It is located
within Phase 1, which represents the maximum amount of borrow fill placement (24 to
26 feet in height) and maximum surcharge; 2) Cross-section A-A represents a minimal
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width across the fly ash pond wherein the calculated strains will be the largest for the
same amount of differential settlement. A pattern of closely spaced analysis points,
ranging in spacing from 10 to 50 feet was utilized for the settlement analysis along
Section A-A.

Although the cap at this location will not include geosynthetics (Phase 1 is to have a soil
cap), the results of the analysis at this section will provide a conservative interpretation of
potential strains in the geosynthetic cap areas of the project.

Section B-B: This section is located near the upstream origin of the pore water drain
trunk line. As such, it is a conservative representation of the area of the small segment of
trunk line that will be constructed over fill and has greatest potential for settlement.
The maximum settlement of the trunk line was estimated using Section B-B. The
reference point for the settlement analysis was taken immediately below the center of the
main drainage channel. The resulting settlement value is used to provide a conservative
indication of the change in slope of the trunk line and main drainage channel (due to
settlement) that may occur between the location of the cross-section and points just to the
east, where cuts rather than fills are proposed.

Section C-C: This section is considered to be representative of the northern end of Phase
3, where fills are proposed. The reference point for the settlement analysis was taken
immediately below the center of the tributary drainage channel. The resulting settlement
value is used to provide a conservative indication of the change in slope of the Phase 3
main drainage channel (due to settlement) that may occur between the location of the
cross-section and points to the southeast, where little to no fill is proposed.

The overall steps/elements of the settlement analysis are:

1.

Stratigraphic Profile for Settlement Analyses: Establish the stratigraphic profile beneath
the trunk line as well as Cross-section A-A at each settlement analysis point.

Selection of Compressibility Parameters: Select compressibility parameters for each
major stratigraphic deposit.

Determination of Net Surcharge Loading: For each settlement analysis point, utilize the
proposed final grade and existing grades to determine the thickness of new fill and
corresponding surcharge loading at that point.

Settlement Calculations: Using the input established in Steps 1 through 3 above and the
settlement equations given in Section II above, compute the settlement of each subsurface
layer at each settlement analysis point. Sum the layer settlements to compute the total
estimated settlement at each analysis point.
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For Cross-section A-A, perform settlement calculations (per No. 4 above) at a number of
reference points along the length of the cross-section. Then compare settlements of
adjacent reference points and compute point-to-point strains as described above in
Section III.

Detailed methodology of each step is described below:

1. Stratigraphic Profile for Settlement Analysis

A geotechnical exploration was conducted at the site in the Spring of 2012. The exploration has
been described in detail in the Geotechnical Summary Report (under separate cover).

For the purposes of the settlement analyses herein that are conducted mostly within the pond
area, the subsurface profile can be described to consist of very loose/very soft sluiced fly ash
underlain by native alluvium consisting of interbedded loose to medium dense sands and soft to
stiff clays. The alluvium is underlain by a thin layer of residuum and then by bedrock. As the
residuum consists of dense granular or very stiff to hard cohesive soils, it has been excluded
from the settlement analysis. Bedrock has been similarly excluded.

Stratigraphy for the major units included for the settlement analyses (sluiced fly ash and
alluvium) was developed as follows:

1. Fly Ash — The elevation of the top of the fly ash deposit is well defined by the
topographic and bathymetric survey information available to the project. The thickness
of the fly ash stratum (or the bottom elevation of the stratum) is well defined at the
discrete locations at which borings were performed within the pond, but is not accurately
known at points in between, or more importantly for the settlement analysis along Section
A-A. A historical USGS map (dated 1953) was available and provides some estimate of
the existing grades within the stream valley prior to the construction of the main dam and
the start of sluicing of ash within the pond. The contours shown on the USGS map were
assumed herein to represent the elevation of the bottom of the fly ash stratum/top of
alluvium. The USGS map was scaled and overlain on the project plans and the contours
were digitized and made into a 3D surface. The resulting surface was then checked and
adjusted to conform to the spot information corresponding to the boring locations, and the
thickness of the fly ash deposit at any given point was established from the adjusted
surface. The accuracy of the USGS topo used to establish the aforementioned surface is
considered limited, and the fly ash thicknesses and elevation of the bottom of ash/top of
alluvium in between discrete boring locations is considered to be approximate.

For the settlement analysis along cross-section A-A, the top of fly ash across the
transverse section was assumed to be constant at EL 572 (based on the elevation fly ash
encountered in boring PB-2 along cross-section A-A). The bottom of the fly ash was
evaluated using the surface established from the 1953 USGS map as described above.
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For the analysis of Sections B-B and C-C (where settlement is computed for a single
reference point), the profiles of borings PB-3 and PB-8 were used, respectively to
establish the top and bottom of fly ash elevations.

2. Native Alluvium — For the settlement analysis along Cross-Section A-A, the thickness of
the native alluvium across the transverse section was assumed to be constant at 17 feet
(based on the alluvium thickness encountered in boring PB-2, located along the cross-
section). It is anticipated that the thickness of alluvium will be reduced at the edges of the
cross-section as the valley walls are approached. The thickness of the alluvium was thus
estimated as 10 feet for settlement analysis points located at the edges of the cross-
section.

For Cross-Sections B-B and C-C, the thickness of alluvium was established from borings
PB-3 and PB-8, respectively.

2.  Selection of Compressibility Parameters

Based on the mechanism by which the fly ash was deposited, it was assumed to be a normally
consolidated material in all settlement analyses herein. The results of consolidation testing on
alluvium specimens indicated that the materials are normally or perhaps slightly
overconsolidated. Herein, calculations were performed assuming that the alluvium is normally
consolidated.

Material properties pertinent to the settlement analysis of normally consolidated materials
include the soil total unit weight (%), initial void ratio (e,), and compression index (C.). The table
below summarizes the parameter values selected for use in the settlement analyses:

Layer ¥ (pcf) e C.
T FyaAsh | 109 | 0923 | 009 |
Alluvium 126 0.633 0.142
Borrow fill 124 -- --

The basis for selecting these values is as follows:

e Two laboratory one-dimensional consolidation tests were performed using composite fly
ash samples that were reconstituted using the fluviation procedure described in the
Geotechnical report. The values of ¢, and C,. used for the fly ash are average values
based on the lab results. The total unit weight was calculated using the average of the
total unit weights obtained for the fine composite and the coarse composite sections of
the fly ash as reported by the lab testing. Refer to the Geotechnical Summary Report
(under separate cover) for a detailed presentation of the lab testing.
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® As described previously, the alluvium consists of interbedded sand and clay soils. For
the purposes of settlement analyses, the alluvium was modeled as wholly clay material.
This is a conservative assumption, as it is anticipated that settlement will be larger in
cohesive soils as compared to cohesionless soils under similar fill loads. Three laboratory
one-dimensional consolidation tests were performed on the native alluvium soils. The
high plasticity (CH) alluvium noted in only one boring (PB-4) was neglected and the
average values of ¢, and C. based on the lab results for the remaining two samples of
alluvium were used in establishing the parameters given above. Again, refer to the
Geotechnical Summary Report (under separate cover) for a detailed presentation of the
lab testing.

® Proctor testing on proposed borrow source materials has been performed and is presented
in detail in the Soil Borrow Study Report (under separate cover). The results of these
tests were utilized herein to establish the unit weight of the borrow materials to be placed
for the pond closure. For purposes of analysis, all borrow fill materials are assumed to
have a total unit weight of 124 pcf. This value is based on an assumption of achieving
90% compaction for the lower 3 feet of borrow fill placed on top of the fly ash layer and
95% compaction for layers above that depth.

3. Determination of Net Surcharge Loading

Settlement under a given point will be induced by the difference in the effective vertical stress
after completion of construction and the effective vertical stress currently existing at that location
—1i.e., the net surcharge applied.

The thickness of fill varies within the cross-section (generally highest at the edges of the closure,
tapering to a low value immediately within the main drainage channel). The surcharge
magnitude for the analysis of Sections B-B and C-C was calculated based on the average
thickness of fill within 100 ft on each side of the centerline of the main drainage channel. The
surcharge from this thickness was then assumed to be applied over a wide area to simulate an
infinite surcharge loading to be conservative. For Section A-A, where several reference points
are analyzed, the surcharge at any point along the cross-section was computed based on
thickness of proposed fill at that point.

4. Settlement Calculations

A separate settlement analysis was performed for each settlement reference point as described
above. The result at each point, i.e. the resulting settlement of all layers below the point, was
then tabulated. Given the large number of computations required, the analyses were performed
using in-house spreadsheets.
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V. Results of Settlement Analysis

Pertinent spreadsheet and example settlement calculations for each cross-section, are provided in
Attachment B of this memo.

The following points summarize the results of the analysis:

Section A-A: The calculated settlement under the main drainage channel is approximately
20-inches. The calculations for differential settlement and geosynthetic strain along
Cross-section A-A in Closure Phase 1 with a maximum fill height of 24 to 26 feet
indicate a maximum induced strain of 0.1%. Typical allowable strains for geosynthetics
are in the range of 1%-5%, much larger than the computed value. Therefore, it is
concluded that no appreciable concerns exist with respect to geosynthetic strain due to
settlement.

Section B-B: The calculated settlement of the reference point at Section B-B was 19-
inches. As described previously, the value represents the settlement of the pore water
drain trunk line at its upstream origin (Sta. 0+00). Furthermore, around Sta. 6+00, the
settlement is anticipated to drop to zero, as no new fill is proposed at or adjacent to the
trunk line/main drainage channel at this station. Thus, an average change in slope of 19-
inches over 600 ft, or 0.26% is anticipated over this length. This does not exceed the
design slope of the trunk line/channel (which is 0.5%) and a localized reduction in slope
over this relatively short distance is not anticipated to cause serviceability problems with
surface water or subsurface drainage.

Section C-C: The calculated settlement of the reference point at Section C-C was 15-
inches. As described previously, this value represents the settlement of the main drainage
channel at the northern end of tributary drainage channel (approximate Sta. 14+00). The
settlement of the channel is anticipated to gradually reduce moving south through Phase
3, to approximately zero near Sta. 0+00, where little to no fill is proposed as part of the
closure. Thus, an average change in slope of 15-inches over 1400 ft, or 0.09% is
anticipated over this length. This is a small proportion of the design slope of the channel
(which is 0.5%) and is not anticipated to cause serviceability problems with surface water
drainage.

Finally, as stated above the calculated settlements under the main drainage channel at
Sections A-A and B-B are 20-inches and 19-inches, respectively. The length of channel
between these two sections is approximately 250 ft, so the average change in slope of the
channel is 1-inch over 250 ft, or 0.03%. Again, this is a small proportion of the design
channel slope, so settlement is not anticipated to cause serviceability problems with
surface water drainage in this area.

The results indicate that settlements of the various project features should not result in
serviceability problems. However, it is noted that settlements at the main drainage
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channel may be mitigated by placing the borrow fill within Phase 1, rough grading the
channel and then allowing a wait time for settlement to take place prior to final capping
and final grading of the channel. An estimate of the time required to realize a significant
proportion of the anticipated ash and alluvium settlements has been performed and is
estimated to be approximately 3 to 6 months.
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ATTACHMENT B



CALCULATIONS FOR SECTION A-A



\ 2wV Wpw 2l

N AA \Su /\G,CM«N‘.W

600 200 100 100 1000 0000 1000 1000 1000 2000 100 z00 600 000 (%) NIVYLS
1600°0T | 80002 | L£00°0E 6100°0€ Z000°0S 1000°0€ Z000°0€ 1000°0Z €000°0€ 80000V £1000Z 180005 160001 0 (4) HLONI1 YN
(1] -0z o€ 0€ 0S 0€ (113 0z 0€ ov 0z 0S ot 0 (1) HLON31 YNIDINO
STy vEYO 99%°0 vEED SZT1°0 S00 10 £€00 EET0 SZ'0 SZZ0 60 SZv'0 0 (4) INIWILLIS 1IN
0 STY'0 6580 GZE'T 6S9'T v8L'1 vELT vE9'T £99'1 81 SS'T GZE'T SZY0 0 (3) INIW3I1LL3S WVIOL
0 s £01 6'ST 661 v'1z 8'0Z 961 0z 912 981 6'ST T's 0 (ur) INIW3ITLLIS TVIOL
0 s €01 '8 q 89 L9 59 L9 L9 vt '8 TS 0 (u) WNIANTIV NI LINIW3ITLLIS
0 0 0 8L 6T 9pT vl TEl €€l 6% 8 8L 0 0 (U1) HSY A4 NI INIW3ITLLIS
0LE 09€ OvE [1)£3 082 02 002 0L1 0ST 0z1 08 09 1) 0 NOILVLS
133SHAVIYLS INIWITLLIS WOYL LNdLNO
WNIANTTV SI 3AVHD DNILSIXT = 4 :LON
(1) 11 S'ET LT LT LT LT LT LT LT L1 L1 1t 0t (3) ¥3AV1 WNIANTTY 40 LHOI3H
5’889 589 S°TL9 6759 SE9 8'€29 9'v29 St'SZ9 929 €29 €9 6759 589 5’889 (13) ¥3AV1 WNIANTIY 40 WOLLOE
0 0 0 10 0z fa13 v'0€ SS'6C 62 [43 a1 10 0 0 () ¥3AV1 HSY A4 40 LHOI3H
V/N V/N V/N 6149 759 8'0v9 9'TIv9 St'Zv9 £v9 ov9 099 6'TL9 V/N V/N (13) ¥3AV1 HSY A14 40 WOLLO8
0 8vZ 9ZyT 001€ 9/62 7582 0642 (4344 082 9.67 8€0€ 00TE 174 0 (35d) 1114 OL INA IDYVHIUNS
0 (4 STT 54 74 €2 ST 8T 0z 74 S've Sz z 0 () 1114 40 LHOIIH 03S0d0YUd
5869 969 989 2.9 ZL9 zL9 ZL9 ZL9 L9 ZL9 ZL9 7.9 969 5’869 (13) (LWNIANTIV/HSY A14) 3aVYD ONILSIX3 40 dOL
S'869 869 S'L69 L69 969 569 S'v69 069 769 969 5'969 L69 869 5’869 (13) (i Jo doy) 3aVYD TYNI4 "dOYd
«0LE +09€ +OPE 01€ 082 0£2 002 0L1 0ST 0zt 08 09 «0T «0 NOILV1S
133SHAVIYAS LINIWITLLIS YO LNdNI

'8 3719vL

¥~V NOILLD3S-SSOUD ONOTV INJWITLLIS ¥Od 319V1L AUVINIINNS




ATTACHMENT B: SAMPLE SETTLEMENT CALCULATION

Cross-Section A-A, STA. 1+20

Input data:

Based on the profile shown in “Figure B.2 — Profile along Cross-section A-A”

Proposed final grade = EL 696.0

Top of Existing Fly Ash layer = EL 672.0
Bottom of Fly Ash layer = EL 640.0

Top of Alluvium layer = EL 640.0
Bottom of Alluvium layer = EL 623.0

The input data for settlement file (Page 2 of the calculation) is as follows:

Qutput:

Height of fill layer at x= 120 is 696-672 = 24 feet.

Total unit weight of borrow fill material = 124 pcf.

Total surcharge load = 24*124 = 2976 psf.

Create a table for distribution of surcharge using unit weight of 124 pcf
and height of fill layer for each analysis point with x changing from 0 to
370 as presented in Summary Table B.1. Use x=120 for point under
consideration.

Height of fly ash layer = 672-640 = 32 feet.
Use Layers 1-4 of 8 feet thickness each.
Total fly ash height = 4*8 = 32 feet

Height of alluvium layer = 640-623 = 17 feet.

Use 3 layers for alluvium with Layers 5 and 6 of 6 feet and Layer 7 of 7
feet thickness.

Total Alluvium height = 6+6+5= 17feet.

Material properties for compressibility of flay ash and alluvium are
assigned as per description in the memo.

Based on output file: Total Computed Settlement = 21.6 inches

Settlement in fly ash layer = 14.9 inches
Settlement in alluvium layer = 6.7 inches



One-Dimensional Settlement Analysis

Project Name and #: AEP Big Sandy
Date: 12/2/2012 )
Description: Settlement Along Tranverse Section AA
Sta 1+20
Computed By: MSJ/ VKG
INPUT DATA
Soll Profite Input
[ Water Table Depth: 0.01 ft |
[Enter up to 20 Iayers
Layer Layer Layer unit wt ey P C, C.
Number Description Thickness (pef) at layer (psf)
1)
1 Fly Ash 8 109 0.923 187.024 0.015 0.095
2 Fly Ash 8 109 0.923 569.824 0.015 0.095
3 Fly Ash 8 109 0.923 932.624 0.015 0.095
4 Fly Ash 8 109 0.923 1305.424 0.015 0.095
5 Alluvium 8 126 0.633 1682.624 0.018 0.142
6 Alluvium 6 126 0.633 2064.224 0.018 0.142
7 Alluvium 5 126 0.633 2414,024 0.018 0.142
8
9
10
11
12
13
14
15
16
17
18
19
20

Surcharge Input

| Surcharge Geometry (Up to 10 Points)

Page10f3

Infinite Surcharge Distribution
x-Coordinate of Settlement Point 120
4000
Point X surcharge a5
Number coordinate value (psf) o
1 0 0 E 3000 /'\ /__‘___,_——?‘ .\
2 60 3100 e ™
8 / ~ \
2 2000
3 120 2976 = / \
D 1500
4 150 2480 g / \
5 170 2232 g 1w / \
6 200 2790 g \
<4
3 0 ¥
7 230 2852 (7] 50 100 150 200 250 200 350
8 280 2976 -500
9 310 3100 -1000
10 370 0 X
b
Rectangular Loading
Include Rectangular Load? n a
Load 1 Load 2 Load 3
Enter Corner or Center (CO
or CE) - Defaults to CE CE CE co
Enter magnitude, q (psf)
Enter Width, a (ft) Whole width = 2a; Whole length = 2b (for both CE and CO)
Enter Length, b (ft)

Stal20 12/7/2012 5:01 PM
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CALCULATIONS FOR SECTION B-B




One-Dimensional Settlement Analysis

Project Name and #:
Date:
Description:

Computed By:

INPUT DATA
Soil Profile Input

AEP Big Sandy
6/11/2013
Estimated Maximum Settlement Along Leachate Trunk Line
Sta. 0+00 (Based on Section B-B)

VKG

Water Table Depth: 0.01
{Enter up to 20 layers
Layer Layer Layer unit wt ey P C, C.
Number Description Thickness {pcf) at layer {psf}
(ft)
1 Fly Ash 7 108 0.923 163,724 0.015 0,085
2 Fly Ash 7 108 6.923 489.924 0.015 0.085
3 Fly Ash 7 1089 0.923 816.124 6.015 0.085
4 Fly Ash 7 108 0.823 1142.324 0.015 0.085
5 Fly Ash 7 109 0.923 1468.524 8.018 0.065
6 fy Ash 7 108 ¢.e23 1784.724 0.015 0.085
7 Fly Ash & 10¢ .923 2087 624 0.015 0.085
g Fly Ash ] 109 0.923 2377 224 4.015 0.085
g Alluvium g 126 0.633 2707.824 8.018 0.142
10 Aluvium 8 126 0.633 3088.424 4.018 0.142
11 Altuviom 55 128 0.633 3455124 0.018 0.142
12
13
14
15
18
17
18
19
20
Surcharge Input
{nfinite Surcharge Geometry {Up to 10 Points -
infinite Surcharge Distribution
x-Coordinate of Setflernent Point 250
2500
Point x surcharge
Number coordinate value (psf)
o~ 2050
S B
1 o 0 Z :
2 0.001 1750 g e !
3 §
3 500 1750 k-4 H
& H
4 500.01 3 g H
0 z H
5 @ H
" g i :
& = §
g ¢
7 cg o ¢
100 200 H 300 4t 506
8 H
g =
10 x
Rectangular Loading * 3
include Rectangular Load? 5 a |
Load 1 Load2 Load 3 i i
P H
Enter Cormer or Center (CO | [
or CE} - Defauits to CE CE CE co i i
|

Enter magnitude, g {psf)
Enter Width, a (i)
Enter Length, b {ft)

‘Whole width = 2a; Whole length = 25 (for both CE and CO)

745 PM
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CALCULATIONS FOR SECTION C-C




One-Dimensional Settlement Analysis

Project Name and #: AEP Big Sandy
Date: 6/11/2013
Description: Estimated Maximum Settlement At Tributary Channel
Sta. 0+00 (Based on Section C-C)
Computed By: VKG
INPUT DATA
Soil Profile Input
Water Table Depth: 0.01 ft ]
Enter up to 20 layers
Layer Layer Layer unit wt e P c, C.
Number Description Thickness {pcf) at layer {psh
(1)
1 Fly Ash 8 108 0.923 187.024 0015 0.095
2 Fiy Ash g 109 0,923 £59.824  0.015 0.095
e Fly Ash 8 108 0.823 932624 0015 0.085
4 Fly Ash 8 109 0,923 1305424 0015 0.085
5 Fly Ash g 1089 0.923 1701524 0.015 0.095
[ Fly Ash 9 109 0.923 2120824 0.015 0.095
7 Fly Ash ] 109 0.823 2540.324 0.095
8 Fly Ash E 109 0.923 2059.724 0,095
g Fiy Ash g 10 0.923 3376.124 0.085
10 Fiy Ash 9 108 0,923 3798.524 0.085
11 Fly Ash ] 109 0.923 4217.924 0.095
12 Fly Ash ] 108 0,923 4637324 0.085
13 Fly Ash g 109 0.923 50566.724 0.095
14 Fly Ash ] 108 0.623 5476.124 0.085
15 Fiy Ash 9 108 0.923 5895524 0.095
18 Alluvium 7 126 0.633 6327.824 0.142
17 Altuvium 7 126 9.633 £773.024 6,142
18 Alfuvium 7 126 0.633 7218224 0.142
18
20

Surcharge Input

linfinite Surcharge Geometry (Up to 10 Points)
Infinite Surcharge Distribution
x-Coordinate of Sstfement Point 250
200
Point x surcharge
Number coordinate value {psf) 1006 -
o i
1 5 o 8_ 200
2 0.001 870 @ H
T o ;
3 500 870 E §
4 500.01 ] g 1
5 £ :
5 % o ¢
] '
& E H
[ [
P 1 w06 200 H 300 408 560 568
/ ® §
8
9 a0}
10 X
5 b
Rectangular Loading [ !
include Rectangular Load? n ! a |
Load 1 Load 2 Load 3 i ‘
b B
Enter Comer or Center (CO | i
or CE} - Defaults to CE CE CE Co
Enter magnituds, g (psf) - : |
Enter Width, a {f) Whole width = 2a; Whole length = 2b {for both CE and COj
Enter Length, b ift}

Pags 1 613
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3y AMERICAN®
ELECTRIC
POWER

DEEP SEATED STABILITY ANALYSIS

BIG SANDY POWER PLANT ASH POND CLOSURE PROJECT

GEOTECHNICAL CALCULATIONS



URS Corporation

Job AEP Big Sandy Pond Closure Project No. 1385151 Sheet of
Description ~ Deep-Seated Stability Analysis Computed by VKG Date 6/10/13
Checked by SEV Date 6/10/13

L Purpose: The purpose of this analysis is to evaluate deep-seated (global) slope
stability of the proposed separation berm, to be constructed between the main and
lower ponds as part of the Big Sandy Pond Closure project.

The deep-seated stability analysis summarized herein was performed in support of the Big Sandy
Pond Closure design. The subject of this analysis is the separation berm to be installed north of
the saddle dam, and separating the upper main pond from the lower pond. This analysis is
intended to evaluate the berm stability, which is considered to be the most critical permanent
slope included in the pond cap system.

All analyses were performed with the SLOPE/W computer program. The program uses limit
equilibrium theory and standard procedures (e.g. Spencer’s, Bishop, Janbu, etc.) to determine
factors of safety for circular and block (translational) failure surface geometries. The program
searches for critical factors of safety based on user-input of entry and exit lines along the ground
surface. Additional information on the program is available at http://www.geo-slope.com/.

1I. Model Development

The various parameters used to construct the slope stability models are as follows:

® Model geometry - including slope configuration (cross-sections), as well as soil units and
stratigraphy

® Material Properties — including strength and unit weight properties for each material
e Water Table Elevations — including pond/groundwater levels

e Surcharge Loading - due to seismic conditions. The surcharge loading due to seismic
conditions was obtained using seismic site response analysis including a 1D SHAKE
analysis that has been performed as part of the liquefaction evaluation (submitted under
separate cCover).

Model Geometry

Cross-Section

The current Big Sandy Pond Closure design minimizes the amount of fill required to establish
cap grades for the closure. As such significant permanently sloping ground or interim
construction slopes are not proposed or anticipated on the project. Exceptions to this include:

1. Permanent cut slopes made at the existing valley walls, to obtain borrow fill for the pond
closure.

2. A separation berm, to be constructed between the main pond and the lower pond that
exists immediately behind the main dam, to accommodate the grade change that occurs
between these two areas. This berm will have a height of 20 to 30 ft over the existing
pond surface and will be constructed using new fill materials, placed above the pond
surface.

K:\Projects\A\AEP\13815151_BSPond\DOCs\Analyses\Slope Stability Analysis\100% submittal\SSA - AEP Pond - 100% Design.doc



URS Corporation

Job AEP Big Sandy Pond Closure Project No. 1385151 Sheet of
Description ~ Deep-Seated Stability Analysis Computed by VKG Date 6/10/13
Checked by SEV Date 6/10/13

Regarding No. 1 above, the permanent cuts proposed in the valley wall lie above the limits of the
proposed cap system and as such are not anticipated to affect the finished cap. Furthermore, the
majority of these cuts will be in rock, and limit equilibrium slope stability analyses are not
pertinent.

The analysis performed herein is focused on the separation berm (No. 2 above). The cross-
section analyzed is illustrated below. As the berm configuration and the existing pond grades
within the berm footprint are relatively consistent, the cross-section location was chosen by
inspection and is considered to be representative of the entire berm.

Summary of Subsurface Conditions

Pond boring PB-8 was performed on the existing splitter dike that currently occupies the area
where the separation berm is to be constructed. The boring is located roughly at the center of the
proposed separation berm’s crest. This boring was utilized to establish the subsurface conditions
for slope stability analysis. The boring encountered the following materials (from highest to
lowest elevation):

¢ Loose Bottom ash (including both materials placed to make access for the boring and the
material comprising the existing splitter dike) to El. 649.5;
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Very loose/very soft sluiced Fly Ash to El. 541;
Alluvium (consisting of medium dense to dense silty sand);

Sandstone bedrock.

As the alluvium and bedrock are at great depth in comparison to the height of the berm, these
layers were excluded from the slope stability analysis.

Stratigraphy

Stratigraphy in the slope stability models was developed as follows:

1.

Separation Berm — Configuration of the proposed separation berm (including crest
width/elevation and sideslope) were based on the contours given in the design plans. It is
assumed that the berm will be constructed of nominally compacted bottom ash. This was
anticipated to be the most conservative assumption, as bottom ash will be modeled as a
purely frictional material, with no cohesion. For simplicity, a separate layer for the cap
system was not defined in the model. This is not considered to affect the results of the
analysis.

Splitter Dike — The specific configuration of the existing splitter dike is unknown. Plans
and construction records were not available for review at the time of this analysis.
Therefore, the splitter dike configuration was assumed as described herein.

The splitter dike crest elevation and horizontal position within the cross-section was
established from the existing survey information. The base elevation of the dike was
taken as the elevation of the base of bottom ash, as revealed in boring PB-8 (EIL. 649.5).
Dike sideslopes were assumed to be 3H: 1V, which is consistent with the existing
bathymetric slope north of the dike. The dike is presumed to be constructed entirely of
loose bottom ash, as encountered in the boring.

Sluiced Fly Ash — Sluiced fly ash was assumed to make up the remainder of the cross-
section’s stratigraphy. Both upper and lower surfaces of the fly ash were assumed to be
horizontal, consistent with the method of deposition by sluicing.

Material Properties

All materials were modeled with Mohr-Coulomb strength envelopes and assuming effective
strength or total strength conditions, depending on the analysis. The material properties pertinent
to this type of model include the total unit weight, ¥ and strength parameters ¢, friction angle,
and ¢, cohesion.

Material parameters used in the slope stability analyses were as follows:
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Effective Strength Parameters

Layer y(pcf) ¢ (deg) ¢ (psf)
Separator Berm 100 34 0
Splitter Dike 80 32 0
Sluiced Fly Ash 107 30 0

Total Strength Parameters

Layer 7(pcf) | gdeg) | c(psh
Separator Berm Same as Effective Strength Parameters
Splitter Dike Same as Effective Strength Parameters
Sluiced Fly Ash 107 | 15.5 | 164

Commentary:

e Material properties for the separator berm and splitter dike (both assumed to be
comprised of bottom ash), were conservatively assumed as indicative of a lightly
compacted and minimally compacted ash, respectively. As bottom ash is considered to
be a rapidly draining material, both total and effective strength properties are assumed to
be the same.

e Friction angle and cohesion intercept for the sluiced fly ash (both total and effective
strength parameters) were established based on the results of laboratory isotropic
consolidated-undrained triaxial testing with pore-pressure measurements. Choice test
results are provided in the attachments. The total unit weight was taken as the
approximate average of undisturbed piston samples collected during the subsurface
exploration.

Water Table

The groundwater table was assumed at El. 670, which was roughly the water level observed in
boring PB-8. This is considered to be a conservative representation of the long term water table,
as water levels are expected to drop once the lower pond is drained for the closure.

III.  Methodology
The analysis checked “deep-seated” circular failure surfaces, with a minimum thickness of 10 ft.

SLOPE/W was utilized to calculate a large number of failure surface geometries, using the Entry
and Exit routine of the program. Circular failure surface geometries were checked in this
analysis.

Three separate analysis cases were checked, as described below:
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Potential Failure Geometries:

Iv.

Case 1: Effective Strength (Long Term) Conditions: This analysis represents the long term
state of the berm. Pore pressures generated in the underlying sluiced fly ash during
construction of the berm have come to equilibrium, and all materials are assigned drained
(effective) strengths, as described in Section II. This was a static analysis (no seismic
loading).

Case 2: Total Strength Conditions: This analysis assumed that the separator berm will be
constructed very rapidly, and that the sluiced fly ash would not undergo any consolidation at
the end of the construction process. The analysis assigns strength to the sluiced ash based
on the total strength material properties given in Section II. Furthermore, the strengths are
fully based on the pre-construction in-situ stresses — i.e., the vertical stresses induced by the
separator berm weight were excluded when assigning shear strength to the sluiced ash. This
was accomplished in SLOPE/W using the Shear Strength as a Function of Depth option.
The initial cohesion value was equated to the total cohesion given in Section II, and the rate
of shear strength increase with depth was established using the total friction angle and the
effective unit weight (see Section II). This was also a static analysis. The analysis is
considered conservative, as some consolidation (and corresponding strength gain) of the
sluiced ash would be expected as the berm is constructed.

Case 3: Seismic Conditions: This analysis models the earthquake condition corresponding
to an event with 2% probability of exceedence in 50 years and was implemented as a
pseudostatic analysis with constant seismic coefficient in SLOPE/W. A seismic site
response analysis including a 1D SHAKE analysis has been performed as part of the
liquefaction evaluation (submitted under separate cover). That analysis indicated that
dynamic liquefaction of the sluiced fly ash under the earthquake scenario is unlikely. Based
on this result, effective strength parameters have been assumed for the fly ash.
Furthermore, some results of the SHAKE analysis, specifically the peak ground acceleration
at the surface of the pond computed by the program, were utilized herein. The computed
PGA was approximately 0.09g. This acceleration was assumed at the base of the separator
berm (which will be constructed at the surface of the pond). The acceleration at the crest of
the separator berm is anticipated to be different, possibly higher than the basal acceleration,
depending on the period of vibration of the berm structure and the response spectrum of the
ground motions considered in SHAKE. For this analysis, the base acceleration of 0.09g was
increased to 0.12g, and this value was used as the seismic coefficient in the pseudostatic
analysis.

Results of Analysis

The results of the analyses are given in the table below. SLOPE/W outputs depicting the critical
failure surfaces are provided in the Attachment.
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CRITICAL FACTOR OF
ANALYSIS CASE
SAFETY
Case 1: Effective Strength Conditions 2.88
Case 2: Total Strength Conditions 1.37
Case 3: Seismic Conditions 1.85

V. Conclusions

e The results of all cases indicate that factors of safety against deep-seated failures
substantially exceed typical guidance values, including those provided in the Ohio EPA’s
“Geotechnical and Stability Analyses For Ohio Waste Containment Facilities”, and the
U.S. Corps of Engineers’ EM-1110-2-1902 “Slope Stability”.
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CLOSURE CAP SHALLOW TRANSLATIONAL
SLOPE STABILITY ANALYSES

BIG SANDY POWER PLANT ASH POND CLOSURE PROJECT

GEOTECHNICAL CALCULATIONS
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l. PURPOSE

The purpose of this analysis is to evaluate the veneer stability of the final cover system Big Sandy Fly Ash
Pond by evaluating shallow translational failure potential of the cover system. There are no prescriptive
standards related to slope stability in Kentucky Special Waste Solid Waste Regulations.  These
calculations are being provided to evaluate the stability of the cover system design proposed for the
facility.

Il. SITE AND PROJECT DESCRIPTION

The shallow translational failure analysis was performed as part of the Special Waste Permit Application
for the closure of the Big Sand Fly Ash Pond located in Louisa, Kentucky. The proposed grades are
generally shallow (approx. 2%). The slopes of the berm used to separate the revised Saddle Dam
drainage area from the Main Dam drainage area incorporates the 4H:1V slope. This area is currently
anticipated to receive a compacted soil cap system, but was analyzed for the geosynthetic cap system in
the event that conditions during construction warrant the geosynthetic cap in lieu of the soil cap. The
following sections summarize the methodology, assumptions, and results of the shallow translational
failure analysis. For further detail on the specific calculations performed, refer to the corresponding data
provided in the Attachments.

lll. SHALLOW TRANSLATIONAL FAILURE ANALYSIS — METHODOLOGY

Analysis of the sliding potential of relatively thin cover soil layers (veneer) above both geosynthetic and
natural soil liners, i.e. geomembranes (GM), geosynthetic clay liners (GCL) and compacted soil liners is
important. This is because the underlying barrier materials generally represent a low interface shear
strength boundary with respect to the soil placed above them and the geosynthetics are oriented
precisely in the direction of potential sliding.

The method used in this analysis closely follows the methods outlined by Koerner and Soong (Koerner
and Soong, 2005) and is performed by use of force equilibrium to balance the driving forces due to
gravity pulling on the cover soils and the resistance to sliding due to friction between the underlying
subsurface and cover material. Resistance to sliding is also due in part to the toe support (passive
wedge) located at the base of the sliding mass. This is conceptually illustrated in Figure 1 below.

AEP Big Sandy CapSystemVeneer Draft
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Where,
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Figure 1. Conceptual Veneer Stability Analysis Cross Section/Free Body Diagram

Total Weight of the Active Wedge

Total Weight of the Passive Wedge

Effective Force Normal to the Failure Plane of the Active Wedge
Effective Force Normal to the Failure Plane of the Passive Wedge
Unit Weight of the Cover Soil

Thickness of the Cover Soil

Length of Slope Measured Along the Geomembrane

Soil Slope Angle Beneath The Geomembrane

Friction Angle Of The Cover Soil

Interface Friction Angle Between Cover Soil and Geomembrane

Adhesive Force Between Active Wedge Cover Soil and Geomembrane

Adhesion Between Active Wedge Cover Soil and the Geomembrane

Cohesive Force Along The Failure Plane Of The Passive Wedge
Cohesion of the Cover Soil

Interwedge Force Acting on the Active Wedge from the Passive Wedge
Interwedge Force Acting on the Passive Wedge from the Active Wedge

Factor of Safety Against Cover Soil Sliding on the Geomembrane

The shallow translational failure analysis is analyzed by fully satisfying the equilibrium of forces in the
vertical and horizontal directions. By taking force summation parallel to the slope and comparing the
resisting force with the driving or mobilizing force, a global factor of safety (FS) results:

AEP Big Sandy CapSystemVeneer Draft
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Resisting Forces
Fo— X g

Y Driving Forces

As noted in the procedure contained in the Koerner and Soong paper, FS for veneer stability as depicted
in Figure 2 is determined by solving the following quadratic equation:

G —b +Vb? — 4ac
B 2a
Where,
a = (W,—Nycosf)cosp
(W4 — NycospB)sinftang
b = —[+(Nytans + C,)sinfcosp
+sinB(C + Wptang)
c = (Nytand + Cp)sin?Btang

When the calculated FS-value falls below 1.0, sliding of the cover soil on the geomembrane is to be
anticipated.

For this analysis, the following conditions and factors of safety were used based on the anticipated
probability and consequences of failure:

e Static Conditions (Peak Strength): FS > 1.50

e Static Conditions (Residual Strength): FS> 1.10
e Static Conditions (Full Drainage Layer): FS>1.10
e Static Conditions (Equipment Loads): FS> 1.25
e Seismic Conditions: FS >1.00

The static/peak strength condition corresponds to a long term condition. Typically slope stability
analyses require a static factor of safety between 1.4 and 2.0 (or potentially higher if conditions warrant
it). A factor of safety of 1.5 is commonly used for landfill cap and liner system design for long term static
conditions. The longest and steepest geometric slope will occur during interim conditions, therefore; a
factor of safety of 1.3 was presented in the attached calculations in lieu of the long term evaluation.
Mobilizing residual strength in the engineered components is unlikely, but the design was also analyzed
for residual strength conditions where applicable. Because this condition represents a post-peak
strength event and the strength is the reasonable low limit for strength of the interface a lower factor of

AEP Big Sandy CapSystemVeneer Draft
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safety. In addition, a residual FS of greater than 1.1 would allow the slope to restabilize after the
unforeseen event, limiting further damage. The design was also analyzed for static conditions under
high seepage forces in the drainage layer where the drainage layer is at full capacity. This condition is
7temporary based on the frequency of the design storm used; therefore, a lower factor of safety is
warranted. Other loads accounting for equipment on the side slope and seismic forces were similarly
analyzed representing temporary events warranting commensurate lower factors of safety.

Note that this analysis for equipment load only accounts for the weight of the vehicle and assumes very

small and gradual acceleration and deceleration on the slope such that it can be neglected. It also
assumes placement of the material beginning from the toe of slope progressing to the top.

IV. SELECTION OF PARAMETERS

For the final cover system, the following assumptions and design parameters were used. Slope lengths
and angles used in all analyses correspond to the maximum (i.e. worst case) values corresponding to
each respective system.

a. Slope Geometry

The final cover system will have a maximum slope of 4H:1V. Based on the final cover design
grades, the maximum slope length is approximately 120 feet.

b. Layers
Layers and layer thicknesses for the cover system is anticipated as follows:

Table 1. Layer Summary for the Liner and Final Cover System

THICKNESS LAYER
Final Cover
6in Vegetative Cover Soil
18 in Protective Cover Soil
n/a Geocomposite Drainage Layer
n/a PVC Geomembrane
Varies Contouring Fill Material

c. Critical Interfaces

The critical interfaces analyzed represent preferential pathways for mass sliding. Critical
interfaces in the cover or liner system are typically between adjacent geosynthetic materials or

AEP Big Sandy CapSystemVeneer Draft
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between geosynthetic and soil materials. The geosynthetics are of negligible thickness so the
depth to the failure surface does not require adjustment for the individual components when
they are stacked.

For the final cover system, the following interfaces represent the critical interfaces analyzed:

e Protective Soil/Geocomposite Drainage Layer
e Geocomposite Drainage Layer/PVC Geomembrane
e PVC Geomembrane/Contouring Fill

For each system, a minimum shear strength envelop was determined for each condition. The

most conservative envelope developed from the various conditions is anticipated to be used to
develop material specifications for use in construction.

d. Material Parameters

The various material parameters used in the veneer analyses are tabulated in the table below.

Table 2 Final Cover Variables

PARAMETER VALUE COMMENTS
Final Cover
Dry Unit Weight of Veg. Cover Soil, yp.vc 100 pcf  Assumed (typical of veg. material)
Moisture Content of Veg. Cover Soil, We.yc 20% Assumed (typical of veg. material)
Dry Unit Weight of Slope Cover Soil, yp.cs 100 pcf  Typical unit weight of in-situ lab samples
Moisture Content of Slope Cover Soil, We.cs 20% Typical moisture of in-situ lab samples
Specific Gravity of Slope Cover Soil, Gs 2.7 Assumed (typical of clay)
Friction Angle of Slope Cover Soil, ¢ 25deg Conservatively assumed cover soil
Cohesion of Slope Cover Soil, ¢ 100 psf ~ strength parameters

Equipment Loads

Weight of Construction Equip (Wy) 39,918 Ibs CAT D6 LGP Dozer
Length of Equip. Track (w) 10.2 ft  CAT D6 LGP Dozer
Width of Equip. Track (b) 2.8ft  CAT D6 LGP Dozer
Seismic Loads

Seismic Coefficient (Cover) 0.09g  Seismic Coefficient Calc.

V. RESULTS OF ANALYSIS

The analysis consists of finding strength parameters (friction angle, ¢ and cohesion, c) for a given
interface, to meet required factors of safety against translational failure. In the case of geosynthetic

AEP Big Sandy CapSystemVeneer Draft
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interfaces, the term adhesion is used instead of cohesion. Cohesion strictly relates to clay particle
interaction, whereas adhesion refers to the physical interaction of geosynthetic surfaces.
Mathematically, these terms are interchangeable.

The results of the analysis are summarized below. Detailed calculations are included as Attachment A.
The minimum peak and residual shear strength parameters for each condition are included in graphical
form in Attachment B.

a. Final Cover System Peak Shear Strength Parameters

The minimum required shear strength parameters for the final cover system are as follows
assuming cohesion/adhesion is equal to zero. Additional minimum values where
cohesion/adhesion are non-zero are included in Attachment B.

Table 3. Final Cover Minimum Calculated Required Peak Friction Angles

TARGETED CALCULATED
PEAK INTERFACE

CONDITION * FACTOROF  FACTOR OF
FRICTION, ¢ (DEGREES)

SAFETY SAFETY
Static 17.8 1.50 1.50
Static (Full Drainage Layer) 17.8 1.10 1.33
Static (Equipment Loads) 17.8 1.25 1.46
Seismic 17.8 1.00 1.08

*Calculations of friction angles assume interface adhesion(c) is equal to zero.
b. Final Cover System Residual Shear Strength

The acceptable material specifications are anticipated to be based on peak strength of the
materials. However, should the cover or liner system be temporarily acted upon by an outside
force that causes the post peak strength to be mobilized, there may be some displacement of
the cap system. Movement will occur along the interface with the lowest peak strength. This
will then mobilize the residual/large-displacement strength of that particular interface. If
residual strength for the interface with the lowest peak strength is above the minimum shear
strength envelope as depicted in Attachment B, the cap system is anticipated to stabilize after
the temporary loading condition ends.

Preconstruction testing with actual materials is anticipated to be conducted to verify that the
materials used exhibit interface properties above the minimum shear strength envelope.

AEP Big Sandy CapSystemVeneer Draft
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Preconstruction testing with actual materials is anticipated to be conducted to verify that the
materials used exhibit interface properties above the minimum shear strength envelope.

The minimum shear strength parameters assuming residual strength is mobilized for the final

cover is as follows assuming cohesion/adhesion is equal to zero. Additional minimum values
where cohesion/adhesion are non-zero are included in Attachment B.

Table 4. Bottom Liner Minimum Calculated Friction Angles

RESIDUAL INTERFACE FACTOR OF
CONDITION
FRICTION, ¢ (DEGREES)* SAFETY
Final Cover Static Residual 12.4 1.10

*Calculations of friction angles assume interface adhesion (c) is equal to zero.
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AEP Big Sandy CapSystemVeneer Draft



ATTACHMENT A




URS Corporation American Electric Power JOB 13815151
564 White Pond Drive SHT NO 1 OF 11
Akron, OH 44320 VENEER STABILITY (FINAL COVER) | cacey| nsG DATE  05/01/13
Tel. (330) 836-9111 Big Sandy Ash Pond Closure CHKBY| JM DATE 5/7/13
Fax (330) 836-9115 SCALE NA
Objective:
Determine the veneer stability of the cover . .
: Active wedge Cover soil
system at the Big Sand Ash Pond Closure e
Method:
Use methods outlined in the paper by Koerner Geomembrane

and Soong, Analysis and Design of Veneer
Cover Soils published in Geosynthetics
International, 2005, 12, No.1.

Procedure:

Determine the static stability of the veneer
cover system to evaluate the minimum
required interface friction angle for all
engineered components of the cover system.
Balance the forces as shown in Figure 1 and
the required factor of safety (FS) then solve
for minimum interface shear strength
parameters.

Assumptions:

Figure 1. Limit equilibrium forces involved in a finite length slope analysis for a
uniformly thick cover soil

1. No geosythetic reinforcements

2. No interface adhesion for geosynthetic components.
3. No tension allowed in geosynthetics

4. Minimum cohesion for multilayered systems

5. Weighted average friction angle for multilayered systems in passive wedge.

Veg. Cover Soil (VC)/Prot. Cover Soil (CS) and Slope Parameters _

VC CS Utilized
Thickness (h) 0.5 1.5 2.0
Dry Unit Weight (yp)| 100.0 100.0 100.0
Mois. Cont. (field cond.) (Wg)| 20.0 20.0 20.0
Avg Field Unit Wt (y) - - 120.0
Reference Stress - - 232.8
Min. Friction Angle (¢)| 25.0 25.0 25.0
Min. Cohesion (c)| 100.0 100.0 100.0
Slope Angle Beneath the Geom. () - - 14.03
Ht. of Slp. Meas. Along Geom. (H,) - - 30.00
Lng. of Slp. Meas. Along Geom. (L) - - 123.75
Inter. Frict. Angle for DL & Geom. (J) - - 17.8
Adhesion for DL & Geom. (C,) - - 0.0
Required Factor of Safety (FSR) - - 1.50

AEP Big Sandy CapSystemVeneer-Draft.xIsx
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Determine: Static factor of safety for cover system based on gravitational forces only and peak strength.

Design - see Sheet 18
Assumed values based on lab testing

Assumed values based on lab testing

Assumed (conservative for clay)
Assumed (conservative for clay)

Design - see Sheet 10

Design - see Sheet 10

Min. req. shear strength parameters -
see CQA Plan for testing regs.

Min. req. FS for long term conditions
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Active Wedge Calculations

Determine the total weight of the active wedge (W,),the effective force normal to the failure plan of the active wedge (N,),
the adhesive force between the cover soil of the active wedge and the geomembrane (C,), and the interwedge force acting on
the active wedge from the passive wedge (E,) using the following eqs:

W, =W’ £__'1 _ G 27,659 lbs N,=W,cosf8 = 26834 lbs
h sinf 2
C =c|L- .h _ "~ lbs EA=(FS)(WA—NAcos‘ﬁ)—(NA tand +C, )sin 3 _ o T
sin B sin B(FS)

Passive Wedge Calculations

Determine the total weight of the passive wedge (W,),the effective force normal to the failure plan of the passive wedge (N;),
the cohesive force along the failure plane (C), and the interwedge force acting on the passive wedge from the active wedge (E;)
using the following eqs:
2
ch
W, = h = 1,020 lbs C = = 825 lbs

sin 23 sin [

_ C+W, tan ¢
" cos B(FS)—sin Btan ¢

Static Factor of Safety (Solved for Iteratively)

Determine the calculated Factor of Safety (FS,) using a quadratic equation relationship where the constants are defined as

969 Ibs N,=W,+E,sin 8 = 1255 Ibs

follows:

a=(W,—N,cosB)cosB = 1,577 Ibs/ft Results Have Converged
(W, =N, cosB)sinStang ::z : i:g

b=—+(N,tand+C,)sinBcosB (2,525) Ibs/ft

' Min. Peak § 17.8 de
+sinB(C+W, tang) Min. Peakc, 0.0 psfg

c=(NA tan O + Ca)sinzﬁtan¢ 236 lbs/ft

AEP Big Sandy CapSystemVeneer-Draft.xIsx 2



URS Corporation
564 White Pond Drive
Akron, OH 44320
Tel. (330) 836-9111
Fax (330) 836-9115

American Electric Power

VENEER STABILITY (FINAL COVER)
Big Sandy Ash Pond Closure

JOB 13815151
SHT NO 3 OF 11
CALC BY NSG DATE 5/1/13
CHK BY LM DATE 5/7/13
SCALE NA

Determine: Static factor of safety for cover system based on additional seepage forces.

Procedure:

Determine the static stability of the veneer
cover system to determine the minimum
required interface friction angle for all
engineered components of the cover system.
Balance the forces as shown in Figure 1 and the
required factor of safety (FS) then solve for
minimum interface shear strength parameters.
Account for seepage forces in drainage layer as

|_noted in Figure 2

Assumptions:

In addition to the static case assumptions:

1. Seepage is parallel to slope

2. The drainage layer is sized such that liquid not
build up beyond the thickness of the drainage
layer.

3. Drainage layer has adequate capacity to handle
maximum surface water flow

4. If geocomposite is used - it is less than 0.75
inches thick.

5. Max accumulation of up to 1 foot head on top
of FML barrier to account for drainage aggregate
in lieu of geocomposite.

Veg. Cover Soil (VC)/Prot. Cover Soil (CS) and Slope Parameters _

(a)

Hw
sing

Ywhwcosf

h
sinficosfi

(b)

' !
) !
,

cosf V

-

Figure 2. Limit equilibrium forces involved in finite-length slope of uniform cover soil
with parallel-to-slope seepage build-up: (a) active wedge; (b) passive wedge

Depth of Water in DL (hy

Inter. Frict. Angle for DL & Geom. (3
Adhesion for DL & Geom. (C,

Required Factor of Safety (FSy

VC (&) Utilized
Thickness (h) 0.5 1.5 2.0
Dry Unit Weight (yp)  100.0 100.0 100.0
Mois. Cont. (field cond.) (wg)  20.0 20.0 20.0
Avg Field Unit Wt (y) - - 120.0
Specfic Gravity of the (Gg )| 2.70 | 2.70 | 2.70
Unit Weight of Water (yw) = - 62.4
Saturated Unit Weight (ysa) - - 125.4
Min. Friction Angle (¢)  25.0 25.0 25.0
Min. Cohesion (c) 100.0 100.0 100.0
Slope Angle Beneath the Geom. (B) - - 14.0
Ht. of Slp. Meas. Along Geom. (H,) - - 30.00
Lng. of Slp. Meas. Along Geom. (L) - - 123.7
)
)
)
)

AEP Big Sandy CapSystemVeneer-Draft.xIsx

ft
pcf
%
pcf

pcf

pcf

deg

psf
degrees
ft

ft

- 17.8
= 0.0

deg
psf

-

Design - see Sheet 18
Assumed values based on lab testing

Assumed values based on lab testing

Assumed conservative

Assumed (conservative for clay)
Assumed (conservative for clay)

Design - see Sheet 10

Design - see Sheet 10

Max. thickness of DL (conservative)

Min. req. shear strength parameters - see
CQA Plan for testing regs.

Min. req. FS for temporary conditions
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Active Wedge Calculations

Determine the total weight of the active wedge (W,), resultant of the pore pressures acting on the interwedge surfaces (U,),
resultant of the pore pressures acting perpendicular to the slope (U,), the effective force normal to the failure plan of the
active wedge (N,), and the interwedge force acting on the active wedge from the passive wedge (E,) using the following eqs:

- ¥, (h—hy, 2H cos f—(h+h, )] " Ysar(ly J2H cos B — ) = 24,160 Ibs

A sin2f sin2f3
h, h 2H cosfB—h
U, = Pulw 022 1ns U, _ 2ulhJeos )( cosf=h,) 623 Ibs
2 sin2f3
N,=W,cos B+U,sin —-U, = 22816 lbs
. N, sind
E,=W,sinf-U, COS'B_W _ (484) Ibs

Passive Wedge Calculations

Determine the total weight of the passive wedge (W;), resultant of the vertical pore pressures acting on the passive wedge
(Uy), and and the interwedge force acting on the pass wedge from the active wedge (E;) using the following eqs:

7p (h2 — hi )+ 7SATh\42/

U,=U,cotf
sin 23 v

0.9 Ibs

W, = 850.7 Ibs

_ Uh(FS)_(WP -U, tan )

= 891 Ib
sin A tan @ —cos B(FS) :

Static Factor of Safety w/ Seepage Forces (Solved for Iteratively)

Determine the calculated Factor of Safety (FS,) using a quadratic equation relationship where the constants are defined as

follows:

Allow Exceeds Req'd - OK
FSz= 1.10
FS,= 1.33
Min. Peak 8 17.8 deg
Min. Peakc, 0.0 psf

a=W,sin fcosB-U, cos’ B+U,

5,682 Ibs/ft

b=-W,sin’ ftang+U, sin Scosftan ¢
—~N, cosfBtans—(W, —U, )tan g

(8,165.4) lbs/ft

c=N,sin ftan ¢ tan ¢ 828 Ibs/ft

AEP Big Sandy CapSystemVeneer-Draft.xIsx 4
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Determine: Static factor of safety for cover system based on additional equipment loads.
Procedure:

Determine the static stability of the veneer
cover system to determine the minimum
required interface friction angle for all
engineered components of the cover system.
Balance the forces as shown in Figure 1 and
the required factor of safety (FS) then solve Woidazer
for minimum interface shear strength
parameters. Account for equipment loads
(W,) as final cover is placed as noted in
Figure 3.

Geomembrane

Geomembrane

Assumptions:

In addition to the static case assumptions: Figure 3. Additional load due to construction equipment moving on cover soil.

1. The equipment pushes material up slope
leaving a toe buttress behind.

2. The equipment accelerates slowly with no
sudden starts or turns to minimize additional
loads besides the weight of the machine.

1.0

0.9 1

0.8

0.7 A

06!

0.5 1

0.4 1

Note:

The variation and influence of w

Footprint of . .. .
is small in comparision with b

0.3 4

Influence factor at geomembrane interface, /

= 02 T T
Cover soil 0 1 2 3 4

Width of track, b
It s s |

Thickness of cover soil, h

Figure 4. Illustration of stress distribution from
overlying equipment.

Figure 5. Values of influence factor | to dissipate surface force through cover soil to
geomembrane interface (after Poulos and Davis 1974)

Equipment Parameters source |

Equiv. Equipment Load per Unit Width (W,) 6797 Ibs W, = qwl
Influence Factor at the Geom. Interface (I) See Figure 5 above.
Track Width to Cover Soil Thickness Ratio (b/h)  1.40
Distributed Equipment Load (q) 699  psf g=W,/(2 xw xDb)
Weight of Equipment (W,)| 39,918 |lbs Typical weight of CAT D6 dozer
Length i Equipment lesgiel] 1020 Jig Typical track dimensions of CAT D6 dozer
Width of Equipment Track (b)|] 2.80 |ft

AEP Big Sandy CapSystemVeneer-Draft.xIsx 5
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VC cs Utilized
Thickness (h) 0.5 1.5 2.0 ft Design - see Sheet 18
Dry Unit Weight (yp)  100.0 100.0 100.0 pcf Assumed values based on lab testing
Mois. Cont. (field cond.) (wg)  20.0 20.0 200 % Assumed values based on lab testing
Avg Field Unit Wt (y) - - 120.0 pcf
Min. Friction Angle (¢)  25.0 25.0 25.0 deg Assumed (conservative for clay)
Min. Cohesion (c)  100.0 100.0 100.0 psf Assumed (conservative for clay)
Slope Angle Beneath the Geom. (B) - - 14.0 deg Design - see Sheet 10
Ht. of Slp. Meas. Along Geom. (H|) = - 30.00 ft
Design - see Sheet 10
Lng. of Slp. Meas. Along Geom. (L) - - 123.75 ft
Inter. Frict. Angle for DL & Geom. (9) - - 17.8 deg Min. req. shear strength parameters - see
Adhesion for DL & Geom. (C,) - - 0.0 psf CQA Plan for testing regs.
Required Factor of Safety (FSR) = - Min. req. FS for temporary conditions

Active Wedge Calculations

Determine the total weight of the active wedge (W,),the effective force normal to the failure plan of the active wedge (N,),

the adhesive force between the cover soil of the active wedge and the geomembrane (C,), and the interwedge force acting on
the active wedge from the passive wedge (E,) using the following eqs:

_ o[ L 1 tan S
Wy=n [;—m— > +W, = 34,457 Ibs N, =W, cos 3 = 33,429 Ibs
C =c|L- .h } s E, = (FS) W, -N, cos.ﬁ)—(NA tand+ C, )sin B ) (233) Ibs
sin 3 sin B(FS)

Passive Wedge Calculations

Determine the total weight of the passive wedge (W,),the effective force normal to the failure plan of the passive wedge (N;),
the cohesive force along the failure plane (C), and the interwedge force acting on the passive wedge from the active wedge (E;)
using the following eqs:

W’ ch
P = = 1,020 Ibs C=— = 825 Ibs
sin 28 sin S8
C+W, tan ¢ .
p= = 1,183 lbs N,=W,+E,sin 8B = 1307 lbs

cos B(FS)—sin Btan ¢

AEP Big Sandy CapSystemVeneer-Draft.xIsx 6
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Static Factor of Safety w/ Equipment Load (Solved for Iteratively)
Determine the calculated Factor of Safety (FS,) using a quadratic equation relationship where the constants are defined as

follows:

a=(W,—N,cosB)cosB = 1,965 Ibs/ft Allow Exceeds Req'd - OK
FSe= 1.25
FS,=  1.46
Min. Peak 8 17.8 deg
Min. Peakc, 0.0 psf

(W, =N, cosB)sinStang
b= +(N, tand+C,)sinBcos B
+sinﬁ(C+WP tang)

(3,069) Ibs/ft

c=(N,tand+C,)sin> Btan ¢

294 I|bs/ft

AEP Big Sandy CapSystemVeneer-Draft.xIsx 7
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Determine: Static factor of safety for cover system based on additional seismic loads.

Procedure:

Determine the static stability of the veneer cover
system to determine the minimum required
interface friction angle for all engineered
components of the cover system. Balance the
forces as shown in Figure 1 and the required
factor of safety (FS) then solve for minimum
interface shear strength parameters. Account
for seismic loads (Cg) as noted in Figure 6.

Assumptions:

In addition to the static case assumptions:

1. Seismic force acts on the centroid of the cover
soil.

2. Seismic force is horizontal.

3. Deformation analysis not required.

Veg. Cover Soil (VC)/Prot. Cover Soil (CS) and Slope Parameters _

Thickness (h) 0.5
Dry Unit Weight (yp)  100.0

Mois. Cont. (field cond.) (Wg)  20.0

Avg Field Unit Wt (y) -
Min. Friction Angle (¢)  25.0
Min. Cohesion (c)  100.0

)

)

Slope Angle Beneath the Geom. (B
Ht. of Slp. Meas. Along Geom. (H_
Lng. of Slp. Meas. Along Geom. (L

L
Inter. Frict. Angle for DL & Geom. () -
Adhesion for DL & Geom. (C,) =

Avg. Seismic Coeffcient (Cg or Kg)
Required Factor of Safety (FSR)

AEP Big Sandy CapSystemVeneer-Draft.xIsx

Cover soil
¥y Gy

Active wedge

Geomembrane,

Figure 6. Limit equilibrium forces involved in pseudo-static analysis using average
seismic coefficient.

CS

15
100.0
20.0
25.0
100.0

Utilized
2.0
100.0
20.0
120.0
25.0
100.0
14.0
30.00
123.75
17.8
0.0

0.090

1.00

ft
pcf
%
pcf
deg
psf
degrees
ft

ft
deg
psf
%8

Design - see Sheet 18
Assumed values based on lab testing

Assumed values based on lab testing

Assumed (conservative for clay)
Assumed (conservative for clay)

Design - see Sheet 10

Design - see Sheet 10

Min. req. shear strength parameters from
static analysis

from SHAKE analysis

Min. req. FS for seismic conditions
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Active Wedge Calculations

Determine the total weight of the active wedge (W,),the effective force normal to the failure plan of the active wedge (N,),
the adhesive force between the cover soil of the active wedge and the geomembrane (C,), and the interwedge force acting on
the active wedge from the passive wedge (E,) using the following eqs:

o L 1 tan [
Wy=n (; —w 5 = 27,659 lbs N,=W,cosf = 26,834 Ibs
h .
C, :Ca(L_ : j _ - lbs E, = (FS)CW, + N, sin ﬂ)_‘_(NA tan 8+ C, ) cos _ 17,887 Ibs
sin (FS)cos B (FS)cos B

Passive Wedge Calculations

Determine the total weight of the passive wedge (W,),the effective force normal to the failure plan of the passive wedge (N;),

the cohesive force along the failure plane (C), and the interwedge force acting on the passive wedge from the active wedge (E;)
using the following eqs:
> ch

W = = C = =]
P in 2 B 1,020 Ibs sin B 825 I|bs

_C+W,tan ¢ —C,W,(FS) .
P Cos B(FS)—sin ftang AU Ibs N,=W,+E,sin f = 1362 Ibs

Seismic Factor of Safety (Solved for Iteratively)

Determine the calculated Factor of Safety (FS,) using a quadratic equation relationship where the constants are defined as

follows:

a=(CW,+ N, sin f)cos B+ CW,p

= 8,801 lbs/ft Allow Exceeds Req'd - OK
(CsW, + N, sin B)sin B tan ¢ FSp= 1.00
b=~ +(N,tan5+C,)cos’ B = (10,388) Ibs/ft Min. Pel;?g 1702 deg
+(C+W, tan g)cos B Min. Peakc, 0.0 psf

c=(N,tan § +C,)cos Bsin S tan ¢ 945 Ibs/ft

AEP Big Sandy CapSystemVeneer-Draft.xIsx 9
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Determine: Static factor of safety for cover system based on residual strength.

Procedure:

Determine the static stability of the veneer
cover system to evaluate the minimum
required interface friction angle for all
engineered components of the cover system.
Balance the forces as shown in Figure 1 and
the required factor of safety (FS) then solve
for minimum interface shear strength
parameters.

Active wedge Cover soil

V. C o

Assumptions: P

No additional assumptions

Figure 7. Limit equilibrium forces involved in a finite length slope analysis for a
uniformly thick cover soil

Veg. Cover Soil (VC)/Prot. Cover Soil (CS) and Slope Parameters _

VC (& Utilized
Thickness (h) 0.5 1.5 20 ft Design - see Sheet 18
Dry Unit Weight (yp) 100.0 100.0 100.0 pcf Assumed values based on lab testing
Mois. Cont. (field cond.) (Wg) 20.0 20.0 200 % Assumed values based on lab testing
Avg Field Unit Wt (y) - - 120.0 pcf
Reference Stress - - 232.8 psf
Min. Friction Angle (¢)  25.0 25.0 25.0 deg Assumed (conservative for clay)
Min. Cohesion (c)  100.0 100.0 100.0 psf Assumed (conservative for clay)
Slope Angle Beneath the Geom. (B) - - 14.0 deg Design - see Sheet 10
Ht. of Slp. Meas. Along Geom. (H,) - - 30.00 ft
Design - see Sheet 10
Lng. of Slp. Meas. Along Geom. (L) - - 123.75 ft
Inter. Frict. Angle for DL & Geom. (§) - - 12.4 |deg Min. shear strength parameters
Adhesion for DL & Geom. (C,) - - 0.0 |psf assuming residual strength
Required Factor of Safety (FSg) - - 1.10 Min. req. FS

Active Wedge Calculations

Determine the total weight of the active wedge (W,),the effective force normal to the failure plan of the active wedge (N,),

the adhesive force between the cover soil of the active wedge and the geomembrane (C,), and the interwedge force acting on
the active wedge from the passive wedge (E,) using the following eqs:

WA = }hz 5—4— tanﬁ = 27,659 Ibs NA = WA COSﬁ = 26,834 Ibs
h sinf 2
C, =c|L- .h _ "~ lbs E, =(FS)(WA—NA cos‘ﬁ)—(NA tand+C, )sin _ 1342 Ibs
sin B sin B(FS)

AEP Big Sandy CapSystemVeneer-Draft.xIsx 10



URS Corporation American Electric Power JoB 13815151
564 White Pond Drive SHT NO 11 OF 11
Akron, OH 44320 VENEER STABILITY (FINAL COVER) CALCBY|  NSG DATE 5/1/13
Tel. (330) 836-9111 Big Sandy Ash Pond Closure CHKBY| )™M DATE 5/7/13
Fax (330) 836-9115 SCALE NA

Passive Wedge Calculations

Determine the total weight of the passive wedge (W,),the effective force normal to the failure plan of the passive wedge (N;),

the cohesive force along the failure plane (C), and the interwedge force acting on the passive wedge from the active wedge (E;)
using the following eqs:

_ 7’12 C = ch
P sin2g = 1020 lbs T sin B - 825 Ibs
_ C+W,tan ¢ .
? = cosB(FS)—sin fang 363 1bs N,=W,+E,sin f = 1351 lbs

Static Factor of Safety for Residual Strength (Solved for Iteratively)
Determine the calculated Factor of Safety (FS,) using a quadratic equation relationship where the constants are defined as

follows:

a=(W,—N,cosB)cosf = 1,577 Ibs/ft Results Have Converged
(W, =N, cosB)sinStang :;:: : i:"g

b= +(N, tand+C,)sinBcos B
+sinﬁ(C+WP tang)

PR Min. Resid. 8 12.4 deg

Min. Resid.c, 0.0 psf

c=(N,tan5+C,)sin’ Btan ¢ 162 Ibs/ft

AEP Big Sandy CapSystemVeneer-Draft.xIsx 11
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SEISMIC LIQUEFACTION ANALYSIS

BIG SANDY POWER PLANT ASH POND CLOSURE PROJECT

GEOTECHNICAL CALCULATIONS
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Checked by VKG Date (ReS‘/fgl’}{gl 2)

I Purpose: This report presents dynamic liquefaction potential analyses for the

fly ash pond at AEP’s Big Sandy Plant in Louisa, Kentucky.

I1. Basis of Design

e A subsurface exploration has been performed and included advancement of 8 soil borings
(PB-1 through PB-8) within the fly ash pond. Analysis herein is based on the profile of
boring PB-7 (see boring log in Attachment A), which represents the deepest area of the
fly ash pond over which construction of the future landfill may take place.

¢ The design earthquake event has a 2% probability of recurrence in 50 years.

e (Cyclic triaxial and resonant column testing of reconstituted and undisturbed samples of
fly ash from Big Sandy were performed in support of this analysis. Supplementary, fly
ash cyclic strength data from the Big Sandy Plant, provided by AEP were also used.

® Geophysical testing, including downhole shear wave velocity profiles and Multichannel
Analysis of Surface Waves (MASW), was implemented at the Big Sandy site. Downhole
testing was implemented over the full depth of boreholes PB-3 through PB-8, and
MASW was implemented at transverse sections across the entire width of the fly ash
pond at the locations of borings PB-6, 7, and 8. Shear wave velocities utilized in this
analysis are based on the results of the geophysical testing. See Attachment A.

e Effects of the landfilled fly ash on the future in-situ confining stresses within the ponded
fly ash were ignored in this analysis.

III.  Methodology
The analysis consisted of the following steps:
1. Development of representative earthquake time histories at bedrock.

2. Implementation of a 1-D equivalent-linear response analysis, to obtain site response
(cyclic stress ratios, CSRs) due to vertical propagation of shear waves from the bedrock
ground motion. This analysis was performed using computer program SHAKE2000.

3. Determination of Cyclic Resistance Ratios (CRRs) for the ponded ash, based on data
available at the time of this analysis, and,

4. Calculation of the factors of safety against liquefaction as a function of depth within the
profile of the fly ash pond.

Detailed description of each of these steps is provided in Sections IV through VII below.
Conclusions of the analysis are presented in Section VIIIL
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IV. Development of Representative Time Histories

Bedrock at the Big Sandy site consists of interbedded shale and sandstone, with RQD in the
shales generally less than 50% and RQD in the sandstones generally between 50 and 80%.
Herein, the site bedrock is considered to be NEHRP Class B material. The response spectrum
for a return period of 2,500 years from the USGS National Seismic Hazard Maps was adopted
and is given in Table 1 below. This spectrum is for the NEHRP B/C boundary site condition
(V30 = 760 m/sec), which corresponds to the anticipated bedrock at the Big Sandy site. V3 is
the average shear wave velocity in the upper 30 meters of the rock section at the site. The
response spectral values at periods longer than 2 second were obtained assuming a 1/T decay of
the acceleration response spectrum.

Table 1. Probabilistic Response Spectrum, 2,500 year return period, B/C Boundary Site

T (S) SA (G)
0.01 0.0761
0.1 0.1777
0.2 0.1589
0.3 0.1315
0.5 0.0944
1 0.0629
2 0.0372
3 0.0245
4 0.0186
5 0.0149
6 0.0124
7 0.0106
8 0.0093
9 0.0083
10 0.0074

The site is estimated to have a period in the range of 0.8 — 1.2 second, based on the soil profile of
boring PB-7 (see supporting calculations in Attachment B). Therefore, the deaggregation of the
seismic hazard at a period of 1 second for a return period of 2,500 years was obtained from
USGS web-based analysis and was utilized, see Figure 1. The hazard is clearly dominated by
large earthquakes on the New Madrid Seismic Zone, at a closest distance of about 575 km to the
site.

There are no recordings of large earthquakes in the central United States. Therefore, ground
motion time histories of large earthquakes that have been simulated in previous work using a
physics-based strong ground motion simulation procedure were selected as a basis for the
analysis. Three separate pairs (each pair includes two orthogonal directions) of time histories
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were developed in this fashion. These time histories were spectrally matched to the target
spectrum listed in Table 1. The process of spectral matching the three pairs of the time histories
is shown in Figures 2 through 7. The top panel in each of these figures shows the target response
spectrum and the response spectrum of the time history before and after spectral matching. The
bottom panel shows the acceleration, velocity and displacement time histories before and after
spectral matching, with the unmatched waveform above and the spectrally matched waveform

below.
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Figure 1. Deaggregation of the 2,500 year seismic hazard at the Big Sandy site at a period of 1 second.

Source: USGS.
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Figure 3. East component of time history No.1 spectrally matched to the 2,500 year ARP target



URS Corporation

Job AEP Big Sandy Pond Closure Project No. 13815141 Sheet
Description  Liquefaction Potential Analysis Computed by NS/JLM Date
Checked by VKG Date

AEP-KentuckyFill Spectral Matching: 2500 OBE Aftershock, Horiz

[R400_AO90E_SD_000] Matched 0.2-100 Hz

0.25

02

Spectral Acceleration (g)

T
Target

— R400_A0S0E_SD_000
— Spectrally Matched

PeriodI (s)

0.05

-0.05

oo
SRS
T

Vel (cm/s)
o

0.2+

o
N
T

0.397 cmis

h o w
T T

% 281 om/s

WMMWMMWWWWMNW

o
~

Dis (cm)
o
on

-0.2

o
N

ul

-5t

\Www\/\f

60
Time (s)

80

100

WNas\jefiTime_Histories_And_Spectral_Matchingé\AEP-BigSandyFilNRSP Match on 2012/4/24 15:33

6 of 19
5/29/12

(Rev 1/13/12)

5/31/12

(Rev1/18/12)

Figure 4. North component of time history No.2 spectrally matched to the 2,500 year ARP target



URS Corporation

Job AEP Big Sandy Pond Closure Project No.
Description  Liquefaction Potential Analysis Computed by
Checked by

13815141

NS/JLM

VKG

Sheet

Date

7 of 19
5/29/12

(Rev 1/13/12)

Date

5/31/12

(Rev1/18/12)

AEP-KentuckyFill Spectral Matching: 2500 OBE Aftershock, Horiz
[R400_AQ90E_SD_000] Matched 0.2-100 Hz

0.25

02 |

Spectral Acceleration (g)

— R400_AO90E_SD_000
— Spectrally Matched

Target

PeriodI (s)

" 0.005¢g

0.05-

-0.05

0.089 g

04r
0.2+

02
04k

Vel (cm/s)
o

0.397 cmis

5L

Wb

7.281 cmis

N e e ———

04r
0.2

Dis (cm)
o

-0.2
-04

"0447cm

Time (s)

WNasYjeffiTime_Histories_And_Spectral_Matching\AEP-BigSandyFil\RSP Match on 2012/4/24 15:33

Figure 5. East component of time history No.2 spectrally matched to the 2,500 year ARP target.



URS Corporation

Job AEP Big Sandy Pond Closure Project No. 13815141 Sheet 8 of 19
o . . . . 5/29/12

Description  Liquefaction Potential Analysis Computed by NS/JLM Date (Rev 1/13/12)
5/31/12

Checked by VKG Date (Rev1/18/12)

AEP-KentuckyFill Spectral Matching: 2500 OBE Aftershock, Horiz
[R400_A110E_SA_000] Matched 0.2-100 Hz

0.25 ‘ | |
Target
——— R400_A110E_SA_000
0.2 —— Spectrally Matched

Spectral Acceleration (g)

5
x10 Period (s)
SF ! ‘ 0.005¢
C
g 0
<
'5 C | | | | | i
01 = T T T T T 0.104 g H
0 NWN\WWWMWWWMWW
'01 C L | | | | 1
T T T T T T
g 05- 0.845 cm/s
o 0
o 05 i
> | | | | | 1
5 ‘ ' ‘ ‘ " o7avacmis ||
0 W\
5t
|

1L ‘ ' ‘ ‘ " 1409cm
g 1

~ 0

Q0

0 .

|
5| ‘ ' ‘ 7.723 cm
/ ', A
0 W V * N
5h i
| | | | | |
0 20 40 60 80 100 120

Time (s)

WNas\jeffiTime_Histories_And_Spectral_Matching\AEP-BigSandyFilNRSP Match on 2012/4/24 15:33

Figure 6. North component of time history No.3 spectrally matched to the 2,500 year ARP target.



URS Corporation

Job AEP Big Sandy Pond Closure Project No. 13815141 Sheet 9 of 19
o . . . . 5/29/12

Description  Liquefaction Potential Analysis Computed by NS/JLM Date (Rev 1/13/12)
5/31/12

Checked by VKG Date (Rev1/18/12)

AEP-KentuckyFill Spectral Matching: 2500 OBE Aftershock, Horiz
[R400_A110E_SA _090] Matched 0.2-100 Hz

0.25 ‘ | |
Target
——— R400_A110E_SA_090
0.2 —— Spectrally Matched

Spectral Acceleration (g)

x10° Period (s)

0.008 g

01k | | | | | H
1173 cm/s B

N
T

Vel (cm/s)
o

%
I

9.455 cm/s

1
S5
NO
i
N
©o
(e}
=
7]
3

Dis (cm)
N o
? i i

-
o

T
-
=y
%)
4,
@
o
3

|

?

N
o
\

=

|
60 80 100 120
Time (s)

o
N
o
B
(@]

WNas\jeff\Time_Histories_And_Spectral_Matching\AEP-BigSandyFil\RSP Match on 2012/4/24 15:33

Figure 7. East component of time history No.3 spectrally matched to the 2,500 year ARP target.



URS Corporation

Job AEP Big Sandy Pond Closure Project No. 13815141 Sheet 10 of 19
Description  Liquefaction Potential Analysis Computed by NS/JLM Date (Resvlzl%li'jl 2)

Checked by VKG Date (ReS‘/fgl’}{gl 2)
V. Site Response Analysis

As stated above, the profile of boring PB-7 was utilized in the site response analysis. This
profile denotes the most representative area of the fly ash pond which may be utilized for the
proposed closure.

The profile of PB-7 included (from highest to lowest elevation): Approximately 95 ft of very
loose saturated fly ash (SPT results generally O and up to 4 blows per foot); 15 ft of loose to
medium dense alluvium consisting of interbedded sand (SP-SM) and clayey sand (SC); 8 ft of
very stiff or very dense alluvium or residuum consisting of interbedded lean clay (CL) and sand
(SP-SM), and; Shale bedrock.

Site response analysis was performed using computer program SHAKE2000, which performs
equivalent linear analyses of shear wave propagation through layered soils. The profile and
material parameters for the soil column input into SHAKE2000 and other details of the model
construction are summarized in Table 2 and the bullet points below:

Table 2. Soil Column For SHAKE2000 Analysis

SHEAR
MoODULUS UNIT WAVE
THICKNESS REDUCTION DAMPING WEIGHT | VELOCITY
LAYER (FT) CURVE CURVE (PCF) (FPS)
Big Sandy Plant Ash Pond
Fly Ash 100 Resonant Column Testing - 100 500
Coarse Fraction
Clayey Gravel — Seed et | Gravel — Seed
GRAVEL > al (1986) et al (1988) 130 1100
Silty Sand — Seed & Idriss — Avg.
SAND 10 (1970) 130 1100
Lean Vucetic & Dobri
CLAY 5 130 1100
Silty Seed & Idriss — Avg. (1970)
SAND 5 130 1100
Bedrock | Infinite | Scimabel (19817)2():6‘ elastic half | ;5 2500

e Shear wave velocities of the various layers were selected based on the results of the
geophysical downhole testing at boring PB-7 (see Attachment A).

e Total unit weight of fly ash is based on the results of laboratory testing on ash samples
from piston tubes obtained from boring PB-7.



URS Corporation

Job AEP Big Sandy Pond Closure Project No. 13815141 Sheet 11 of 19
o . . . . 5/29/12

Description  Liquefaction Potential Analysis Computed by NS/JLM Date (Rev 1/13/12)
5/31/12

Checked by VKG Date (Rev1/18/12)

¢ Modulus Reduction and Damping curves were selected based on the results of the
resonant column testing performed as part of the subsurface exploration program
performed at the site. The results are included in Attachment C. Please note that the
resonant column testing did not incorporate results beyond about 5%. Because of the
displacements calculated as part of the SHAKE2000 model analysis, it was necessary to
extrapolate data outside the range tested. This is illustrated in the curves included in
Attachment C.

e Each major soil unit given in the soil column was subdivided into 5-ft thick layers in the
model.

e The reference shear stress (on which SHAKE2000 CSR results are based) was set to
0.65*Tax in the model.

Input Motion:

As described in Section IV above, three separate pairs of bedrock (NEHRP Class B/C) time
histories representing the design earthquake were developed. Each pair consists of an
acceleration time history in each of the two orthogonal horizontal directions, for a total of 6 time
histories. All six time histories were analyzed separately in SHAKE2000. The B/C boundary at
which the input ground motions were applied was taken at the top of the bedrock layer in the soil
column given in Table 2.

Results of Analysis:

The parameter of interest from the SHAKE2000 analysis for the liquefaction evaluation study is
the Cyclic Stress Ratio (CSR). The CSRs as a function of depth within the soil column (where
depth 0 is the top of the fly ash deposit) resulting from the analyses are given below in Figures 8
through 13. The following observations are made from the results:

¢ The maximum CSR calculated by SHAKE2000 is approximately 0.15, with the range of
maximum CSR among the six analyses being 0.10-0.15. The range is relatively low,
indicating that variations in the representative time histories selected for analysis should
not substantially affect the results.

e Maximum CSR consistently occurs in the uppermost portion of the soil column, between
0 and 7 ft.
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VI. Determination of Cyclic Resistance Ratios

URS determined cyclic resistance ratios on the basis of cyclic triaxial tests performed on fly ash
obtained from the site during the subsurface exploration. A total of five (5) specimens were
tested. Fly ash materials were obtained from the site using piston tube sampling techniques.
Total unit weights of the samples were measured both upon extraction of the tube samples and in
the laboratory after extrusion. Extruded fly ash material was then reconstituted in the laboratory
using a water pluviation procedure developed in conjunction with AEP. All pluviated samples
were subjected to a consistent confining stress of 20 psi, and test stress ratios varied from
approximately 0.1 to 0.3. Unit weights of the samples prior to shearing were measured at
between 102 and 104 pcf, which is in reasonably close agreement with unit weights measured in
the undisturbed piston samples. Four of the five specimens were prepared and tested in this
manner. One tube sample was sheared directly upon extrusion from a piston tube (i.e., this was
an undisturbed specimen, not reconstituted).

In addition to the URS testing, AEP provided cyclic triaxial data for seven (7) additional
reconstituted specimens of Big Sandy Fly Ash that they have tested as part of a separate study
being performed in conjunction with the Ohio State University Department of Civil and
Environmental Engineering and Geodetic Science. These specimens were prepared in a similar
fashion to those tested by URS and over a similar range of stress ratios.

As described above, a total of twelve (12) data points were thus available to establish a
distribution of cyclic resistance ratio as a function of the number of cycles to liquefaction, with
11 of the 12 points representing pluviated samples. This curve is provided in Figure 14 below.
The shear stress ratios given on the figure correspond to the values required to induce
liquefaction of the test samples, and thus represent the cyclic resistance ratio (CRR) of the fly
ash. The combined data points (both URS and AEP results) are in relatively close agreement
with each other, with the exception of one AEP data point (tested at CSR = 0.2 and which had
only three cycles to liquefaction). This point is considered an outlier and has been excluded
from this evaluation. Furthermore, the single specimen that was tested directly from a piston
tube exhibited substantially higher CRR than the pluviated specimens. Although this is an
encouraging result with respect to liquefaction potential (suggesting that the in-situ ash may have
higher resistance), this data point is also conservatively excluded from this evaluation. A log-
linear regression line was fit to the ten data points being considered herein, and is depicted on
Figure 14. This envelope was then utilized in the liquefaction potential calculations, presented in
the sections which follow.
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Figure 14: Cyclic Resistance Ratio Envelope from Laboratory Testing Results

From the figure, the CRR depends on the number of cycles of shear stress application. In order
to estimate the CRR for liquefaction analysis, the number of cycles anticipated during the design
earthquake event must be estimated. In order to do this, the irregular time histories of
earthquake-induced shear stresses obtained from SHAKE2000 must be converted to an

equivalent number of uniform stress cycles at the reference stress (0.65Tyax) on which the
SHAKE2000 CSRs are based. For this analysis, a correlation between the number of equivalent
cycles at the reference stress and earthquake magnitude, as given in Seed & Idriss (1982) and
Idriss (1999) was utilized.

From Figure 1 (Section IV), the primary contribution to the design ground motions developed
for the analyses herein correspond to events with moment magnitude of 7.5. Figure 15 below
presents the aforementioned correlation of Seed & Idriss (1982) and Idriss (1999). For events
with M = 7.5, the estimated number of equivalent uniform cycles is approximately 15.
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versus earthquake magnitude.

Herein, this value (N = 15) is assumed for all depths within the fly ash deposit.

Returning to the testing results shown on Figure 14 and using the best fit curve of the site
specific data with N=15, the CRR is obtained as approximately 0.213.

This CRR value corresponds to cyclic triaxial tests with unidirectional shaking. However, to
account for multidirectional shaking that may occur in the field, the CRR value is reduced by
10%.
Therefore,
(CRR)fie1d = 0.9(CRR)1ay
(CRR)fie1a = 0.192

This value is assumed for all depths within the fly ash deposit herein.
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VII. Calculation of Factors of Safety Against Dynamic Liquefaction

The factor of safety against liquefaction is defined as follows:

CRR

F Sliq = m
As CSR varies both with ground motion input and with depth, factors of safety as a function of
depth in the profile were calculated based on this equation, using the CRR value of 0.192
determined in Section VI above, and the CSRs from SHAKE2000 portrayed in Figures 8 through
13. Resulting factors of safety are portrayed in Figure 16 below. Supporting calculations are
given in Attachment B.
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Figure 16. Calculated factors of safety as a function of depth

From Figure 16, the minimum calculated factors of safety for the input motions considered are
in the range of 1.3 to 1.8, and the minimum values correspond to the near surface (<7.5 ft) of the
profile.
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Conclusions

Under the seismic action of a 7.5 magnitude earthquake with a return period of = 2,500
years, the present analysis indicates minimum factors of safety against dynamic
liquefaction in the range of 1.3 to 1.8 for the input motions within the near surface (<7.5
ft) of the fly ash. Factors of safety increase substantially below a depth of 7.5 ft below the
surface to minimum factors of safety in the range 1.4 to 2.0 across all of the different
input motions considered. During the course of the proposed construction, it is
anticipated that the near surface fly ash will be densified by construction of the final
cover — the material will be stabilized to act as a “bridge” layer to allow practical access
for construction equipment. This process is also anticipated to improve the response of
these near-surface materials to long term seismic activity.

According to Ohio Environmental Protection Agency guidance (Ohio EPA, 2004),
factors of safety against dynamic liquefaction of greater than or equal to 1.00 are
appropriate if the design assumptions are conservative; site-specific, higher quality data
are used, and the calculation methods chosen are valid and appropriate for the facility. It
is anticipated that the methodologies and results presented herein meet the requirements
of this guidance. Furthermore, it is generally accepted that no liquefaction should be
anticipated for materials that exhibit factors of safety > 1.4 under seismic activity.
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SHEAR MODULUS AND DAMPING CURVES
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COVER SYSTEM GEOCOMPOSITE TRANSMISSIVITY

BIG SANDY POWER PLANT ASH POND CLOSURE PROJECT

GEOTECHNICAL CALCULATIONS
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l. PURPOSE

The purpose of this analysis is to calculate the required transmissivity of the final cover system
geocomposite. The following sections summarize the methodology, assumptions, and results of the
final cover system geocomposite design for the proposed Big Sandy Fly Ash Pond Closure located at the
American Electric Power’s (AEP) Big Sandy Plant. For further detail on the specific calculations
performed, refer to the corresponding input/output data provided in the attachments.

. METHODOLOGY

Slope geometry and cover system materials were established from the proposed permit design drawings
and are summarized below.

The cap system will be installed at the final surface of the crest and sideslopes overlying the waste
material. The proposed maximum sideslope angle for the proposed cap system is 4 Horizontal to 1
Vertical (4H:1V). The longest 4H:1V slope length is approximately 120 feet. Water collected in the
geocomposite will be daylighting to surface water features.

Layers and layer thicknesses for the final cover system cap are anticipated as follows:

Table 1. Layer Summary for the Final Cover System

THICKNESS LAYER
Final Cover
6in Vegetative Cover Soil
18 in Protective Cover Soil
n/a Geocomposite Drainage Layer
n/a PVC Geomembrane

n/a — thickness of layer is small (negligible)

The geocomposite must be designed to transmit the expected flow of water into the geocomposite
through the overlying cover soil. It is assumed that the maximum flow into the geocomposite will occur
when the overlying soil is saturated. The cover soil was modeled with a conservative long-term
permeability (k) of 5x10” cm/sec. The following equation can be used to model the relationship
between the average head level in the geocomposite (h,y4), the slope length (L) and angle (B), the
permeability of the cover soil (k;) and the required permeability of the geocomposite (ky).:

_ kcL(cosp)
avg — kd(Sinﬁ) (1)

The minimum required transmissivity (Tqesign) Of the geocomposite drainage layer is determined by
limiting the average head (h,y,) on the drainage layer to the thickness of the drainage layer (t4). For the
purpose of calculations, a geocomposite thickness of 0.5 cm (0.2 in or 200 mils) was utilized. Limiting the
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average head to the approximate thickness of the drainage layer ensures drainage occurs within the
drainage layer.

The minimum required transmissivity (Tqesign) Of the geocomposite is calculated using the following
equation (from “Designing with GRI Standard GC8,” Narejo and Richardson, 2003):

Tdesign = kqtq (2)
Where,
ty, = Thickness of the Drainage Layer

A factor of safety is then applied to Tgesign to obtain the allowable transmissivity (Taiow) (from “Designing
with GRI Standard GC8,” Narejo and Richardson, 2003), as shown in the equation below:

FS = Tallow

Tdesign

(3)

Reduction factors are then applied to the allowable transmissivity (Tai0w), Which represents long-term
in-situ conditions. The decrease in flow capacity from the minimum required transmissivity (Tspec) to the
long-term in-situ conditions is described by reduction factors (RF) as given in “GSI White Paper #4:
Reduction Factors Used in Geosynthetic Design” (Koerner and Koerner, 2005). The equation below was
used to determine Typec:

Tspec
T = 4
allow = B RE - RFocRFpe (42)

Substituting equation (3) and solving for Tspe.:
Tspec = TdesignFS X RFINRFCRRFCCRFBC (4b)

Typical values for reduction factors for landfill covers from Koerner and Koerner (2005) and Narejo and
Richardson (2003) are included in Attachment A. Values chosen for reduction factors were taken from
the range of values presented and are summarized below:



URS Corporation

Job AEP Big Sandy FAP Closure  Project No. 13815151 Sheet 3 of 3
Description  Final Cover System Computed by NSG Date 5/1/13
Geocomposite Design Checked by JLM Date 5/7/13

Table 2. Reduction Factor Summary

REDUCTION FACTOR VALUE COMMENTS

Intrusion, RFy 1.4  Testing to be conducted with steel plates; 1.4
recommended by GSI White Paper #4 —included in
Attachment A

Creep, RFcr 1.1 Low loading conditions

Chemical Clogging, RFcc 1.2  Potential for some precipitate from onsite cover soil

Biological Clogging, RFc 2.3 Middle of range from Narejo (2004) — included in
Attachment A

Drainage Factor of Safety, FS 2 Conventionally factor of safety for drainage
applications

lll.  RESULTS OF ANALYSIS

As discussed in Section Il, the geocomposite drainage layer must be selected with adequate
transmissivity to limit the depth of flow to the thickness of the geocomposite. Conservative
assumptions regarding factors of safety, reduction factors, and the assumed saturated hydraulic
conductivity of the overlying soils are considered when calculating the specified minimum transmissivity
of the final cover system geocomposite.

The design drainage length is approximately 120 feet (length of longest slope), corresponding to the
longest 4H:1V slope on the project. The minimum transmissivity required to maintain drainage inside
the geocomposite on the 4H:1V slopes is 6.22 x 10 m?/sec. This is the minimum required value for
testing and manufacturer’s specifications, (Ts.ec). Refer to Attachment B for supporting calculations.

IV. REFERENCES

Narejo, D. and Richardson, G. (2003), “Designing with GRI Standard GC8.” GFR, vol. 21, no. 6, pp. 20-23.

Koerner, R. M. and Koerner, G. R. (2005), “GSI White Paper #4 Reduction Factors (RFs) Used in
Geosynthetic Design.” Geosynthetic Institute
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Application Area Range of Reduction Factor Values
RFmN REcx* RFcc RFBc

Sport fields 1.0to 1.2 1.0to 1.5 1.0to 1.2 1.1t0 1.3
Capillary breaks 1.1to 1.3 1.0to 1.2 1.1to 1.5 1.1t01.3
Roof and plaza decks 1.2to 1.4 1.0to 1.2 1.0to 1.2 1.1t0 1.3
Retaining walls, seeping 13t01.5 1.2to 1.4 1.1to 1.5 1.0to 1.5
rock, and soil slopes

Drainage blankets 1.3t0 1.5 12to 1.4 1.0t0 1.2 1.0to 1.2
Infiltrating water drainage 13#0 1.5 l.1to1.4 10to 1.2 1.5t02.0
for landfill covers

Secondary leachate 1.5t02.0 141t02.0 1.5t0 2.0 1.5t0 2.0
collection (landfills)

Primary leachate 1.5t02.0 1.4t02.0 1.5t0 2.0 1.5t0 2.0
collection (landfills)

Wick Drains (PVDs) 1.5t02.5 1.0to 2.5 1.0to 1.2 1.0to 1.2
Highway edge drains 1.2t01.8 1.5t0 3.0 1.1t05.0 1.0to 1.2

From Koemer R., and Koemer G. (2005) “GSI White Paper #4: Reduction Factors Used
in Geosynthetic Design.” Geosynthetic Institute.
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LONG-TERM PERFORMANCE CONSIDERATIONS FOR GEONET

DRAINAGE GEOCOMPOSITES
Dhani Narejo, GSE Lining Technology Inc., Houston, USA

ABSTRACT
Drainage geocomposites have gained increasing acceptance within the engineering community as the material of choice

for the lateral conveyance of liquids and gases. The hydraulic performance of these materals is typically expressed as
transmissivity or flow rate at site-specific gradient, normal stress and boundary conditions. However, since these
materials are visco-elastic in nature, compressive creep can significantly affect their long-term hydraulic performance. In
addition to creep, there is the potential for the chemical and biological clogging of the filter geotextile and the geonet
drainage core. Over the last several years, significant progress has been made in characterizing the engineering
properties of geonet drainage geocomposites and developing models to predict their long-term behaviour on the basis of
shori-term laboratory tests. Additional work is needed in the area of chemical and biological clogging to further
supplement the cumrent information. In addition, the impact of leachate recirculation and higher temperatures in

bioreactor landfills on the long-term performance of geocomposites merits further study.

RESUME
Drainage geocomposites have gained increasing acceptance within the engineering community as the material of choice

for the lateral conveyance of liquids and gases. The hydraulic performance of these materials is typically expressed as
transmissivity or flow rate at site-specific gradient, normal stress and boundary conditions. However, since these
materials are visco-elastic in nature, compressive creep can significantly affect their long-term hydraulic performance. In
addition to creep, there is the potential for the chemical and biological clogging of the filter geotextile and the geonet
drainage core. Over the last several years, significant progress has been made in characlerizing the engineering
properties of geonet drainage geocomposites and developing models to predict their long-term behaviour on the basis of
short-term laboratory tests. Additional work is needed in the area of chemical and biological clogging to further
supplement the current information. In addition, the impact of leachate recirculation and higher temperatures in

bioreactor landfills on the long-term performance of geocomposites merits further study.

1. INTRODUCTION

A geonet drainage geocomposite consists of a geonet
core and a geotextile, where the geotextile is heai-
laminated lo one or both sides of the geonet. The geonet
is made of extruded High Density Polyethylene (HDPE) in
a manner that forms a relatively open structure ideal for
the in-plane transmission of liquids and/or gases. The
geotextile serves as a filler and separator, while the
geonet core is intended to provide the Iateral flow
capacity. Geotextiles currently used for this purpose are
almost exclusively of the nonwoven needlepunched type
made from polypropylene (PP) or polyester {PE) resins.
Geonet drainage geocomposites are differentiated
primarily by the structure of the geonet as illustrated in

Figures 1 (a) and (b).

Drainage geocomposites are used predominantly in
environmental applications such as landfills and lagoons.
However, there is growing interest in the use of these
materials in such civil engineering applications as
roadways, buildings, canals, etc. Landfills — the dominant
market segment for these materials — are characterized by
relatively large areas with slopes ranging from as low as
2% to as high as 33%. Specifically, there are four
applications in landfills where drainage geocomposites are
utilized: i) landfill cover drainage layer, ii) landfill gas vent (a) triplanar geonet

layer, iii) landfill leachate collecion and removal
Figure 1 Plan view of biplanar and triplanar geonets.
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layer, and iv) landfill leakage detecfion layer. The design
of each of these layer may involve the following
performance properties of the drainage geocomposite: i)
flow rate or transmissivity {heretofore referred to as
transmissivity), ii) interface shear strength, and iii) filtration
properties (including “filtration opening size” and
permeability). This paper deals with only one of the above
three performance characteristics, namely transmissivity.

The transmissivity of drainage geocomposites is a
function of available pore-space as illustrated in Figure 2.
Any mechanism that tends to reduce this pore space
would decrease geocomposite fransmissivity. Currently
known factors include the following: i) geonet creep, if)
geotextile intrusion into the core structure, iii) chemical
clogging within the core, and iv) biological clogging within
the core. The reader should note that the concem with
biological and chemical clogging of the drainage
geocomposite core is differentiated here from a similar
concern for the drainage geocomposite filter geotexdile.
Although mechanisms involved may be similar, the testing
and design must be performed separately for the filter and
drainage media.

Figure 2 Cross-section of a biplanar drainage

geocomposite.
2. TRANSMISSIVITY AND REDUCTION FACTORS

Transmissivity is defined as the flow rate of water
transmitted through a unit width of the product under a
specific hydraulic gradient as measured in a laboratory
test The transmissivity test is performed using the type of
equipment shown schematically in Figure 3. For the test to
provide a transmissivity value that can be used in design,
the specimen top and bottom boundaries as well as the
gradient should be the same as in the field. The test is
typically continued for a reasonably long enough time to
include the effect of initial compression, and intrusion of
geotextile into the geonet structure. The current state-of-
the-practice in the US is represented by GRI GCB which
requires the test to be continued for 100 hours. The
resulting value is then modified to include the effect of
creep, chemical clogging and biological cloggmg as in
Equation 1 (from GRI GC8, 2001):

gd’ elﬂﬂ

= 1
o = RF_xRF_xRF, i

where Bu.. = allowable transmissivity for the spedific
product being considered (m%sec), 60 = 100-hour
performance ftransmissivity from actual test, RFy =
reduction factor for creep of the geonet core, RF. =
reduction factor for chemical clogging, RFp. = reduction
factor for biological clogging.

Mormal Load

Figure 3 Schematics of the ransmissivity test (Richardson et.
al,, 2000).

It must be noted here that certain versions of Equation 1
use such additional reduction faclors as geoiextile
intrusion into the geonet structure and for “particulate
clogging” of the geonet core. It is the author's opinion that
a reduction factor for intrusion may not be necessary as
the performance transmissivity test already includes this
effect. The concemn regarding particulate clogging of
drainage core can, and should, be addressed by proper
geotextile filter design so that fines do not pass the
geotextile in the first place. This should then be
supplemented with proper construction quality assurance
(CQA) procedures that minimize infiltration of dust into the
drainage core during the installation process.

The allowable value of transmissivity from Equafion 1
must then be compared with “required transmissivity” to
calculate a factor of safety as provided in the equation
below:

FS= Gt 121

Breq

where FS = factor of safety for drainage, and e =
required transmissivity (m%sec) for a specific project.

The three reduction factors in the denominator of Equation
1 along with the performance transmissivity value (650
determine whether a particular product is acceptable for a
given project. It is recognized that this decision can be
only as good as the quality of the data used to arrive at
the reduction factors. The state-of-the-practice, limitations
of current approach and the need for future research on
reduction factors is discussed in the following sections.

2.1  Reduction Factor for Creep, RF

Reduction factor for creep is intended to account for the
time-dependent compression of the geonet core
component of the geocomposite. It should be based on
actual testing of the geonet core component of the
geocomposite. Geonets can be tested for creep according
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to one of the two methods currently being used in the
industry: a) conventional method, and b) accelerated
method. The main difference between the two procedures
is the test temperature. In conventional creep method,
tests are performed at ambient temperature of around 20
degrees Celsius or any other site-specific temperature. In
the accelerated procedure, the testing is performed at
several elevated temperatures and the resulfing data is
then extrapolated to the ambient temperature through
time-temperature superposition. Further details of creep
tesling and the associated calculations can be found in
Narejo & Allen (2004). The advantage of the accelerated
testing over conventional methods is that the required
information can be obtained within hours versus the 14
months required by the conventional tests. Moreover,
accelerated testing means that different product
formulations and variations can be evaluated
economically and within a reasonable time, and more data
can be generated for stalistical analysis.

Irrespective of whether accelerated or conventional creep
testing is performed, the resulting information is of the
form presented in Figure 4. For the product and test
conditions represented by Figure 4, creep rate is constant
at any given normal stress. However, the creep rate
increases with an increase in normal stress. Since the
creep rate is linear on a semi-log scale, the curves can be
extended to obtain thickness at the design life of a project,
say 50 years. This value of thickness can then be used to
calculate the creep reduction factor, RF., (Narejo & Allen,
2004) for site-specific stress. Depending on the quality of
the product, this creep reduction factor is typically around
1.1 to 1.2 for low stress (<50 kPa) but can be close to 2
for pressures higher than 700 kPa (Narejo & Allen, 2004).

!
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Figure 4 Typical creep response of biplanar geonets.

The creep of geonets is influenced significantly by the
physical properties and structure of the geonet, including
rib structure, mass, thickness, etc. As such, creep data for
geonets is ftypically specific to products and its
generalization is currently not possible.

2.2  Reduction Factor for Chemical Clogging, RF

Chemical clogging of drainage materials in landfills resulis
from chemical processes such as the precipitation of
calcium carbonate, manganese carbonate and other
insoluble substances (e.g., sulfides, chlorides and
silicates). A reduction factor for chemical clogging, RF.,
is intended to account for the influence of chemical
clogging on the transmissivity of drainage geocompasites.
Current industry practice, at least within the US, is to use
reduction factors for chemical clogging proposed in the
textbook Designing with Geosynthetics (Koemer, 1998)
and GRI procedure GC8. The values are reproduced in
Table 1.

Table 1 Chemical clogging reduction factors (from
Koemer 1998 and GRI GC8).

Application Reduction Factor
for Chemical
Clogging (RF..)
Landfill covers 1.0t01.2
Primary leachate collection 1.5t02.0
Secondary leachate collection | 1.110 1.5

2.3  Reduction Factor for Biological Clogging, RF.

Biological clogging refers to the growth of micro-
organisms on and within the drainage media. Biological
growth depends on the presence of a suitable bio-
chemical environment and nutrients which sustain growth.
The biomass growth within the drainage media would
reduce the opening size and, hence transmissivity. A
reduction factor for biological clogging, RFy., is used to
account for the influence of the biological clogging on
geocomposite transmissivity. Currently, the only sources
of reference on Dbiological clogging of drainage
geocomposites are the geosynthetics textbook -
Designing with Geosynthetics — and GRI GC8.
Suggested reduction factors for biological clogging from
these two sources are cited in Table 2.

Table 2 Biological clogging reduction factors {from
Koemer, 1998, and GR! GC8).

Application Reduction Factor
for Biological
Clogging (RF)
Landfill covers 1.2t0 35
Primary leachate collection 1.110 1.3
Secondary leachate collection 1.1t01.3

3. CRITIQUE OF REDUCTION FACTORS AND
RECOMMENDATIONS FOR FURTHER
RESEARCH

Reduction factor for creep can be tested in the laboratory
with a reasonable degree of confidence as the site
conditions can be conveniently modelled. The main
variable in creep testing is normal stress, which is
determined from the layout and the final contours of the
site. As such geosynthetic manufacturers have been
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testing geonets for creep and a reasonable amount of
data already exists. Unforlunately, creep results for
geonets are product-specific and each commercially
available geonet must be evaluated separately. The SIM
Method offers a technique which can help generate a
significant amount of data at a reasonable cost. However,
manufacturers must demonstrate the validity of this
method by performing comparable tests with the
conventional technique.

Chemical and biological clogging is very difficult to model
in the laboratory. The main reason for this is that the bio-
chemical environment for each site may be different.
Hence it is difficult to develop a test program the results of
which can then be applied uniformly to the design
process. It is for this reason that most of the published
literature on this topic is of qualitative nature as far as its
utilization during the design process is concerned. There
is a need for more extensive testing that examines the
basic process of clogging in what may be idealized or
extreme conditions. This information may then be used to
make an “educated guess® aboul a particular site based
on anticipated waste stream and hydrologic conditions.

4. ELEVATED TEMPERATURES AND LEACHATE
RECIRCULATION

Bioreactor landfills involve leachate recirculation to
accelerate decomposition of the waste mass. Leachate
recirculation poses two important challenges to the use of
drainage geocomposites: i) elevated temperatures, and ii)
higher flow requirements. Elevated temperatures would
tend to increase reduction factors for creep, thus lowering
the allowable transmissivity. However, the required
transmissivity itself may need fo be increased beyond that
for conventional projects to account for a higher flow of
liquid through the drainage layer. Not much is known at
this time about the response of drainage geocomposites
to leachate circulation. Much research needs to be done
in this area to develop recommendations for the design

purpose.

5. SUMMARY AND RECOMMENDATIONS

The long-term hydraulic performance of drainage geonets
and geocomposites depends on many material as well as
site characteristics. A performance transmissivity test
provides a 100-hour transmissivity or flow-rate value
which can then be further modified to account for site-
specific and time-dependent factors. In this regard, there
are three specific reductions factors of creep, chemical
clogging and  Dbiological clogging. Geosynthetic
manufacturers have been performing creep tests on their
products to develop information on creep reduction
factors. However, very limited information is available on
biological clogging and chemical clogging of drainage
materials. Manufaclurers and .academics should
collaborate to develop further information in this regard. It
must be recognized that a model that represents “general”
application conditions is very difficult to develop. On the
other hand, the tendency to use extremely aggressive
conditions in the models provides little practical

information for designer. Instead, it may be useful to
perform idealized set of testing which can then be
analyzed to develop general recommendations for the

purpose of design.
6. REFERENCES

GRl GC8. 2001. Geosynthetic Research Institute.
Standard guide for determination of the allowable flow
rate of a drainage geocomposite.

Koemer, R., 1998. Designing with Geosynthetics. Fourth
Edition. Prentice Hall, New Jersey, USA.

Narejo, D., and Allen, S., 2004. Using the Stepped
Isothermal Method for geonet creep evaluation. Third
European Geosynthetic Conference, 01-03 March 2004,
Munich, Germany, pp. 539-544.

Richardson, G., Giroud, J., and Zhao, A. 2000. Tenax
Corporation. Design of lateral drainage systems.

Session 6D
Page 15




ATTACHMENT A




sjxuBisaq 9)isodwo2099) 1oAY (Ul - g JuSWYIENY\UBISSQ 8)IS0dW00099) JSA0D) [BUIA\SASAIBUY\SDOA\PUOSE LG LG L8E L\dIVAV\SIOSM0Id\) INd 81:6 18 £1.0Z/Z1/S Pajepdn

088/, W ¥0-32z'9| Sd.ubisepl,44d3= AyAissiwsuel] qeT/oeds sedsy

29s/,W G0-3¢e’L PL.PY= AAIssiwsuel | wnwiuiyubisag|  Uosepy

00¢ Ajejes jo Jojoe4 sd

(002) ofereN wouy abuel Jo a|ppIN 0 Buib6o)o |ea1bojoiq Jo} JojoeH UOnRONPaY o84y
paredionue jou arendidaid 0zZ'L Buibbojo |eaiwayo Joj 10}oe uoioONpay 204y

Buipeo| mo oLl daa19 1o} J0JoBH UOIONPaY 404y

# 1aded aiyM 1SS woly abuel Jo 3|ppIN or'L uoisnJjul 1o} 10joeH uoljonpay Ny

199} 7 wo 96°09 |elia}ew aA1309304d JO SSBUNOIY} |

Aljigeawlad 10S 18A02 wiia) Buo| aAeAIaSuU0D 09S/WO G0-300°S |eslew aAoajold Jo Ayjigeswuad )
211Isodw0203h |IW 0Oz Wnwiuiw sayoul z'0 wo 1S0 Jake| abeulelp Jo ssauyoIy} P

Py =5y axew 01 pasnbal anfep 09S/WO 00+3v¥’L 19Ae| abeulelp jo Ayjigeswiad Py

9AIIRAISSUOD 3 0] S19[1no abeurelp umiaqg yibuaj 1sabuo) 1998} 0¢C1 wo 859°'¢ yibus| adojs ]
[192 suun sn ul adojs uadiad ndul % 0°GZ soalbap R adoys jo a|bue d
SUETNNY) | syiunsn suun sanjen uondiiosag JoqWAS

SNOILVTINDTVO NOIS3A F1ISOdINODOTO
N3LSAS 43A0D 1V¥NIH

uoneiodiodn SN ainso[D puod ysy Al4 Apues Big Apues Big 4d3v




3y AMERICAN®
ELECTRIC
POWER

MAIN DAM STABILITY ANALYSIS
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Calculation Notes URS

subject: _Big Sandy Ash Pond — Stability Analysis Project Name: Big Sandy Ash Pond Closure
By: Craig Helm Date: 07 November 2012 Project No: 13815153

Checked By:: Vik Gautam Date: 26 November 2012 Task No. .50000 File No.:
OBJECTIVE:

The objective is to perform stability analysis on the Main Dam at the Big Sandy Ash Pond. The analysis will be
performed at the maximum cross-section, after the upper crest is lowered to EL 656 feet, simulating the long term
pond closure configuration of the embankment. Steady-state and seismic loading conditions were evaluated.

BACKGROUND INFORMATION:

Previous analysis of the dam was completed by American Electric Power Service Corp (AEPSC) and is documented
in the “Stage 3 Raising, Engineering Report” (AEPSC,1993 Report), dated March 1993 by AEPSC. In 1993 the crest
elevation was at EL 675 feet, however the Owner was planning to raise the dam to a crest elevation of 711 feet to
increase the ash storage volume. This stability analysis was performed with a crest height of EL 711. Material
parameters, stability results and design cross-section (Design Drawings, 1993) were provided in the AEPSC, 1993
Report.

APPROACH AND ASSUMPTIONS:

Cross-Section Geometry

A 2010 topography survey provided by AEP shows the crest of the dam is at EI 690. When compared to the design
cross-section at elevation 690, the width of the dam from the 2010 survey is largerThe exterior geometries are based
on the 2010 topography survey and the design cross-section developed by URS, 2012 (crest El 656). The internal
geometries of the cross-section were also developed from the Design Drawings, 1993.

Materials used in the analysis include: Rock-fill, Embankment, Drain, Foundation Soils and Bedrock.
Model geometry of the maximum cross-section are shown in Appendix B

Phreatic Surface

The phreatic surface was estimated based on the elevation of the existing pool, the design cross section and
information on the phreatic surface from the AEPSC, 1993 Report. The phreatic surface upstream of the crest was
conservatively estimated to be at El 655.5 feet, 0.5 foot below the crest elevation. Over time the phreatic surface
should lower as the reservoir drains.

The phreatic surface remained at EL 655.5 through the centerline of the crest, before dropping into the vertical drain
on the downstream edge of the crest, remaining in the vertical chimney drain and horizontal blanket drain within the
downstream shell of the dam.

Material Properties

Material properties used in the stability analysis (except rockfill) replicate parameters developed in the AEPSC, 1993
Report. The material strength used for the rock-fill in this 1993 report/analysis was ¢'=0 PSF & phi'=24 degrees, and
considered to be extremely low for such a material. Experience gained from other projects on similar material, and
engineering judgment, suggest strengths between ¢'=0 PSF & phi’= 33 to 36 degrees are achieved. A friction angle
of phi'=32 degrees was conservatively used for the rock fill in this analysis.

Drained strength parameters were used for materials during the steady state analysis.

Both drained and undrained strength parameters were used during the seismic analysis and 2-stage stability
computations were performed. For materials that are considered to behave undrained during seismic events
(foundation and embankment clay materials), “two stage strength envelopes” are used. These consist of the drained
and undrained strength envelopes for each material. The undrained strength envelope for the foundation soils was
selected from two consolidated-undrained (CU or, R) triaxial tests performed on this material (Tables No. 5.1 of the
AEPSC, 1993 Report). The undrained strength envelope for the embankment clays was selected from two

K:\Projects\A\AEP\13815151_BSPond\DOCs\Analyses\Slope Stability Analysis\DamStability\Big Sandy Stability CCS Rev2.doc
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consolidated-un-drained (CU or, R) triaxial tests performed on this material (Tables No. 5.2 of the AEPSC, 1993
Report).The lower strength from each of the two tests was used.

The un-drained strength used in the second stage stability computation is calculated from the “two stage strength
envelope” using linear interpretation between the drained and un-drained strength envelopes.

Material properties used in these analyses are presented in Table 1.

Table 1: Material Properties for the Main Dam

Unit Weight Steady State Seismic (pseudo-static)
Soil Name ve (pcf) ¢’ (deg) | c'(psf) | ¢'(deg) | c'(psf) | ¢ (deg) | c (psf)
Rockfill 110 0 32 0 32 - -
Embankment 130 0 25 0 25 0 25
Drain 70 0 38 0 38 - -
Foundation Soils 135 0 25 0 25 0 25
Bedrock 150 8000 0 8000 0 - -

Seismic Coefficients

The peak ground accelerations at the site is 0.07 g on bedrock. This seismic coefficient was applied during the
pseudo-static analysis.

ANALYSIS:

The computer software UTEXAS 4, which utilizes Spencer's method of slices in conjunction with automated search
routines, was used to locate and analyze critical shear surfaces. Circular shear surfaces within the crest and
downstream slope were evaluated for this analysis. Multiple initial shear surfaces, including deep and shallow
surfaces, were developed to determine the critical shear surface.

The stability of the proposed future crest elevations were evaluated using the cross-section geometry, material
properties, and phreatic surface conditions as discussed above.

CONCLUSIONS/RESULTS:

The required and computed minimum factor of safety’s are shown in table 2 for the seismic and steady state

analyses, for the proposed dam geometry (Big Sandy Ash Pond Closure, Crest EI=656). Calculated factors of safety
for both loading conditions exceed the recommended values.

Table 2: Stability Results

Minimum Factor of Safety | Steady State Seismic
Recommended (KYDEP) 1.5 1.0
Calculated (UTEXAS4) 1.74 1.32

The input text files, output text files, and graphical output files for the critical shear surface are presented in
Attachments A. Three graphical print outs are included

All files associated with the stability analysis can be found at:
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G:\PROJECTS\AEP BIG SANDY\10.0_CALCULATIONS_ANALYSIS_DATA\10.03_GEOTECHNICAL
\STABILITY\UTEXAS4

ATTACHMENTS:

o Attachment A — Utexas4, input, output and graph files
e Attachment B — Geometry (maximum cross-section) and Material Properties

REFERENCES:

AEPSC, 1993 Report, Kentucky Power Company Big Sandy Plant Fly Ash Retention Dam Stage 3 Raising,
Engineering Report, prepared by American Electric Power Service Corporation (AEPSC), dated March 1993.
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ATTACHMENT A

UTEXAS4 — Input, Output and Graphical Files
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BigSandy EL656 _SS circular
TABLE NO. 1
COMPUTER PROGRAM DESIGNATION: UTEXAS4
Originally Coded By Stephen G. Wright
Version No. 4.1.0.8 - Last Revision Date: 11/9/2009
(C) Copyright 1985-2008 S. G. Wright - All rights reserved
KEEAAAAAAAAAAAAAA A A A AAAAA A A A AAAAAARTEAAAAAAARARAAAAAAAAAARAXAAAAAAAAAXAAX
* RESULTS OF COMPUTATIONS PERFORMED USING THIS SOFTWARE
SHOULD NOT BE USED FOR DESIGN PURPOSES UNLESS THEY HAVE
BEEN VERIFIED BY INDEPENDENT ANALYSES, EXPERIMENTAL DATA
OR FIELD EXPERIENCE. THE USER SHOULD UNDERSTAND THE ALGORITHMS
AND ANALYTICAL PROCEDURES USED IN THIS SOFTWARE AND MUST HAVE
READ ALL DOCUMENTATION FOR THIS SOFTWARE BEFORE ATTEMPTING
TO USE IT. NEITHER SHINOAK SOFTWARE NOR STEPHEN G. WRIGHT
MAKE OR ASSUME LIABILITY FOR ANY WARRANTIES, EXPRESSED OR
IMPLIED, CONCERNING THE ACCURACY, RELIABILITY, USEFULNESS
OR ADAPTABILITY OF THIS SOFTWARE.
FEAIAIAAIAAXAAXAAAAXAAAAAXAAAAAAAAAAAXAAXAAAAAAAAAAAAkAXAAkhhAkhhAkhkhkhkhhhkhkhkhkkihkiihkikxi
¥
UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009
Licensed for use by: Craig Helm, URS
Time and date of run: Tue Dec 04 11:11:53 2012
Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Steady
State\BigSandy EL656_SS circular.txt

o X % X X % 3 %
O X % X % % ok ok %

BIG SANDY DAM

Max Cross-section - Steady State Seepage
Circular slip surface;

Filename: BigSandy_ EL656_SS_circular.dat
PROJECT NO. 13815153

TABLE NO. 3

FEAIAAAAAAAAAAAAAAAAAAAAAXX

* NEW PROFILE LINE DATA *

FEAIAAAAAAAAAAAAAAAAAAAAAAX

Description: Rockfill - A

Point X Y
1 -425.00 540.00
2 -360.00 587.00
3 -275.00 587.00
4 -238.00 615.00
5 -153.00 656.00
6 -63.00 656.00

Description: Embankment - A

Point X Y
1 -100.00 610.00
2 -63.00 656.00
3 -12.00 656.00
4 -12.00 590.00
5 15.00 575.00

Page 1



BigSandy EL656 _SS circular

Description: Drain
Point X

-12.00
-7.00
-7.00
18.00

108.00

227.00

450.00

460.00

O~NOUITRWNE

656.
656.
593.
580.
580.
540.
540.
535.

00
00
00
00
00
00
00
00

Description: Rockfill
Point X

-7.00
120.00
251.00
330.00
408.00
435.00
450.00

NoOOA~AWNE

656.
656.
586.
586.
550.
550.
540.

00
00
00
00
00
00
00

Description: Rockfill

Point X
1 -25.00 575.00
2 15.00 575.00
3 106.00 575.00
4 225.00 535.00
————— Profile Line No. 6 - Material Type (Number): 2 ---—-—-

Description: Embankment - B

Point X
1 -340.00 540.00
2 -238.00 580.00
3 -150.00 625.00
4 -125.00 625.00
5 -100.00 610.00
6 -37.00 580.00
7 -25.00 575.00
8 90.00 535.00
————— Profile Line No. 7 - Material Type (Number): 4 ---——-



Point X Y
1 -525.00 540.00
2 -340.00 540.00
3 -156.00 538.00
4 -140.00 509.00

BigSandy EL656 _SS circular

Description: Foundation Soils - B

Point X Y
1 -130.00 509.00
2 -116.00 537.00
3 90.00 535.00
4 225.00 535.00
5 560.00 535.00

Description: Bedrock - C

Point X Y
1 -525.00 512.00
2 -140.00 509.00
3 -130.00 509.00
4 560.00 503.00

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 11:11:53 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil1ty\UTEXAS4\Steady
State\BigSandy EL656_SS circular.txt

BIG SANDY DAM

Max Cross-section - Steady State Seepage
Circular slip surface;

Filename: BigSandy EL656_SS circular.dat
PROJECT NO. 13815153

TABLE NO. 4

FEAEAEIAIEAEAITEAAXITXAAXIXAAIAAIAXAEAITAAXTXAAITXAAITXAXAXAIAXAAXAITXAAITXxIAITXxAddhirdrhidrhidxhdrdxihirhiihiiihkx

* NEW MATERIAL PROPERTY DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS *

FEAEAEIAIEAEAITEAEAXITXAAXXAAXAAAXAAIXAAXTXAAXTXAAITXAXAXAIAXAAXAIXAAITXIAITXAIdhidrdrhirdhidxhirdxihihiihiiihkx

Description: Rockfill (saturated)

Constant unit weight of soil (material): 110.0
CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - - - - - - - - 0.0

Friction angle - - - - - 32.00 (degrees)

Pore water pressures are defined by a piezometric line.
Page 3



BigSandy EL656 _SS circular
Piezometric line number: 1
Negative pore water pressures are NOT allowed - set to zero.

Description: Embankment (saturated)
Constant unit weight of soil (material): 130.0

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - - - - - - - - 0.0
Friction angle - - - - - 25.00 (degrees)

Pore water pressures are defined by a piezometric line.
Piezometric line number: 1
Negative pore water pressures are NOT allowed - set to zero.

Description: Drain (saturated)
Constant unit weight of soil (material): 70.0

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - - - - - - - - 0.0
Friction angle - - - - - 38.00 (degrees)

Pore water pressures are defined by a piezometric line.
Piezometric line number: 1
Negative pore water pressures are NOT allowed - set to zero.

Description: Foundation Soils (saturated)
Constant unit weight of soil (material): 135.0

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - - - - - - - - 0.0
Friction angle - - - - - 25.00 (degrees)

Pore water pressures are defined by a piezometric line.
Piezometric line number: 1
Negative pore water pressures are NOT allowed - set to zero.

Description: Bedrock (saturated)

Constant unit weight of soil (material): 150.0

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS

Cohesion - - - - - - - - 8000.0

Friction angle - - - - - 0.00 (degrees)

Pore water pressures are defined by a piezometric line.
Piezometric line number: 1

Negative pore water pressures are NOT allowed - set to zero.

Page 4



BigSandy EL656_SS circular
UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009
Licensed for use by: Craig Helm, URS
Time and date of run: Tue Dec 04 11:11:53 2012
Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Steady
State\BigSandy EL656_SS circular.txt

BIG SANDY DAM

Max Cross-section - Steady State Seepage
Circular slip surface;

Filename: BigSandy EL656 SS circular.dat
PROJECT NO. 13815153

TABLE NO. 6

AEEAAAAAAAAAAAAAAAAAAAAAAAAAAAAAXAAAAXAAAXAAAAAAAAAAAAAAAAAAXAAAAAAAXAAAAXX

* NEW PIEZOMETRIC LINE DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS *

AEEAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAXAAAXAAAAXAAAAAAAAAAAAAAXAAAAAAAXAAAAXX

Description: Piezometric Line - Maximum Section
Unit weight of fluid (water): 62.4

Point X Y
1 -525.00 655.50
2 -12.00 655.50
3 -7.00 630.00
4 -7.00 593.00
5 18.00 580.00
6 108.00 580.00
7 227.00 540.00
8 450.00 540.00
9 460.00 535.00
10 560.00 535.00

2

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 11:11:53 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil1ty\UTEXAS4\Steady
State\BigSandy_ EL656 SS circular._txt

BIG SANDY DAM

Max Cross-section - Steady State Seepage
Circular slip surface;

Filename: BigSandy EL656_SS circular.dat
PROJECT NO. 13815153

TABLE NO. 11

B e o o R R R AR R S S R R SR R R R R R R AR R S S S R S R S R R R AR R R kR e R e

* NEW DISTRIBUTED LOAD DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS *

FEAEIEIAIAEIAITEAAITXAAITXAAXAAIAXAAITXAAITXAAXTXAAITXIAXAXAXAXAAXAXTXAITXxIAITdxIddhirdhidrhidxhrhihihiiihiixdx

Normal Shear
Point X Y Pressure Stress

Distributed loads will be generated from piezometric line number 1
See Output Table number 27

¥
UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009
Licensed for use by: Craig Helm, URS
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BigSandy EL656 _SS circular
Time and date of run: Tue Dec 04 11:11:53 2012
Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Steady
State\BigSandy EL656_SS circular.txt

BIG SANDY DAM

Max Cross-section - Steady State Seepage
Circular slip surface;

Filename: BigSandy EL656 SS circular.dat
PROJECT NO. 13815153

TABLE NO. 16

AEAIAAAXAAAAAAAXAAAAAAAXAAAAAAAXAAAAXAX

* NEW ANALYSIS/COMPUTATION DATA *

AEAIAAAXAAAAAAAXAAAAAAAXAAAAXAAAXAAAAXAX

Starting Center Coordinate for Search at -
X: 350.00
Y: 875.00

Required accuracy for critical center
(= minimum spacing between grid points): 1.000

No center allowed to pass below: 700.00

Critical shear surface not allowed to pass below Y: 490.00

For the initial mode of search circles are tangent to horizontal line at -
Y: 510.00
Radius: 365.00

Depth of crack: 1.000

Iteration limit: 100

Will save the following number of shear surfaces with the lowest factors of
safety:10

The following represent default values or values that were prevously defined:
Subtended angle for slice subdivision: 3.00(degrees)

There is no water iIn a crack.

Conventional (single-stage) computations will be performed.

Seismic coefficient: 0.000

Unit weight of water (or other fluid) in crack: 62.4

Automatic search output will be in long form.

Search will be continued after the initial mode to find a most critical circle.
Maximum number of trial grids for a given search mode: 50

No restrictions exist on the lateral extent of the search.

Neither slope face was explicitly designated for analysis.

Standard sign convention used for direction of shear stress on shear surface.
Procedure of Analysis: Spencer

Force imbalance: 1.000000e-005 (fraction of total weight)

Moment imbalance: 1.000000e-005 (fraction of moment due to total weight)
Minimum weight required for computations to be performed: 100

Initial trial factor of safety: 3.000

Initial trial side force inclination: 17.189 (degrees)

Minimum (most negative) side force inclination allowed in Spencer®s procedure:
-10.00

¥
UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009
Licensed for use by: Craig Helm, URS
Time and date of run: Tue Dec 04 11:11:53 2012
Name of input data file: G:\Projects\AEP Big
Page 6



BigSandy EL656 _SS circular
Sandy\10.0_Calculations_Analysis_Data\10.03 Geotechnical\Stability\UTEXAS4\Steady
State\BigSandy EL656_SS circular.txt

BIG SANDY DAM

Max Cross-section - Steady State Seepage
Circular slip surface;

Filename: BigSandy EL656 SS circular.dat
PROJECT NO. 13815153

TABLE NO. 26

AEEAAAAAAXAAAAAAAXAAAAAAAXAAAAAAAXAAAAAXX

* NEW, COMPUTED SLOPE GEOMETRY DATA *

AEEAAAKAAAXAAAAAAAXAAAAAAAXAAAAAAAXAAAAXAX

These slope geometry were generated from the Profile Lines.

Point X Y

1 -525.00 540.00
2 -425.00 540.00
3 -360.00 587.00
4 -340.00 587.00
5 -275.00 587.00
6 -238.00 615.00
7 -156.00 654 .55
8 -153.00 656.00
9 -150.00 656.00
10 -140.00 656.00
11 -130.00 656 .00
12 -125.00 656.00
13 -116.00 656.00
14 -100.00 656.00
15 -63.00 656.00
16 -37.00 656.00
17 -25.00 656.00
18 -12.00 656.00
19 -7.00 656.00
20 15.00 656.00
21 18.00 656 .00
22 90.00 656.00
23 106.00 656 .00
24 108.00 656.00
25 120.00 656 .00
26 225.00 599.89
27 227.00 598.82
28 251.00 586.00
29 330.00 586.00
30 408.00 550.00
31 435.00 550.00
32 450.00 540.00
33 460.00 535.00
34 560.00 535.00

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 11:11:53 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil 1ty\UTEXAS4\Steady
State\BigSandy_ EL656 SS circular._txt

BIG SANDY DAM
Max Cross-section - Steady State Seepage
Circular slip surface;

Page 7



PROJECT NO.
TABLE NO. 27

13815153

BigSandy EL656 _SS circular
Filename: BigSandy EL656 SS circular.dat

AEEAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAXAAAXAAAAXAAAXAAAAAAAAAAAXAAAAAAAXAAAAXX

* NEW DISTRIBUTED LOAD DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS *

AEEAAAAAAAAAAAAAAAAAAAAAAAAAAAAXAAAAAAAXAAAAXAAAAAAAAAAAAAAXAAAAAAAXAAAAXX

Point

O~NOUTRWNEF

X

-525.00
-425.00
-360.00
-340.00
-275.00
-238.00
-156.00
-154.04

Y

540.
540.
587.
587.
587.
615.
654 .
655.

00
00
00
00
00
00
55
50

Normal She
Pressure Str

7207 .2
7207 .2
4274 .4
4274 .4
4274 .4
2527.2

59.1

0.0

ar
ess

[elolololololole]

[eleolololololoNe]

The above data were generated automatically from piezometric

line number

1.

Search will be conducted for RIGHT face of slope

?
UTEXAS4 S/N:

Time and date of run:

10001 - Version:
Licensed for use by: Craig Helm, URS

Tue Dec 04 11:11:53 2012
Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Steady
State\BigSandy EL656_SS circular.txt

BIG SANDY DAM
Max Cross-section - Steady State Seepage

Circular slip surface;

Filename: BigSandy EL656 SS circular.dat

PROJECT NO.
TABLE NO. 30

13815153

AEEAAAAAAAAAAAAAXAAAAAAAXAAAAAAAXAAAAAAAAXAAAXAAAAAAAXhX

* OUTPUT FOR TYPE 1 AUTOMATIC SEARCH WITH CIRCLES *

AEEAAAAAAAAAAAAAXAAAAAAAXAAAAAAAXAAAAAAAXAAAAXAAAXAAAAXhX

4.1.0.8 - Latest Revision: 11/9/2009

—————— Output for Circles Tangent to a Given Horizontal Line ---—-—-
—————— Tangent line elevation, Y: 510.00

Center Coord
X

320.00
350.00
380.00
320.00
350.00
380.00
320.00
350.00
380.00

410.00

1-Stage
inates Factor Side Force
of Inclination
Y Radius Safety (degrees)
845.00 335.00 1.849 -14.285
845.00 335.00 1.804 -15.936
845.00 335.00 1.748 -16.164
875.00 365.00 1.850 -13.931
875.00 365.00 1.802 -15.432
875.00 365.00 1.740 -15.964
905.00 395.00 1.854 -13.610
905.00 395.00 1.813 -14.941
905.00 395.00 1.750 -15.609
New 9-Point
845.00 335.00 1.860 -13.807
875.00 365.00 1.802 -14.775
905.00 395.00 1.769 -15.121

Page 8

lterations

goaooaoooio

Grid (only new points calculated) - - - - - -

oo o

Messages



—————— New 9-Point Grid (only new points calculated)

375.00 870.00 360.00 1.742 -16.017

380.00 870.00 360.00 1.740 -16.015

385.00 870.00 360.00 1.740 -15.964

375.00 875.00 365.00 1.743 -15.959

385.00 875.00 365.00 1.739 -15.930

375.00 880.00 370.00 1.744 -15.899

380.00 880.00 370.00 1.741 -15.909

385.00 880.00 370.00 1.739 -15.886
—————— New 9-Point Grid (only new points calculated)

390.00 875.00 365.00 1.742 -15.843

390.00 880.00 370.00 1.741 -15.816

380.00 885.00 375.00 1.742 -15.852

385.00 885.00 375.00 1.740 -15.838

390.00 885.00 375.00 1.741 -15.785
—————— New 9-Point Grid (only new points calculated)

382.00 877.00 367.00 1.739 -15.934

385.00 877.00 367.00 1.739 -15.913

388.00 877.00 367.00 1.740 -15.871

382.00 880.00 370.00 1.740 -15.903

388.00 880.00 370.00 1.740 -15.852

382.00 883.00 373.00 1.740 -15.871

385.00 883.00 373.00 1.740 -15.858

388.00 883.00 373.00 1.740 -15.828
—————— New 9-Point Grid (only new points calculated)

382.00 874.00 364.00 1.739 -15.963

385.00 874.00 364.00 1.740 -15.937

388.00 874.00 364.00 1.741 -15.888
—————— New 9-Point Grid (only new points calculated)

379.00 871.00 361.00 1.740 -16.009

382.00 871.00 361.00 1.739 -15.991

385.00 871.00 361.00 1.740 -15.957

379.00 874.00 364 .00 1.740 -15.977

379.00 877.00 367.00 1.741 -15.944
—————— New 9-Point Grid (only new points calculated)

381.00 873.00 363.00 1.739 -15.980

382.00 873.00 363.00 1.739 -15.973

383.00 873.00 363.00 1.739 -15.966

381.00 874.00 364.00 1.739 -15.970

383.00 874.00 364.00 1.739 -15.957

381.00 875.00 365.00 1.740 -15.960

382.00 875.00 365.00 1.739 -15.954

383.00 875.00 365.00 1.739 -15.948
—————— New 9-Point Grid (only new points calculated)

384.00 874.00 364.00 1.739 -15.948

384.00 875.00 365.00 1.739 -15.939

382.00 876.00 366.00 1.739 -15.944

383.00 876.00 366.00 1.739 -15.938

384.00 876.00 366.00 1.739 -15.931
————— Critical Circle After the Current Mode of Search
X: 383.00 Y: 875.00 Radius: 365.000

Factor of safety: 1.739

¥
UTEXAS4 S/N:

10001

BigSandy EL656 _SS circular

Side force inclination:

- Version:

4.1.0.8 - Latest Revision:

Licensed for use by: Craig Helm, URS
Time and date of run: Tue Dec 04 11:11:53 2012
Name of input data file: G:\Projects\AEP Big

Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil 1ty\UTEXAS4\Steady

State\BigSandy EL656_SS circular.txt

BIG SANDY DAM
Max Cross-section - Steady State Seepage
Circular slip surface;

Page 9
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BigSandy EL656 _SS circular
Filename: BigSandy EL656 SS circular.dat
PROJECT NO. 13815153

TABLE NO. 31

AEEAAAAAAAAAAAAAAXAAAAAAAXAAAAAAAXAAAAAAAXAXAAAAAAXAAAAXhX

* OUTPUT FOR TYPE 1 AUTOMATIC SEARCH WITH CIRCLES *

AEEAAEAAAAAAAAAAAXAAAAAAAXAAAAAAAXAAAAAAAXAXAAAXAAAXAAAAXhX

______ Output for Circles with a Given, Constant Radius ------
—————— Radius: 365.00

1-Stage
Center Coordinates Factor Side Force
of Inclination
X Y Radius Safety (degrees) Iterations

353.00 845.00 365.00 Center rejected as follows:
NUMBER 8080

the limiting depth of: 490.000

383.00 845.00 365.00 Center rejected as follows:
8060

intersect the slope.

413.00 845.00 365.00 Center rejected as follows:
8060

intersect the slope.

353.00 875.00 365.00 1.802 -15.571 5
413.00 875.00 365.00 1.819 -14.453 5
353.00 905.00 365.00 2.159 -17.350 4
383.00 905.00 365.00 2.254 -18.001 4
413.00 905.00 365.00 2.620 -14.874 4
- - - - - - New 9-Point Grid (only new points calculated) - - -
378.00 870.00 365.00 1.760 -15.165 5
383.00 870.00 365.00 1.744 -15.078 5
388.00 870.00 365.00 1.747 -14.999 5
378.00 875.00 365.00 1.741 -15.967 5
388.00 875.00 365.00 1.741 -15.883 5
378.00 880.00 365.00 1.746 -16.854 5
383.00 880.00 365.00 1.745 -16.880 5
388.00 880.00 365.00 1.748 -16.849 5
- - - - - - New 9-Point Grid (only new points calculated) - - -
380.00 872.00 365.00 1.742 -15.441 5
383.00 872.00 365.00 1.742 -15.419 5
386.00 872.00 365.00 1.742 -15.381 5
380.00 875.00 365.00 1.740 -15.964 5
386.00 875.00 365.00 1.740 -15.916 5
380.00 878.00 365.00 1.741 -16.506 5
383.00 878.00 365.00 1.741 -16.505 5
386.00 878.00 365.00 1.741 -16.479 5
- - - - - - New 9-Point Grid (only new points calculated) - - -
382.00 874.00 365.00 1.740 -15.777 5
383.00 874.00 365.00 1.740 -15.769 5
384.00 874.00 365.00 1.740 -15.760 5
382.00 875.00 365.00 1.739 -15.954 5
384.00 875.00 365.00 1.739 -15.939 5
382.00 876.00 365.00 1.739 -16.137 5
383.00 876.00 365.00 1.739 -16.131 5
384.00 876.00 365.00 1.739 -16.122 5
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BigSandy EL656 _SS circular
—————— New 9-Point Grid (only new points calculated) - - - - - -

382.00 877.00 365.00 1.740 -16.321 5
383.00 877.00 365.00 1.740 -16.317 5
384.00 877.00 365.00 1.740 -16.310 5
————— Critical Circle After the Current Mode of Search ----—-
X: 383.00 Y: 876.00 Radius: 365.000
Factor of safety: 1.739 Side force inclination: -16.131

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 11:11:53 2012

Name of input data file: G:\Projects\AEP Big

Sandy\10.0_Calculations_Analysis Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Steady
State\BigSandy EL656_SS circular.txt

BIG SANDY DAM

Max Cross-section - Steady State Seepage
Circular slip surface;

Filename: BigSandy EL656 SS circular.dat
PROJECT NO. 13815153

TABLE NO. 33

AEEAAAAAAAAAXAAAAXAAAXAAAAXAAAAAAAXAAAAXAAAXAAAXXAXK

* 1-STAGE FINAL CRITICAL CIRCLE INFORMATION *

AEEAAAAAAAAAXAAAAXAAAXAAAAXAAAAAAAXAAAAXAAAXAAAXXAXK

X Coordinate of Center . . . . . . . . . . . . . 383.00
Y Coordinate of Center . - e - - = - - . . . 876.00
Radius . . . . . . . . . . . « . - « <« -« < . . . 365.00
Factor of Safety e R C1°
Side Force Inclination (degrees) . . . . . . . . -16.13
Number of Circles Tried . . . . . . . . . . . . 89
Number of Circles F Calculated for . . . . . . . 86
Time Required for Search (seconds) . . . . . . . 0.1

TABLE NO. 34

R R o o R R R e R R AR R R SR R S Rk R R R SRR R SR S S e S R R R R e R R R A R AR AR R R AR R AR AR

* Summary of the 10 Circles with the Lowest Factors of Safety *

R R o o e R e R R AR S R SR R S R R AR R SR R R SR S e R R R R R R AR R S e e R e S e

Center Coordinates Elevation Factor Side
of Bottom of Force
X Y Radius of Circle Safety Inclin. X-Left

X-Right

383.00 876.00 365.00 511.00 1.739 -16.13 92.51
513.17

384.00 876.00 365.00 511.00 1.739 -16.12 93.51
514.17

382.00 876.00 365.00 511.00 1.739 -16.14 91.51
512.17

383.00 875.00 365.00 510.00 1.739 -15.95 91.75
515.76

383.00 876.00 366.00 510.00 1.739 -15.94 91.26
515.95

384.00 876.00 366.00 510.00 1.739 -15.93 92.26
516.95

383.00 874.00 364.00 510.00 1.739 -15.96 92.25
515.57

384.00 875.00 365.00 510.00 1.739 -15.94 92.75
516.76

383.00 873.00 363.00 510.00 1.739 -15.97 92.75
515.38

382.00 874.00 364.00 510.00 1.739 -15.96 91.25
514.57
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BigSandy EL656 _SS circular
¥
UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009
Licensed for use by: Craig Helm, URS
Time and date of run: Tue Dec 04 11:11:53 2012
Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil1ty\UTEXAS4\Steady
State\BigSandy_ EL656 SS circular._txt

BIG SANDY DAM

Max Cross-section - Steady State Seepage
Circular slip surface;

Filename: BigSandy EL656_SS circular.dat
PROJECT NO. 13815153

TABLE NO. 43

R R R R R R R R AR R SR R e SR R SR R R AR R R S R R S R R R R R AR R R R R AR R R R R R

* Coordinate, Weight, Strength and Pore Water Pressure *
* Information for Individual Slices for Conventional *
* Computations or First Stage of Multi-Stage Computations. *
* (Information is for the critical shear surface in the *
* case of an automatic search.) *
KAEEAAAAAAAAAAAAAAAAAAAAAAAXAAAAAAAAXAAAAAAAAARAAAXAAAAAAAAAAAAAANK
Slice Slice Matl . Friction Pore
No. X Y Weight No. Cohesion Angle Pressure
92.51 655.00
1 98.49 647 .55 11121 1 0.0 32.00 0.0
104.48 640.10
2 105.24 639.21 2817 1 0.0 32.00 0.0
106.00 638.31
3 107.00 637.16 4146 1 0.0 32.00 0.0
108.00 636.00
4 114.00 629.45 35041 1 0.0 32.00 0.0
120.00 622.91
5 126.80 616.20 54130 1 0.0 32.00 0.0
133.61 609.49
6 140.75 603.15 65650 1 0.0 32.00 0.0
147 .90 596.80
7 155.36 590.84 75998 1 0.0 32.00 0.0
162.83 584 .88
8 170.60 579.32 84848 1 0.0 32.00 0.0
178.37 573.76
9 186.42 568.61 91908 1 0.0 32.00 0.0
194.47 563.46
10 202.77 558.74 96917 1 0.0 32.00 0.0
211.08 554.02
11 218.04 550.50 81318 1 0.0 32.00 0.0
225.00 546.97
12 226.00 546.49 11630 1 0.0 32.00 0.0
227.00 546.02
13 233.71 543.01 77104 1 0.0 32.00 0.0
240.42 540.00
14 245.71 537.85 58414 3 0.0 38.00 134.0
251.00 535.70
15 251.92 535.35 9860 3 0.0 38.00 290.0
252.83 535.00
16 261.84 531.83 105235 4 0.0 25.00 510.0
270.86 528.65
17 280.02 525.96 121555 4 0.0 25.00 876.2
289.19 523.26
18 298.48 521.05 135581 4 0.0 25.00 1182.6
307.78 518.84
19 317.18 517.11 147075 4 0.0 25.00 1428.2
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BigSandy EL656 _SS circular
326.57 515.39

20 328.29 515.13 27731 4 0.0 25.00 1552.0
330.00 514.87

21 339.49 513.73 147987 4 0.0 25.00 1639.3
348.97 512.59

22 358.51 511.95 134888 4 0.0 25.00 1750.4
368.04 511.31

23 375.52 511.15 94529 4 0.0 25.00 1800.0
383.00 511.00

24 392.55 511.25 103929 4 0.0 25.00 1794.0
402.10 511.50

25 405.05 511.68 28001 4 0.0 25.00 1767.2
408.00 511.86

26 417 .51 512.76 84698 4 0.0 25.00 1699.7
427.02 513.66

27 431.01 514.19 33971 4 0.0 25.00 1610.3
435.00 514.72

28 442 .50 515.96 52051 4 0.0 25.00 1499.9
450.00 517.20

29 455.00 518.21 24419 4 0.0 25.00 1203.8
460.00 519.21

30 469.28 521.47 33904 4 0.0 25.00 844.0
478.57 523.73

31 487 .72 526.48 21066 4 0.0 25.00 531.9
496.87 529.22

32 505.02 532.11 6361 4 0.0 25.00 180.4

513.17 535.00
No water in crack.

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 11:11:53 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Steady
State\BigSandy EL656_SS circular.txt

BIG SANDY DAM

Max Cross-section - Steady State Seepage
Circular slip surface;

Filename: BigSandy EL656_SS_circular.dat
PROJECT NO. 13815153

TABLE NO. 44

KArIAAAKIAAKAAAkAAAAAAAAXAAAAAAAAAAAAAXAAAAAAAAhhkhhkAhkhkhhkhkkhhkhhkhkihhkik
* Seismic Forces and Forces Due to Distributed Loads for *
* Individual Slices for Conventional Computations or the *
* First Stage of Multi-Stage Computations. *
* (Information is for the critical shear surface in the *
* case of an automatic search.) *

AEEAAAAAAAAAAAAAXAAAAAAAXAAAAAXAAXAAAAXAAAXAXAAAXAAAAAAAAAAAXAAAXKhX

There are no seismic forces or forces due to distributed loads

for the current shear surface

2

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 11:11:53 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil 1ty\UTEXAS4\Steady
State\BigSandy_ EL656 SS circular._txt

BIG SANDY DAM
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BigSandy EL656 _SS circular
Max Cross-section - Steady State Seepage
Circular slip surface;
Filename: BigSandy EL656 SS circular.dat
PROJECT NO. 13815153

TABLE NO. 47
FEAIAIAAKIAAXAAAAAAAAAXAAXAAAAAAAAAAAXAAAAAAAAAAIAAkAAAhkhhkkhhkhkhhkhhkhkhkkihkiihkikxi
* Information for the Iterative Solution for the Factor of *
* Safety and Side Force Inclination by Spencer®s Procedure *
KEEAAAAAAAAAAAAAAAAAAAAAAA A A AAAAARAXTAAAAAARARARAAXAAAATAARAAAAAAAAAXXK
Allowable force imbalance for convergence: 21

Allowable moment imbalance for convergence: 5978

Trial Trial
Factor Side Force Force Moment Delta
lter- of Inclination Imbalance Imbalance Delta-F Theta
ation Safety (degrees) (lbs.) (ft.-1bs.) (degrees)
1 3.00000 -17.1887 -2.270e+005 1.354e+008
First-order corrections to F and Theta ............ -2.1727 1.9287
Reduced values - Deltas were too large ............ -0.5000 0.4439
2 2.50000 -16.7449 -1.643e+005 9.799e+007
First-order corrections to F and Theta ............ -1.0915 0.9429
Reduced values - Deltas were too large ............ -0.5000 0.4319
3 2.00000 -16.3130 -7.035e+004 4_197e+007
First-order corrections to F and Theta ............ -0.2997 0.2175
Second-order corrections to F and Theta ........... -0.2649 0.1864
4 1.73513 -16.1265 1.230e+003 -7.328e+005
First-order corrections to F and Theta ............ 0.0040 -0.0040
Second-order corrections to F and Theta ........... 0.0040 -0.0040
5 1.73911 -16.1305 -6.306e-003 3.747e+000
First-order corrections to F and Theta ............ -0.0000 0.0000
2

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 11:11:53 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil1ty\UTEXAS4\Steady
State\BigSandy_ EL656 SS circular._txt

BIG SANDY DAM

Max Cross-section - Steady State Seepage
Circular slip surface;

Filename: BigSandy EL656_SS circular.dat
PROJECT NO. 13815153

TABLE NO. 55
B e o o R R R AR R S S R R SR R R R R R R AR R S S S R S R S R R R AR R R kR e R e

* Check of Computations by Spencer®s Procedure (Results are for the *
* critical shear surface in the case of an automatic search.) *

AEEAAAAAAAKAAAAAAAAAAAAAAAAAAAAAAXAAAAAAAXAAAXAAAAAAAAAAAAAAAAAAAAAAXAAAAXX

Summation of Horizontal Forces: 1.52454e-010
Summation of Vertical Forces: 1.39153e-010
Summation of Moments: 2.98023e-008

Mohr Coulomb Shear Force/Shear Strength Check Summation: 7.09406e-011
Page 14



BigSandy EL656 _SS circular
¥
UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009
Licensed for use by: Craig Helm, URS
Time and date of run: Tue Dec 04 11:11:53 2012
Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil1ty\UTEXAS4\Steady
State\BigSandy_ EL656 SS circular._txt

BIG SANDY DAM

Max Cross-section - Steady State Seepage
Circular slip surface;

Filename: BigSandy EL656_SS circular.dat
PROJECT NO. 13815153

TABLE NO. 58

AEEIAAEAXAAAAAAXAAAAAXAAAXAAAAXAAEAAXAAXAXAAAAXAAXAXAXAAXAXAAXAXAXAAXAXAAAXAXAXAAAAXAXAAAAAAXAXAkxdhx
* Final Results for Stresses Along the Shear Surface *
* (Results are for the critical shear surface in the case of a search.) *

AEEAAAAAAAAAAAAAA A AR A A AR A AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAX

SPENCER"S PROCEDURE USED TO COMPUTE THE FACTOR OF SAFETY

Factor of Safety: 1.739 Side Force Inclination: -16.13
———————— VALUES AT CENTER OF BASE OF SLICE -—-—————-
Total Effective
Slice Normal Normal Shear

No. X-Center Y-Center Stress Stress Stress

1 98.49 647.55 545.6 545.6 196.0
2 105.24 639.21 1115.0 1115.0 400.6
3 107.00 637.16 1259.7 1259.7 452 .6
4 114.00 629.45 1820.9 1820.9 654.3
5 126.80 616.20 2590.7 2590.7 930.9
6 140.75 603.15 3121.4 3121.4 1121.5
7 155.36 590.84 3599.4 3599.4 1293.3
8 170.60 579.32 4014.2 4014.2 1442 .3
9 186.42 568.61 4355.3 4355.3 1564 .9
10 202.77 558.74 4612.9 4612.9 1657.4
11 218.04 550.50 4770.6 4770.6 1714.1
12 226.00 546.49 4825.6 4825.6 1733.9
13 233.71 543.01 4840.9 4840.9 1739.4
14 245.71 537.85 4725.5 4591.5 2062.7
15 251.92 535.35 4676.5 4386.5 1970.6
16 261.84 531.83 5226.7 4716.8 1264.7
17 280.02 525.96 6104.3 5228.1 1401.8
18 298.48 521.05 6896.8 5714.2 1532.2
19 317.18 517.11 7596.9 6168.7 1654.0
20 328.29 515.13 7979.9 6427 .9 1723.5
21 339.49 513.73 7808.4 6169.1 1654.1
22 358.51 511.95 7261.4 5511.0 1477.7
23 375.52 511.15 6626.8 4826.7 1294.2
24 392.55 511.25 5825.6 4031.6 1081.0
25 405.05 511.68 5156.1 3388.9 908.7
26 417 .51 512.76 4919.1 3219.4 863.2
27 431.01 514.19 4804 .6 3194.3 856.5
28 442 .50 515.96 3958.9 2459.0 659.3
29 455.00 518.21 2818.2 1614 .4 432.9
30 469.28 521.47 2167.6 1323.6 354.9
31 487 .72 526.48 1412 .2 880.2 236.0
32 505.02 532.11 495.6 315.2 84.5

¥
UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009
Licensed for use by: Craig Helm, URS
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BigSandy EL656 _SS circular
Time and date of run: Tue Dec 04 11:11:53 2012
Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Steady
State\BigSandy EL656_SS circular.txt

BIG SANDY DAM

Max Cross-section - Steady State Seepage
Circular slip surface;

Filename: BigSandy EL656 SS circular.dat
PROJECT NO. 13815153

TABLE NO. 59

AEEAAAAAAAAAAAAAAAAAAA A AR A AAAAAAAAAAAAAAAAAAAAAAAXAAAAAAAAAAAAAAAAAAAAAAAAX

* Final Results for Side Forces and Stresses Between Slices *

* (Results are for the critical shear surface in the case of a search.) *
KEEAAAAAAAAAAAAA A A A A A A AR AR A A A A A A AR A A AAAAARAAAAAAAAARAAAAAAAARAAAAAAAARAAAAAAAX

--------------- VALUES AT RIGHT SIDE OF SLICE ———————————oe-

Y-Coord. of Fraction Sigma Sigma
Slice Side Side Force of at at

No. X-Right Force Location Height Top Bottom
1 104.48 6021 645.82 0.360 57.6 669.9
2 106.00 7461 644.14 0.330 -8.6 819.0
3 108.00 9549 642.10 0.305 -77.8 995.2
4 120.00 26194 631.70 0.266 -309.0 1829.8
5 133.61 49195 621.44 0.304 -208.9 2617.6
6 147.90 73736 611.90 0.341 73.0 3125.5
7 162.83 98300 602.86 0.373 463.3 3452.3
8 178.37 121454 594_31 0.403 948.7 3621.9
9 194.47 141906 586.28 0.433 1540.2 3628.6
10 211.08 158563 578.84 0.465 2265.8 3449.0
11 225.00 168756 573.22 0.496 2990.3 3136.0
12 227.00 169933 572.46 0.501 3105.1 3077.4
13 240.42 175954 567 .64 0.535 3960.6 2584 .1
14 251.00 174367 564.83 0.579 4912.6 1748.1
15 252.83 174041 564 .36 0.576 4766.9 1789.5
16 270.86 184834 557.40 0.501 3119.6 3073.0
17 289.19 192353 550.97 0.442 1914.7 3975.8
18 307.78 194482 545_.30 0.394 1012.3 4550.9
19 326.57 189382 540.55 0.356 355.1 4797 .7
20 330.00 187550 539.80 0.350 260.8 4804.9
21 348.97 173404 536.22 0.365 496.1 4656.8
22 368.04 153773 533.45 0.388 840.3 4330.4
23 383.00 135733 531.80 0.411 1209.9 3950.1
24 402.10 111203 530.19 0.454 1868.5 3314.5
25 408.00 103709 529.77 0.469 2133.9 3090.0
26 427 .02 77359 529.12 0.425 1128.6 2961.9
27 435.00 64954 529.44 0.417 890.3 2647.3
28 450.00 44442 530.32 0.576 2721.2 1024.1
29 460.00 34033 530.69 0.727 4894.5 -752.4
30 478.57 16977 531.89 0.724 3392.5 -497.6
31 496.87 4417 534.47 0.908 2528.1 -1060.5
32 513.17 -0 535.00 0.000 0.0 0.0

Read end-of-file on input while looking for another command word.
End of input data assumed - normal termination.
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BigSandy EL656 EQ circular
TABLE NO. 1
COMPUTER PROGRAM DESIGNATION: UTEXAS4
Originally Coded By Stephen G. Wright
Version No. 4.1.0.8 - Last Revision Date: 11/9/2009
(C) Copyright 1985-2008 S. G. Wright - All rights reserved
KEEAAAAAAAAAAAAAA A A A AAAAA A A A AAAAAARTEAAAAAAARARAAAAAAAAAARAXAAAAAAAAAXAAX
* RESULTS OF COMPUTATIONS PERFORMED USING THIS SOFTWARE
SHOULD NOT BE USED FOR DESIGN PURPOSES UNLESS THEY HAVE
BEEN VERIFIED BY INDEPENDENT ANALYSES, EXPERIMENTAL DATA
OR FIELD EXPERIENCE. THE USER SHOULD UNDERSTAND THE ALGORITHMS
AND ANALYTICAL PROCEDURES USED IN THIS SOFTWARE AND MUST HAVE
READ ALL DOCUMENTATION FOR THIS SOFTWARE BEFORE ATTEMPTING
TO USE IT. NEITHER SHINOAK SOFTWARE NOR STEPHEN G. WRIGHT
MAKE OR ASSUME LIABILITY FOR ANY WARRANTIES, EXPRESSED OR
IMPLIED, CONCERNING THE ACCURACY, RELIABILITY, USEFULNESS
OR ADAPTABILITY OF THIS SOFTWARE.
FEAIAIAAIAAXAAXAAAAXAAAAAXAAAAAAAAAAAXAAXAAAAAAAAAAAAkAXAAkhhAkhhAkhkhkhkhhhkhkhkhkkihkiihkikxi
¥
UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009
Licensed for use by: Craig Helm, URS
Time and date of run: Tue Dec 04 16:48:11 2012
Name of input data file: G:\Projects\AEP Big
Sandy\10.0 _Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

o X % X X % 3 %
O X % X % % ok ok %

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 3

R R R R o R R R AR AR R R ARk

* NEW PROFILE LINE DATA *

R R R R R R R AR R AR AR R R R R R

Description: Rockfill - A

Point X Y
1 -425.00 540.00
2 -360.00 587.00
3 -275.00 587.00
4 -238.00 615.00
5 -153.00 656.00
6 -63.00 656.00

Description: Embankment - A

Point X Y
1 -100.00 610.00
2 -63.00 656.00
3 -12.00 656.00
4 -12.00 590.00
5 15.00 575.00

Page 1



BigSandy EL656 EQ circular

Description: Drain
Point X

-12.00
-7.00
-7.00
18.00

108.00

227.00

450.00

460.00

O~NOUTRWNEF

656.
656.
593.
580.
580.
540.
540.
535.

00
00
00
00
00
00
00
00

Description: Rockfill
Point X

-7.00
120.00
251.00
330.00
408.00
435.00
450.00

NOURWNE

656.
656.
586.
586.
550.
550.
540.

00
00
00
00
00
00
00

Description: Rockfill

Point X
1 -25.00 575.00
2 15.00 575.00
3 106.00 575.00
4 225.00 535.00
————— Profile Line No. 6 - Material Type (Number): 2 ----—-

Description: Embankment - B

Point X
1 -340.00 540.00
2 -238.00 580.00
3 -150.00 625.00
4 -125.00 625.00
5 -100.00 610.00
6 -37.00 580.00
7 -25.00 575.00
8 90.00 535.00
————— Profile Line No. 7 - Material Type (Number): 4 -—--—-



Description: Fou

Point X
1 -525.00
2 -340.00
3 -156.00
4 -140.00
————— Profile Li

Description: Fou

Point X
1 -130.00
2 -116.00
3 90.00
4 225.00
5 560.00
————— Profile Li
Description: Bed
Point X
1 -525.00
2 -140.00
3 -130.00
4 560.00

¥

UTEXAS4 S/N:1000
Licensed for use
Time and date of
Name of input da
Sandy\10.0_Calcu
e\BigSandy EL656

PROJECT:
PROJECT NO:
ANALYSIS:

BY:
Filename:

TABLE NO. 4

R R R R R R AR XA

* NEW MATERIAL P

R R R R R R R AR XA

Description: Roc
Constant unit we

CONVENTIONAL (IS

BigSandy EL656 EQ circular
ndation Soils - A

Y

540.00
540.00
538.00
509.00

ndation Soils - B
Y

509.00
537.00
535.00
535.00
535.00

rock - C
Y

512.00
509.00
509.00
503.00

1 - Version: 4.1.0.8 - Latest Revision: 11/9/2009
by: Craig Helm, URS
run: Tue Dec 04 16:48:11 2012

ta file: G:\Projects\AEP Big

lations_Analysis_Data\10.03_Geotechnical\Stability\UTEXAS4\Earthquak

EQ _circular.txt

BIG SANDY DAM

13815153

Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

C.Helm

BigSandy EL656 EQ circular.dat

AR R Rk R Rk R R R e R R AR R R AR R SRR R R R S R R R R e S R AR R R R Rk R e

ROPERTY DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS *

AR Rk R Rk R e R e R R R AR R R R SRR R R R S R R R R e S R R AR R R R

kfill (saturated)
ight of soil (material): 110.0
OTROPIC) SHEAR STRENGTHS

Cohesion - - - - - - - - 0.0
Friction angle - - - - - 32.00 (degrees)
Page 3



BigSandy EL656 EQ circular

Pore water pressures are defined by a piezometric line.
Piezometric line number: 1
Negative pore water pressures are NOT allowed - set to zero.

Description: Embankment (saturated)
Constant unit weight of soil (material): 130.0

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - - - - - - - - 0.0
Friction angle - - - - - 25.00 (degrees)

Pore water pressures are defined by a piezometric line.
Piezometric line number: 1
Negative pore water pressures are NOT allowed - set to zero.

Description: Drain (saturated)
Constant unit weight of soil (material): 70.0

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - - - - - - - - 0.0
Friction angle - - - - - 38.00 (degrees)

Pore water pressures are defined by a piezometric line.
Piezometric line number: 1
Negative pore water pressures are NOT allowed - set to zero.

Description: Foundation Soils (saturated)
Constant unit weight of soil (material): 135.0

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - - - - - - - - 0.0
Friction angle - - - - - 25.00 (degrees)

Pore water pressures are defined by a piezometric line.
Piezometric line number: 1
Negative pore water pressures are NOT allowed - set to zero.

Description: Bedrock (saturated)
Constant unit weight of soil (material): 150.0

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - - - - - - - - 8000.0
Friction angle - - - - - 0.00 (degrees)

Pore water pressures are defined by a piezometric line.
Piezometric line number: 1
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BigSandy EL656 EQ circular
Negative pore water pressures are NOT allowed - set to zero.
¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big

Sandy\10.0 _Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 6

B e R o R R R AR R S R R SR R R AR R AR AR R R R S S R R AR R R R R R AR R R R R AR R R e R e

* NEW PIEZOMETRIC LINE DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS *

R R R o R R R AR R S R R SR R R R R R AR AR R AR R AR AR R R R AR R R R R R R R AR R R AR AR R R h R e R e

Description: Piezometric Line - Maximum Section
Unit weight of fluid (water): 62.4

Point X Y
1 -525.00 655.50
2 -12.00 655.50
3 -7.00 630.00
4 -7.00 593.00
5 18.00 580.00
6 108.00 580.00
7 227.00 540.00
8 450.00 540.00
9 460.00 535.00

10 560.00 535.00

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 11

R R o o o R R R AR R S S R R S R R AR R R R S S e e S R R R R R R G R S R R AR e

* NEW DISTRIBUTED LOAD DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS *

R R o o R R R AR AR R S e R R R S R R AR R R R e S S e S S R e R R R R AR R R R R AR R R R R R

Normal Shear
Point X Y Pressure Stress

Distributed loads will be generated from piezometric line number 1
See Output Table number 27
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¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big

Sandy\10.0 _Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 5

2222222222222222222222222222222222222222222222222222222222
2 NEW MATERIAL PROPERTY DATA - SECOND_STAGE COMPUTATIONS 2
2222222222222222222222222222222222222222222222222222222222

Description: Rockfill (saturated)

Constant unit weight of soil (material): 110.0
CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS

Cohesion - - - - - - - - 0.0

Friction angle - - - - - 32.00 (degrees)

Pore water pressures are defined by a piezometric line.

Piezometric line number: 2
Negative pore water pressures are NOT allowed - set to zero.

Description: Embankment (saturated)

Constant unit weight of soil (material): 130.0

-—-— 2-STAGE STRENGTHS FOR SECOND STAGE OF COMPUTATIONS
Kc = 1 ENVELOPE:

Intercept of envelope ("'d") - - - - - - - - 500.0

Slope of envelope (psi™) - - - - - - - - - 23.00 (degrees)
Kc = Kf ENVELOPE:

Intercept of envelope (C'd") - - - - - - - - 0.0

Slope of envelope ('psi™) - - - - - - - - - 25.00 (degrees)

Pore water pressures are defined by a piezometric line.
Piezometric line number: 2
Negative pore water pressures are NOT allowed - set to zero.

Description: Drain (saturated)
Constant unit weight of soil (material): 70.0
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BigSandy EL656 EQ circular
CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - - - - - - - - 0.0
Friction angle - - - - - 38.00 (degrees)

Pore water pressures are defined by a piezometric line.

Piezometric line number: 2
Negative pore water pressures are NOT allowed - set to zero.

Description: Foundation Soils (saturated)

Constant unit weight of soil (material): 135.0

-—-— 2-STAGE STRENGTHS FOR SECOND STAGE OF COMPUTATIONS
Kc = 1 ENVELOPE:

Intercept of envelope ("'d") - - - - - - - - 1100.0

Slope of envelope (psi™) - - - - - - - - - 12.00 (degrees)
Kc = Kf ENVELOPE:

Intercept of envelope ('d") - - - - - - - - 0.0

Slope of envelope ('psi™) - - - - - - - - - 25.00 (degrees)

Pore water pressures are defined by a piezometric line.
Piezometric line number: 2
Negative pore water pressures are NOT allowed - set to zero.

Description: Bedrock (saturated)
Constant unit weight of soil (material): 150.0

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - - - - - - - - 8000.0
Friction angle - - - - - 0.00 (degrees)

Pore water pressures are defined by a piezometric line.
Piezometric line number: 2

Negative pore water pressures are NOT allowed - set to zero.
¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabi 1 1ty\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 7

222222222222222222222222222222222222222222222222222222222222222222222
2 NEW PIEZOMETRIC LINE DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS 2
222222222222222222222222222222222222222222222222222222222222222222222



BigSandy EL656 EQ circular
——————————————— Piezometric Line Number 2 - ——————————————

Description: Piezometric Line - Maximum Section
Unit weight of fluid (water): 62.4

Point X Y
1 -525.00 655.50
2 -12.00 655.50
3 -7.00 630.00
4 -7.00 593.00
5 18.00 580.00
6 108.00 580.00
7 227.00 540.00
8 450.00 540.00
9 460.00 535.00

10 560.00 535.00

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big

Sandy\10.0 _Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 12

222222222222222222222222222222222222222222222222222222222222222

2 NEW DISTRIBUTED LOAD DATA - SECOND/THIRD-STAGE COMPUTATIONS 2

222222222222222222222222222222222222222222222222222222222222222
Normal Shear

Point X Y Pressure Stress

Distributed loads will be generated from piezometric line number 2
See Output Table number 28

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabi 1 1ty\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 16

AEAIAIAAXAAAAAAAXAAAAAAAXAAAAXAAAXAAAAXXX

* NEW ANALYSIS/COMPUTATION DATA *

AEAIAAAXAAAAAAAXAAAAAAAXAAAAXAAAXAAAAXXX

Starting Center Coordinate for Search at -
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BigSandy EL656 EQ circular
Xz 350.00
Y: 875.00

Required accuracy for critical center
(= minimum spacing between grid points): 1.000

No center allowed to pass below: 700.00

Critical shear surface not allowed to pass below Y: 490.00

For the initial mode of search circles are tangent to horizontal line at -
Y: 510.00
Radius: 365.00

Iteration limit: 100

Will save the following number of shear surfaces with the lowest factors of
safety:10

Two-stage computations will be performed.

Seismic coefficient: 0.070

Seismic force acts at center of gravity.

The following represent default values or values that were prevously defined:
Subtended angle for slice subdivision: 3.00(degrees)

There is no crack.

There is no water in a crack.

Unit weight of water (or other fluid) in crack: 62.4

Automatic search output will be in long form.

Search will be continued after the initial mode to find a most critical circle.
Maximum number of trial grids for a given search mode: 50

No restrictions exist on the lateral extent of the search.

Neither slope face was explicitly designated for analysis.

Standard sign convention used for direction of shear stress on shear surface.
Procedure of Analysis: Spencer

Force imbalance: 1.000000e-005 (fraction of total weight)

Moment imbalance: 1.000000e-005 (fraction of moment due to total weight)
Minimum weight required for computations to be performed: 100

Initial trial factor of safety: 3.000

Initial trial side force inclination: 17.189 (degrees)

Minimum (most negative) side force inclination allowed in Spencer®s procedure:
-10.00

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big

Sandy\10.0 _Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 26

xxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx

These slope geometry were generated from the Profile Lines.
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BigSandy EL656 EQ circular
Y

Point X

1 -525.00 540.00
2 -425.00 540.00
3 -360.00 587.00
4 -340.00 587.00
5 -275.00 587.00
6 -238.00 615.00
7 -156.00 654 .55
8 -153.00 656.00
9 -150.00 656.00
10 -140.00 656.00
11 -130.00 656 .00
12 -125.00 656.00
13 -116.00 656 .00
14 -100.00 656.00
15 -63.00 656 .00
16 -37.00 656.00
17 -25.00 656 .00
18 -12.00 656.00
19 -7.00 656 .00
20 15.00 656.00
21 18.00 656 .00
22 90.00 656.00
23 106.00 656 .00
24 108.00 656.00
25 120.00 656 .00
26 225.00 599.89
27 227.00 598.82
28 251.00 586.00
29 330.00 586.00
30 408.00 550.00
31 435.00 550.00
32 450.00 540.00
33 460.00 535.00
34 560.00 535.00

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabi 1 1ty\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 27

AEEAAAAAAAAAAAAAAAAAAAAAAAAAAAAAXAAAAXAAAXAAAXAAAAAAAAAAAAAAAXAAAAAAAXAAAAKXX

* NEW DISTRIBUTED LOAD DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS *

AEEAAAAAAKAAAAAAAAAAAAAAAAAAAAAAXAAAAXAAAXAAAXAAAAAAAAAAAAAAAXAAAAAAAXAAAAXX

Normal Shear

Point X Y Pressure Stress
1 -525.00 540.00 7207 .2 0.0

2 -425.00 540.00 7207.2 0.0

3 -360.00 587.00 4274 .4 0.0

4 -340.00 587.00 4274.4 0.0

5 -275.00 587.00 4274 .4 0.0
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6 -238.00 615.00 2527.2 0.0
7 -156.00 654.55 59.1 0.0
8 -154.04 655.50 0.0 0.0

The above data were generated automatically from piezometric

line number 1.

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabi 1 1ty\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 28

222222222222222222222222222222222222222222222222222222222222222
2 NEW DISTRIBUTED LOAD DATA - SECOND/THIRD-STAGE COMPUTATIONS 2
222222222222222222222222222222222222222222222222222222222222222

Normal Shear

Point X Y Pressure Stress
1 -525.00 540.00 7207 .2 0.0

2 -425.00 540.00 7207.2 0.0

3 -360.00 587.00 4274 .4 0.0

4 -340.00 587.00 4274.4 0.0

5 -275.00 587.00 4274 .4 0.0

6 -238.00 615.00 2527.2 0.0

7 -156.00 654 .55 59.1 0.0

8 -154.04 655.50 0.0 0.0

The above data were generated automatically from piezometric
line number 2.

Search will be conducted for RIGHT face of slope

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big

Sandy\10.0 _Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 30

R R o e R R R R AR AR R R R R R R R R AR R R R R R R R R AR R R S e R R e

* OUTPUT FOR TYPE 1 AUTOMATIC SEARCH WITH CIRCLES *

R S e R R R R AR AR R R R R R R AR R R R R R R R AR R R R R R e R R e

—————— Output for Circles Tangent to a Given Horizontal Line ----—--
—————— Tangent line elevation, Y: 510.00
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Center Coordinates

X

320.00
350.00
380.00
320.00
350.00
380.00
320.00
350.00
380.00

9280

inclination fell outside the range of values allowed.

allowed is:

allowed is:

Y

845.
845.
845.
875.
875.
875.
905.
905.
905.
New 9-Point
845.

00
00
00
00
00
00
00
00
00

00

BigSandy EL656 EQ circular

Radius

335.
335.
335.
365.
365.
365.
395.
395.
395.

00
00
00
00
00
00
00
00
00

2-Stage

Factor Side Force
of Inclination

Safety (degrees)
1.377 -18.577
1.371 -20.216
1.336 -20.073
1.371 -18.551
1.365 -19.989
1.333 -20.036
1.368 -18.507
1.367 -19.778
1.340 -19.910

Iterations Messages

DO

Grid (only new points calculated) - - - - - -

335.00 Center rejected as follows:

-8.00000e+001 degrees.

1.00000e+001 degrees.

computing factor of safety for 2nd stage.

410.00
9280

inclination fell outside the range of values allowed.

allowed is:

allowed is:

875.

00

365.00 Center rejected as follows:

-8.00000e+001 degrees.

1.00000e+001 degrees.

computing factor of safety for 2nd stage.

410.00
375.00
380.00
385.00
375.00
385.00
375.00
380.00
385.00
390.00
390.00
390.00

382.00
388.00
382.00
385.00
388.00

384.00

905.
New 9-Point
870.
870.
870.
875.
875.
880.
880.
880.
New 9-Point
870.
875.
880.
New 9-Point
872.
872.
872.
875.
875.
878.
878.
878.
New 9-Point
874.

00

00
00
00
00
00
00
00
00

00
00
00

00
00
00
00
00
00
00
00

00

UTEXAS ERROR NUMBER
The side force

The minimum value
The maximum value

Error occurred while

UTEXAS ERROR NUMBER
The side force

The minimum value
The maximum value

Error occurred while

395.00 1.351 -18.896 6
Grid (only new points calculated) - - - - - -
360.00 1.334 -20.133 6
360.00 1.332 -20.053 6
360.00 1.332 -19.932 6
365.00 1.334 -20.113 6
365.00 1.332 -19.925 6
370.00 1.335 -20.093 6
370.00 1.333 -20.017 6
370.00 1.332 -19.912 6
Grid (only new points calculated) - - - - - -
360.00 1.335 -19.770 6
365.00 1.334 -19.771 6
370.00 1.333 -19.768 6
Grid (only new points calculated) - - - - - -
362.00 1.332 -20.003 6
362.00 1.332 -19.930 6
362.00 1.333 -19.839 6
365.00 1.332 -19.994 6
365.00 1.333 -19.837 6
368.00 1.332 -19.984 6
368.00 1.332 -19.917 6
368.00 1.333 -19.834 6
Grid (only new points calculated) - - - - - -
364.00 1.332 -19.952 6
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385.00 874.00 364.00 1.332 -19.927 6
386.00 874.00 364.00 1.332 -19.899 6
384.00 875.00 365.00 1.332 -19.949 6
386.00 875.00 365.00 1.332 -19.898 6
384.00 876.00 366.00 1.332 -19.947 6
385.00 876.00 366.00 1.332 -19.922 6
386.00 876.00 366.00 1.332 -19.896 6

- - - - - - New 9-Point Grid (only new points calculated) - - -
383.00 873.00 363.00 1.332 -19.978 6
384.00 873.00 363.00 1.332 -19.954 6
385.00 873.00 363.00 1.332 -19.929 6
383.00 874.00 364.00 1.332 -19.975 6
383.00 875.00 365.00 1.332 -19.973 6

- - - - - - New 9-Point Grid (only new points calculated) - - -
383.00 872.00 362.00 1.332 -19.980 6
384.00 872.00 362.00 1.332 -19.956 6

————— Critical Circle After the Current Mode of Search ----—-

Xz 384.00 Y: 873.00 Radius: 363.000

Factor of safety: 1.332 Side force inclination: -19.954

?

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS
Time and date of run: Tue Dec 04 16:48:11 2012
Name of input data file: G:\Projects\AEP Big

Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Earthquak

e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 31

R S R o R AR R S SR S Sk e S R R R R R AR R AR AR R R R e R R AR

* OUTPUT FOR TYPE 1 AUTOMATIC SEARCH WITH CIRCLES *

R R S e R S R AR AR R R R R R A A R R AR R R R o R R R R R R R S e R R R A

—————— Output for Circles with a Given, Constant Radius ----—--
—————— Radius: 363.00

2-Stage
Center Coordinates Factor Side Force
of Inclination
X Y Radius Safety (degrees) Iterations

354.00 843.00 363.00 Center rejected as follows:
NUMBER 8080

the limiting depth of: 490.000

384.00 843.00 363.00 Center rejected as follows:
8060

intersect the slope.

414.00 843.00 363.00 Center rejected as follows:
8060

intersect the slope.

354.00 873.00 363.00 1.369 -20.171 6
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414.00
9280

BigSandy EL656 EQ circular
873.00 363.00 Center rejected as follows:

inclination fell outside the range of values allowed.

allowed is:

allowed is:

-8.00000e+001 degrees.
1.00000e+001 degrees.

computing factor of safety for 2nd stage.

354.00

384.00

414.00
9280

903.00 363.00 1.747 -20.187 5
903.00 363.00 1.813 -20.587 6
903.00 363.00 Center rejected as follows:

inclination fell outside the range of values allowed.

allowed is:

allowed is:

-8.00000e+001 degrees.
1.00000e+001 degrees.

computing factor of safety for 2nd stage.

—————— New 9-Point Grid (only new points calculated)

379.00 868.00 363.00 1.330 -19.059 6
384.00 868.00 363.00 1.323 -18.860 6
389.00 868.00 363.00 1.325 -18.686 6
379.00 873.00 363.00 1.333 -20.061 6
389.00 873.00 363.00 1.333 -19.805 6
379.00 878.00 363.00 1.349 -21.142 6
384.00 878.00 363.00 1.350 -21.102 6
389.00 878.00 363.00 1.352 -21.014 7

- - - - - - New 9-Point Grid (only new points calculated) - -
379.00 863.00 363.00 2.141 -18.017 4
384.00 863.00 363.00 2.170 -17.926 4
389.00 863.00 363.00 2.199 -17.794 4

- - - - - - New 9-Point Grid (only new points calculated) - -
381.00 865.00 363.00 1.972 -18.312 4
384.00 865.00 363.00 1.983 -18.237 4
387.00 865.00 363.00 1.993 -18.150 4
381.00 868.00 363.00 1.326 -18.976 6
387.00 868.00 363.00 1.324 -18.759 6
381.00 871.00 363.00 1.328 -19.586 6
384.00 871.00 363.00 1.328 -19.512 6
387.00 871.00 363.00 1.329 -19.421 6

- - - - - - New 9-Point Grid (only new points calculated) - -
383.00 867.00 363.00 1.637 -18.630 5
384.00 867.00 363.00 1.636 -18.593 5
385.00 867.00 363.00 1.635 -18.559 5
383.00 868.00 363.00 1.323 -18.890 6
385.00 868.00 363.00 1.323 -18.828 6
383.00 869.00 363.00 1.324 -19.104 6
384.00 869.00 363.00 1.325 -19.075 6
385.00 869.00 363.00 1.325 -19.044 6

- - - - - - New 9-Point Grid (only new points calculated) - -
382.00 867.00 363.00 1.639 -18.665 5
382.00 868.00 363.00 1.324 -18.929 6
382.00 869.00 363.00 1.324 -19.132 6

————— Critical Circle After the Current Mode of Search ----—-

X: 383.00 Y: 868.00 Radius: 363.000

Factor of safety: 1.323 Side force inclination: -18.890

?
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UTEXAS4 S/N:

Time and date of run:

PROJECT:
PROJECT NO:
ANALYSIS:

BY:
Filename:

TABLE NO. 30

10001

BigSandy EL656 EQ circular
4.1.0.8 - Latest Revision: 11/9/2009

- Version:
Licensed for use by: Craig Helm, URS
Tue Dec 04 16:48:11 2012
Name of input data file: G:\Projects\AEP Big

Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

BIG SANDY DAM
13815153
Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

C.Helm

BigSandy EL656 _EQ circular.dat

R o e R S R AR R S R Sk S R R S R R AR R R AR R AR AR R R e e e

* OUTPUT FOR TYPE 1 AUTOMATIC SEARCH WITH CIRCLES *

R R R R R AR R R S SR Sk S R R SR R R SRR R SR R R R S R R AR AR R

—————— Output for Circles Tangent to a Given Horizontal Line --———-
______ Tangent line elevation,

Center Coordinates

X

353.00
383.00
413.00
353.00
413.00
353.00
383.00
413.00
8060

Y

838.
838.
838.
868.
868.
898.
898.
898.

00
00
00
00
00
00
00
00

intersect the slope.

378.00
383.00
388.00
378.00
388.00
378.00
383.00
388.00

383.00
386.00
380.00
386.00
380.00
383.00
386.00
380.00
383.00
386.00

382.00

New 9-Point

Radius

333.
333.
333.
363.
363.
393.
393.
393.

00
00
00
00
00
00
00

00 Center rejected as follows:

Y: 505.00
2-Stage
Factor Side Force
of Inclination
Safety (degrees)
1.332 -19.333
1.328 -18.913
1.395 -16.446
1.330 -19.102
1.364 -17.177
1.332 -18.872
1.343 -18.875

Iterations Messages

(XN NerNeorNerNe))

UTEXAS NOTICE NUMBER

Circle does not

Grid (only new points calculated) - - - - - -

863.00 358.00 1.329 -19.099 6
863.00 358.00 1.323 -18.906 6
863.00 358.00 1.325 -18.728 6
868.00 363.00 1.332 -19.096 6
868.00 363.00 1.324 -18.722 6
873.00 368.00 1.335 -19.091 6
873.00 368.00 1.325 -18.885 6
873.00 368.00 1.324 -18.712 6
New 9-Point Grid (only new points calculated) - - - - - -
865.00 360.00 1.326 -19.019 6
865.00 360.00 1.322 -18.900 6
865.00 360.00 1.324 -18.801 6
868.00 363.00 1.328 -19.019 6
868.00 363.00 1.324 -18.794 6
871.00 366.00 1.330 -19.018 6
871.00 366.00 1.323 -18.883 6
871.00 366.00 1.324 -18.786 6
New 9-Point Grid (only new points calculated) - - - - - -
862.00 357.00 1.325 -19.017 6
862.00 357.00 1.323 -18.908 6
862.00 357.00 1.324 -18.806 6
New 9-Point Grid (only new points calculated) - - - - - -
864 .00 359.00 1.322 -18.933 6
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BigSandy EL656 EQ circular

383.00 864 .00 359.00 1.323 -18.903 6
384.00 864 .00 359.00 1.323 -18.871 6
382.00 865.00 360.00 1.322 -18.929 6
384.00 865.00 360.00 1.323 -18.868 6
382.00 866.00 361.00 1.322 -18.927 6
383.00 866.00 361.00 1.322 -18.897 6
384.00 866.00 361.00 1.323 -18.866 6
—————— New 9-Point Grid (only new points calculated) - - - - - -
381.00 863.00 358.00 1.323 -18.972 6
382.00 863.00 358.00 1.322 -18.936 6
381.00 864 .00 359.00 1.324 -18.973 6
381.00 865.00 360.00 1.324 -18.974 6
————— Critical Circle After the Current Mode of Search ----—-
Xz 382.00 Y: 864.00 Radius: 359.000
Factor of safety: 1.322 Side force inclination: -18.933
¥
UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 33

* 2-STAGE FINAL CRITICAL CIRCLE INFORMATION *

X Coordinate of Center . - = - - - . . . 382.00

Y Coordinate of Center . - = - - - < - - . . 864.00

Radius . . . e e e - - - . . . 4 4 . < o . . 3959.00

Factor of Safety - - e e e e e . . .1.322

Side Force Inclination (degrees) - - < - - . . . -18.93

Number of Circles Tried - - - - - . . 123

Number of Circles F Calculated for . . . . . . . 115

Time Required for Search (seconds) . . . . . . . 0.2

TABLE NO. 34

AEEAAEAAAAAAAAAAAXAAAAAAAXAAAAAAAXAXAAAAAAAXAAAAAAAAAAAAAAXAAAAAAAAXAAX

* Summary of the 10 Circles with the Lowest Factors of Safety *

AEEAAEAAAAAAAAAAAAAAAAAAXAAAAAAAXAXAAAXAAAAXAAAAAAAAAAAAAAXAAAAAAAXAAK

Center Coordinates Elevation Factor Side
of Bottom of Force
X Y Radius of Circle Safety Inclin. X-Left
X-Right
382.00 864.00 359.00 505.00 1.322 -18.93 89.40
525.67
382.00 865.00 360.00 505.00 1.322 -18.93 88.88
525.87
382.00 863.00 358.00 505.00 1.322 -18.94 89.91
525.46
382.00 866.00 361.00 505.00 1.322 -18.93 88.37
526.08
383.00 866.00 361.00 505.00 1.322 -18.90 89.37
527.08
383.00 865.00 360.00 505.00 1.322 -18.90 89.88
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BigSandy EL656 EQ circular

526.87

383.00 864 .00 359.00 505.00 1.323 -18.90 90.40
526.67

383.00 868.00 363.00 505.00 1.323 -18.89 88.34
527.50

383.00 863.00 358.00 505.00 1.323 -18.91 90.91
526.46

383.00 862.00 357.00 505.00 1.323 -18.91 91.43
526.25

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 43

111112211221122112211221222122212221222122112211221122112111
1 Coordinate, Weight, Strength and Pore Water Pressure 1
1 Information for Individual Slices for Conventional 1
1 Computations or First Stage of Multi-Stage Computations. 1
1 (Information is for the critical shear surface in the 1
1 case of an automatic search.) 1
111112211221122112211221222122212221222122112211221122112211

Slice Slice Matl . Friction Pore

No. X Y Weight No. Cohesion Angle Pressure
89.40 656 .00

1 89.70 655.58 28 1 0.0 32.00 0.0
90.00 655.15

2 95.67 647 .66 10400 1 0.0 32.00 0.0
101.33 640.16

3 103.67 637.29 9610 1 0.0 32.00 0.0
106.00 634.42

4 107.00 633.23 5009 1 0.0 32.00 0.0
108.00 632.04

5 114.00 625.30 40518 1 0.0 32.00 0.0
120.00 618.57

6 126.60 611.88 58958 1 0.0 32.00 0.0
133.20 605.19

7 140.15 598.86 70836 1 0.0 32.00 0.0
147.09 592.53

8 154.35 586.56 81636 1 0.0 32.00 0.0
161.62 580.60

9 169.19 575.03 91037 1 0.0 32.00 0.0
176.75 569.46

10 184.60 564.29 98746 1 0.0 32.00 0.0
192.45 559.12

11 200.56 554_37 104501 1 0.0 32.00 0.0
208.67 549.62

12 216.83 545_.38 105780 1 0.0 32.00 0.0
225.00 541.15

13 226.00 540.67 12912 1 0.0 32.00 0.0
227 .00 540.19

14 227.19 540.09 2500 1 0.0 32.00 0.0
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BigSandy EL656 EQ circular
227.39 540.00

15 232.86 537.50 68974 3 0.0 38.00 156.0
238.33 535.00

16 244 .67 532.38 77724 4 0.0 25.00 475.7
251.00 529.75

17 259.84 526.56 115755 4 0.0 25.00 838.9
268.67 523.36

18 277.66 520.62 132189 4 0.0 25.00 1209.0
286.66 517.89

19 295.78 515.63 146400 4 0.0 25.00 1520.4
304.90 513.38

20 314.13 511.60 158150 4 0.0 25.00 1772.2
323.36 509.82

21 326.68 509.30 58990 4 0.0 25.00 1915.4
330.00 508.79

22 339.33 507.67 160976 4 0.0 25.00 2017.5
348.66 506.55

23 358.04 505.92 148371 4 0.0 25.00 2126.4
367.41 505.30

24 374.71 505.15 104579 4 0.0 25.00 2174.8
382.00 505.00

25 391.39 505.25 118553 4 0.0 25.00 2168.6
400.79 505.49

26 404 .39 505.72 40284 4 0.0 25.00 2139.2
408.00 505.94

27 417 .35 506.87 98152 4 0.0 25.00 2067 .4
426.70 507.79

28 430.85 508.36 41862 4 0.0 25.00 1974.1
435.00 508.93

29 442 .50 510.22 63687 4 0.0 25.00 1858.5
450.00 511.50

30 455.00 512.54 32074 4 0.0 25.00 1557.7
460.00 513.58

31 469.12 515.86 47119 4 0.0 25.00 1194.5
478.23 518.14

32 487 .22 520.89 34220 4 0.0 25.00 880.2
496.20 523.65

33 505.03 526.87 19377 4 0.0 25.00 507.3
513.86 530.09

34 519.76 532.55 3912 4 0.0 25.00 153.1

525.67 535.00

No water in crack.

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 44

111112211221122112212221122112211221122112211221122112211111

1 Seismic Forces and Forces Due to Distributed Loads for 1

1 Individual Slices for Conventional Computations or the 1

1 First Stage of Multi-Stage Computations. 1
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BigSandy EL656 EQ circular
1 (Information is for the critical shear surface in the 1
1 case of an automatic search.) 1
111121111112211122211122211122211222171122123112212111212131113112

There are no seismic forces or forces due to distributed loads

for the current shear surface

2

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabi 1 1ty\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 47

11111111121221121221211212221121221112271122231122121131221311131212111112
1 Information for the lterative Solution for the Factor of 1
1 Safety and Side Force Inclination by Spencer®s Procedure 1
1 Stage 1 of Multi-Stage Computations 1
111111111212211212212112122211212211122711322311122121131221311131212111112
Allowable force imbalance for convergence: 24

Allowable moment imbalance for convergence: 6943

Trial Trial
Factor Side Force Force Moment Delta
Iter- of Inclination Imbalance Imbalance Delta-F Theta
ation Safety (degrees) (Ibs.) (ft.-1bs.) (degrees)
1 3.00000 -17.1887 -2.471e+005 1.451e+008
First-order corrections to F and Theta ............ -2.1667 3.3734
Reduced values - Deltas were too large ............ -0.5000 0.7785
2 2.50000 -16.4103 -1.784e+005 1.048e+008
First-order corrections to F and Theta ............ -1.0837 1.8346
Reduced values - Deltas were too large ............ -0.5000 0.8464
3 2.00000 -15.5638 -7.546e+004 4_.432e+007
First-order corrections to F and Theta ............ -0.2932 0.4866
Second-order corrections to F and Theta ........... -0.2596 0.4242
4 1.74038 -15.1396 1.256e+003 -7.343e+005
First-order corrections to F and Theta ............ 0.0037 -0.0088
Second-order corrections to F and Theta ........... 0.0037 -0.0088

5 1.74412 -15.1484 -5.571e-003 3.234e+000
First-order corrections to F and Theta ............ -0.0000 0.0000

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big

Sandy\10.0 _Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM
PROJECT NO: 13815153
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ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 48

22222222222222222222222222222222222222222222222222222222222
2 Detailed Information from Evaluation of Shear Strengths 2
2 for Stage 2 - Information is Only Given for Slices with 2
2 Two-Stage Shear Strengths (Strength Options 6 and 7). 2
2 (Information is for the critical shear surface in the 2
2 case of an automatic search.) 2
22222222222222222222222222222222222222222222222222222222222

Effective
Normal Shear
Slice Stress at Stress at  Strength  Strength Kc KFf

No. Consol. Consol. (Kc = 1) (Kc = Kf)

16 4874.0 1303.1 2136.0 2272.8 1.711 2.464

17 5014.9 1340.8 2166.0 2338.5 1.711 2.464

18 5537.6 1480.5 2277.1 2582.2 1.711 2.464

19 6035.1 1613.6 2382.8 2814.2 1.711 2.464

20 6501.3 1738.2 2481.9 3031.6 1.711 2.464

21 6804.1 1819.1 2546.3 3172.8 1.711 2.464

22 6595.6 1763.4 2501.9 3075.6 1.711 2.464

23 5963.9 1594 .5 2367.7 2781.0 1.711 2.464

24 5309.8 1419.6 2228.6 2476.0 1.711 2.464

25 4550.0 1216.5 2067.1 2121.7 1.711 2.464

26 3896.2 1041.7 1928.2 1816.8 Strength from S envelope.
27 3700.7 989.4 1886.6 1725.7 Strength from S envelope.
28 3684.2 985.0 1883.1 1718.0 Strength from S envelope.
29 2959.9 791.4 1729.2 1380.2 Strength from S envelope.
30 2129.5 569.3 1552.6 993.0 Strength from S envelope.
31 1854.7 495.9 1494.2 864.8 Strength from S envelope.
32 1438.7 384.7 1405.8 670.9 Strength from S envelope.
33 875.6 2341 1286.1 408.3 Strength from S envelope.
34 277.5 74.2 1159.0 129.4 Strength from S envelope.

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabi 1 1ty\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 49

222222222222222222222222222222222222222222222222222222222
2 Coordinate, Weight, Strength and Pore Water Pressure 2

2 Information for Individual Slices for Second 2
2 Stage of Multi-Stage Computations. 2
2 (Information is for the critical shear surface in the 2
2 case of an automatic search.) 2

222222222222222222222222222222222222222222222222222222222

Slice Slice Matl . Friction Pore
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X
89.40
89.70
90.00
95.67

101.33
103.67
106.00
107.00
108.00
114.00
120.00
126.60
133.20
140.15
147.09
154.35
161.62
169.19
176.75
184.60
192 .45
200.56
208.67
216.83
225.00
226.00
227.00
227.19
227.39
232.86
238.33
244 _67
251.00
259.84
268.67
277.66
286.66
295.78
304.90
314.13
323.36
326.68
330.00
339.33
348.66
358.04
367.41
374.71
382.00
391.39
400.79
404.39
408.00
417.35
426.70
430.85
435.00
442 .50
450.00
455.00
460.00
469.12

656.
655.
655.
647 .
640.
637.
634.
633.
632.
625.
618.
611.
605.
598.
592.
586.
580.
575.
569.
564.
559.
554.
549.
545.
541.
540.
540.
540.
540.
537.
535.
532.
529.
526.
523.
520.
517.
515.
513.
511.
509.
509.
508.
507.
506.
505.
505.
505.
505.
505.
505.
505.
505.
506.
507.
508.
508.
510.
511.
512.
513.
515.

BigSandy EL656 EQ circular

Weight
28
10400
9610
5009
40518
58958
70836
81636
91037
98746
104501
105780
12912
2500
68974
77724
115755
132189
146400
158150
58990
160976
148371
104579
118553
40284
98152
41862
63687
32074
47119

No.

=

A A DA DM A DNMDANDNDAEDNDDNEDNDNEDNDN PR P PP PP PR PPRRPR PR R
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Cohesion
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2202.5
2249.8
2425_3
2592.4
2748.9
2850.6
2780.6
2568.4
2348.8
2093.6
1816.8
1725.7
1718.0
1380.2

993.0

864.8

Angle
32.00
32.00
32.00
32.00
32.00
32.00
32.00
32.00
32.00
32.00
32.00
32.00
32.00
32.00
38.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Pressure

0.

15
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BigSandy EL656 EQ circular
478.23 518.14

32 487 .22 520.89 34220 4 670.9 0.00 0.0
496.20 523.65

33 505.03 526.87 19377 4 408.3 0.00 0.0
513.86 530.09

34 519.76 532.55 3912 4 129.4 0.00 0.0

525.67 535.00
¥
UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009
Licensed for use by: Craig Helm, URS
Time and date of run: Tue Dec 04 16:48:11 2012
Name of input data file: G:\Projects\AEP Big
Sandy\10.0 _Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 50
222222222222222222222222222222222222222222222222222222222222222222222
2 Seismic Forces and Forces Due to Distributed Loads for Individual 2

2 Slices for the Second Stage of Multi-Stage Computations. 2
2 (Information is for the critical shear surface in the 2
2 case of an automatic search.) 2

222222222222222222222222222222222222222222222222222222222222222222222
FORCES DUE TO DISTRIBUTED LOADS

Y for
Slices Seismic Seismic Normal Shear

No. X Force Force Force Force X Y

1 89.70 2 655.79 0 0 89.70 656.00
2 95.67 728 651.83 0 0 95.67 656.00
3 103.67 673 646 .65 0 0 103.67 656.00
4 107.00 351 644 .62 0 0 107.00 656 .00
5 114.00 2836 640.65 0 0 114.00 656.00
6 126.60 4127 632.18 0 0 126.60 652 .47
7 140.15 4959 622.05 0 0 140.15 645.23
8 154.35 5715 612.10 0 0 154.35 637.64
9 169.19 6373 602.37 0 0 169.19 629.72
10 184.60 6912 592.88 0 0 184.60 621.48
11 200.56 7315 583.66 0 0 200.56 612.95
12 216.83 7405 574.82 0 0 216.83 604 .26
13 226.00 904 570.01 0 0 226.00 599.36
14 227.19 175 569.41 0 0 227.19 598.72
15 232.86 4828 567.04 0 0 232.86 595.69
16 244 .67 5441 561.35 0 0 244 .67 589.38
17 259.84 8103 556.03 0 0 259.84 586.00
18 277 .66 9253 552.50 0 0 277 .66 586.00
19 295.78 10248 549.61 0 0 295.78 586.00
20 314.13 11070 547 .32 0 0 314.13 586.00
21 326.68 4129 546.04 0 0 326.68 586.00
22 339.33 11268 543.00 0 0 339.33 581.69
23 358.04 10386 537.79 0 0 358.04 573.06
24 374.71 7321 533.61 0 0 374.71 565.37
25 391.39 8299 529.93 0 0 391.39 557.66
26 404.39 2820 527.28 0 0 404 .39 551.66
27 417.35 6871 527.08 0 0 417.35 550.00
28 430.85 2930 527.86 0 0 430.85 550.00
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29 442 .50 4458 526.41 0 0 442 .50 545.00
30 455.00 2245 524 .45 0 0 455.00 537.50
31 469.12 3298 525.43 0 0] 469.12  535.00
32 487 .22 2395 527.95 0 0 487 .22 535.00
33 505.03 1356 530.94 0 0] 505.03 535.00
34 519.76 274 533.77 0 0 519.76 535.00

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabi 1 1ty\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 51

22222222222222222222222222222222222222222222222222222222222222
2 Information for the lterative Solution for the Factor of 2
2 Safety and Side Force Inclination by Spencer®s Procedure 2
2 Second Stage of Multi-Stage Computations 2
22222222222222222222222222222222222222222222222222222222222222
Allowable force imbalance for convergence: 24

Allowable moment imbalance for convergence: 6943

Trial Trial
Factor Side Force Force Moment Delta
Iter- of Inclination Imbalance Imbalance Delta-F Theta
ation Safety (degrees) (Ibs.) (ft.-1bs.) (degrees)
1 3.00000 -17.1887 -4.168e+005 2 .506e+008
First-order corrections to F and Theta ............ -3.6105 -5.8928
Reduced values - Deltas were too large ............ -0.5000 -0.8161
2 2.50000 -18.0048 -3.483e+005 2.094e+008
First-order corrections to F and Theta ............ -2.1588 -1.9677
Reduced values - Deltas were too large ............ -0.5000 -0.4557
3 2.00000 -18.4605 -2.485e+005 1.493e+008
First-order corrections to F and Theta ............ -1.0060 -0.7229
Reduced values - Deltas were too large ............ -0.5000 -0.3593
4 1.50000 -18.8199 -8.590e+004 5.161e+007
First-order corrections to F and Theta ............ -0.2006 -0.1264
Second-order corrections to F and Theta ........... -0.1799 -0.1137
5 1.32006 -18.9336 1.153e+003 -6.927e+005
First-order corrections to F and Theta ............ 0.0021 0.0010
Second-order corrections to F and Theta ........... 0.0021 0.0010

6 1.32217 -18.9326 -2.699e-003 1.620e+000
First-order corrections to F and Theta ............ -0.0000 -0.0000

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big

Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabil ity\UTEXAS4\Earthquak
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BigSandy EL656 EQ circular
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 55

AEEAAAAAAAAAAAAAAAAAAAAAAAAAAAAAXAAAAXAAAXAAAXAAAAAAAAAAAAAAAAAAAAAAXAAAXX

* Check of Computations by Spencer®s Procedure (Results are for the *

* critical shear surface in the case of an automatic search.) *
AEEAIAAEAAAAXAXAAXAAAAXAXAAAXAXAAXAXAAAAXAAXAXAXAAAXAAAXAXAAXAXAXAAXAXAAAXAXAAXAXAAAXAXAAXAAAXxihk*dkx

Summation of Horizontal Forces: 1.91735e-010

Summation of Vertical Forces: 1.87359e-010

Summation of Moments: 5.55301e-008

Mohr Coulomb Shear Force/Shear Strength Check Summation: 4.47944e-011

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabi 1 1ty\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 58

FEIAIAAXAAXAAXAAXAAAAAXAAXAAAAAAAAAAAAAAAAAAAIAAAXAAAAAAAhkAhkAhkhkhkkhkhkkhkhAkkhkhAkhkhAhkhkhkikhhhAiiiix

* Final Results for Stresses Along the Shear Surface *

* (Results are for the critical shear surface in the case of a search.) *
KAEEAAAAAAAAAAAAAA A A A A A AR AR A A A A A A AR A A AAAAART A AAAAAARARAAAAAAAARAAAAAAAARAAAAAAAX

SPENCER®S PROCEDURE USED TO COMPUTE THE FACTOR OF SAFETY

Factor of Safety: 1.322 Side Force Inclination: -18.93
———————— VALUES AT CENTER OF BASE OF SLICE - ——————-
Total Effective
Slice Normal Normal Shear
No. X-Center Y-Center Stress Stress Stress
1 89.70 655.58 22.9 22.9 10.8
2 95.67 647 .66 467.2 467 .2 220.8
3 103.67 637.29 1092.1 1092.1 516.1
4 107.00 633.23 1350.5 1350.5 638.3
5 114.00 625.30 1879.2 1879.2 888.1
6 126.60 611.88 2618.8 2618.8 1237.7
7 140.15 598.86 3147 .4 3147 .4 1487.5
8 154.35 586.56 3638.5 3638.5 1719.6
9 169.19 575.03 4081.2 4081.2 1928.8
10 184 .60 564.29 4465.2 4465.2 2110.3
11 200.56 554.37 4779.9 4779.9 2259.0
12 216.83 545.38 5013.5 5013.5 2369.4
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13 226.00 540.67 5116.9 5116.9 2418.3
14 227.19 540.09 5126.9 5126.9 2423.0
15 232.86 537.50 5033.4 4877.4 2882.1
16 244 .67 532.38 5140.3 5140.3 1665.8
17 259.84 526.56 5657.8 5657.8 1701.6
18 277.66 520.62 6562.1 6562.1 1834.3
19 295.78 515.63 7391.4 7391.4 1960.7
20 314.13 511.60 8138.4 8138.4 2079.1
21 326.68 509.30 8608.5 8608.5 2156.0
22 339.33 507.67 8537.7 8537.7 2103.0
23 358.04 505.92 8072.9 8072.9 1942 .6
24 374.71 505.15 7518.9 7518.9 1776.5
25 391.39 505.25 6804 .1 6804 .1 1583.5
26 404 .39 505.72 6141.0 6141.0 1374.1
27 417.35 506.87 5898.9 5898.9 1305.2
28 430.85 508.36 5823.3 5823.3 1299.3
29 442 .50 510.22 49721 4972.1 1043.9
30 455.00 512.54 3815.9 3815.9 751.0
31 469.12 515.86 3183.5 3183.5 654.1
32 487 .22 520.89 2445.5 2445.5 507.4
33 505.03 526.87 14743 1474.3 308.8
34 519.76 532.55 463.7 463.7 97.9

¥

UTEXAS4 S/N:10001 - Version: 4.1.0.8 - Latest Revision: 11/9/2009

Licensed for use by: Craig Helm, URS

Time and date of run: Tue Dec 04 16:48:11 2012

Name of input data file: G:\Projects\AEP Big
Sandy\10.0_Calculations_Analysis_Data\10.03_Geotechnical\Stabi 1 1ty\UTEXAS4\Earthquak
e\BigSandy EL656 EQ circular.txt

PROJECT: BIG SANDY DAM

PROJECT NO: 13815153

ANALYSIS: Max Cross-section - Seismic (pseudo-static) Analysis
PGA=0.07g

BY: C.Helm

Filename: BigSandy EL656 EQ circular.dat

TABLE NO. 59

FEIAIAAXAAXAAXAAXAAAAAXAAXAAAAAAAAAAAAAAAAAAAIAAAXAAAAAAAhkAhkAhkhkhkkhkhkkhkhAkkhkhAkhkhAhkhkhkikhhhAiiiix

* Final Results for Side Forces and Stresses Between Slices *

* (Results are for the critical shear surface in the case of a search.) *
KAEEAAAAAAAAAAAAAA A A A A A AR AR A A A A A A AR A A AAAAART A AAAAAARARAAAAAAAARAAAAAAAARAAAAAAAX

--------------- VALUES AT RIGHT SIDE OF SLICE ———————————oem

Y-Coord. of Fraction Sigma Sigma
Slice Side Side Force of at at
No. X-Right Force Location Height Top Bottom
1 90.00 16 655.50 0.411 8.2 26.9
2 101.33 5548 646.31 0.388 109.1 553.4
3 106.00 10330 641.55 0.330 -8.8 914.5
4 108.00 12754 639.68 0.319 -44 .3 1051.3
5 120.00 31252 629.74 0.299 -164.7 1744 .2
6 133.20 55370 620.02 0.339 39.9 2354.2
7 147.09 80922 610.83 0.374 376.9 2747 .4
8 161.62 106409 602.08 0.404 803.1 2983.9
9 176.75 130374 593.81 0.433 1313.6 3073.9
10 192.45 151465 586.07 0.463 1920.4 3005.9
11 208.67 168490 578.93 0.497 2648.4 2753.8
12 225.00 180281 572.59 0.535 3516.9 2289.1
13 227.00 181344 571.88 0.540 3634.9 2215.6
14 227.39 181540 571.74 0.541 3658.1 2200.9

Page 25



BigSandy EL656 EQ circular

15 238.33 179898 569.12 0.591 4546.7 1344.
16 251.00 191850 563.49 0.600 5157.4 1295.
17 268.67 206893 556.18 0.524 3573.7 2674.
18 286.66 219710 549 .54 0.465 2403.9 3698.
19 304.90 228012 543.77 0.419 1518.5 4421 .
20 323.36 229732 539.05 0.384 860.7 4844 .
21 330.00 228385 537.64 0.374 676.9 4918.
22 348.66 218977 534.31 0.392 1026.6 4821.
23 367.41 202154 531.70 0.416 1499 .6 4529.
24 382.00 184857 530.14 0.441 1982.8 4152.
25 400.79 158638 528.64 0.484 2834.9 3438.
26 408.00 148217 528.13 0.504 3249.9 3114.
27 426.70 118127 527.55 0.468 2141.7 3153.
28 435.00 102812 527.94 0.463 1840.4 2895.
29 450.00 77487 528.73 0.605 4187.4 956.
30 460.00 63542 528.93 0.717 6450.2 -839.
31 478.23 39065 529.76 0.689 4677.2 -294.
32 496.20 17712 531.57 0.698 3229.1 =277.
33 513.86 3338 534.46 0.891 2152.7 -865.
34 525.67 0 535.00 0.000 0.0 0.

Read end-of-file on input while looking for another command word.
End of input data assumed - normal termination.
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ATTACHMENT B

Geometry and Material Properties



KENTUCKY POWER COMPANY
BIG SANDY PLANT
FLY ASH RETENTION DAM
STAGE 3 RAISING
ENGINEERING REPORT

Prepared by
American Electric Power Service Corporation
Civil Engineering Department
Geotechnical Section

March 1993
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Fom . A/,A'ﬁl/'k F = Geotecha Jeael AM{VJ 7”3 —p ”Iﬁ,e K1 /2413/47 £A7mcu1-7 /ec/lof-/" Aarc 1993

9 185.0 70.0 205.0 80.0 4
10 205.0 80.0 345.0 80.0 4
11 345.0 80.0 455.0 135.0 4
12 455.0 135.0 490.0 135.0 4
13 490.0 135.0 491.0 170.0 5
14 490.0 135.0 500.0 135.0 5
15 500.0 135.0 501.0 175.0 2
16 535.0 175.0 570.0 135.0 2
17 570.0 135.0 615.0 135.0 4
18 615.0 135.0 645.0 125.0 4
19 645.0 125.0 720.0 87.0 2
20 35.0 40.0 275.0 45.0 5
21 275.0 45.0 345.0 80.0 4
22 275.0 45.0 380.0 80.0 5
23 380.0 80.0 4€5.0 80.0 5
24 465.0 80.0 489.0 90.0 5
25 489.0 90.0 490.0 135.0 5
26 260.0 38.0 380.0 75.0 4
27 380.0 75,0 465.0 75.0 4
28 465.0 75.0 499.0 90.0 2
29 499.0 90.0 500.0 135.0 2
30 465.0 75.0 515:0 75.0 4
31 515.0 75.0 615.0 125.0 2
32 615.0 125.0 645.0 1250 2
33 260.0 38.0 415.0 38.0 1
34 415.0 38.0 430.0 45.0 1
35 430.0 45.0 515.0 75.0 2
36 430.0 45.0 720.0 45.0 1
37 .0 35.0 30.0 35.0 3
38 30.0 35.0 260.0 35.0 6
39 260.0 35.0 400.0 35.0 6
40 400.0 35.0 720.0 35.0 7

ISOTROPIC Soil Parameters wied (n (128 Shability Annlyy,s.

"STEADY STA7E SEEPICE”
8 type(s) of soil

Soil Unit Weight Cohesion Friction Pore Pressure Water
Unit Moist Sat. Intercept Angle Parameter Constant Surface
No. (pct) (pct) (psf) (digl Ru (psf) No.

c!
1 128.0 13510 1000.0 23.00 .000 .0 1
2 128.0 [135.0 =0 25. 00]-founclen¥80 So. (3 .0 1
3 125.0 130.0 .0 25.00]- £mbanlEent .0 1
4 105.0 ©110.0 o8] 24.00 .000 .0 1
5 70.0 | 70.0 .0 38.00\ Oaia .000 + 0 1
6 128.0 135.0 .0 25.00 .000 .0 1
7 128.0 135.0 1000.0 23.00 .000 .0 1
Locke /) 8 128.0 135.0 .0 27.00 .000 .0 1

ijlox»4>awuc.
Lo cwe Y=(0pf c'=0 /Ar'(ﬁ')’?laé,m__,.

1 Water surface(s) have been specified

Unit weight of water = 62.40 (pcf)
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TABLE 7.2
SUMMARY OF DESIGN SHEAR STRENGTHS AT MAIN DAM
CASE IV: PARTIAL POOL

o CASE V: STEADY SEEPAGE WITH MAXIMUM STORAGE POOL ¥
CASE V1: STEADY SEEPAGE WITH SURCHARGE POOL

DESIGN SHEAR
DAM ZONE STRENGTH (TSF) COMMENTS
"FOUNDATION SOIL: Founclatka §;, 1y,
UNDER EXISTING BERM o' tan 25° Ke=1l; ¢ = 90°

UNDER EXISTING DAM* 0.5 + 6' tan 23°
FOUNDATION SOIL:
UNDER EXISTING BERM o' tan 27° Ke=1; ¢ = 45°
UNDER EXISTING DAM* 0.4 +6' tan 23°
FOUNDATION SOTIL:
UNDER EXISTING BERM s ' tan 30° Ke=1.75 ;¢ =45°
UNDER EXISTING DAM#* ' tan 30°

* CLAY IN EXISTING DAM o' tan 25° Embanfeaent
RANDOM_ ROCKFILL) —a t tan 242 Low D the phi =3
BOTTOM ASH ' tan 38° TR

* COMPACTED CIAY s' tan 27° Mc= -1% to+2%

*

(Confining pressure ¢ > 5 tsf)

Beolroele (fanctihe) C'=8000pct  F'= o ey
Case VII: Earthquake. Much research is in progress on the
behavior of earth dams subjected to earthquake shocks, and
new analytical methods for evaluating seismic effects are
being developed. However, for this design, the traditional
approach was used. This assumes that the earthquake imparts
an additional horizontal force F, acting in the direction of
potential failure. The arc or set of planes found to be
critical without earthquake loading is used with this added
driving force to determine the factor of safety for Cases I,
VI, V, VI. The horizontal seismic force is equal to the
mass involved times the horizontal acceleration, i.e.

Frh, = W aj

g
The total weight of the sliding soil mass W should be based
on saturated unit weights below the saturation line and

moist unit weights above the line. Selection of the seismic
coefficient should be based on the degree of seismic

43
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is presented on Table No. 5.1.

TABLE NO.

5-1

A summary of the shear strength obtained from each of these tests

SUMMARY OF SHEAR STRENGTH OF FOUNDATION SOILS AT MAIN DAM

Con. Shear Strength (TSF)
Rat. Total Stress Effec. Stress
1% Kc | Test 20% Strain 15% Strain 20% 15%
Strain Strain
S=¢ tan 16°] S =g tan 14°
2.5 6<5.0
S=0.4+6 tan6®°| S=0.35+¢ tan7°
5.0 <o
S =1.0 S = 0.85
90° -- UU (Q) | 5.0 <o S = 1.0 - —_—
\Q{\ S = 1.1
$ | 900 il cu (R) | 1.14ctan 16°| 0.8+ctan 17° | o 'tan 28° | ¢ 'tan 31°
3 90° Cu (R) 0.6+ tan 18°| 0.8+stan 19° | o 'tan 25° | o 'tan 27°
90° 1 DS —— ——— ¢ 'tan 26° | ¢ 'tan 27°
v
é 90° 1| bs — — o 'tan 35% | ¢ 'tan37%
—\\ S ] .
2 30° 1 Cu (R) FL'*U tan 12% l.3+otan 12° | ¢ 'tan 23° |(o 'tan 2%
VD N—— ]
S 45° 1| cu (R) J 0.65+%tan18° [ 1.0+stan 15° | 6 'tan 27° f 6 'tan 25°
]
\§ 45° | 1.75 1 Cu (R) | 4.8+ tane®™ \ ——= o'tan34°**1fu -
3 45° | 1.75 cu (R) | 1.94s tan12°™ ——= 6 'tan 30°T -—
**% AL approximately 6% strain.
* Appears to be low.
e Appears to be high.

Selectic! ﬂ(@/’?n J?‘zny’ﬁ/ ,é’r

Earthg cotec Groeligsrg
Five triaxial compression tests under unconsolidated undraihed,
UU, Conditions were performed on samples from Borings BSFD-1,
BSFD-2, BSFD-3 and BSFD-3A from depths above the elevation of the
original ground surface. These soils consisted of very stiff to
hard brown silty clay. Total stress circles for these tests are

Strength of Clay in Existing Dam:

Foocencloro A So/l5 . - Z*Sﬁé;g 141\01/:7,',1. ((hfﬂgm)
Dneined Unolr of
7 - F 17 L a3
£ =m g A= -1 €sf
r = /.
=25 rees
2 i € = 12 degrece
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TABLE NO.

5.2

SUMMARY OF SHEAR STRENGTH OF CLAY IN EXISTING MAIN DAM

SHEAR STRENGTH (TSF)
TOTAL STRESS EFFECTIVE STRESS

TEST 20% STRAIN 15% STRAIN 20% STRAIN 15% STRAIN
UU (Q) 6 < 3.0 tsf —-—— ———

S=s tan 28°% S=p tan22°

3.0<6<6.0

S=0.4+0 tan24° | S=ps tan22°

6.0 <o

S = 3.0 §=2.7
UU (Q) | o<4+sf e —

S=p tan20° S=p tan20°

4<3<8.3tsf

S=0.6+0 tanll® S=0.646 tanll®

8.3<0 <15tsf

S=0.7+40 tanlo°® S=0. 640 tanl1®

o <15tsf

S=3.5 S=3,.8

— L
Cu (R) | 0.8+0tan 20° \0.5+otan23°) (I o 'tan 25;:) ¢ 'tan 27°
e r——— \__'/

Cu (R) l1.140 tan 18° 1.2+4ptanle® o 'tan 26° o 'tan 29°
DS —-——— —— o 'tan 23° o 'tan 27°
DS - - l1.74+6 'tanl7° l.6+40 'tanl17°

+ Appears to be high.

Strength of Cla

from Proposed Borrow:

The samples tested came from combining samples obtained from the
seven test trenches dug at the location of the proposed borrow

site.

The samples consisted of brown silty clay, "and" fine to

coarse sand, trace fine to coarse gravel. Before testing, all

composite samples were remolded by compacting the soil to a dry
unit weight equal to 95% of the maximum dry unit weight as

obtained in accordance with ASTM D698.
conducted on remolded samples having moisture contents from about
-1% to +3% of the optimum moisture content.

Strength tests were

Six triaxial compression tests under unconsolidated undrained,
UU, conditions, were performed on samples remolded at moisture

contents of -1% and +3% of the optimum moisture content.

Embaantonunt Sod -

Total

7-Stege Hadases (Earthgintse)

19

lwened

&I

F

~ W

Opsf
= 25 ologree

4

o = soopf
Y= 23 ologrec
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