Comments on Draft Report on Kentucky Utilities — Green River Station

EPA:

Contractor did not rate Finishing Pond #3- taken out of service in 2010, but not officially closed
out with the state- have contractor rate pond.

State: None

Company: See letter dated January 26, 2011



Generation Services

VIA OVERNIGHT DELIVERY

Mr. Stephen Hoffman

U.S. Environmental Protection Agency
Two Potomac Yard

2733 South Crystal Drive

Fifth Floor, N-5237

Arlington, VA 22202-2733

January 26, 2011

Re: Kentucky Utilities’ Comments on
DRAFT Report of Geotechnical Investigation Dam Safety Assessment of Coal Combustion Surface
Impoundments Kentucky Utilities, a Subsidiary of E.ON U.S. Green River Station, Central City, Kentucky

Dear Mr. Hoffman:

The U.S. Environmental Protection Agency (EPA) requested comments from Kentucky Utilities (KU) on a draft report
regarding coal combustion residual (CCR) impoundments at KU’s Green River Station. AMEC, an engineering contractor
for EPA, prepared the draft report dated September 2010 to present results of their assessment of the structural stability of
four CCR impoundments at Green River Station, commonly referred to as Ash Treatment Basin #1, Ash Treatment Basin
#2, Scrubber Pond, and Coal Pile Runoff Pond.

The scope of AMEC’s assessment included a site visit to perform visual observations of the impoundments and a review of
documentation provided by KU. As part of the assessment, AMEC assigned a condition rating and a hazard rating to each
impoundment using their engineering judgment and understanding of criteria developed by the EPA.

In conducting its assessment, AMEC utilized impoundment guidelines issued by the Mine Safety and Health
Administration (MSHA). However, the MSHA guidelines are aimed at coal slurry ponds at mine sites, rather than the
CCR impoundments found at a power plant. The MSHA standards are not legally applicable to our impoundments and in
fact differ substantially from the standards that are applicable to our facilities. As you know, over the past two years EPA
has assessed impoundments at several other facilities owned by KU or its affiliates. None of the EPA contractors
conducting assessments of our facilities has utilized MSHA guidelines in preparing its reports. In fact, of the dozens of
assessments of power plant impoundments that EPA has conducted across the nation, we are unaware of any EPA
contractor other than AMEC utilizing MSHA guidelines in preparing its reports. Consequently, we object to the use of
MSHA guidelines for inspection of our facilities because they are legally inapplicable, inappropriate from a technical
standpoint, and inconsistent with past EPA practice. In the present situation, where EPA is conducting nation-wide
assessments to determine whether CCR impoundments pose any significant risk to the public, it is particularly
inappropriate for EPA to apply differing standards depending on the EPA contractor that conducts the assessment.

We disagree with the “poor” condition rating which AMEC has assigned to each of our impoundments. Based on AMEC’s
site inspection in August of 2010, AMEC found “no major operational or maintenance issues that needed to be addressed.”
However, AMEC determined to assign a poor condition rating based on the absence of certain information specified under
the MSHA guidelines. It is entirely permissible under the MSHA guidelines to consider methods and procedures and other
information that falls outside the gambit of the MSHA program to verify the safety of an impoundment.

According to the preface of MSHA’s Engineering and Design Manual Coal Refuse Disposal Facilities, Second Edition,
May 2009: “The guidance presented in this Manual represents information, methods and procedures that are
recommended for consideration by designers, coal operators, and regulators. The guidance presented in this Manual is
not regulation and cannot be enforced as such. It is not intended to preclude the application of other credible methods and
procedures or the use of other and new information that will result in a safe and reliable coal refuse disposal facility.”
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Kentucky has established a dam safety regulatory program under KRS Chapter 151 which involves permitting and
inspection of impoundments. KRS 150.295 directs the Secretary of the Energy and Environment Cabinet (EEC) to inspect
dams and reservoirs on a regular schedule. KRS 151.100 defines the word dam to mean any artificial barrier, including
appurtenant works, which does or can impound or divert water and which either (a) is or will be 25 feet or more in height
or (b) has or will have an impounding capacity at maximum water storage elevation of 50 acre-feet or more. All such dams
are subject to the provisions of KRS Chapter 151 and are regulated by the EEC, Department for Environmental Protection
(KY DEP).

The Secretary of the EPC is empowered by KRS 151 to administer and enforce the law using methods and procedures such
as adopting rules and regulations, routinely inspecting dams, issuing permits and certificates of inspection, requiring
owners to take action to protect life and property, and conducting studies and investigations as necessary to ensure
compliance. KY DEP maintains an experienced technical staff to enforce regulations and administer the methods and
procedures of the Secretary.

The EPC’s regulations incorporate two technical publications that provide methods and procedures for the design,
construction and safe operation of dams. These publications are The Division of Water Engineering Memorandum No. 5
and Guidelines for Geotechnical Investigation and Analysis of New and Existing Earth Dams. Kentucky professional
engineers have historically used these publications for the design and construction of numerous projects which have been
determined to be safe and reliable. These publications provide appropriately conservative methods and procedures for the
design, construction and operation of safe CCR impoundments. MSHA impoundment guidelines are designed to regulate a
broader array of potential dam integrity issues and materials with differing physical properties than CCRs. KU does not
consider the strict application of MSHA impoundment guidelines to be necessary or appropriate for CCR impoundments.
Nor does KU interpret the MSHA guidelines as precluding reliance on relevant information available under the Kentucky
Dam Safety program or otherwise available to EPA.

According to Kentucky regulations, the Green River CCR impoundments are classified as follows:

Ash Treatment Basin #1 — Class A, Low Hazard
Ash Treatment Basin #2 — Not Classified
Scrubber Pond - Class A, Low Hazard

Coal Pile Runoff Pond — Not Classified

Kentucky regulations define Class A, Low Hazard dams as “structures located such that failure would cause loss of the
structure itself but little or no additional damage to other property”. Ash Treatment Basin #2 and Coal Pile Runoff Pond
are small impoundments that are not large enough to be classified as a dam per Kentucky regulations and do not present a
hazard to life or property.

Out of an abundance of caution and to assist KY DEP, EPA and AMEC, KU has conducted additional studies and
investigations to confirm the safety of impoundments at Green River Station. The studies and investigations included a
suite of comprehensive geotechnical explorations, instrumentation programs, geological laboratory testing programs, slope
stability analyses, hydrologic and hydraulic analyses, and recent engineering condition assessments by an independent
registered professional engineer. These further studies concluded that all four CCR impoundments at Green River are in
acceptable condition.

KU has included these additional studies, clerical and technical corrections to AMEC’s draft report as the following
attachments to this letter.

Attachment 1 —KU’s Comments - clerical and technical corrections to DRAFT Report of Geotechnical Investigation Dam
Safety Assessment of Coal Combustion Surface Impoundments Kentucky Utilities, a Subsidiary of E.ON
U.S. Green River Station, Central City, Kentucky

Attachment 2 - Report of Geotechnical Exploration and Slope Stability Analyses Kentucky Utilities (KU) Green River

Power Station, No. 2 Pond/Coal Pile Runoff Pond and Scrubber Pond, South Carrolton, Muhlenberg
County, Kentucky, December 3, 2010, Mactec Engineering and Consulting, Inc.
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Addendum A, Report of Geotechnical Exploration and Slope Stability Analyses Kentucky Utilities (KU)
Green River Power Station, No. 2 Pond/Coal Pile Runoff Pond and Scrubber Pond, South Carrolton,
Muhlenberg County, Kentucky, January 24, 2011, Mactec Engineering and Consulting, Inc.

Sheet Number 1, As-Built, Number 2 Pond Slope Armoring and Ditch Relocation, September 15, 2010,
Associated Engineers, Inc.

Attachment 3 — Addendum A - Assessment of Spillway Hydrologic Adequacy for the Coal Pile Pond, Ash Treatment Basin

No. 2, and Scrubber Pond at Green River Generating Station, January 25, 2011, Mactec Engineering and
Consulting, Inc.

Attachment 4 — Addendum A — Final Geotechnical Report, Main Ash Pond Slope Stability Analysis and Repair, Kentucky
Utilities, Green River Station, January 24, 2011, Associated Engineers, Inc.

Attachment 5 — Cover Pages, cover letter, appendices A and B of 2011 Pond Inspections Visual Site Assessment Report Six
Impoundment Facilities, January 25, 2011, ATC Associates, Inc.

KU respectfully requests that EPA direct AMEC, in finalizing the report, to refrain from applying MSHA guidelines and to
consider all information available under the Kentucky Dam Safety Program as well as the additional studies and
investigations performed by KU. KU believes that the additional information clearly shows the CCR impoundments at
Green River Station are in acceptable condition.

Also, please note that on November 1, 2010, the name of E.ON U.S. LLC was changed to LG&E and KU Energy LLC.
Consequently, any references to E.ON U.S. should be changed to LG&E and KU Energy.

We appreciate the opportunity to comment. If you have any questions regarding these comments, please contact me using
the information provided below.

Sincerely,

David Millay, PE

Civil Engineer, LG&E and KU Services Company
Phone 502-627-2468

david.millay@lge-ku.com

Attachments

Cc: James Kohler, PE, U.S. Environmental Protection Agency
Gary Wells, PE, Kentucky Department of Environmental Protection— Dam Safety Section
Michael Winkler, LG&E and KU Services Company
John Voyles, LG&E and KU Services Company
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Attachment 1

KU Comments-clerical and technical corrections to
DRAFT Report of Geotechnical Investigation Dam Safety Assessment of Coal Combustion
Surface Impoundments
Kentucky Utilities, a Subsidiary of E.ON U.S.
Green River Station, Central City, Kentucky,

AMEC Project No. 3-2106-0177.0003

Prepared by AMEC Earth & Environmental, Inc.,
September 2010



Attachment 1 KU Comments-clerical and technical corrections

KU General comments:

In Kentucky, CCR impoundments are regulated by the Energy and Environmental Cabinet, Department of Environmental
Protection, Division of Water. The U.S. Department of Labor, Mine Safety Health Administration (MSHA) does not
regulate CCR impoundments in Kentucky. MSHA impoundment guidelines are designed to regulate a broader array of
potential dam integrity issues and materials with differing physical properties than CCRs. KU does not consider the strict
application of MSHA impoundment guidelines to be necessary or appropriate for CCR impoundments in Kentucky.

Inside of cover page
“Kentucky Ultilities a wholly owned subsidiary of E.ON U.S., Green River Power Station...”

Page 1, 1.1 Introduction
First paragraph, fourth line:
“...perform a site assessment of Kentucky Utilities (a wholly owned Ssubsidiary of E.ON U.S.) Green River Power...

2

Page 1, Table 1. Site Visit Attendees

E.ON U.S., Environmental Affairs Michael Winkler, Manager-Environmental Programs
Kentucky Utilities Travis Harper, Chemist 111

E-ON-ULS- Kentucky Utilities Tom Troost, Pt General Manager, Green River Power Station
E.ON U.S., Generation Engineering David Millay, P.E., Civil Engineer

Page 2, section 1.2 Project Background
Fifth paragraph

“Based on a site visit evaluation of the impoundments, AMEC engineers assigned a “Significant Hazard Potential”
classification to the Ash Treatment Basin #1 or Main Pond, Ash Treatment Basin #2, Scrubber Pond, and the Former Ash
Pond or Coal Runoff Pond... ”

KU Notes: The Green River CCR impoundments do not qualify for any MSHA category because MSHA does not have
jurisdictional authority to regulate the Green River CCR Impoundments.

KY DEP’s staff of dam safety engineers conducted comprehensive design reviews and permitting for the Ash Treatment
Basin #1 and the Scrubber Pond during the design, construction, and initial operation phase of these projects. Ash
Treatment Basin #1 and the Scrubber Pond were permitted as low hazard dams, and are currently classified as low hazard
dams.

KY DEP engineers have conducted numerous routine site inspections at Green River for Ash Treatment Basin #1 and the
Scrubber Pond. KY DEP continues to classify Ash Treatment Basin #1 and the Scrubber Pond as Class A, Low Hazard
dams. The Number 2 Pond and the Coal Runoff Pond remain exempt from Kentucky dam safety regulations because they
are small and do not create a hazard to life or property.

Page 2, section 1.2 Project Background
First, second and third paragraphs

KU Notes:

The Green River Ash Treatment Basin #1 and Scrubber Pond dams are classified as Class A, Low Hazard dams by
Kentucky regulations. Low hazard classifications means that failure would cause loss of the structure itself but little or no
additional damage to other property.

Refer to KRS 151.250

“ 151.250 Plans for dams, levees, etc. to be approved and permit issued by cabinet -- Jurisdiction of Department for
Natural Resources.
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Attachment 1 KU Comments-clerical and technical corrections

(1) Notwithstanding any other provision of law, no person and no city, county, or other political subdivision of the state,
including levee districts, drainage districts, flood control districts or systems, or similar bodies, shall commence the
construction, reconstruction, relocation or improvement of any dam, embankment, levee, dike, bridge, fill or other
obstruction (except those constructed by the Department of Highways) across or along any stream, or in the floodway of
any stream, unless the plans and specifications for such work have been submitted by the person or political subdivision
responsible for the construction, reconstruction or improvement and such plans and specifications have been approved in
writing by the cabinet and a permit issued. However, the cabinet by regulation may exempt those dams, embankments or
other obstructions which are not of such size or type as to require approval by the cabinet in the interest of safety or
retention of water supply.”

The KU Green River Number 2 Pond and Coal Pile Runoff Pond are exempt from Kentucky dam safety regulations as they
are not of such size to require approval by the cabinet in the interest of safety.

Page 2, section 1.2 Project Background
Fourth paragraph, third and fourth line

“Copies of the ask CCW Impoundment Inspection Forms are provided in Appendix A. The CCW Impoundment
Inspection...”

Page 3, section 1.2.1 State Issued Permits
First paragraph

“The permit became effective of November 1, 2001 and expired on October 31, 2004. At the time of writing of this report,
KDOW stated the KPDES permit for Green River Power Station was under review.”

KU Note: The permit remains in effect under applicable state regulations.

Page 3, section 1.2.1 State Issued Permits
Second paragraph

KU Note: Two engineers from KDOW Dam Safety Section inspected the Green River Ash Treatment Basin #1 and the
Scrubber Pond on January 6, 2011. No safety issues were noted and KU expects KDOW will subsequently issue a
Certificate of Inspection.

Page 4, section 1.4.1 Ash Handling and Flow Summary
Second paragraph, first line

“Once-through cooling water flows are used for the #main-condenser Units 3 and 4 condensers and are not routed...”

Page 5, section 1.4.2 Ash Treatment Basin #1
First paragraph, sixth and seventh lines

KU Note: The Green River Ash Treatment Basin #1 was constructed under the supervision of a professional engineer.
James Flaig, Kentucky Professional Engineer number 6337 supervised the construction. Reference HC Nutting as built
project drawings transmitted by KU to AMEC on July 30, 2010.

Page 5, section 1.4.2 Ash Treatment Basin #1
Second paragraph

KU Note: The Green River Ash Treatment Basin #1 slope failures were shallow, maintenance type sloughs, commonly
associated with earthen dams. KU promptly took action to repair these areas. Qualified KU staff routinely monitors these

areas and the repairs have continued to perform satisfactorily.

Page 5, section 1.4.2 Ash Treatment Basin #1
Fourth paragraph, second line
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Attachment 1 KU Comments-clerical and technical corrections

“...excavating and removing loose materials and reconstructing the slope with rock.”

Page 5, section 1.4.2 Ash Treatment Basin #1
Fourth paragraph, sixth line

“...requirements of Section 843, Type IV, of the current edition of the Kentucky AXOF Transportation Cabinet...”

Page 7, section 1.4.5 Scrubber Pond
First paragraph

KU Note: In December 2010, KU installed new pumps with automatic switches on the Scrubber Pond to provide
automatic pool elevation control.

Page 7, section 1.4.5 Scrubber Pond
Second paragraph, third line

“...2604 2003 the Scrubber Pond has not received FGD residuals.”
Page 8, section 1.5 Previously Identified Safety Issues

KU Note: The Green River Ash Treatment Basin #1 slope failures were shallow, maintenance type sloughs, commonly
associated with earthen dams. KU took action to repair these areas. Qualified KU staff routinely monitors these areas and
the repairs have continued to perform satisfactorily. KU acted promptly to address the sloughs, but at no time were they
considered a safety issue.

Page 10, section 2.2.1 Ash Treatment Basin #1 — Embankments and Crest
First paragraph, line 12

“Two roekbuttresses, reportedly installed...”

KU Note: The east buttress installed in 2010 is rock. The west buttress is constructed out of compacted soil.

Page 13, section 2.7 Monitoring Instrumentation

KU Note: The Green River Ash Treatment Basin #1 and Ash Treatment Basin #2 were designed and constructed with
weirbox structures and metal plate v-notch weirs at the ash pond flow measurement structure. Weirs are instruments used
to measure and monitor flow.

Pages 18-22, section 3.2.1 Hydrologic and Hydraulic Study

KU Notes: KU implemented various hydrologic and hydraulic (H&H) system improvements at the Ash Treatment Basin
#2 (Number 2 Pond) and Scrubber Pond in 2010. MACTEC Engineering and Consulting updated the H&H model for
these impoundments. See Addendum A to Assessment of Spillway Hydrologic Adequacy for the Coal Pile Pond, Ash
Treatment Basin No. 2, and Scrubber Pond at Green River Generating Station, January 25, 2011.

Mactec’s H&H model concluded that all four Green River CCR impoundments do not overtop during a 100 year, 6 hour
precipitation event. Ash Treatment Basin #1 and the Scrubber Pond meet Kentucky H&H regulations for Class A, Low
Hazard dams.

Because the Ash Treatment Basin #2 and the Coal Pile Runoff Pond are not large enough to meet Kentucky regulations for
classification as a dam, Kentucky H&H regulations for a Class A, Low Hazard Dams do not apply. Ash Treatment Basin

#2 and the Coal Pile Runoff Pond are smaller impoundments that do not present a hazard to life or property.

KU is continuing to evaluate the modeled H&H conditions at the Green River CCR impoundments and plans to implement
any necessary operational adjustments.

3]s



Attachment 1 KU Comments-clerical and technical corrections

Page 23, section 3.3 Structural Adequacy and Stability
Table 7 heading “Minimum Regired Dam Safety Factors”

KU suggests that AMEC should delete the word “required” as it does not apply to all three agencies published documents
regarding minimum safety factors.

Page 30, section 3.5.1 Instrumentation

KU Note: The Main Pond and Number 2 Pond were designed and constructed with weirbox structures and metal plate v-
notch weirs at the principal spillway discharge structure. Weirs are instruments used to measure and monitor flow.

Pages 36-37 section 4.1 Acknowledgement of Management Unit Conditions

KU Notes: KU has provided additional information that shows all four Green River CCR impoundments are not in poor
condition. For the draft and final reports, KU suggests that AMEC adjust the assigned condition ratings to reflect the
acceptable conditions.

Pages 39, 41, 43, 45 sections 4.2.4 — 4.5.4 Inspection Recommendations

KU Notes: ATC Associates conducted an independent third party inspection of the four Green River CCR impoundments

in January, 2011. ATC do not recognize any dam safety deficiencies and noted only routine minor maintenance items. KU
is developing plans to address the priority maintenance items in 2011.
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Attachment 1 KU Comments-clerical and technical corrections

Pages 37-39, 40-42, 44, sections 4.2.2, 4.3.2, 4.4.2, 4.5.2 Geotechnical and Stability Recommendations

KU Notes: A series of comprehensive geotechnical explorations and slope stability analyses for the Green River CCR
impoundments were completed in December, 2010 and is included as attachment 2. The results of the analysis for Ash
Treatment Basin #1 and the Scrubber Pond are summarized in Table 1.

Because the Ash Treatment Basin #2 and the Coal Pile Runoff Pond are not large enough to meet Kentucky regulations for
classification as a dam, Kentucky slope stability regulations do not apply. Ash Treatment Basin #2 and the Coal Pile
Runoff Pond are smaller impoundments that do not present a hazard to life or property.

Slope stability analyses showed factors of safety below KY DEP recommended values at a cross section 1 of the Coal Pile
Runoff Pond and a cross section 5 of the Ash Treatment Basin #2. These analyses concluded that the impoundment slopes
are stable under steady-state conditions and did not conclude there was a safety concern.

For cross section 1 of the Coal Pile Runoff Pond, the downstream model for the steady-state/maximum surcharge pool
conditions indicated a theoretical minimum FS of 1.4. Theoretical factors of safety above 1.0 indicate a stable slope under
modeled conditions; therefore, the slopes are currently stable and should not be expected to fail under normal operating
conditions. KU is currently evaluating the results of the analysis and plans to study options to improve the section if
necessary to increase the factor of safety above KY DEP recommended values.

For Ash Treatment Basin #2, the modeled theoretical failure occurs under earthquake loading conditions. The theoretical
failure occurs as a thin veneer within the impoundment ash inside the embankment and would not cause a release of
material.

Table 1
Green River Main Pond and Scrubber Pond-
Slope Stability Analysis 2010
Lowest Factor of Safety (FOS) vs. KDOW and USACE Guidelines*
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Attachment 2

Report of Geotechnical Exploration and Slope Stability Analyses
Kentucky Utilities (KU) Green River Power Station
No. 2 Pond/Coal Pile Runoff Pond and Scrubber Pond
South Carrollton, Muhlenberg County, Kentucky

December 3, 2010
Mactec Engineering and Consulting, Inc.

Addendum A, Report of Geotechnical Exploration and Slope Stability Analyses
Kentucky Utilities (KU) Green River Power Station
No. 2 Pond/Coal Pile Runoff Pond and Scrubber Pond
South Carrolton, Muhlenberg County, Kentucky

January 24, 2011
Mactec Engineering and Consulting, Inc.

Sheet Number 1, As-Built, Number 2 Pond Slope Armoring and Ditch Relocation

September 15, 2010
Associated Engineers, Inc.
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KU Green River Power Station December 3, 2010
MACTEC Project No. 3143-10-1317.02 Geotechnical Report

1. EXECUTIVE SUMMARY

Kentucky Utilities (KU) retained MACTEC Engineering and Consulting, Inc. (MACTEC) to
evaluate the stability of the existing No. 2 Pond/Coal Pile Runoff Pond embankments and Scrubber
Pond embankments at their Green River Power Station in South Carrollton, Muhlenberg County,
Kentucky. The goal of our services was to evaluate the stability of the upstream and downstream
slopes at ten selected cross-sections (Section 1 through Section 10), under three conditions: steady-

state/maximum surcharge pool, rapid drawdown, and dynamic (seismic) loading.

Our exploration included a total of 23 soil test borings and six groundwater piezometers. Two
borings were drilled at each of 10 cross-sections (one crest boring and one downstream toe boring
per cross-section). Three additional toe borings were drilled to further explore unanticipated
conditions encountered at Section 2. The piezometers were installed in selected crest borings (three
per pond). Our geotechnical laboratory testing included index tests, classification tests, and triaxial
shear strength tests.

We developed slope stability models based on the geometric slope conditions (upstream and
downstream slopes) and our interpretation of the subsurface soil strata and available groundwater
data. We selected soil parameters for the slope stability analyses based on several resources,
including the laboratory testing performed for this exploration, our field testing and observations,

published information on similar soil and material types, and our experience.

Our analyses indicate that the embankment sections analyzed are structurally stable under steady-
state conditions from a slope stability standpoint, and are not in danger of imminent failure.
However, one slope under steady-state/maximum surcharge conditions (Section 1 Downstream)
and one slope under seismic loading conditions (Section 5 Upstream) do not meet the target Factor
of Safety (FS) criteria provided and referenced herein. Various methods are available for
improving the minimum factor of safety of the Section 1 Downstream slope, as discussed in
Section 5.6.2 of this report. The predicted failure of the Section 5 Upstream slope occurs as a thin
veneer failure within the impounded ash behind the embankment and would have an insignificant
impact on the embankment at this location. Therefore, improvements are not warranted for the

Section 5 Upstream slope.



KU Green River Power Station December 3, 2010
MACTEC Project No. 3143-10-1317.02 Geotechnical Report

2. PURPOSE AND SCOPE OF EXPLORATION

The purpose of this exploration was to obtain site specific subsurface information for the
development of slope models to analyze the stability of the existing No. 2 Pond/Coal Pile Runoff
Pond and the Scrubber Pond at the KU Green River Power Station. The primary guidance
documents for the development of our exploration and analyses included the Kentucky
Environment and Energy Cabinet (KEEC), Water Infrastructure Branch, Dam Safety Division
Guidelines (primarily Engineering Memorandum Number 5 and KAR 401:030 — Design Criteria
for Dams and Associated Structures and “Guidelines for Geotechnical Investigation and Analysis
of New and Existing Earth Dams™) and the U.S. Army Corps of Engineers (USACE) Engineering
Manual EM 1110-2-1902. In addition, the “Engineering and Design Manual” (dated May 2009) by

the Mine Safety and Health Administration (MSHA) was referenced for seismic stability analyses.

KU retained MACTEC to provide geotechnical engineering consulting services for the Green River
Power Station No. 2 Pond/Coal Pile Runoff Pond and the Scrubber Pond. This report presents a
summary of our geotechnical exploration, the results of our slope stability analyses, and our
conclusions pertinent to the pond embankments. Herein, the term “site” shall refer specifically
to the No. 2 Pond/Coal Pile Runoff Pond and the Scrubber Pond at the KU Green River Power

Station.

Our scope of services included reviewing documents including aerial photographs and construction
drawings provided by KU, available geologic and topographic mapping, and explorations
performed by others; performing a site reconnaissance, exploratory drilling, and laboratory testing;
and performing slope stability analyses for the existing pond embankments. A total of 20 soil test
borings were proposed to obtain subsurface data at ten cross-sections along the embankments at
areas we judged to be “critical” based on the topography and nature of the exposed slope. The
cross-sections are spaced on approximately 200 to 700 foot intervals along the existing
embankments of the ponds to obtain subsurface data along the crest and toe. Three borings were
added to further explore unanticipated conditions encountered in the Section 2 borings. Three
piezometers were installed in the embankment crest at each pond (total of six piezometers) to
monitor piezometric levels within the dams. Water levels in the piezometers were recorded on
August 24 and October 14, 2010.

The assessment of site environmental conditions was beyond the scope of our geotechnical

exploration.



KU Green River Power Station December 3, 2010
MACTEC Project No. 3143-10-1317.02 Geotechnical Report

3. PROJECT INFORMATION

Project information was provided by Mr. David J. Millay, P.E. and other representatives of KU
during multiple telephone conversations, electronic mail transmittals, and a site meeting on August
9, 2010 between KU and MACTEC representatives. Copies of the following documents were

provided to us:

o KU Green River Mapping, dated February 3, 2010, prepared by L. Robert
Kimball & Associates, LLC

e Seven historic topographic maps, dated 1951 through 1993, provided by KU

e Several aerial images of Green River Power Station , untitled and undated,
provided by KU

e Three bathymetric surveys titled, Ash Pond Capacity Analysis — No. 2 Pond, Ash
Pond Capacity Analysis — Coal Pile Runoff Pond, and Ash Pond Capacity
Analysis — Scrubber Pond, dated July 30, 2010, prepared by Associated
Engineers, Inc.

e Final Geotechnical Report, Main Ash Pond, Slope Stability Analysis and Repair,
Green River Station, dated July 16, 2010, prepared by Associated Engineers, Inc.

As previously noted, our services were requested relative to evaluation of the embankments
retaining two ponds at the KU Green River Power Station facility in South Carrollton, Kentucky.
The ponds are identified as the No. 2 Pond/Coal Runoff Pond and the Scrubber Pond. Information

pertaining to the two ponds is summarized below.

No. 2 Pond/Coal Pile Runoff Pond. The No. 2 Pond/Coal Pile Runoff Pond has a collective surface

area of approximately 32 acres and was constructed in two phases. The south embankment of the
Coal Pile Runoff Pond (western cell) was constructed in the 1940s to create a runoff basin for the
coal stockpile and a settling pond for sluiced ash and plant process water. In the early 1970s, the
south embankment of the Coal Pile Runoff Pond was expanded to the east and a divider dike was
constructed to create a two-cell pond. The east pond is referred to as the No. 2 Pond. This
expansion included an embankment constructed to form the east limit of the No. 2 Pond which
intersects a native hillside at the northern limit of the pond. The total length of constructed
embankments for this complex is approximately 3,050 linear feet. The typical crest elevation for
the Number 2 Pond is 400 feet National Geodetic Vertical Datum of 1929 (NGVD) with a typical
crest width of about 10 feet.
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Information provided indicates the bottom of pond design elevation was approximately 385 feet
NGVD. However, we understand some local variations from the design bottom elevation may be
expected. An as-built survey of the completed pond, prepared before the pond was put into service,

is not available.

The downstream toe elevation varies, with the lowest toe elevation of 385 feet NGVD resulting in a
maximum dam height of approximately 15 feet. Both the upstream and downstream embankment

slope inclinations are nominally reported to be 2.5 Horizontal to 1 Vertical (2.5H:1V).

Scrubber Pond. The Scrubber Pond (also known as the SO, Removal Pond) has a surface area of
approximately 9 acres and was constructed in the late 1970s to manage flue gas desulfurization
(FGD) residuals for Green River Power Station Units 1 and 2. Both units were retired in 2003 and
the Scrubber Pond has not received FGD residuals since that time. The impoundment consists of
three embankments along the east, south and west sides of the pond. The north limits of the east
and west embankments intersect a native hillside. The total length of constructed embankment is
approximately 2,150 linear feet. The typical crest elevation is 405 feet NGVD with a typical crest
width of about 10 feet.

Information provided indicates the bottom of pond design elevation was approximately 385 feet
NGVD. However, we understand some local variations from the design bottom elevation may be
expected. An as-built survey of the completed pond, prepared before the pond was put into service,

is not available.

The downstream toe elevation varies, with the lowest toe elevation of 385 feet NGVD resulting in a
maximum dam height of approximately 20 feet. Both the upstream and downstream embankment

slope inclinations are nominally reported to be 2.5H:1V.

Representatives from KU and MACTEC were present on August 9, 2010 at the Green River Power
Station in South Carrollton, Muhlenberg County, Kentucky. The purposes of the meeting were to
discuss the No. 2 Pond/Coal Pile Runoff Pond and the Scrubber Pond, perform an initial
reconnaissance of the facility, and discuss an exploration approach for obtaining the data required

to evaluate the stability of the existing embankments.

The proposed drilling plan included 20 soil test borings, comprised of one boring on the crest and
one boring at the downstream toe of 10 selected embankment sections. The ten proposed sections
4
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were spaced on approximately 200- to 700-foot intervals along the total embankment length of
5,200 feet. We judged this spacing interval acceptable to provide adequate initial coverage for the
subsurface exploration. Further, the cross sections were selected at areas judged to be “critical”

based on the topography and the nature of the exposed slope.

4. EXPLORATORY FINDINGS

4.1 SURFACE CONDITIONS

MACTEC conducted a site reconnaissance on August 12-14, 2010 during our drilling operations.
The site surface conditions were observed and documented and the information gathered was used
to help interpret the subsurface data, and to detect conditions which could affect our

recommendations.

The KU Green River Power Station is situated along the northern bank of the Green River, about
1-1/2 miles east of US 431 in South Carrollton, Muhlenberg County, Kentucky. Access to the plant
from US 431 is provided via Power Plant Road. The No. 2 Pond and the Scrubber Pond are located
on the northeast side of the plant, about 1100 feet north of the river.

Surface cover along the crest of the embankments, which were used as access roads, consisted
primarily of gravel. The downstream face of the southern and eastern embankments of the No. 2
Pond were covered with limestone rip rap, which we understand was placed to mitigate surface
erosion. Otherwise, surface cover on the upstream and downstream slope faces and the toe of the
embankments consisted of sparse to dense field grasses and weeds. Relatively dense vegetation
was also observed in the southern portions of the No. 2 Pond and the Coal Pile Runoff Pond (i.e.,
within about 250 to 350 feet of the southern embankments), where the ash level was typically
within a few feet of the dam crest elevation. Impounded water was not present immediately

upstream of the embankments at these locations.

We observed soft, wet surface conditions at the toe of the southern embankments of both the No. 2

Pond and the Scrubber Pond. We understand this condition is typical for these areas.
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4.2 SITE GEOLOGY

The Geologic Map of the Central City East Quadrangle, Muhlenberg and Ohio Counties, Kentucky
(United States Geological Survey (USGS), 1972) indicates the site is underlain by alluvial deposits
of Quaternary age and the Lisman Formation of the Upper Pennsylvanian group of Pennsylvanian

age. Descriptions of these map units and their relative distribution on the site are provided below.

Quaternary Alluvium. Alluvial deposits (i.e., soils deposited by moving water) are mapped in the

eastern site area. The alluvium consists of silt, clay, sand, and gravel, generally light brown to
reddish brown, which has been deposited along the Green River and its tributaries. Alluvium
thicknesses up to 100 feet are present in portions of the quadrangle, with thicknesses more than 50

feet common elsewhere in the quadrangle.

Lisman Formation. The Lisman Formation underlies the western portion of the site and consists of

interbedded sandstone, siltstone, shale, limestone, coal, and underclay. The total thickness of the

Lisman Formation is 115 to 170 feet.

4.3 SOIL SURVEY

Information obtained at the United States Department of Agriculture Natural Resource
Conservation Service website indicates the surficial soils mapped at the subject site consist
primarily of Dumps (Du) within the embankments and northern portions of the ponds, with Nolin
silt loam (Nh) mapped south of the south embankments. The soil survey also included a map unit
identified as Water (W) within the ponds.

Dumps are described as consisting of miscellaneous areas of stored fly ash from coal-burning
electric plants and bottom land soils that have 1 to 8 feet of overwashed coal, gravel, and sandy
materials from nearby coal mines. Because of their origin, detailed characteristics of these

materials are not available.

Nolin silt loam is a well-drained soil located on flood plains on valleys. Slopes are 0 to 2 percent.
The parent material consists of mixed fine silty alluvium. The depth to a root restrictive layer is
greater than 60 inches. Water movement in the most restrictive layer is moderately high. Available
water to a depth of 60 inches is very high. Shrink-swell potential is low. This soil is occasionally

flooded, but not ponded. A seasonal zone of water saturation is at 45 inches during January,
6
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February, March, April, and December. Organic matter content in the surface horizon is about 2
percent. This soil does not meet hydric criteria. Published information indicates these soils have a
rating class of “very limited” for construction of levees, dikes and embankments.

Water consists of areas such as lakes, ponds, rivers, and double-line streams covered with water

year around and essentially devoid of vegetation.

The following map shows the distribution of the two primary soil series found in the project area
(NRCS website).

Figure 1. USDA Soil Survey Map of Project Site
Source: Web Soil Survey — NRCS Website
Soil Survey Area: McLean & Muhlenberg Counties, Kentucky
Survey Area Data: Version 7, October 15, 2009
Date aerial image was photographed: August 6, 2004
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4.4 SUBSURFACE CONDITIONS

4.4.1 Exploration Program

A comprehensive field exploration program was developed to obtain data for use in evaluating the
stability of the existing embankments according to the scope of services developed by MACTEC
and KU, the guidance documents previously referenced, and MACTEC’s experience in the region.
Exploratory drilling and piezometer installation was performed in August, 2010. Drilling was
performed by Tri-State Drilling, LLC using a track-mounted, Diedrich D-50 Turbo drill rig and a
truck-mounted, CME 55 drill rig, and by Hoosier Drilling Contractors, LLC using a truck-mounted
CME 55 drill rig. Each drill rig was equipped with an automatic hammer. MACTEC engineers
were on-site during the field work to direct drilling operations and to collect and classify samples.
Drilling operations were performed in general accordance with ASTM procedures for subsurface

explorations as presented in the Appendix.

A total of 23 soil test borings were drilled at the approximate locations indicated on Figure 2 in the
Appendix. The boring depths ranged up to 40 feet. The boring numbers and suffixes indicate their
general location with respect to section number and crest or toe (e.g., Boring B-1C was drilled on
the crest at Section 1; Boring B-3T was drilled at the toe of Section 3). Ten borings were drilled
along the embankment crest, as proposed. The borings drilled along the toe of the embankments
included the original 10 proposed borings, plus three additional borings (B-1.5T, B-1.75-T, and
B-2.5T) advanced east and west of Section 2. The three additional borings were advanced to obtain

additional information relative to unanticipated conditions encountered in Boring B-2T.

Six piezometers were installed in completed crest borings (three piezometers per pond) to monitor
piezometric levels within the embankments. The piezometer locations are indicated on Figure 2 in

the Appendix. Groundwater level data obtained in the piezometers is discussed later in this report.

All borings (except borings in which piezometers were installed) were backfilled with Bentonite

pellets and capped with cement mortar.

The planned boring locations were marked in the field by MACTEC using a handheld GPS unit.
The surface elevation at the boring locations was interpolated from topographic mapping provided

by KU. The boring locations and elevations discussed in this report and presented on the Appendix
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materials should be considered accurate to the degree implied by the method used. The boring

locations, depths and elevations are summarized in Table 1 below.

Table 1
Boring Location Summary

Boring ' _ Top of Qround Bo!'ing_ Bottom qf Boring
D Pond Latitude Longitude Elevation (ft) Termination Elevation (ft)
(NGVD) Depth (ft) (NGVD)
B-1C Coal Pile 37.365053 -87.119365 409.6 40.5 369.1
Bar | "™ | 37365082 | -87.119278 389.3 205 368.8
B-1.5T 37.365809 -87.117931 392.0 10.5 381.5
B-1.75T 37.365988 -87.117585 390.0 11.0* 379.0
B-2C 37.366317 -87.117264 399.7 35.5 364.2
B-2T 37.366180 -87.117181 388.8 30.5 358.3
B-2.5T 37.366513 -87.116546 388.0 20.5 367.5
B-3C No. 2 37.366780 -87.116331 3994 35.5 363.9
B-3T 37.366772 -87.116215 384.8 20.5 364.3
B-4C 37.367835 -87.116844 399.1 35.5 363.6
B-4T 37.367881 -87.116755 389.0 20.5 368.5
B-5C 37.368460 -87.117143 399.5 27.0* 3725
B-5T 37.368485 -87.117049 387.2 20.5 366.7
B-6C 37.367897 -87.116257 404.7 35.5 369.2
B-6T 37.367839 -87.116456 390.9 25.5 365.4
B-7C 37.367072 -87.115444 404.7 35.5 369.2
B-7T 37.366913 -87.115360 387.2 40.5 346.7
B-8C Serubber 37.367384 -87.114825 404.5 40.5 364.0
B-8T 37.367322 -87.114772 387.4 20.5 366.9
B-9C 37.367951 -87.113765 403.9 35.5 368.4
B-9T 37.367970 -87.113646 387.3 20.5 366.8
B-10C 37.368586 -87.114286 403.9 35.5 368.4
B-10T 37.368638 -87.114179 391.9 25.5 366.4

* Auger refusal depth
Prepared By: VM
Checked By: ALB

4.4.2 Stratigraphy

The subsurface conditions encountered at the test boring locations are indicated on the Test Boring
Records in the Appendix. These Test Boring Records represent our interpretation of the subsurface

conditions based on the field logs, visual examination of field samples by an engineer, and tests of

9
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selected field samples. The interface between strata depicted on the Test Boring Records
represents the approximate interface location. In addition, the transition between strata may be
gradual. Water levels reported on the Test Boring Records represent the conditions only at the time

of the measurements.

Beneath surficial gravel or topsoil, the borings typically encountered four strata, designated as
Stratum | through Stratum I1V. These materials consisted of lean clay fill (Stratum 1), coal
combustion waste (Stratum Il), lean clay alluvium (Stratum I11), and weathered shale (Stratum 1V).

General descriptions of the materials encountered are provided below.

Surficial Materials. A surface layer of gravel was encountered in six crest borings (B-1C, B-3C
through B-6C and B-10C). The gravel layer thickness ranged from about 1/2 foot to 1-1/2 feet.

Surficial gravel was not encountered at other locations. The gravel consisted of well- to poorly-

graded crushed stone, with fine to coarse grained sand, and trace amounts of organics.

Topsoil was encountered in two crest borings (B-8C and B-9C) and four toe borings (B-3T, B-4T,
B-5T and B-7T). The topsoil thickness ranged from about 1/2 foot to 1 foot.

Stratum | — Lean Clay Fill. — Each of the borings encountered fill. The fill extended to depths

ranging from approximately 9 to 23-1/2 feet in the crest borings and from 3 to 13 feet in the toe
borings.

The fill generally consisted of orange-brown, brown, and gray, silty and sandy, lean clay with trace
amounts of black oxides, fly ash, gravel, and organics. The standard penetration test values

(N-values) in the fill ranged from 3 to 19 blows per foot (bpf).

Laboratory tests were performed on selected samples of the Stratum | fill soils. The natural
moisture content of 55 Stratum | test samples ranged from 9 to 30 percent. Soil plasticity tests
(Atterberg limits) performed on six samples indicated Liquid Limits of 30 to 48 and Plasticity
Indices of 11 to 28. These values correspond to "CL" type soils, according to the Unified Soil
Classification System (USCS). Grain size distribution tests performed on six samples indicated the
samples consisted of approximately 0 to 1 percent gravel, 4 to 25 percent sand, and 74 to 96 percent
silt and clay. Unit weight determinations performed on six Shelby tube samples indicated dry
densities in the range of 96 to 143 pounds per cubic foot (pcf) and wet densities in the range of 120
to 167 pcf.

10
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Stratum Il — Coal Combustion Waste. Crest boring B-2C and toe borings B-1.5T, B-1.75T, B-2T
and B-2.5T encountered ash underlying the Stratum | lean clay fill. The ash extended to a depth of
28 feet in Boring B-2C and 6 to 27 feet in the toe borings.

This material consisted of light to dark gray, Coal Combustion Waste (CCW) consisting of fly ash
and bottom ash with some sand and silt. The SPT N-values in this material ranged from 0 to 10
bpf.

The natural moisture content of four fly ash samples ranged from 18 to 34 percent. The natural
moisture content of five bottom ash samples ranged from 20 to 38 percent. Grain size distribution
tests were performed on one fly ash sample and one bottom ash sample. These test results
suggested USCS classifications of ML (silt) and SM (silty sand), respectively. Unit weight
determinations on two Shelby tube samples indicated dry densities of 65 pcf (bottom ash) and 107

pcf (fly ash), with corresponding wet densities of 83 pcf and 136 pcf.

Stratum 111 — Lean Clay (Alluvium). The borings typically encountered lean clay alluvium beneath

the Stratum | and Stratum Il fill. This material extended to auger refusal on weathered shale in
Borings B-1C, B-5C, and B-1.75T,and to boring termination at other locations. The alluvium
typically consisted of gray, orange, and brown, silty lean clay with trace amounts of sand and
weathered shale fragments. We visually classified an interval of alluvium in one boring (Boring
B-10C) as silty sand (USCS CL-ML). The SPT N-values ranged from 0 to 21 bpf, indicating the

consistency of this material ranged from very soft to very stiff.

The natural moisture content of Stratum Il test samples ranged from 16 to 43 percent. Soil
plasticity tests performed on seven samples indicated Liquid Limits of 27 to 40 and Plasticity
Indices of 7 to 20. These values correspond to USCS "CL" type soils. Grain size distribution tests
on seven samples indicated the samples consisted of approximately 3 to 24 percent sand and 76 to
97 percent silt and clay. Unit weight determination tests performed on four Shelby tube samples
indicated dry densities in the range of 93 to 110 pcf and wet densities in the range of 118 to 129
pcf.

Consolidated-undrained (CU) triaxial shear test with pore pressure measurements were performed

on five Shelby tube samples of Stratum Il soils. The testing indicated total shear strength

parameters ranging from about 130 to 1,800 pounds per square foot (psf) (cohesion, ¢) and 7 to 30

11
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degrees (angle of internal friction, ¢), and effective shear strength parameters ranging from about
0 to 1,370 psf (cohesion, c’) and 16 to 34 degrees (angle of internal friction, ¢’).

Stratum IV — Weathered Shale. Gray to dark gray, highly weathered shale was encountered

beneath Stratum 111 soils in three borings. The weathered shale extended to auger refusal depths of
11 and 27 feet in Borings B-1.75T and B-5C, respectively, and to the planned termination depth of
about 40 feet in Boring B-1C. The SPT N-values in the weathered shale were 50 blows for 6
inches or less penetration. Based on the consistency of the recovered samples and the recorded

penetration resistance values, we judged this material to be hard soil or very soft rock.

The natural moisture content of one test sample of weathered shale was 8 percent.

4.4.3 Groundwater

Groundwater levels were generally measured in each of the borings upon completion of drilling.
Borings were left open, where possible, for the purpose of measuring 24-hour water levels.
Some borings caved-in after completion of drilling, which precluded measurement of the
groundwater level. Groundwater conditions at the time of drilling, and where available after 24
hours, as well as cave-in depths where applicable, are noted on the Test Boring Records in the
Appendix.

Piezometers were installed in six embankment crest borings. Piezometers were installed in three
No. 2 Pond crest borings (B-2C, B-3C, and B-4C) and three Scrubber Pond crest borings (B-6C,
B-8C, and B-10C). The target depths for the piezometers were selected to gain an understanding
the piezometric levels within and just below the embankment. We anticipate that groundwater
within this zone would have the greatest impact on the stability of the embankments. The water
level in the piezometers was checked upon completion of installation, and on two occasions
following installation. The piezometer readings are summarized in Table 2 below and are also

shown on the respective Test Boring Records in the Appendix.

12
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Table 2
Summary of Piezometer Readings

< Date of Readings
5 &
o) ET:’ TC\: Top of Bottom of 8/24/10 10/14/10
o s c Ground Piezometer - -
@ 2 2E Elevation | Elevation s S < S
g 5 = (ft) (f) g £ | B g
2 % S NGVD NGVD i =
) L
(&
@ (ft) (ft)
B-2C 8/14/10 15-25 399.7 374.7 10.2 | 389.5| 105 389.2
B-3C 8/13/10 | 25.5-35.5 399.4 363.9 126 | 386.8 | 12.6 386.8
B-4C 8/14/10 20-30 399.1 369.1 6.9 392.2 8.0 391.1
B-6C 8/14/10 15-25 404.7 379.7 115 | 3932 | 126 392.1
B-8C 8/14/10 29-39 404.5 365.5 151 | 389.4 | 137 390.8
B-10C 8/13/10 15-25 403.9 378.9 253 | 3786 | 264 3775
Readings were taken from top of ground (TOG) level.

Prepared By: VM
Checked By: MLB

4.5 POND CONDITIONS

According to the construction drawings provided by KU, topographic mapping (dated December
2009) shows a water surface elevation varying from 397.9 to 401.6 feet NGVD for the No. 2 Pond
and 398.9 feet NGVD for the Scrubber Pond. Approximately one third of the No. 2 Pond (in two
separate areas) and two thirds of the Scrubber Pond has free water. Ash is at elevations varying
from 399.2 to 409.2 feet NGVD in the Number 2 Pond and from 400 to 400.5 feet NGVD in the
Scrubber pond.

4.6 LABORATORY TESTING

Samples obtained during drilling operations were observed and visually classified in the field by a
MACTEC engineer. The soils were described according to consistency or relative density (based
on SPT N-values), color, and texture. These descriptions are included on our Test Boring Records

in the Appendix. The classification method discussed above is primarily qualitative; for detailed

soil classification, two laboratory tests are necessary: plasticity characteristics and grain size

13
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distribution. Using these test results, the soil can be classified according to the USCS (ASTM
D2487).

Laboratory testing was performed on selected samples obtained from our borings. These tests
included natural moisture content, Atterberg limits (plasticity), grain size distribution, specific
gravity, and unit weight. The field classifications provided on the Test Boring Records were
adjusted to reflect the results of our laboratory testing where warranted. In addition, more
sophisticated laboratory testing was performed to evaluate the shear strength characteristics of the

existing dike materials. Specifically, we performed the following tests:

133 Natural Moisture Content
18 Atterberg Limits

20 Grain Size Distribution

12 Specific Gravity

12 Unit Weight

8 Triaxial Shear with Pore Pressures Measurements

Detailed descriptions of these tests and the test results are included in the Appendix.

4.6.1 CLASSIFICATION TESTING RESULTS

The results of the natural moisture content, Atterberg limits, and grain size distribution testing were
discussed in Section 4.4 Subsurface Conditions. Summarized in Table 3 below are the range of the
specific gravity and unit weight values for Strata I, 11, and Ill. Specific gravity and unit weight

testing was not performed on samples from Stratum IV.

Table 3. Summary Results of Specific Gravity and Unit Weight Determinations

Minimum | Maximum Minimum Wet Maximum Wet
Stratum Soil Description Specific Specific Unit Weight (pcf) | Unit Weight (pcf)
Gravity Gravity gnt(p gntp
I CL (Fill) 2.67 2.75 120.3 167.3
| CCW (Fill — bottom ash) 2.66 83.3
1 CCW (Fill — fly ash) 2.45 135.9
i CL (Alluvium) 2.61 2.76 118.7 128.6

Prepared By: VM
Checked By: ALB
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4.6.2 STRENGTH TEST RESULTS

Strength testing included consolidated undrained triaxial shear tests with pore pressure
measurements. These tests were used to determine both total stress and effective stress parameters.
Summarized in Table 4 are the ranges of the strength testing for Strata | and Ill. These tests were
not conducted on the Stratum Il CCW materials or Stratum IV Weathered Shale. Detailed

descriptions of these tests and the results of our testing are included in the Appendix.

Table 4
Summary Results of Strength Testing

Total Strength Parameters Effective Strength Parameters
Minimum Maximum Minimum Maximum
; c v c v e cw
Stratum SO." . o 29 o 29 | % S o 29
Description = 2w = L = o w = o
S| I8 | S| I3 | S| 3| S | =
o 0 ~ o n ~ — —
S c . S c . < c v o c <
o) je ) o [_—) o )
o 25 O g5 | O L5 O &5
c C c C [ c c
=< =< =< =<
| CL (Fill) 129 0 2,827 30 0 0.2 2,812 34
I CL (Alluvium) 799 7 1,799 23 0 16 1,370 33

Prepared By: VM
Checked By: ALB

5. SLOPE STABILITY ANALYSIS

5.1 INTRODUCTION

Slope stability analysis is used to evaluate the resistance of a natural or man-made slope to failure
by sliding or collapsing. When the forces tending to cause a slope to fail (i.e., driving forces) are
equal to the forces tending to prevent the slope from failing (i.e., restoring forces), the slope is said
to be in equilibrium. When the restoring forces exceed the driving forces, there is a Factor of safety
against failure. The Factor of Safety (FS) against failure is the ratio of the sum of the resisting

forces to the sum of the driving forces:

X resisting forces
¥ driving forces

15



KU Green River Power Station December 3, 2010
MACTEC Project No. 3143-10-1317.02 Geotechnical Report

Using the above equation, a slope in equilibrium (i.e., a slope with the resisting forces equal to the
driving forces) would have a Factor of Safety of 1.0. Slopes with a Factor of Safety less than 1.0
(i.e., slopes with the resisting forces less than the driving forces) are predicted to fail under the

conditions used to perform the analysis.

Although a slope with a Factor of Safety against failure equal to 1.0 is in equilibrium and therefore
technically meets the minimum criteria for stability, various organizations, including state and
federal agencies, such as the US Army Corps of Engineers and others, have proposed minimum
target Factors of Safety for slopes which are greater than 1.0. The purpose of these minimum
factors of safety is to add a level of protection against failure. The target minimum factor of safety
varies with project location (e.g., federal, state, or municipal jurisdiction), project type (e.g.,
impoundment or roadway), and conditions analyzed (e.g., end of construction, steady state,
maximum flood, rapid drawdown, and seismic loading). The target factors of safety considered for

this project are discussed further below.

We used the data gathered during our exploration, survey data provided by KU, and our experience
with CCW impoundments to prepare a cross-sectional model at each target section for stability
analysis. Both the upstream slope and the downstream slope of each target section were analyzed.
We compared the results of our analyses with the Factors of Safety recommended in the regulatory
guidelines for this type of impoundment to check for cross-sections where remedial repairs to
increase the minimum Factor of Safety may be required. The guidance documents referenced

previously suggest the following minimum acceptable Factors of Safety:

Table 5
Minimum Factors of Safety

Agency
Condition Analyzed
KEEC USACE MSHA
_ Lo_ng—term, steady-state 15 14 15
using maximum storage/surcharge pool
Rapid drawdown 1.2 1.1-13 1.2
Seismic 1.0 1.0 1.2

Prepared By: ML

Checked By: NG
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Slope stability analyses were performed using the computer program STABLG6H, developed by
Harald Van Aller, P.E. The program uses a two-dimensional limit equilibrium method of analysis
and calculates the factor of safety based on the Modified Bishop Method of Slices. Our analyses
were performed to model the overall stability of the upstream and downstream faces of the existing
embankment under three conditions: steady-state/maximum surcharge pool (flood) conditions, rapid
drawdown conditions, and seismic (dynamic) conditions. The locations of the ten cross-sections
(Sections 1 through 10) analyzed are indicated on the Boring Location Plan and Stability Sections

drawing provided in the Appendix.

5.2 GEOMETRY

The slope stability models are based on the geometric slope conditions (upstream and downstream
slopes) and our interpretation of the subsurface soil strata. The reported bottom of pond elevation
of 385 feet NGVD was used in our analyses, unless specific boring data suggested a lower bottom

of pond elevation was appropriate.

Both the upstream and downstream slope faces were nominally reported to be 2.5H:1V. The cross-
sections generated from the topographic survey provided suggest the upstream slope inclinations
range from 1.9H:1V to 5H:1V, and the downstream slope inclinations range from 2H:1V to 4H:1V.
The upstream slopes below the current water or ash levels were projected from the available
topographic data. The configuration of the impounded ash was interpreted from bathymetric survey
data provided by KU.

In addition to the embankment slope and crest configuration, the geometry (layering) of the
subsurface soil strata were developed for modeling purposes. Layering of the subsurface soils was
based on the borings advanced at each cross-section location. At a minimum, one crest boring and
one toe boring was used to extrapolate the geometry of the soil layers. Generally, the embankments
were reportedly constructed of clay fill excavated from the incised portion of the pond and placed
overlying existing lean clay alluvial soils. Descriptions of the embankment and foundation soils are
summarized in Section 4.4 of this report and detailed descriptions at each cross-section analyzed are

shown on the Test Boring Records in the Appendix.
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5.3 SOIL PARAMETER SELECTION

We selected strength and unit weight parameters for each of the soil layers, including moist unit
weight, saturated unit weight, effective cohesion, and effective internal angle of friction. The soil
parameters selected for the slope stability analyses (see in Table 6 below) were chosen based on
several resources, including the laboratory testing performed for this exploration, our field testing and
observations, published information on similar soil and material types, and our experience. The soil
strength parameters selected for each cross-section analyzed are shown on the respective STABL6H

plots included in the Appendix.

For the purposes of our analyses, we did not assign separate shear strength parameters for lean clay
fill and alluvial lean clay. This is because the embankments were reportedly constructed using the
on-site alluvial soil, which was assumed to have been excavated and placed using typical
construction and compaction techniques. Therefore, for modeling purposes, the soil strata
identified in Section 4 were categorized into layers based on consistency, as interpreted from the
boring data. Additionally, based on our past experience with CCWs, rip rap, and published data,
we assigned classification and strength test values for the CCW (both fly ash and bottom ash) and

rip rap.

Technically, limestone rip rap such as that used to armor the downstream slope of Sections 2, 3, 7,
and 8 does not exhibit any effective cohesion in laboratory testing. However, using an effective
cohesion equal to zero for the rip rap at these sections causes two conflicts within the computer

model:

1. Itindicates shallow sloughing critical circles; and

2. It prevents the model from adequately analyzing deeper critical circles.
To overcome this shortcoming in the stability model, we assigned a nominal effective cohesion

(100 psf) to the rip rap. This technique is typically used throughout the consulting industry and

allows for more thorough evaluation of the stability of each cross section analyzed.
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Table 6
Soil Parameters
Unit Weight Effective Stress Shear Strength
Soil Description ioti
P Moist Saturated Cohesion, ¢’ Inte;\r:%llgr(:ﬁtlon
(pcf) (pcf) (psf) (degrees)
CL (very soft,

very soft/soft) 118 123 80 15
CL (soft, soft/firm) 122 127 100 16
CL (firm) 125 130 200 25
CL (firm/very stiff) 125 130 300 25
CL (stiff) 129 134 300 25
Weathered shale 126 131 6 32
CCW —fly ash 90 95 0 20
CCW - bottom ash 108 113 0 28
Rip Rap 140 145 100 45

Prepared By: MLB
Checked By: NGS

5.4 PIEZOMETRIC SURFACES

For modeling purposes, we estimated the piezometric surface at each target section based on a
water level at the crest elevation on the upstream side and a water level at the toe elevation on the
downstream side, to simulate a “worst case” condition. We supplemented our estimated

piezometric surface with piezometers data where available.

The unit weight of water was modeled as 62.4 pounds per cubic foot (pcf). The long-term, steady-
state/maximum surcharge pool conditions were modeled using a pool elevation coincident with the
crest elevation at each section, except at Section 1. The maximum pool elevation at Section 1 was
modeled at 405.2 feet NGVD, which is the crest elevation of the adjoining divider dike between the
Coal Pile Runoff Pond and the No. 2 Pond. This elevation is lower than the crest elevation at
Section 1 (approximately 408.7 feet NGVD), and therefore controls the maximum pool elevation at
Section 1. While the scenario described above is unlikely to occur, it conservatively models a flood
condition. For the rapid drawdown condition, we modeled the pool elevation dropping rapidly

from the long-term, steady-state condition (maximum operating pool) to the bottom of pond
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elevation. Finally, for the seismic (dynamic) condition, we used the maximum operating pool
elevation described above in our analyses.

5.5 SEISMIC CONDITIONS

Seismic conditions for this site were modeled under dynamic loading conditions using a peak
horizontal ground acceleration of 0.10g for a 10 percent probability of exceedance in 50 years. We

developed this value based on information from the following references:

e Earthquake magnitude data published in the USGS National Seismic Hazard Mapping
Project (NSHMP) database

e East Coast Seismicity, Ground Motions, and Liquefaction Evaluation Seminar, April 25,
200, Dulles, Virginia, Center for Geotechnical Practice and Research (CGPR) & Virginia
Polytechnic Institute and University Division of Continuing Education

e 2006 International Building Code, International Code Council, 2006

e Minimum Design Loads for Buildings and Other Structures, ASCE/SEI 7-05, American
Society of Civil Engineers, 2005

5.6 RESULTS OF ANALYSES

5.6.1 Background

The results of the analyses for each slope are provided on the Minimum Factor of Safety Summary
table included in the Appendix to this report. In addition, the STABL6H Plots showing the models
and probable failure circles are also included in the Appendix. Our analyses, performed using the
geometry and parameters described herein, indicate all slope sections meet or exceed the target
minimum FS, except Section 1 Downstream for steady-state/maximum surcharge pool conditions,

and Section 5 Upstream for seismic conditions.

The slopes with minimum FS which do not meet the target FS criteria are discussed further in
Section 5.6.2. However, we believe it is important to note that the minimum FS for all the slopes
analyzed under steady-state/maximum surcharge pool conditions exceeded 1.0. Therefore, these
slopes are currently stable under steady-state conditions and should not be expected to fail under
normal operating conditions. However, some treatment may be required at Section 1 Downstream
to increase the minimum FS under steady-state/maximum surcharge conditions, to meet the target
FS.
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It is also important to note that although the analyses suggest the Section 5 Upstream slope has a
minimum FS less than 1.0 under seismic loading conditions, which predicts failure of the slope
under seismic loading, seismic loads would have to be imposed on the slope to induce the failure
predicted by the analyses. The minimum FS under seismic loading is not an indicator of potential
performance under conditions without seismic loading, such as steady-state. In addition, the
critical slip circle with a FS lower than the target value is confined to a thin veneer within the

CCW. This type of failure would not impact the integrity of the embankment.

5.6.2 Discussion

The paragraphs below present discussions of each of the slopes with an FS below the target FS, as

noted in Section 5.6.1.

Section 1. The Section 1 Downstream model for the steady-state/maximum surcharge pool
conditions indicated a minimum FS of 1.4. The location and shape of the predicted critical slip
circle would impact the embankment, and would occur within the soft fill and alluvium located
between approximately Elevation 385 and 371 feet NGVD. Various methods are available for
improving the minimum factor of safety such as installation of a rock buttress on the downstream

slope to provide more sliding resistance along the predicted slip circle.

Section 5. The Section 5 Upstream model indicated a minimum FS of 0.8 under seismic loading
conditions. The predicted failure occurs as a thin veneer failure within the impounded ash behind

the embankment and would have an insignificant impact on the embankment.

6. CONCLUSIONS

Based on the results of our stability analyses, we have concluded that the embankment sections
analyzed are structurally stable under steady-state conditions from a slope stability standpoint, and
are not in danger of imminent failure. However, one slope under steady-state/maximum surcharge
conditions (Section 1 Downstream) and one slope under seismic loading conditions (Section 5
Upstream) do not meet the target FS criteria provided and referenced herein. Various methods are
available for improving the minimum factor of safety of the Section 1 Downstream slope, as
discussed in the preceding section. The predicted failure of the Section 5 Upstream slope occurs as

a thin veneer failure within the impounded ash behind the embankment and would have an
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insignificant impact on the embankment at this location. Therefore, improvements are not

warranted for the Section 5 Upstream slope.

Altering any of the conditions or geometry used in our analyses, including dredging ash from
behind the embankments, raising the embankment crest, or raising or lowering of the water level,
could potentially change the stability of the embankment, including reducing the minimum FS
against failure. We recommend that we be consulted to analyze any proposed changes to the
embankment conditions before the proposed changes are implemented, and suggest measures to

improve the minimum FS against failure, if warranted.

7. BASIS FOR CONCLUSIONS

The conclusions provided are based in part on project information provided to MACTEC and only
apply to the specific project and site discussed in this report. If the project information section in
this report contains incorrect information or if additional information is available, you should
convey the correct or additional information to us and retain us to review our conclusions. We can

then modify our conclusions if they are inappropriate for the project.

The assessment of site environmental conditions for the presence or potential presence of
contaminants in the soil, rock, surface water, groundwater, or air of the site was beyond the scope

of this exploration.

Regardless of the thoroughness of a geotechnical exploration, there is always a possibility that
conditions between borings will be different from those at specific boring locations.

We wish to remind you that our exploration services include storing the samples collected and

making them available for inspection for 60 days. The samples are then discarded unless you

request otherwise.
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BORING LOCATION PLAN AND SLOPE STABILITY SECTIONS



Source: Original drawing provided by Kimball Corp.
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FIELD TESTING PROCEDURES

Field Operations: The general field procedures employed by MACTEC are summarized in ASTM
D420 which is entitled "Investigating and Sampling Soils and Rocks for Engineering Purposes." This
recommended practice lists recognized methods for determining soil and rock distribution and ground
water conditions. These methods include geophysical and in situ methods as well as borings.

Borings are drilled to obtain subsurface samples using one of several alternative techniques depending
upon the subsurface conditions. These techniques are:

a. Continuous 2¥2 or 3v4 inch inside diameter (1.D.) hollow stem augers;
b. Wash borings using roller cone or drag bits (using drilling mud or water);
C. Continuous flight augers (ASTM D1425).

These drilling methods are not capable of penetrating through material designated as "refusal
materials." Refusal, thus indicated, may result from hard cemented soil, soft weathered rock, coarse
gravel or boulders, thin rock seams, or the upper surface of sound continuous rock. Core drilling
procedures are required to determine the character and continuity of refusal materials.

The subsurface conditions encountered during drilling are reported on a field test boring record by the
chief driller. The record contains information concerning the boring method, samples attempted and
recovered, indications of the presence of various materials such as coarse gravel, cobbles, etc., and
observations between samples. Therefore, these boring records contain both factual and interpretive
information. The field boring records are on file in our office.

The soil and rock samples plus the field boring records are reviewed by a geotechnical engineer. The
engineer classifies the soils in general accordance with the procedures outlined in ASTM D2488 and
prepares the final boring records which are the basis for all evaluations and recommendations.

The final boring records represent our interpretation of the contents of the field records based on the
results of the engineering examinations and tests of the field samples. These records depict subsurface
conditions at the specific locations and at the particular time when drilled. Soil conditions at other
locations may differ from conditions occurring at these boring locations. Also, the passage of time
may result in a change in the subsurface soil and ground water conditions at these boring locations.
The lines designating the interface between soil or refusal materials on the records and on profiles
represent approximate boundaries. The transition between materials may be gradual. The final boring
records are included with this report.

The detailed data collection methods used during this exploration are discussed below.

Soil Test Borings: Soil test borings were made at the site at locations shown on the attached Boring
Plan. Soil sampling and penetration testing were performed in accordance with ASTM D1586.

The borings were made by mechanically twisting a hollow stem steel auger into the soil. At regular
intervals, soil samples obtained with a standard 1.4 inch 1.D., 2 inch outside diameter (O.D.), split tube
sampler. The sampler was first seated 6 inches to penetrate any loose cuttings, then driven an
additional foot with blows of a 140-pound hammer free falling 30 inches. The number of hammer
blows required to drive the sampler the final foot was recorded and is designated the "penetration



FIELD TESTING PROCEDURES (continued)

resistance”. The penetration resistance, when properly evaluated, is an index to the soil strength and
foundation supporting capability.

Representative portions of the soil samples, thus obtained, were placed in glass jars and transported to
the laboratory. In the laboratory, the samples were examined to verify the driller's field classifications.
Test Boring Records are attached which graphically show the soil descriptions and penetration
resistances.

Undisturbed Sampling: Split tube samples are suitable for visual examination and classification tests
but are not sufficiently intact for quantitative laboratory testing. For quantitative testing, relatively
undisturbed samples are obtained by pushing sections of 3 inch O.D., 16 gauge, steel or brass tubing
(Shelby tube) into the soil at the desired sampling levels. This procedure is described by ASTM
D1587. Each tube, together with the encased soil, is carefully removed from the ground, made airtight
and transported to the laboratory. Locations and depths of undisturbed samples are shown on the Test
Boring Record.

Water Level Readings: Water table readings are normally taken in conjunction with borings and are
recorded on the "Test Boring Records”. These readings indicate the approximate location of the
hydrostatic water table at the time of our field investigation. Where impervious (more clayey) soils are
encountered the amount of water seepage into the boring is small, and it is generally not possible to
establish the location of the hydrostatic water table through water level readings. The ground water
table may also be dependent upon the amount of precipitation at the site during a particular period of
time. Fluctuations in the water table should be expected with variations in precipitation, surface
run-off, evaporation and other factors.

The time of boring, water level reported on the boring records is determined by field crews as the
drilling tools are advanced. The time of boring water level is detected by changes in the drilling rate,
soil samples obtained, or by measurement after the drilling tools are withdrawn. Additional water
table readings may be obtained after the borings are completed. A time lag of 24 hours may allow
stabilization of the ground water table which has been disrupted by the drilling operations. The
readings are taken by dropping a weighted line down the boring or using an electrical probe to detect
the water level surface.

Occasionally, the borings will cave-in, preventing water level readings from being obtained or trapping
drilling water above the caved-in zone. The cave-in depth is also measured and recorded on the boring
records.

Piezometers: Water level readings taken during the field operations do not provide information on
the long term fluctuations of the water table. When this information is required, piezometers are
necessary to prevent the borings from caving. The piezometers are constructed by inserting 1.5-
inch-diameter PVC plastic pipe to the desired depth in the borings. A slotted PVC well screen is
attached to the bottom of the plastic pipe to allow subsurface water to enter the piezometer. Clean
sand is backfilled around the bottom of the well screen. The remainder of the hole is backfilled
with an impervious material, using a bentonite cap to seal out surface water. The top of the PVC
pipe has a removable cover to seal out rainwater.
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& | PREPARED BY:  Sarah Sheilley B/ /4
© | REMARKS: . M A‘ TE‘




317.02.GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/21/10

3

MACTEC SOI

ROCK (SITE MAP) 3143101

|
Lot

b SAMPLES il ) Zle
- L E —~ o cQ &
: DESCRIPTION L | E a7 g [ncounT| 02| 2| &1 3883 8| REMARKS
I s iy o= - =8 e
N € E 28 FlEle T e % s _E, _’_,E‘ €O | D Note: No information on
H E v EE |e|S |2 B 2|ot|o| | 885 |58 theborings shouldbe
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL | &5 |B| Q=2 20=23] 5| % | 557 | S Q| usedwithout considering
(ft) OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) Z 151 V] RAD &) 8| 7O | 87| the entire content of the
B O/ \ 4 3920 @ {(in)| % REC o = main document.
FIRM, Orange brown and gray, silty and sandy, lean clay (CL}, : SURFACE COVER:
with trace amounts of fly ash and organics, moist; FILL 551 18 5-3-3 GRASS AND
5 - L 4 : (N=6) {19.0 STRAW
T VERYTOOSE. Gray to dark gray, SILT, SAND, CCW (FLY )
ASH) mixture, wet; FILL WATER ON
- - - DRILLING TOOLS
AT 3.5 FEET
$S-2 5 212
5 — 387.0 A (N=3) |21.3
i T STIFF, Orange brown, silty and sandy, lean CLAY (CL), with ]
gray shale fragments, moist; ALLUVIUM
$S-3 15 25
- 10 — 3820~ (N=13) |18.0
BORING TERMINATED AT 10.5 FEET
— 15 — — 377.0 —
L op —372.0
— 25 367.0
START DATE: 8/13/2010
CONTRACTOR:  Tri-State TEST BORING RECORD
DRILLER: Shannon Snow iect - i i
EOUIPVENT- Dot D50 Turbo Project: E.ON U.S. - Green River Power Station
METHOD HSA Project No:  3143-10-1317.02
HOLE DIA.: 37D .
HAMMER: Automatic Checked By: Boring No.: B-1.5T
LOGGED BY: Vandana Muddu
PREPARED BY:  Sarah Sheilley B
ZMACTEC




T G

DATABASE TEMPLATE 01.GD

c

>.GPJ MACTE

02

MACTEC SOIL-ROCK (SITE MAP) 3143101317

-

b SAMPLES il ) R
- L E — o (= =t
: DESCRIPTION L | E 3T oo | 52| | & | 880 |72 REMARKS
y e E %E FlEle p © ‘E?, § ;,E' TOX L D Notes No information on
H E Vv c olCl g B lae o | 885 |2  the borings should be
. EE c| o £Eo | g
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL a3 g Ol - & | = 81z B | 589 | S| usedwithout considering
(ft) OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) Z |8l V| RAD S| 8| 7O0g | &7 the entire confent of the
0 390.0 o |(in)| % REC 0. 2 main document.
STIFF, Orange brown, silty and sandy, lean CLAY (CL), moist, ' SURFACE COVER:
FILL S5-1 10 4-5-6 GRASS AND
- A 4 - 477 (N=11) | 16.5 STRAW
h L
] T~ LOOSE, Gray fo black, CCW (FLY ASH), very moist to wef; )
FILL 2-4-6
S$S8-2 10
- 5 — - 385.0 — (N=10) |17.6
u A e e i
STIFF, Gray to dark gray, silty, lean CLAY (CL), moist to very
moist; ALLUVIUM WATER ON
- 7 N 7 DRILLING TOOLS
AT 6.5 FEET
i ] I 7 up 18 17.4| 35 18 76
i T RARD, Gray to dark gray, highly weathered, sitty SHALE, ~ § 16-50/4"
moist S8-3 71 (N = 50/4")
L 0 380.0
I AUGER REFUSAL AT 11.0 FEET 7 BORING DRY
UPON
A o L | COMPLETION OF
DRILLING
B 4 - 4
— 15 — — 375.0 —
— 20 — — 370.0 —
— 25 365.0
START DATE: 8/13/2010
CONTRACTOR:  Tri-State TEST BORING RECORD
DRILLER: Shannon Snow [PRpre : .
EQUIPMENT:  Diodrich D.50 Turbo Project: E.ON U.S. - Green River Power Station
METHOD: HSA Project No:  3143-10-1317.02
HOLE DIA.: 3" 1D
HAMMER: Automatic Checked By: Boring No.: B-1.75
LOGGED BY: Vandana Muddu
PREPARED BY:  Sarah Sheilley A
4 MACTEC




MACTEC SOIL-ROCK (S

D SAMPLES il ) g2
= L E — o [l S =
: DESCRIPTION L | E 27 oo 02| 2| 5| 880 |72 REMARKS
T G E —g_g 2 El o ﬁ o | g E _% TOe |0 D Note: No information on
H E \Y £E |2 Clg E2log 1218 Cé"é S &\  the borings should be
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL &3 CEL Ol - d o > 8 S| % |56 & | o §l| used without considering
(ft) OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) s V.| ROD £ 8| 7O% | 87 the entire content of the
0 3997 0 |(in.)| % REC o & main document.
STIFF to FIRM, Orange brown, silty, lean CLAY (CL), with : SURFACE COVER:
- organics and black oxides, dry to moist; FILL - - 456 GRAVEL
. - - 881 __XI” N=11) 157
4 " 1 433 WATER ON
-5 — - 304.7— SS2 ®l N=6) |195 DRILLING TOOLS
] | AT 4.0 FEET
[~ SOFT to FIRM, Mottied Orange brown and gray, silty, lean ] ss3 5 222
— 10 — CLAY (CL), with organics, moist to wet; FILL — 389.7 — (N=4) |296 DEPTH OF WATER
E - B IN PZ AT 10.0 FEET
i Ub-1 20 ON 08/24/10
| i i 233
| 15 -] 3847 SS4 XIM (N=6) |23.1
I~ [OOSE to VERY LOOSE, Black, fine fo coarse grained, CCW L i
(BOTTOM ASH), wet; FILL
i i i 333
L —379.7— SS5 " N=e) |258
J i | UD-2 18 27.8 19
) I ] XI 10-3-1
_ - - _| S8-6 6 I
2 sra.r (N=4) 1185 PIEZOMETER
] - B INSTALLED WITH
SCREENED
7 i 7] INTERVAL FROM
e . 15-25 FEET
SOFT, Gray, silty, lean CLAY (CL), moist to wet; ALLUVIUM
i i | 1411
| 3607~ SS7 le (N=2) |287
T STIFF, Mottied Gray and orange-brown, lean CLAY (CL), = 7
- moist; ALLUVIUM - -
$8-8 16| 345
- 35 —| - 364.7 — (N=9) [21.0
-| BORING TERMINATED AT 35.5 FEET . _
— 40 — — 359.7 —
L 45 354.7

ITE MAP) 3143101317.02.GPJ MACTEC DATABASE TEMPLATE 01.GDT %/21/10

START DATE:

CONTRACTOR:

DRILLER:
EQUIPMENT:
METHOD:
HOLE DIA:
HAMMER:
LOGGED BY:

PREPARED BY:

REMARKS:

8/14/2010

Hoosier Drilling
Gary Taylor

CMET750
HSA

3" ID
Automatic

Vandana Muddu
Sarah Sheilley

TEST BORING RECORD

Project:
Project No:
Checked By:

E.ON U.S. - Green River Power Station

3143-10-1317.02

Boring No.: B-2C




110
110

MPLATE 01.GDT 9/2

ETE

317.02.GPJ

3143101

MACTEC SOIL-ROCK (SITE MAP)

MACTEC DATABASH

PREPARED BY:

REMARKS:

Sarah Sheilley

4MACTEC

D SAMPLES il ey gle
£ DESCRIPTION L] E 5T R TconnT| o2 2| &858 |32 REMARKS
P 12 bt sE—l=2lE clr s
T G E 23 FlE| o s o 3 5 _% g S 5‘1 Q- | Note: No information on
H E v EE |2 Cly 22laf - | @ 3 g‘(_s S &1 the borings should be
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL | 835 |8 Ol = d o 1= Sl 215|552 |3 usedwithout considering
(ft) OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) 5| V| RQD S1 8| 7O | 87| the entire content of the
) 388.8 »|(in)| %REC o £ main document.
STIFF, Mottled Gray and brown, silty and sandy, lean CLAY ' 4-5-4 SURFACE COVER:
(CL), with organics, moist; FILL B | S8 15 (N=9) |16.6 STRAW
- 5 — - 383.8 — UD-1 20
[ VERYLOOSE, Gray 1o black, fine to coarse grained, CCW B B WATER ON
(BOTTOM ASH), wet; FILL DRILLING TOOLS
i A ) AT 6.5 FEET
3-2-1
- 10 L3788~ 552 le (N=3) |326
| VERY SOFT, Gray to biack, CCW (FLY ASH), with organics, 7
L 45 — WetFILL - 373.8— UD-2 275 60
WH-WH-WH
- 20 — L3688 —| 553 (N=WH) |33.9
— )» —
— 25 — — 363.8 — UD-3 24
|~ VERY STIFF, Gray, silty, lean CLAY (CL), wet; ALLUVIUM )
15-15-50/3"
30 L 3588 SS5 XI 141 (N = 50/3"
BORING TERMINATED AT 30.5 FEET i i
L 35 353.8
START DATE:  8/11/2010
CONTRACTOR:  Tr-State TEST BORING RECORD
DRILLER: Shannon Snow i . - i i
EQUIPMENT: Dicdrioh D-50 Turbo Project: E.ON U.S. - Green River Power Station
METHOD: HSA Project No:  3143-10-1317.02
HOLE DIA.: 311D .
HAMMER: Automatic Checked By: Boring No.: B-2T
LOGGED BY: Vandana Muddu -




3101317.02.GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/21/10

4
+

TE MAP) 314

MACTEC SOIL-ROCK (81

D SAMPLES gl ) 5|2
L E —_ a c@ | &
: DESCRIPTION L | E 2l oo | 02| 2| 2| 388 72| REMARKS
T G E 25 |2 Elo © b ‘3% g ;,E— T2 |0 D Note: No information on
H E v EE |2 Clg 2plag sl o 8%‘% £ 8| the borings should be
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL &3 8 Ol = N & §8 S| G| 582 | & usedwithout considering
(ft) OF SYMBOLS AND ABBREVIATIONS BELOW. D () S V| RAD S| 870G |87 the entire content of the
) 3880 o [(in.)] % REC o & main document.
FIRM, Gray and brown, silty, lean CLAY (CL), with organics, ~ ' SURFACE COVER:
moist; FILL SS-1 15 3-3-4 STRAW
i L - B (N=7) |18.9
Y /
i 7 i ] WATER ON
DRILLING TOOLS
I 4 AT 3.0 FEET
SOFT, Gray and brown, silty, lean CLAY (CL), with black oxide
nodules, very moist; FILL 2-2-2
SS-2 18
— 5 7 L 383.0 (N=4) [253
[~ VERY LOOSE, Gray to black, fine to coarse grained, CCW
- - (BOTTOM ASH), wet; FILL o -
1-1-1
SS-3 12
- 10— — 378.0 (N=2) 1380
I T FIRM, Brownish gray, lean CLAY (CL), trace FLY ASH, wet; 7
FILL 2-2-3
SS-4 15
— 15 - 373.0 - (N=5) |28.1
i ™ FIRM, Mottled Gray and brown, lean CLAY (CL), with black 7
oxide nodules, moist; ALLUVIUM
3-3-5
SS-5 16
20 — 368.0 >& i (N=8) [24.6
BORING TERMINATED AT 20.5 FEET N
’._ — - -
— 25 363.0
START DATE 8/13/2010
CONTRACTOR:  Tri-State TEST BO RlNG RECO RD
DRILLER: Shannon Snow it - ; ;
EQUIPMENT:  Disdrich D.50 Turbo Project: E.ON U.S. - Green River Power Station
METHOD: HSA Project No: 3143-10-1317.02
HOLE DIA.: 31" 1D
HAMMER: Automatic Checked By: Boring No.: B-2.5T
LOGGED BY: Vandana Muddu
PREPARED BY:  Sarah Sheilley @f{?’
MACTEC




0

D SAMPLES g ) 52
L E o~ o [ =
: DESCRIPTION L] E 2w [NcooT| o 2| 2| 2| 388 |7 8| REMARKS
~ . E s = £9 2
T G E 23 = E © L o g S E _% €02 QD Note: No information on
H E v EE |2 5 EB|loe|5| 0| 885 |58| theborngs should be
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL | &3 | 2| QS0 14=25]3| 5| 552 |8 usedwihout considering
(ft) OF SYMBOLS AND ABBREVIATIONS BELOW. D () Z 5|V RAD | & TO% | 37| the entire content of the
) 390 4 »|(n) % REC a a main document.
| GRAVEL, FLL “Tes ol 322 SURFACE COVER:
- < SOFT to FIRM, Orange brown and gray, silty and sandy, lean - 177 (N=4) GRAVEL
| CLAY (CL), moist; FILL | |
i i I | | 3-2-3
. L 304.4— SS-2 Xﬂ o1 N=5)
| i I i 3-32
0= - 389.4— SS38 XI12 (N=5) |21.0
5 - FIRM, Orange brown, sandy, lean CLAY (CL), with fine gravel, . .
moist to very moist; FILL
B _ | i DEPTH OF WATER
IN PZ AT 12.4 FEET
- - - - ON 08/24/10
— 15 — —384.4 — UD-1 '18 245137119 87
B | STIEF, Orange brown, sandy, lean CLAY (CL), with fine s 4
gravel, moist to very moist; ALLUVIUM
4-6-7
0 - 379.4— SS-4 n’g (N=13) |23.9
— 25 — - 374.4 — UD-2 '24
T STIFF to FIRM, Gray brown and orange brown, sandy, lean )
- - CLAY (CL), wet; ALLUVIUM - -
1 N L 4 WATER ON
DRILLING TOOLS
ss5 " 457 AT 27.5 FEET
— 30 — - 369.4 — A (N = 12) 236
i ) I i 3-4-4
35 — - 364.4— SS6 XI Bl N=g8) [24.8
5 | BORING TERMINATED AT 35.5 FEET L 4 PIEZOMETER
INSTALLED WITH
- h r 7 SCREENED
B . L | INTERVAL FROM
25.5-35.5 FEET
— 40 — — 359.4 —
- 45 354.4
START DATE: 8/13/2010
CONTRACTOR:  Tri-State TEST BORING RECORD
DRILLER Shannon Snow H . _ f ;
EQUIPMENT: Diodtion D.80 Turbo Project: E.ON U.S. - Green River Power Station
METHOD: HSA Project No: 3143-10-1317.02
HOLE DIA: 3% 1D
HAMMER: Automatic Checked By: Boring No.: B-3C
LOGGED BY: Vandana Muddu

REMARKS:

MACTEC SOIL-ROCK (SITE MAP) 3143101317.02.GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/21/1

PREPARED BY:

Sarah Sheilley

MACTEC




MACTEC SOIL-ROCK (SITE MAP) 3143101317.02.GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/21/10

D SAMPLES nl ey ¥le
E DESCRIPTION L | E s[5 TrcouT] o 5| 2| 1882 % 2| REMARKS
P .1 g LI5S 2 Bl g% 80
T G E 23 £l Ele g o ‘gg g % tE@“; & &\ Note: No information on
H E v EE€le|C|zw 2 2led|g|e 8%’5 £ 8! the borings should be
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL | &5 |8 O o223 3| % | 582 |8 usedwitout considering
() OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) Z |5 V| RaD S| 8|70y |87 the entire content of the
| 3848 o |(in.)l % REC o £ main document.
0 TOPSOIL; FILL : SURFACE COVER:
NG T L T T o e s e e . . — o ——— — —— —— —
STIFF, Gray and brown, silty and sandy, lean CLAY (CL), with GRASS AND
i 1 organics, moist; (FILL) - - STRAW
i iy - 7 Ub-t "7 19.3| 48| 20 85
355
$S-1 16
- 5 - 370.8 —| (N=10) |235
uD-2 24
3-4-6
$8-2 170 2
- 107 L 374.8 — (N=10) |24.5
uD-3 24
I I~ FIRM to SOFT, Gray and brown, silty and sandy, lean CLAY ]
(CL), with black oxide nodules, very moist; ALLUVIUM
3-3-3
$S- 18
— 15 3608 >3 ﬂ (N=6) |237
2-2-2
SS-4 18
— 20 — — 364.8 — (N=4) {250
BORING TERMINATED AT 20.5 FEET BORING DRY
- a - . UPON
COMPLETION OF
DRILLING
- 25 359.8
START DATE:  8/12/2010
CONTRACTOR:  Tri-State TEST BORING RECORD
DRILLER: Shannon Snow ot - ; ;
EQUIPMENT:  Diodrich D.50 Turbo Project: E.ON U.S. - Green River Power Station
METHOD: HSA Project No:  3143-10-1317.02
HOLE DIA : 31" ID .
HAMMER: Automatic Checked By: Boring No.: B-3T
LOGGED BY: Vandana Muddu
PREPARED BY:  Sarah Sheilley »
MACTEC




1o

£

MACTEC SOIL-ROCK (SIT

b SAMPLES i ) 5|2
E DESCRIPTION L E o o2 2| T | 388 |5 ¢| REMARKS
P E ]t | & RNCONT o) = = 1 €24 188
T G E 23 FlE| S el%5 g = | E22 Q& O Note: No information on
H E v £EE |lo| & |3 B Pl2E| 5| 0| CB5 | 58| theborings should be
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL 3 2 g— Ol = d = 8 S1%15 % | o Q| used without considering
(ft) OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) 5| V| RaD 1 8| 7SG | @7 the entire content of the
399 1 o [(in)| % REC o = main document.
~ O | GRAVEL FILL : SURFACE COVER:
| L 4 GRAVEL
|~ SOFT to STIFF, Orange brown, sitty and sandy, lean CLAY i
(CL), with organics, moist; FILL
- - -4 UD-1
— 5 — — 394.1 — 102
: - 4 8841 (N=4) |19.8
i L | DEPTH OF WATER
IN PZ AT 6.5 FEET
B - - ON 08/24/10
) I i 255
- \ 4 - 389.1 - 552 (N=10) |15.7
UD-2
T STIFF to FIRM, Gray brown and orange brown, sity and ]
sandy, lean CLAY (CL), with black oxides, moist to wet; L .
ALLUVIUM 55-3 3-3-6
— 15 —| —384.1— ° (N=9) [215
4 y n i
- L 4 WATER ON
DRILLING TOOLS
- - - AT 17.5 FEET
2-3-3
_ - _| Ss4 -
- 20 379.1 (N=6) |232 PIEZOMETER
B L 4 INSTALLED WITH
upD-3 SCREENED
q - - i INTERVAL FROM
|7 STIFF to VERY STIFF, Gray brown and orange brown, silty L i 20-30 FEET
and sandy, lean CLAY (CL), with coarse sand and trace
amounts of fine gravel, wet; ALLUVIUM - -
3-5-5
| 5 3741 555 (N=10) |222
Ub-4
i I i 3-6-9
| 5 - 369.1— 556 (N=15) | 224
6-9-9
. 3641 SS7 XI‘S (N=18) 207
BORING TERMINATED AT 35.5 FEET L _
- 40 359.1

MAP) 3143101317.02.GPJ MACTEC DATABASE TEMPLATE 01.GDT /21

START DATE: 8/12/2010
CONTRACTOR:  Tri-State
DRILLER: Tracy Braizer
EQUIPMENT: CME-55
METHOD: HSA

HOLE DIA: 3% 1D
HAMMER: Automatic
LOGGED BY: Vandana Muddu
PREPARED BY: Sarah Sheilley
REMARKS:

TEST BORING RECORD

Project: E.ON U.S. - Green River Power Station
Project No: 3143-10-1317.02
Checked By: Boring No.: B-4C

éf;’

MACTEC




972110

GoT

3101317.02.GPJ MACTEC DATABASE TEMPLATE 01

MACTEC SOIL-ROCK (SITE MAP) 314

D SAMPLES ) Zle
E DESCRIPTION L | E T eeu o 5| 2| &1 388 |5 2| REMARKS
P E L & RNVEIINTI S = =) 225 168
N ¢ E %8 L Elo - © g5 |3 L2 % @ | Note: No information on
H E v EE |& Cly 2@ CSFElw| o 88‘% 58 the borings should be
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL 33 g— Ol - & @ 28 S| % | 582 | S Q| usedwithout considering
(fty OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) 3 (i\r{> 07% S8 70g |97 e en!i_redcontem otfthe
- (3 ~ main document.
~ 0 TTTTORSOIL FILL ¥ 389 SURFACE COVER
2-5-2 GRASS AND
i : i | 88 Bl N=7) |184 STRAW
[ FIRM , Gray and brown, siity and sandy, lean CLAY (CL), with / \
trace amounts of organics and black oxides, moist; FILL i
- 5 — - 384 — UD-1 20
2-3-3
$S-2 18
- 10 — — 379 — (N=6) |22.8
B ﬂRﬁ,Br?n&a &az gﬂtraﬁa EérﬁyjegnfﬂYTCT)WJy— -
- - moist; ALLUVIUM o 4
Ub-1 8 24.5|37 |17 97
3-3-5
$S-3 12
— 15 — — 374 — ><! (N=8) |24.0
i § - i
3-24
SS-4 16
— 20 —| - 369 — (N=6) 1192
BORING TERMINATED AT 20.5 FEET BORING DRY
I , - . UPON
COMPLETION OF
i i i i DRILLING
- 25 364
START DATE:  8/12/2010
CONTRACTOR:  Tri-State TEST BORING RECORD
DRILLER: Shannon Snow [P _ ; .
EQUIPMENT:  Diadrich D50 Turbo Project: E.ON U.S. - Green River Power Station
METHOD: HSA Project No:  3143-10-1317.02
HOLE DIA: 31D .
HAMMER: Automatic Checked By: Boring No.: B-4T
LOGGED BY: Vandana Muddu
PREPARED BY:  Sarah Sheilley gg 7
Z/MACTEC




10

JATABASE TEMPLATE 01.GDT 9/21/

GPJ MACTEC

314

C SOIL-ROCK (SITE MAP)

MACTE

D SAMPLES ol e} %le
- L E —_ e8| E
g DESCRIPTION E L o[ R [N.COUNT| o & = % §f%? 3 % REMARKS
e S == =N QL
T g 5 L3 - g o L ©1%5 _% g < g‘l a (g Note: No information on
1] 2 £ = | c ings s
. SEE KEY SYMBOL SHEET FOR EXPLANATION N | MsL (% g %2:« O~ & & §§ 212|253 (8§ e Snodigenn
() OF SYMBOLS AND ABBREVIATIONS BELOW. D (f) Z15| V| RQD g1 & | 7O% | 6™ the entire content of the
% 3995 @ (i)l % REC o &|a main document.
| GRAVEL,FLL : 3.3.3 SURFACE COVER:
JTTFIRWM to SOFT, Mottled Orange brown and gray. sity and a | S8 2l N=6) |222 GRAVEL
sandy, lean CLAY (CL), with trace amounts or organics and
- gravel, moist; FILL T~ 7
| ] ) 222
- 5 L 3945 552 >_<i12 (N=4) |24.8
T STIFF to VERY STIFF, Orange brown and gray, sityand b 4-4-4
- 10 — sandy, lean CLAY (CL), with coarse sand and fine gravel, | 395 SS-3 16 (N=8) [20.3
moist to wet; ALLUVIUM
- 15 — — 384.5— UD-1 14
i ) 59-10
- 20 3795 5S4 Hm (N=19) [17.6
) i } 5-4-4
B _ L _| ss5 16 v
25 3745 / (N=8) |43.4 WATER ON
______________________________ i g DRILLING TOOLS
HARD, Dark gray, highly weathered, SHALE SS-6 5 (N ioé%/5..) AT 25.0 FEET
AUGER REFUSAL AT 27.0 FEET ]
- 30 — — 369.5 —
— 35 — —364.5 —
40 350.5
START DATE:  8/14/2010
CONTRACTOR:  Hoosier Drilling TEST BORING RECORD
ES‘SI%DEMR&NT gsﬂré;s%yior Project: E.ON U.S. - Green River Power Station
hﬂgzsgﬁ . g‘;ﬁlD Project No:  3143-10-1317.02
HAMMER; Automatic Checked By: ‘%w Boring No.: B-5C
LOGGED BY: Vandana Muddu
PREPARED BY:  Sarah Sheilley %fif
Z/IMACTEC




D AMPLES il ey %l
: DESCRIPTION L | e S o o5 2| & 388 |52| REMARKS
P _ |2 I IES 2 E g% |32
;: CEB 5 25 |\ (E: © 32 l%g _E—E _'_,E- Qg%’_:: EC‘LS @1 Note: No information on
£E |@ 5 & EI2C| ol el €T & | the borings should be
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL | &35 18| 912214251355 |55% 8 & | used without considering
() OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) 5|V RAD S| 8| 7Og || theentie content of the
-0 %872 S pr) RREC = SURFACE COVER
TOPSOIL; FILL : :
™ SOFT to FIRM, Grayish brown, sifty and sandy, fean CLAY S5-1 2| 22000, STRAW
- 4 (CL), with organics, moist; FILL - . /\ (N=4) :
3-4-4
-2 16
- 5 7 L ag02— S5 (N=8) [186
uD-1 24
i I SOFT, Grayish brown, silty and sandy, lean CLAY (CL), with 7 WATER ON
organics, wet; FiLL ss3 18 WH-WH-4 DRILLING TOOLS
— 10 —377.2— T (N=4) |24.4 AT 9.0 FEET
i T STIFF fo HARD, Orange brown, silty and sandy, lean CLAY )
(CL), with fine gravel, very moist to wet; ALLUVIUM
- . - 4 UD-2 20
4-5-7
- 18
[~ 1% 3700 S5 (N=12) 232
— 20 — —367.2— 50/3"
855 D<M 3| (\ = 50/3")
BORING TERMINATED AT 20.5 FEET BORING DRY
- - . UPON
COMPLETION OF
| DRILLING
-~ 25 362.2

START DATE: 8/12/2010
CONTRACTOR:  Tri-State
DRILLER: Shannon Snow

EQUIPMENT: Diedrich D-50 Turbo
METHOD: HSA

HOLE DIA: 31" 1D

HAMMER: Automatic
LOGGED BY: Vandana Muddu

PREPARED BY:  Sarah Sheilley
REMARKS:

MACTEC SOIL-ROCK (SITE MAP) 3143101317.02.GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/21/10

TEST BORING RECORD

Project:
Project No:
Checked By:

E.ON U.S. - Green River Power Station

-1317.02

3143-12

Boring No.: B-5T

ZIMACTEC




)

a2 1/1¢

1.GDT

TEMPLATE O

E

.GPJ MACTEC DATABAS

101317.02

5

MACTEC SOIL-ROCK (SITE MAP) 314

PREPARED BY:

REMARKS:

Sarah Sheilley

D SAMPLES gl ) ¥le
. L E - o =8 1&
E DESCRIPTION E L g R [N-COUNT | o & :;J bt §§§ 2 g REMARKS
T G E 25 |FEle b 2E| £ E | 285 |2 B\ Note: No information on
H E v EE & Cls 22lag sl ol 883 S &| the borings should be
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL | &35 18 Ol = N & 1= Sl 3|3 |58% | S| usedwithout considering
(ft) OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) 5|V /| Rab S| 2| 7O0g |87 the entire content of the
% 4047 »|[(in)| % REC o e main document.
GRAVEL; FILL ' SURFACE COVER:
< VERY STIFF to STIFF, Brown and ight gray, sandy, iean - 1 | CRAVEL
| CLAY (CL), with fine to coarse gravel, moist to wet; FILL 3 1 ss-1 y 0 aéﬂlg)
/N| | (N=
§ L B WATER ON
DRILLING TOOLS
- 5 — — 399.7 — UD-1 o AT 3.5 FEET
i i i 57-9
. - { 882 81 (N=16) [16.0
1 \ 2 o
4-5-6
- 10 - L 394.7 - SS38 HoN=11) [175
i _ ] DEPTH OF WATER
IN PZ AT 11.5 FEET
| L 4 ON 08/24/10
T~ FIRM to VERY STIFF, Motfled dark orange brown and gray, /. ]
| 15 | silty and sandy, lean CLAY (CL), with coarse sand and fine - 389.7 — UD-2 24
gravel, wet; ALLUVIUM
I 1. Vi 455
20 — L 384.7— 554 N Bl N=10) |216
i i | 3-2-3
L 25 —370.7— S5 XI“ (N=5) [232 BIEZOMETER
N L § INSTALLED WITH
SCREENED
. - - INTERVAL FROM
15-25 FEET
| 57-8
30 — 3747 SS6 Xi B N=15) [19.3
5.9-12
- 35 — - 360.7 SS7 X!15 (N=21) |216
BORING TERMINATED AT 35.5 FEET L i
40 364.7
START DATE:  8/14/2010
CONTRACTOR:  Tri-State TEST BORING RECORD
DRILLER: Shannon Snow i . - i i
EQUPMENT:  CMETS0 Project: E.ON U.S. - Green River Power Station
METHOD: HSA Project No: 3143-10-1317.02
HOLE DIA: 3" ID
HAMMER: Automatic Checked By: @82 Boring No.: B-6C
LOGGED BY: Vandana Muddu *

ZIMACTEC




MACTEC SOIL-ROCK (SITE MAP) 3143101317.02. GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/21/10

D SAMPLES ) ¥le
E DESCRIPT'ON E E o[ R [ N-COUNT @;5 é o 8~5§ é © REMARKS
P g : STz 2| %58
T G E %g FlEl® L w© 2 S E E “:':@8_ B D Note: No information on
H E v Etle|S v B2 |gg|ol2ls £5 | 5| the borings should be
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL 5 2 g— O| = d o 28 S H goﬁ O | used without considering
() OF SYMBOLS AND ABBREVIATIONS BELOW. D (fty g (i\n/) G/RSEDC Z| 2| 7O 87 the i;’)atllzea%)gfgnc;f the
. © ~ ! 5
™ O | FIRM o STIFF. Light grayish brown, sifty and sandy, lean Y. 390.9 SURFACE COVER'
CLAY (CL), moist; FILL 551 0 (ﬁﬁ*;) GRAVEL
& -
i i - 4 UD-1 24
5-5-5
- 5 — | ags.9— SS2 A 121 (N=10) |20.3
3-4-5
— 10 — - 3g0.0— 53 % N=9) |225
UD-2 24
i " FIRM to STIFF; Orange brown, silty and sandy, lean CLAY b
(CL), with trace amounts of fine gravel, moist to wet;
- 7 ALLUVIUM - . WATER ON
DRILLING TOOLS
i ] L - AT 13.0 FEET
2-3-3
- 15 — 3759 554 %Iw (N=6) |25.9
s - - 4 UD-3
3-4-6
— 20 — 3709 558 (N=10) |21.3
355
— 25 3659 556 18] (N=10)
BORING TERMINATED AT 25.5 FEET BORING DRY
i i 7 UPON
COMPLETION OF
- . - E DRILLING
- 30 360.9
START DATE;  &/12/2010
CONTRACTOR:  Tri-State TEST BORING RECORD
DRILLER: Shannon Snow f . _ : .
EOUIPMENT: Diedrich D.50 Turbo Project: E.ON U.S. - Green River Power Station
METHOD: HSA Project No: 3143-10-1317.02
HOLE DIA.: 31" ID !
HAMMER: Automatic Checked By: Boring No.: B-6T
LOGGED BY: Vandana Muddu
PREPARED BY: Sarah Sheilley ;g/gf
4 MACTEC




21710

<

3170

MACTEC SOIL-ROCK (SITE MAP) 3143101

2.GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/

D SAMPLES gl ) 3|2

£ DESCRIPTION L | E ST eonnT| 02| 2| £ 388|532 REMARKS

P .l s Ex| = =2 | c oL | 8B

T G E 29 FlE| o © o 5 S __% _% !'E@,g & 9| Note: No information on

H E v EE |2 Cls 22|oze e Sg% &\ the borings should be

SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL | @3 18| O =512 3| 3| 3| 532 | S| usedwithout considering
(ft) OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) 3 (i\r{) O/WRSEDC g1 270G |97 the zat(re;ggtf:;nc;f the
. o ~ ain 2 .

O ~I"VERY STIFF to FIRM, Light brown and tan, silty and sandy, 404.7 908 SURFACE COVER'
lean CLAY (CL), with trace amounts of organics and fine L 4 SS-1 10 (N=17) | 9.3 GRASS AND
gravel, dry to moist; FILL GRAVEL

| I | 3-3-4
L 5 - 399.7— 552 ghw N=7) |17.7
— 10 — — 394.7— UD-1 l22
| - ) 4-5-7
5 L 389.7 SS8 X!w (N=12) 194
" STIFF To FIRM, Orange brown and gray, sitty, lean CLAY (CL), X 4
with pockets of coarse sand, moist to very moist; ALLUVIUM
N v L N
i ] | 3-4-6
o 3847 | 5S4 X% 0 (N=10)
1 i i 3-4-5
- 25 — 3797 5SS X!m (N=9) |232
- 30 — — 374.7— UD-2 24
1 I 1 344
. a5 - 369.7— SS6 mm (N=8) |26.4
BORING TERMINATED AT 35.5 FEET L i BORING DRY
UPON
. L - COMPLETION OF
DRILLING
— 40 364.7
START DATE:  8/14/2010
CONTRACTOR:  Tri-State TEST BORING RECORD
DRILLER: Shannon Snow et _ ; ;
EQUIPMENT: Diedrich D.50 Turbo Project: E.ON U.S. - Green River Power Station
METHOD: HSA Project No:  3143-10-1317.02
HOLE DIA: 3% 1D .
HAMMER: Automatic Checked By: Bonng No_: B-7C
LOGGED BY: Vandana Muddu
PREPARED BY: Sarah Sheilley P4
/MACTEC




x—-oumao

()

— 15

— 20

— 30

— 35

—~ 40

1 - SAMPLES REEREIE
DESCRIPTION L | SR TcouT| 02| 2| 2| 382|328 REMARKS
. . B o= - El&aw @
g \E/ -gg e E o £ © 3 5 E S gcf e cg Note: No information on
- o | &8 J Q= | & i
SEE KEY SYMBOL SHEET FOR EXPLANATION N omsL | §5 %Ei Ol <& §§ 2| 2| EEG | B S| uced wahout considerng
OF SYMBOLS AND ABBREVIATIONS BELOW. D w® | 2% g Y| RD Z| 8| 70g | 3% the entire content of the
3872 » |(in)| %REC o g|e main document.
TOPSOIL: FILL T eon | 554 SURFACE COVER:
T STIFF, Dark brown, sihy and sandy, Tean CLAY (CL), with I (N=9) 201 SRy P
- organics, meist; FILL C - -
| SOFT 1o STIFF, Light grayish brown to orange brown, siity and - N
sandy, lean CLAY (CL), moist to very moist; ALLUVIUM 552 18 2-1-3
a - 382.2 (N=4) |25.0
) - 1 up-1 24
A ) 4-4-5
3772 SS3 XI Bl N=g) |222
A i 2.2-2
_ 3722 554 (N=4) [259
i I 1 up-2
| i i 223
_ - 367.2— SS5 (N=5) |26.0
| VERY SOFT to VERY STIFF, Gray fo dark gray, sandy, lean 7 WATER ON
4 CLAY (CL), wet; ALLUVIUM - - whH DRILLING TOOLS
y -WH- AT 23.0 FEET
_ 322 SS6 Xl BN=WH) 275
i i | WH-WH-WH
| L3572 SS7 Xi18 (N=WH) | 26.2
4 v A J
i i i 335
_ L 3500 SS-8 XI Bl (N=8) |234
i i i 589
i ' 347.2— SS9 le (N=17) |21.1
| BORING TERMINATED AT 405 FEET L i
3422

MACTEC SOIL-ROCK (SITE MAP) 3143101317.02.GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/21/10

START DATE:
CONTRACTOR:  Tri-State

8/12/2010

DRILLER: Shannon Snow
EQUIPMENT: Diedrich D-50 Turbo
METHOD: HSA

HOLE DIA: 3V 1D

HAMMER: Automatic
LOGGED BY: Vandana Muddu
PREPARED BY: Sarah Sheilley
REMARKS:

TEST BORING RECORD

Project:

Project No:
Checked By:

E.ON U.S. - Green River Power Station
3143-10-1317.02

Boring No.: B=7T

44

Z/MACTEC




1710

2

D SAMPLES J1d| g2
: DESCRIPTION L | E TR INCouT| 02| = | T 885 |22 REMARKS
. _:z“:':"‘c'ﬁm_
L g \E/ %g !3 g © g © g 5 5 E = g:_: % (g Note: No information on
N EE |2 e g = E|lo|o| CEG | 5o theborings shouid be
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL | &3 | & O N 9= S1 218 |58% |94 usedwihout considering
(ft) OF SYMBOLS AND ABBREVIATIONS BELOW. D () Z 5| V| RAD g2 O | @™ the entire content of the
5 404.5 »|(in)] %REC = main document.
L Jopsow PILL P ) SS-1 10| 344 SURFACE COVER:
- FIRM to STIFF, Grayish brown and orange brown, silty, lean = 4 5 (N =8) GRASS AND
CLAY (CL), with trace amounts of organics, sand and fine B R STRAW
gravel, maist; FILL
B I i 3-4-4
5 — - 399.5— 552 ﬂ B N=g) |21.3
i i | 345
- 10 - 394.5— SS8 XIQ N=9) |21
I7 FIRM, Grayish brown, silty, lean CLAY (CL), with trace E
- amounts of black oxides, moist to very moist; FILL - s
| ] i 223
- 15 — - 389.5—{ 5S4 X! " (N=5) 218 DEPTH OF WATER
| i 1 IN PZ AT 14.7 FEET
ON 08/24/10
) - i 224
0 3845 SS5 Xi " N=e) |242
| FIRM to STIFF, Mottied Gray, brown and dark orange, sity }
-4 and sandy, lean CLAY (CL), with coarse sand and fine gravel, - .
very moist to wet; ALLUVIUM B i
— 25 — — 379.5 — UD-1 ‘24
i i | 233
— 30 — — 374.5 — $5-6 le (N=8) |26.2
o ! | i
} i ) 2.3-3
a5 —369.56— SS7 Xiw (N=6) |267
] i ) PIEZOMETER
| . . INSTALLED WITH
i A | SCREEN INTERVAL
3.4.6 FROM 29.0-39.0
40 - 3645—{ 558 XI ¥ (N=10) |26.4 FEET
-| BORING TERMINATED AT 40.5 FEET L 4 BORING DRY
UPON
1 - 7 COMPLETION OF
- L 4 DRILLING
| 45 359.5

MACTEC SOIL-ROCK (SITE MAP) 3143101317 .02 GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/

START DATE: 8/14/2010
CONTRACTOR:  Tri-State

DRILLER: Tracy Braizer
EQUIPMENT: CME-55
METHOD: HSA

HOLE DIA.: 3" 1D
HAMMER: Automatic

LOGGED BY: Vandana Muddu
PREPARED BY: Sarah Sheilley
REMARKS:

TEST BORING RECORD

Project: E.ON U.S. - Green River Power Station
Project No:  3143-10-1317.02
Checked By: % Boring No.: B-8C

MACTEC




M0

3143101317.02.GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/21

MACTEC SOIL-ROCK (SITE MAP)

D SAMPLES ) ) g2
B DESCRIPTION L] E 7= oot o £ 2| T1388 52| REMARKS
P =1 - . |5/ E|E| LB |p2
! G E %g = Elo g © % 5 g 5 ‘Eg?; 9:”’ Note: No information on
H E \% g€ lo|Cl s B2 |5g|2|2 8?5 S 8| the borings should be
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL | &5 |B| OS2 1205|5554 |3§| usedwihout considering
(i OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) 5|V RQD S| 2| 7% | ®7| the entire content of the
B 3874 » |(in)| % REC o = main document.
0 STIFF, Brown to gray, silty, lean CLAY (CL), with organics and : SURFACE COVER:
black oxides, dry to moist; FILL $S-1 6l 487 GRASS AND
J L 4o (N=15) |14.6 STRAW
/\
B v " _
i " FIRM, Grayish blue, silty, lean CLAY (CLJ, with sand, moist, §
ALLUVIUM 1-2-3
SS-2 13
- 5 —382.4 (N=5) 1203
|- B - -4 UD-1 24
] |~ SOFT, Mottled Gray to brown, silty, lean CLAY (CL), with black ¥
oxides, moist to wet; ALLUVIUM $5-3 18 2-2-2
10 — | 377.4 —| (N=4) 248
i 1 i ] WATER ON
DRILLING TOOLS
B i i ] AT 12,0 FEET
i | VERY SOFT, Moddled Gray to brown, silty, lean CLAY (CL), )
with black oxides, wet; ALLUVIUM 554 16 WH-WH-1
— 15 - 372.4— (N=1) 126.2
| FIRM, Mottled Gray to brown, silty, lean CLAY (CL), moist, ]
ALLUVIUM
i 4 AV L 4 Up-2
25212917 83
3-4-4
8S-5
- 20 - 367.4 — N=8) |224
BORING TERMINATED AT 20.5 FEET
i 4 L i
— 25 362.4
START DATE: 8/13/2010
CONTRACTOR:  Tri-State TEST BORlNG RECO RD
DRILLER Shannon Snow P . . - H
EOQUPVENT.  Dicdrioh D80 Turbo Project: E.ON U.S. - Green River Power Station
METHOD: HSA Project No: 3143-10-1317.02
HOLE DIA: 3% 1D
HAMMER: Automatic Checked By: Boring No.: B-8T
LOGGED BY: Vandana Muddu
PREPARED BY:  Sarah Sheilley %j{
RENARKS MACTEC




1710

21

MPLATE 01.GDT &/

317.02.GPJ MACTEC DATABASE T

3

MACTEC SOIL-ROCK (SITE MAP) 3143101

D SAMPLES ol ) 5|2
E DESCRIPTION E E 2] = TRcoUNT| o 2| 2| & 3883 ol REMARKS
e s . |ISTIE|E |l &R |02
T G E 23 ElE|® g o 2 S _g_[ = “E@fgf 2 | Note: No information on
H E v EE |2 Clz 2z2leg|s © 8%‘"‘5‘ E &S| the borings should be
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL FERE 8 - N D= S131%| 582 |c§| usedwihout considering
() OF SYMBOLS AND ABBREVIATIONS BELOW. D () &/ . RQD S| 3| 7O0g | @7 the entire content of the
403.9 » [(in)| % REC o = main document.
- ¢ “RvoesolL FL_ : SURFACE COVER:
- 1 VERY STIFF, Orange brown, silty, lean CLAY (CL), with - a 588 SSQ\S,E LAND
B organics, moist; FILL { ] 881 % I15 (N=16) [124
- 5 — - 398.9 — UD-1 '14 172139119 74
I _ STIFF to FIRM, Grayish brown and orange brown, sity and _ i
sandy, lean CLAY (CL), with trace amounts of organics, moist
- 1 to very moist; FILL - bl
| i X ) 4-6-7
L 0 - - 393.9—| 552 X! " (N=13) 215
- 15 — —388.9 - UD-2 '18
i i i 3-3-4
50 - — 3839~ SS3 le (N=7)
|7 STIFF to SOFT, Orange brown, lean CLAY (CL), with sand L R o
pockets, very moist; ALLUVIUM 4-5-
s - 378.9—{ 554 8 N=10) [19.4
i A\ 4 )
1-1-2
| 5 3739~ SS5 mw (N=3)
N - N
1 I i 456
a5 - 368.9— S5O B (N=11) |254
| BORING TERMINATED AT 35.5 FEET L i BORING DRY
UPON
- 7 r . COMPLETION OF
| . L i DRILLING
40 — — 363.9 —
— 45 358.9
START DATE:  8/13/2010
CONTRACTOR:  Tri-State TEST BORING RECORD
DRILLER: Tracy Braizer Proiect: E.ON U.S. - Green Riv W tati
EQUPMENT:  CME-55 ject: ON een River Power Station
METHOD: HSA Project No: 3143-10-1317.02
HOLE DIA.: 31D .
HAMMER: Automatic Checked By: Boring No.: B-9C
LOGGED BY: Vandana Muddu
PREPARED BY:  Sarah Sheilley 7
MACTEC




21110

<

MACTEC SOIL-ROCK (SITE MAP) 3143101317.02.GPJ MACTEC DATABASE TEMPLATE 01.GDT &

D SAMPLES i ) g2
£ DESCRIPTION L] E ST oot | o 2| 2| 2] 3885 2| REMARKS
P S - N ) bl :/ - = Ew; © o
T G E -g_g ZlEl o P 2 S _—_JE— % E@S: & 0| Note: No information on
H E v EE |2 Cls 22| 32|5l0 88‘”5 £ 8| the borings should be
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL L(DU 2 g Ol = N o |= 8 ERR 5 5% |9 & | used without considering
(ft) OF SYMBOLS AND ABBREVIATIONS BELOW. D (f) & (iX) O/B%g_c g8 Cg |87 the 2;1;1,;? dcoocrzignotf the
: o ~ A
|~ O ~ISTIFF Niotlied Gray and brown, Jean CLAY (CL), wih & 387.3 SURFACE COVER:
organics and black oxides, dry to moist; FILL S8-1 15| 356 GRASS
N - 4= (N=11) |16.0
i ] - 1 up-1 14 17.5]30 | 19 86
T~ STIFF, Mottled Gray and brown, lean CLAY (CL), with b
organics and black oxides, dry to moist; ALLUVIUM SS-2 14 4-5.5
— 5 7 |- 382.3 (N=10) |19.2
|~ STIFF to FIRM, Mottled Gray and brown, lean CLAY (CL), with_ b
organics and black oxides, moist to wet; ALLUVIUM ss3 12 3-4-6
— 10 —| - 377.3 (N=10) |23.0
- . - 4 UD-2
2-3-3
SS-4
- | - - N=6 23.8
15 3723 ( ) WATER ON
DRILLING TOOLS
| . - i AT 15.0 FEET
I I~ FIRM, Mottled Gray and brown, silty, lean CLAY (CL), moist, b
ALLUVIUM
335
S8-5 18
- 20 — - 367.3 (N=8) |22.8
BORING TERMINATED AT 20.5 FEET BORING DRY
i 2 - 4 UPON
COMPLETION OF
DRILLING
o5 362.3
START DATE:  8/13/2010
CONTRACTOR:  Tri-State TEST BORING RECORD
DRILLER: Shannon Snow it - : :
EQUIPMENT:  Diedrich D.60 Turbo Project: E.ON U.S. - Green River Power Station
“Hﬂg‘g%% ;?Am Project No: 3143-10-1317.02
HOL :
HAMMER Automatic Checked By: M@Q Boring No.: B-9T
LOGGED BY: Vandana Muddu
PREPARED BY: Sarah Sheilley éf/
Z/MACTEC




DATABASE TEMPLATE 01.GDT 9/21/10

o

J MACT

101317.02.GP

3

MACTEC SOIL-ROCK (SITE MAP) 314

PREPARED BY:

Sarah Sheilley

REMARKS:

MACTEC

b SAMPLES ol 5|2
L E —_ o P £
: DESCRIPTION L) oE o= ecoonT| 2| 2| E| 85732 REMARKS
T G E %g Sl El o g o |8 % g E zoa O D Note: No information on
H « E v £ e % 8 B < E g tlo|L §§"§ S Kl the borings should be
SEE KEY SYMBOL SHEET FOR EXPLANATION N MSL (g 5 gl v 8 51 %3582 1¢ & | used without considering
() OF SYMBOLS AND ABBREVIATIONS BELOW. D (ft) ElV| RAD E| 8| 70g | 8| theentie content of the
’ 403.9 » [(in)] % REC o & main document.
- 0 GRAVEL; FILL ' éURf/AECLiE COVER:
| STIFF, Orange brown and §raT,l 's‘iltyan_dgaﬁay,_le—a-n_CL_AY_ o 3 7 555 RA
(CL), with trace amounts of fine gravel, moist; FILL L | SS-1 E !16 (N=10) |16.4
) i ) 458
-~ 5 — | 308.9-{ 552 Xlw (N=13) [16.9
] " 7 e 16 17.1]40 | 16 91
i ] i 567
L 10 — - 303.9— SS9 ¥ N=13) [17.0
7 STIFF to FIRM, Orange brown and gray, silty CLAY (CL-ML), 7
4 with sand, with trace amounts of organics, moist to very - -
moist; ALLUVIUM A4 554 12| 355
15 = - 388.9 —| (N=10) |20.2
i L .
i L _ WATER ON
DRILLING TOOLS
R - - AT 17.5 FEET
3-4-5
| | 383.9— S55 _&l“‘ (N=9) [20.0
UbD-2 24
7 ] 1 234
- _| = _| SS-6 15 o
25 378.9 (N=7) |226 PIEZOMETER
- L i INSTALLED WITH
SCREENED
b o - INTERVAL FROM
" FIRM to ST !FFTOE@e'ErEerT and gray, silty and Eéﬁ(iﬂégn~ B ] 15-25 FEET
SZV;’-\\; ECLSb)\/I\(leK;\ coarse sand and trace amounts of fine gravel, DEPTH OF WATER
7 ' I 7 2.0.3 IN PZ AT 25.0 FEET
— 80 3739 SS7 18] N=5) [272 ON 08/24/10
| I ) 345
L 35 — 3689 SS8 Ew (N=9) {199
BORING TERMINATED AT 35.5 FEET L | BORING DRY
UPON
E - - COMPLETION OF
DRILLING
— 40 363.9
START DATE: 8/13/2010
CONTRACTOR:  Tri-State TEST BORING RECORD
T ooy Draizer Project: E.ON U.S. - Green River Power Station
'i\_i/‘gzgga ‘ g“iﬁlD Project No: 3143-10-1317.02
HAMMER: Automatic Checked By: % Boring No.: B-10C
LOGGED BY: Vandana Muddu 7




M0

GDT 9721

01

K (SITE MAP) 3143101317.02.GPJ MACTEC DATABASE TEMPLATE

G

MACTEC SOIL-RO

D SAMPLES onll ey g2
L — [oN cg | £
: DESCRIPTION L aTr oot o 2| 2| & 858(38 REMARKS
P = i o | B =% = )
T G 28 |2 Elo Qo 7 g5 _% €O QDI Note: No information on
H E eS|z 22 8d|g]|o SEE | 53| the borings should be
SEE KEY SYMBOL SHEET FOR EXPLANATION N RN 8 “R‘&‘D“ =313 G | 532 | O §| used without considering
F SYMBOLS AND ABBREVIATIONS BELOW. D , ROD g x | © the entire content of the
B ? O SYMEO @|(in)] % REC e e|e main document.
VERY STIFF, Mottled Gray and brown, silty, lean CLAY (CL) SURFACE COVER:
with organics and black oxides, dry; FILL S5-1 4g| 10-11-8 GRASS
. (N=19) |11.4
| VERY STIFF to STIFF, Mottied Gray and brown, silty, lean” W,
CLAY (CL), with organics and black oxides, dry to moist; 382 16 7'?'13 .
~ 5 — ALLUVIUM (N=22) |16.7
3-5-6
0 S8-3 (N=11) |20.7
ub-1
] WATER ON
DRILLING TOOLS
| FIRM, Mottled Gray and brown, silty, lean CLAY (CL), with 933 AT 13.0 FEET
organics and black oxides, wet; ALLUVIUM " 0=
g | o Ss-4 Bl N=6) |246
" FIRM to STIFF, Mottled Gray and brown, silty, lean CLAY ~ 23
CL), with i d black oxides, moist, ALLUVIUM N e
L (CL), with organics and black oxides, moi 3S.5 14 N=5) |241
4-5-7
| o5 | SS-6 8 (N=12) 212
BORING TERMINATED AT 25.5 FEET
— 30
START DATE: 8/13/2010
COMTRACTOR:  Tr-Siate TEST BORING RECORD
DRILLER: Shannon Snow : . - : :
EQUIPMENT: Didtion D.50 Turbo Project: E.ON U.S. - Green River Power Station
METHOD: HSA Project No:  3143-10-1317.02
HOLE DIA: 3" 1D .
HAMMER: Automatic Checked By: Boring No.: B-1 OT
LOGGED BY: Vandana Muddu 7
PREPARED BY:  Sarah Sheilley ,{jk‘
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LABORATORY TESTING PROCEDURES

SUMMARY OF LABORATORY TEST DATA



LABORATORY TESTING PROCEDURES

Soil Classification: Soil classifications provide a general guide to the engineering properties of various
soil types and enable the engineer to apply past experience to current situations. In our investigations,
samples obtained during drilling operations are examined in our laboratory and visually classified by
an engineer. The soils are classified according to consistency (based on number of blows from
standard penetration tests), color and texture. These classification descriptions are included on our
"Test Boring Records."

The classification system discussed above is primarily qualitative and for detailed soil classification
two laboratory tests are necessary: grain size tests and plasticity tests. Using these test results the soil
can be classified according to the AASHTO or Unified Classification Systems (ASTM D2487). Each
of these classification systems and the in-place physical soil properties provide an index for estimating
the soil's behavior. The soil classification and physical properties determined are presented in this
report.

Atterberg Limits: Portions of the samples are taken for Atterberg Limits testing to determine the
plasticity characteristics of the soil. The plasticity index (PI) is the range of moisture content over
which the soil deforms as a plastic material. It is bracketed by the liquid limit (LL) and the plastic
limit (PL). The liquid limit is the moisture content at which the soil becomes sufficiently "wet" to flow
as a heavy viscous fluid. The plastic limit is the lowest moisture content at which the soil is
sufficiently plastic to be manually rolled into tiny threads. The liquid limit and plastic limit are
determined in accordance with ASTM D4318.

Grain Size Tests: Grain Size Tests are performed to determine the soil classification and the grain size
distribution. The soil samples are prepared for testing according to ASTM D421 (dry preparation) or
ASTM D2217 (wet preparation). The grain size distribution of soils coarser than a number 200 sieve
(0.074 mm opening) is determined by passing the samples through a standard set of nested sieves.
Materials passing the number 200 sieve are suspended in water and the grain size distribution
calculated from the measured settlement rate. These tests are conducted in accordance with ASTM
D422.

Moisture Content: The Moisture Content is determined according to ASTM D2216.

Physical Soil Properties: The in-place physical properties are described by the specific gravity, wet
unit weight, moisture content, dry unit weight, void ratio, and percent saturation of the soil. The
specific gravity and moisture content are determined according to ASTM D854 and D2216,
respectively. The wet unit weight is found by obtaining a known volume of the soil and dividing the
wet sample weight by the known volume. The dry unit weight, void ratio and percent saturation are
calculated values.

Triaxial Shear Tests: Triaxial shear tests are used to determine the strength characteristics and friction
angle of a given soil sample. Triaxial tests are also used to determine the elastic properties of the soil
specimen. Triaxial shear tests are performed on several sections of a relatively undisturbed sample
extruded from the sampling tube. The samples are trimmed into cylinders 1.4 to 2.8 inches in diameter
and encased in rubber membranes. Each is then placed in a compression chamber and confined by all
around water pressure. Samples are then subjected to additional axial and/or lateral loads, depending
on the soil and the field conditions to be simulated. The test results are typically presented in tabular
form or in the form of stress-strain curves and Mohr envelopes or p-g plots.




LABORATORY TESTING PROCEDURES (continued)

Three types of triaxial tests are normally performed. The most suitable type of triaxial test is
determined by the loading conditions imposed on the soil in the field and the soil characteristics.

1. Consolidated-Undrained (designated as a CU or R Test).
2. Consolidated-Drained (designated as a CD or S Test).
3. Unconsolidated-Undrained (designated as a UU or Q Test).



MACTEC_LAB-SUMMARY LANDSCAPE (SP GRAV) 3143101317.02.GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/21/10

Sheet 1 of 6

Atterberg Limits Uscs Natural | Unconfined | Unconfined | (nit weight (pcf) | Maximum |Optimum B Rock Core o
Borehole Depth Sample — ( —— Class. Moisture | Compress. | Compress. fF————— — Dry Moisture Speqﬂc % Finer
Type | Liquid | Plastic |Plasticity ifioation | Content | Strength | Strength Dry Wet Density | Content | Gravity | rap Pefcem | #200
Limit Limit Index | IMcatio (%) (Soil-psf) | (Rock-psi) | Density | Density (pch) (%) Recovery
B-1.5T 0.0 SS 19.0
B-1.5T 4.0 SS 21.3
B-1.5T 9.0 SS 18.0
B-1.75T 0.0 SS 16.5
B-1.75T 4.0 SS 17.6
B-1.75T 7.0 ub 35 18 17 CL 17.4 109.6 | 128.6 2.75 76
B-10C 1.0 SS 16.4
B-10C 4.0 SS 16.9
B-10C 7.0 ub 40 16 24 CL 171 1114 | 130.5 2.71 91
B-10C 9.0 SS 17.0
B-10C 14.0 SS 20.2
B-10C 19.0 SS 20.0
B-10C 24.0 SS 226
B-10C 29.0 SS 27.2
B-10C 34.0 SS 19.9
B-10T 0.0 SS 114
B-10T 4.0 SS 16.7
B-10T 9.0 SS 20.7
B-10T 14.0 SS 246
B-10T 19.0 SS 24 1
B-10T 24.0 SS 21.2
B-1C 1.0 SS 12.1
B-1C 4.0 ub 45 20 25 CL 17.1 142.9 | 167.3 275 91
B-1C 9.0 SS 13.4
B-1C 14.0 SS 224
B-1C 240 SS 23.4
Remarks: Summary of Laboratory Results
Project: E.ON U.S. - Green River Power Station
Project No: 3143-10:1317.02
Checked By: %A‘é\%
* SPT/8S = Split-spoon BG = Bulk / bag sample Sy
UD/SH = Unzistufbed sample RC = Rock corz " féi?f MA.CTEC




MACTEC_LAB-SUMMARY LANDSCAPE (SP GRAV) 3143101317.02.GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/21/10

Sheet 2 of 6

Atterberg Limits USCS Natural Unconfined Linconfined Unit Weight (pcf) Maximum Optvimum B Rock Core ‘
Borehole Depth Sample Caud | Prastic TPiasicity] Class- Moisture | Compress. | Compress. o Wet Dryv Moxst‘gre Spec[ﬁc — % Finer
Type iqui astic Y ification | Content | Strength Strength Y L Density | Content | Gravity | rqp #200
Limit Limit Index |! (%) (Soil-psf) | (Rock-psi) | Density | Density (pcf) (%) Recovery
B-1C 29.0 ub 40 21 19 CL 272 93.3 | 118.7 2.63 89
B-1C 34.0 SS 24 1
B-1C 390 | ss 81 } -
B-1T 0.0 SS 20.3
B-1T 4.0 SS 30.2
B-1T 9.0 SS 255
B-1T 14.0 SS 255
B-1T 19.0 SS 221
B-2.5T 0.0 SS 18.9
B-2.5T 4.0 SS 25.3
B-2.5T 9.0 SS 38.0
B-2.5T 14.0 SS 28.1
B-2.5T 19.0 SS 246
B-2C 1.0 SS 16.7
B-2C 4.0 SS 19.5
B-2C 9.0 SS 29.6
B-2C 14.0 SS 23.1
B-2C 19.0 SS 25.8
B-2C 20.5 ub SM 27.8 65.1 83.3 2.66 19
B-2C 240 SS 19.5
B-2C 29.0 SS 28.7
B-2C 34.0 SS 21.0
B-2T 0.0 SS 16.6
B-2T 9.0 SS 32.6
B-2T 14.0 ub ML 27.5 106.6 | 1359 245 60
B-2T 19.0 SS 33.9
Remarks: Summary of Laboratory Results
Project: E.ON U.S. - Green River Power Station
Project No: 3143-10-1317.02
Checked By: ﬁ%

* SPT/SS = Split-spoon

UD/SH = Undisturbed sample

BG = Bulk / bag sample
RC = Rock core

4 MACTEC




(SP GRAV) 3143101317.02.GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/21/10

MACTEC_LAB-SUMMARY LANDSCAPE

Sheet
Atterberg Limits USCS Natural | Unconfined | Unconfined | ynit weight (pcf) | Maximum |Optimumn B Rock Corehee - Of -
Borehole Depth Sample — - 1 Class. | Moisture Compress. | Compress. Dry Motsturg Speqﬁc % Finer
Type | Liquid  Plastic |Plasticity =07 | Content | Strength | Strength Dry Wet Density | Content | Gravity | rqop | Percent | #200
Limit Limit index |' (%) (Soil-psf) | (Rock-psi) | Density | Density (pcf) (%) Recovery
B-3C 9.0 SS 21.0
B-3C 14.0 ub 37 19 18 CL 245 96.6 | 120.3 2.67 87
B-3C 19.0 SS 239
B-3C 29.0 SS 23.6
B-3C 34.0 SS 24.8
B-3T 1.0 ub 48 20 28 CL 19.3 105.8 | 126.3 2.74 85
B-3T 4.0 SS 235
B-3T 9.0 SS 245
B-3T 14.0 SS 23.7
B-3T 19.0 SS 25.0
B-4C 5.0 SS 19.8
B-4C 9.0 SS 15.7
B-4C 14.0 SS 21.5
B-4C 19.0 SS 23.2
B-4C 24.0 SS 222
B-4C 29.0 SS 224
B-4C 34.0 S8 20.7
B-4T 0.0 SS 18.4
B-4T 9.0 SS 22.8
B-4T 10.5 ub 37 17 20 CL 24.5 102.0 | 126.9 2.76 97
B-4T 14.0 SS 24.0
B-4T 18.0 SS 19.2
B-5C 0.0 SS 22.2
B-5C 4.0 SS 24.8
B-5C 9.0 SS 20.3
B-5C 19.0 SS 17.6
Remarks: Summary of Laboratory Results
Project: E.ON U.S. - Green River Power Station
Project No:  3143-10-1317.02
Checked By:
* SPT/SS = Split-spoon BG = Bulk / bag sample 1
UD/SH = UnZistulr)bed sample RC =Rock corZ i I\/IACTEC




MACTEC_LAB-SUMMARY LANDSCAPE (SP GRAV) 3143101317.02.GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/21/10

Sheet 4 of 6

Atterberg Limits USCS Naturai | Unconfined | Unconfined | ynit weight (pcf) | Maximum | Optimum B Rock Core '
Borehole Depth Sample Tood T Piaeic Toisenan] Class- Moisture | Compress. | Compress. 5 wer Ory | Moisture | Specific \— T horcont] % Frﬁner
Type qui ast aslcity) o tion | Content Strength Strength Y t Density | Content | Gravity | rqp #200
Limit Limit Index | (%) (Soil-psf) | (Rock-psi) | Density | Density (pct) (%) Recovery
B-5C 24.0 SS 43.4
B-5T 0.0 SS 19.3
B-5T 4.0 SS 18.6
B-5T 9.0 SS 24.4
B-5T 14.0 SS 23.2
B-6C 6.0 SS 16.0
B-6C 9.0 SS 17.5
B-6C 19.0 SS 21.6
B-6C 24.0 SS 23.2
B-6C 29.0 SS 19.3
B-6C 34.0 SS 216
B-6T 4.0 SS 20.3
B-6T 9.0 SS 22.5
B-6T 14.0 SS 259
B-6T 19.0 SS 21.3
B-6T 240 SS
B-7C 0.0 SS 9.3
B-7C 4.0 SS 17.7
B-7C 14.0 SS 194
B-7C 240 SS 23.2
B-7C 34.0 SS 26.4
B-7T 0.0 SS 20.1
B-7T 4.0 SS 25.0
B-7T 9.0 SS 22.2
B-7T 14.0 SS 259
B-7T 19.0 SS 26.0
Remarks: Summary of Laboratory Results
Project: E.ON U.S. - Green River Power Station
Project No: 3143-10-1317.02
Checked By:

* SPT/SS = Split-spoon

UD/SH = Undisturbed sample

BG = Bulk / bag sample
RC = Rock core

2
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MACTEC_LAB-SUMMARY LANDSCAPE (SP GRAV) 3143101317.02.GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/21/10

Sheet 5 of 6

Atterberg Limits USCS Natural | Unconfined | Unconfined | ynit weight (pcfy | Maximum [Optimum L Rock Core ‘
Borehole Depth Sample — ] 1 Class- Moisture | Compress. | Compress. Dry Motsturg Specific % Finer
Type | Liquid | Plastic |Plasticity] 25" | Content | Strength | Strength Dry Wet Density | Content | Gravity | rqp | Pereent | #200
Limit Limit Index | '"ca (%) (Soil-psf) | (Rock-psi) | Density | Density (pch (%) Recovery

B-7T 240 SS 27.5

B-7T 29.0 SS 26.2

B-7T 34.0 88 234

B-7T 39.0 SS 21.1

B-8C 1.0 17.7

B-8C 4.0 SS 21.3

B-8C 9.0 SS 211

B-8C 14.0 SS 21.8

B-8C 19.0 SS 242

B-8C 29.0 SS 26.2

B-8C 34.0 SS 26.7

B-8C 39.0 SS 26.4

B-8T 0.0 SS 14.6

B-8T 4.0 SS 20.3

B-8T 9.0 SS 248

B-8T 14.0 SS 26.2

B-8T 17.0 ub 29 17 12 CL 25.2 101.9 | 127.7 2.61 83

B-8T 19.0 SS 224

B-9C 1.0 SS 124

B-9C 4.0 ubD 39 19 20 CL 17.2 114.0 | 133.7 2.70 74

B-9C 9.0 SS 215

B-9C 19.0 SS

B-9C 240 SS 194

B-8C 34.0 SS 254

B-9C 39.0 26.6

B-9T 0.0 SS 16.0

Remarks: Summary of Laboratory Results
Project: E.ON U.S. - Green River Power Station
Project No: 3143-10-1317.02
Checked By:

* SPT/SS = Split-spoon

UD/SH = Undisturbed sample

BG = Bulk / bag sample
RC = Rock core

MACTEC




Sheet 6 of 6

(SP GRAV) 3143101317.02.GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/21/10

MACTEC_LAB-SUMMARY LANDSCAPE

Atterberg Limits USCS Natural | Unconfined | Unconfined | ynit weight (pcf) | Maximum |Optimum ' Rock Core .
Borehole Depth S?mple Liquid | Plastic |Plasticity| Class- RSOISttur? Cé)tmprets;,. Cé)tmprets;‘s, Dry Wet D Dry't ’\éztsttg;? SGprec\:/:?c Percent °/c;£|onoer
ype qui ast fication onten reng rength i ( ensity n avity | rRaD
Limit Limit Index | 'Mca (%) (Soil-psf) | (Rock-psi) | Density | Density (pcf) (%) Recovery

B-9T 2.0 ub 30 19 (! CL 17.5 1105 | 129.8 2.70 86

B-9T 4.0 SS 19.2

B-9T 9.0 SS 23.0

B-9T 14.0 SS 23.8

B-9T 19.0 SS 22.8

Remarks: Summary of Laboratory Results
Project: E.ON U.S. - Green River Power Station
Project No:  3143-10-1317.02
Checked By: ~

* SPT/SS = Split-spoon BG = Bulk / bag sample
UD/SH = Unzistufbed sample RC = Rock cori " MACTEC




ATTERBERG LIMITSTEST RESULTS
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LIQUID LIMIT
Natural
Symbol Location Depth, LL | PL | PI | Moisture | LI Uscs Soil Classification
feet Content, %
L ] B-1C 4.0-6.0 45 | 20 | 25 171 -0.1 CL Grayish black, lean CLAY

Remarks: ATTERBERG LIMITS RESULTS
Test Method - ASTM D4318 Project: E.ON U.S. - Green River Power Station

LL=Liquid Limit; PL= Plastic Limit; PI=Plasticity Index; Li=Liquidity Index

Project No: 3143~1%%1317.02
Checked By: \,AP)»
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3143101317 02 GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/1/10
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LIQUID LIMIT
Natural
Symbol Location Depth, LL | PL | Pl | Moisture | LI Uscs Soil Classification
feet Content, %
® B-1C 29.0-31.0 | 40 | 21 19 27.2 0.3 CL Gray to brown, lean CLAY

Remarks: ATTERBERG LIMITS RESULTS
Test Method - ASTM D4318 Project: E.ON U.S. - Green River Power Station

Project No:

3143-1 %»1 317.02
Checked By:

LL=Liquid Limit; PL= Plastic Limit;, Pl=Plasticity Index; LI=Liquidity Index
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LIQUID LIMIT
Natural
Symbol Location Depth, LL | PL | Pl | Moisture | LI Uscs Soil Classification
feet Content, %
@ B-1.75T 7.0-9.0 35 | 18 | 17 17.4 0.0 CL Brownish black, lean CLAY
Remarks: ATTERBERG LIMITS RESULTS
Test Method - ASTM D4318 Project: E.ON U.S. - Green River Power Station
Project No: 3143-12-1317.02
Checked By:
"j/
LL=Liquid Limit; PL= Plastic Limit; Pi=Plasticity Index; Li=Liquidity Index : MACTEC
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MACTEC_ATTERBERG_LIMITS 3143101317.02 GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/1/10
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LIQUID LIMIT
Natural
Symbol Location Depth, LL | PL | PI | Moisture | LI UscCs Soil Classification
feet Content, %
® B-3C 14.0-16.0 | 37 | 19 | 18 24.5 0.3 CL Brown, lean CLAY
Remarks: ATTERBERG LIMITS RESULTS
Test Method - ASTM D4318 Project: E.ON U.S. - Green River Power Station
Project No:  3143-10-1317.02
Checked By: S
1y
LL=Liquid Limit; PL= Plastic Limit; PI=Plasticity Index; LI=Liquidity index MA-CTEC
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MACTEC_ATTERBERG_LIMITS 3143101317.02.GPJ MACTEC DATABASE TEMPLATE 01
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0 10 20 30 40 50 60 _ 70 80 90 100 110
LIQUID LIMIT
Natural
Symbol Location Depth, LL | PL | PI | Moisture | LI USCs Soil Classification
feet Content, %
@ B-3T 1.0-3.0 48 | 20 | 28 19.3 0.0 CL Yellowish brown, lean CLAY
Remarks: ATTERBERG LIMITS RESULTS
Test Method - ASTM D4318 Project: E.ON U.S. - Green River Power Station
Project No: 3143-10-1317.02
Checked By: ‘
e
LL=Liquid Limit; PL= Plastic Limit, PI=Plasticity Index; LI=Liquidity Index o /MACTEC
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LIQUID LIMIT
Natural
Symbol Location Depth, LL | PL | Pl | Moisture | LI uscs Soil Classification
feet Content, %
@ B-4T 10.5-12.5 | 37 | 17 | 20 24.5 0.4 CL Brown, lean CLAY

Remarks: ATTERBERG LIMITS RESULTS
Test Method - ASTM D4318 Project: E.ON U.S. - Green River Power Station

LL=Liquid Limit, PL= Plastic Limit, Pl=Plasticity Index; LI=Liquidity Index

Project No: 3143-10-1317.02
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TEMPLATE 01.GDT

E

1317.02.GPJ MACTEC DATABAS
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LIQUID LIMIT
Natural
Symbol Location Depth, LL | PL | PI | Moisture | LI USCSs Soil Classification
feet Content, %
@ B-8T 17.0-19.0 | 29 | 17 | 12 25.2 0.7 CL Brown, lean CLAY
Remarks: ATTERBERG LIMITS RESULTS

Test Method - ASTM D4318

LL=Liquid Limit; PL= Plastic Limit, Pl=Plasticity Index; Li=Liquidity Index

Project: E.ON U.S. - Green River Power Station
Project No:  3143-10-1317.02

Checked By: \)é@ _




MACTEC_ATTERBERG_LIMITS 3143101317 02.GPJ MACTEC DATABASE TEMPLATE 01.GDT 9/1/10
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Natural
Symbol Location Depth, LL | PL | PI | Moisture | LI uUscs Soil Classification
feet Content, %
® | B-9C 4.0-6.0 39 | 19 | 20 172 |-0.1] CL Reddish brown, lean CLAY
Remarks: ATTERBERG LIMITS RESULTS

Test Method - ASTM D4318

LL=Liquid Limit; PL= Plastic Limit, PI=Plasticity Index; LI=Liquidity Index

Project: E.ON U.S. - Green River Power Station
Project No: 3143-10-1317.02
Checked By: D
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LIQUID LIMIT
Natural
Symbol Location Depth, LL | PL | Pl | Moisture | LI Uscs Soil Classification
feet Content, %
@ B-9T 2.0-4.0 | 30 | 19 | 11 17.5 -0.1 CL Brown, lean CLAY
Remarks: ATTERBERG LIMITS RESULTS
Test Msthod - ASTM D4318 Project: E.ON U.S. - Green River Power Station
Project No: 3143-10-1317.02
Checked By:
77
/4
LL=Liquid Limit; PL= Plastic Limit; Pi=Plasticity Index; LI=Liquidity Index /MACTEC
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Natural
Symbol Location Depth, LL | PL | Pl | Moisture | LI USCS Soil Classification
feet Content, %
@ B-10C | 7.0-9.0 40 | 16 | 24 17.1 0.0 CL Yellowish brown, lean CLAY

Remarks:
Test Method - ASTM D4318

LL=Liquid Limit, PL= Plastic Limit, PI=Plasticity Index; LI=Liquidity Index

ATTERBERG LIMITS RESULTS

Project:
Project No:
Checked By:

E.ON U.S. - Green River Power Station
3143-10-1317.02
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GRAIN SIZE DISTRIBUTION TEST RESULTS
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MACTEC_GRAIN_SIZE 31

PERCENT FINER BY WEIGHT

GRAVEL
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6 3
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GRAIN SIZE IN MILLIMETERS
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0.01

0.001

Symbol Location

Depth,
feet

Soil Classification

USCS

Dioos
mm

Deor
mm

DSO;
mm

Dm,

@ B-1C

4.0-6.0

Grayish black, lean CLAY

CL

0.022

0.004

Remarks:

Test Method - ASTM D422

GRAIN SIZE DISTRIBUTION

Project:

Project No:
Checked By:

E.ON U.S. - Green River Power Station

3143-10-1317.02
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PERCENT FINER BY WEIGHT

COBBLES

GRAVEL

SAND

coarse ‘

fine ooarsel medium l

fine

SILT

CLAY

s 4

U.S. SIEVE OPENING IN INCHES

245 !

I U.S. SIEVE NUMBERS
50 g 100 444200

10 ,,16

1235 3 4 810 14

30

20 40

i

HYDROMETER

100

3
( :

3/4
NN

T TTT T

U

I

95

\._\

90

85

80

75}

70

65

60

55

50

45

40

35

30

25

20

100

10

1

GRAIN SIZE IN MILLIMETERS

0.1

0.01

0.001

Symbol

Location

Depth,
feet

Soil Classification

USCS

DGO! DSO!
mm mm

D10’

B-1C

29.0-31.0

Gray to brown, lean CLAY

CL

0.023 | 0.008

0.002

1.21 | 11.18

Remarks:

Test Method - ASTM D422

GRAIN SIZE DISTRIBUTION

Project:
Project No:
Checked By:

E.ON U.S. - Green River Power Station

3143-10-1317.02




IBB.GDT 9/1/10

.GPJ LAW

1704

MACTEC_GRAIN_SIZE 2143101231

100

PERCENT FINER BY WEIGHT

COBBLES

GRAVEL

SAND

coarse |

fine coarse’ medium ’

fine

SILT

CLAY

U.S. SIEVE OPENING IN INCHES

4

245 1

I U.S. SIEVE NUMBERS

1/23/8

3040

50

60

100 149

200

HYDROMETER

6 3
[ .

3/4
N

Ill:ll‘\lil

{

95

90

85

80

70

65

60

55

50

45

40

35

30

25

20

15

10

100

10 1

GRAIN SIZE IN MILLIMETERS

0.1

0.01

0.001

Symbol

Location

Depth,
feet

Soil Classification

uscs

mm

D‘!Ov
mm

B-1.75T

7.0-9.0

Brownish black, lean CLAY

CL

0.044

0.002

0.67 | 24.65

Remarks:
Test Method - ASTM D422

GRAIN SIZE DISTRIBUTION

Project:
Project No:
Checked By:

E.ON U.S. - Green River Power Station

3143-10-1317.02
@ L5
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GIBB.GDT 9/1/1

MACTEC _GRAIN_SIZE 3143101317 02.GPJ LAW

PERCENT FINER BY WEIGHT

COBBLES

GRAVEL

SAND

coarse ‘

fine coarse \ medium fine

SILT

CLAY

5 4

U.S. SIEVE OPENING IN INCHES

2 1

1.5

! U.S. SIEVE NUMBERS

12 3

30 50 60 100

200

HYDROMETER

100

l

3

6 10 16
3/4 4 &7 14 20
17T % LT T 1]

40
T T T T

140

95

90

85

8 O —

75

70

65

60

55

50

45

40

30

25

15

10

100

10 1

GRAIN SIZE IN MILLIMETERS

0.1

0.01

0.001

Symbol

Location

Depth,
feet

Soil Classification

Uscs

Dioor
mm

DGO!
mm

DSO!
mm

B-2C

20.5-22.5

Black, CCW (BOTTOM ASH)

SM

9.5

0.648

0.175

0.92 | 12.61

Remarks:

Test Method - ASTM D422

GRAIN SIZE DISTRIBUTION

Project: E.ON U.S. - Green River Power Station
Project No:  3143-10-1317.02

Checked By:

A




11317.02.GPJ LAW_GIBB.GDT 9/t/10

14310

MACTEC_GRAIN_SIZE 3

PERCENT FINER BY WEIGHT

-
o
o

COBBLES

GRAVEL

SAND

coarse l

fine coarse] medium } fine

SILT

CLAY

U.S. SIEVE OPENING IN INCHES

4

2 1

15

1/2 3 6

| U.S. SIEVE NUMBERS

1416

30 50 ¢q 100

20 40

!
200

HYDROMETER

5 3
| B

L ;3?4 7

140

,‘Nﬂ\%lrl

[de]
o
T

L\

85

N

80

75

-

70

65

60

55

50

45

40

—
.

35

30

25

20

15

10

100

10 ‘ 1
GRAIN SIZE

IN MILLIMETERS

0.1

0.01

0.001

Symbol

Location

Depth,
feet

Soil Classification

USCs

Dio0r
mm

DSO!
mm

D30)
mm

Dﬂ)s
mm

B-2T

14.0-16.0

Black, CCW (FLY ASH)

ML

9.5

0.076

0.051

0.039

0.87

1.94

Remarks:
Test Method - ASTM D422

GRAIN SIZE DISTRIBUTION

Checked By:

Project: E.ON U.S. - Green River Power Station
Project No: 3143-10-1317.02

'MACTEC




MACTEC_GRAIN_SIZE 3143101317 02.GPJ LAW_GIBB.GDT 8/27/10

100 t ; 1

PERCENT FINER BY WEIGHT

GRAVEL

SAND

COBBLES

coarse

fine fine

coarse] medium !

SILT

CLAY

U.S. SIEVE OPENING N INCHES

4 2 1

6 3 1.5 3/4

I U.S. SIEVE NUMBERS |
1/23/8 3 4 6 g4 30 50 100 200

HYDROMETER

10 1416 60 199140
mrTTTTTT R @"T‘; \3\1

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

100

10 1 0.1

GRAIN SIZE IN MILLIMETERS

0.01

0.001

Location Depth,

feet

Symbol

Soil Classification USCs

Dﬂ)i

® | B-3C 14.0-16.0

Brown, lean CLAY CL

0.001

2.01 | 23.96

Remarks:
Test Method - ASTM D422

GRAIN SIZE DISTRIBUTION

Project:
Project No: 3143-10-1317.02
Checked By: %

E.ON U.S. - Green River Power Station

2
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MACTEC_GRAIN_SIZE 3143101317.02.GPJ LAW_GIBB.GDT 8/27/10

PERCENT FINER BY WEIGHT

GRAVEL

SAND SILT CLAY

COBBLES l

coarse

fine coarse i

medium \ fine

U.S. SIEVE OPENING IN INCHES

4 2 1

6 3 15 3/4

|
V255 3

U.S. SIEVE NUMBERS I HYDROMETER

4 6 8104416 5

30 50 60 100 140 200

40

100 ! TTTT 7

T 7T

POy AR

95

90

o]

85

80

75

70

65 ‘

60

55

50

45

40

35

30

25

20

15

10

100

10

0.1 0.01 0.001

GRAIN SIZE IN MILLIMETERS

Symbol Location Depth,
feet

Soil Classification

USCS D1001 DSOI DSO’ Dﬂ)! Cc Cu
mm mm mm mm

® B-3T 1.0-3.0

Yellowish brown, lean CLAY i CL | 2 0.031 | 0.006

Remarks:
Test Method - ASTM D422

GRAIN SIZE DISTRIBUTION

Project: E.ON U.S. - Green River Power Station
Project No:  3143-10-1317.02
Checked By:

97
gg 7




MACTEC_GRAIN_SIZE 3143101317 .02.GRJ LAW_GIBB.GDT 8/27/10

PERCENT FINER BY WEIGHT

COBBLES

GRAVEL

SAND

coarse

fine coarse

|

medium

} fine

SILT

CLAY

6 43

2

U.S. SIEVE OPENING IN INCHES

15 Van

[
1/23/8 3 4 6 g

U.S. SIEVE NUMBERS

10

14

16

30 50

HYDROMETER

100

I

Pl

RUIEEE

l

[<e}
w

85

80

75

70

65

60

55

50

45

40

35

30

25

20

100

10

1

GRAIN SIZE IN MILLIMETERS

0.1

0.01

0.001

Symbol

Location

Depth,
feet

Soil Classification

USCS

D1 00
mm

DSU,

Dso,
mm

D107
mimn

B-4T

10.5-12.5

Brown, lean CLAY

CL

0.85

0.023

0.009

0.002

1.97

13.73

Remarks:

Test Method - ASTM D422

GRAIN SIZE DISTRIBUTION

Project:
Project No:
Checked By:

E.ON U.S. - Green River Power Station
3143-10-1317.02

Z/MACTEC




GIBB.GDT 8/27/10

E 3143101317.02.GPJ LAW

z

RAIN_SI

2

MACTEC_C

PERCENT FINER BY WEIGHT

GRAVEL

SAND

COBBLES

coarse l

fine coarse l

medium i

fine

SILT

CLAY

4

6 3

U.S. SIEVE OPENING IN INCHES

2

15 T an

| U.S. SIEVE NUMBERS

1/23/8 3 4 6 810

1

416

100 T

i

T 7T

30 40

50

60

I

100 140 200

HYDROMETER

s ?'%"':’?:'{\

\‘\ !

95

90

85

80

75

70

65

60

55

50

45

40

35

30

25

20

100

10

1

GRAIN SIZE IN MILLIMETERS

0.1

0.01

0.001

Symbol Location

Depth,
feet

Soil Classification

Uscs

D100’
mm

DSOy

0301
mim

D10!
mm

® BT

17.0-18.0

Brown, lean CLAY

CL

1.18

0.041

0.015

0.005

1.07

7.64

Remarks:

Test Method - ASTM D422

GRAIN SIZE DISTRIBUTION

Project:
Project No:
Checked By:

E.ON U.S. - Green River Power Station

3143-10-1317.062

/MACTEC




MACTEC GRAIN_SIZE 3143101317.02.GPJ LAW_GIBB.GDT 8/27/10

PERCENT FINER BY WEIGHT

GRAVEL

SAND

COBBLES

coarse l

: T .
fine coarse |  medium

1 SILT CLAY

U.S. SIEVE OPENING IN INCHES

6 43 245 1

| U.S. SIEVE NUMBERS

'1/238 4 1416

[ HYDROMETER
o0 30

3/4
100 i TTT 11T

iél\l\‘\

!Lilll

95

90 |-

85

80

75

70

65

60

55

50 *

45

40

35

30

25

20

15

10

100

10 4 1
GRAIN SIZE

0.1 ) 0.01 0.001
IN MILLIMETERS

Symbol Location Depth,
feet

Soil Classification

USCS| Dy | Deos | Dsp | Do C. G,

@ B-9C 4.0-6.0

Reddish brown, lean CLAY

CL 12.5 | 0.045 | 0.007

Remarks:
Test Method - ASTM D422

GRAIN SIZE DISTRIBUTION

Project: E.ON U.S. - Green River Power Station
Project No: 3143-10-1317.02
Checked By: '
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IBB.GDT 8&/30/1(

[ZE 3143101317.02.GPJ LAW_G

S

MACTEC_GRAIN

PERCENT FINER BY WEIGHT

GRAVEL

SAND

COBBLES

coarse

fine coarse ]

medium

| SILT CLAY

fine

U.S. SIEVE OPENING IN INCHES
6 43 245 1

172

| U.S. SIEVE NUMBERS I HYDROMETER

a8 4 10

3/4
100 | ? INREE

T T 7T

14

16

%O::’:i\él\ii

50

60 100 140 200

\ﬁ\

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

100

10

1

0.1 0.01 0.001

GRAIN SIZE IN MILLIMETERS

Symbol Location Depth,
feet

Soil Classification

USCS D100: DGO: DSD! D1D! Cc cu
mm mm mm mm

@ B-9T 2.0-4.0

Brown, lean CLAY

CL 2 0.035 | 0.011 | 0.004 | 0.95 | 9.72

Remarks:
Test Method - ASTM D422

GRAIN SIZE DISTRIBUTION

Project: E.ON U.S. - Green River Power Station
Project No:  3143-10-1317.02
Checked By: Y




GIBB.GDT 8/27/10

SIZE 3143101317.02.GPJ LAW

!
N

MACTEC_GRAIN

PERCENT FINER BY WEIGHT

COBBLES

SAND

GRAVEL

coarse J

fine coarse l

medium l fine

SILT

CLAY

s 4

2

U.S. SIEVE OPENING IN INCHES

15

| U.S. SIEVE NUMBERS

1/23/8 3 4 6 810

100

3
| .

3/4
REE

IRUIBURERE

14

16

20 30 40 50 gq 100

14020

!
0

HYDROMETER

NGRS
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75

70

65

60

55

50

45

40

35

30

25

20

15

10

100

10

GRAIN SIZE IN MILLIMETERS

1 0.1

0.01

0.001

Symbol

L.ocation

Depth,
feet

Soil Classification

UsCs

D100!
mm

DBO’
mm

D1O!
mm

B-10C

7.0-9.0

Yellowish brown, lean CLAY CL

0.03

!

Remarks:

Test Method - ASTM D422

GRAIN SIZE DISTRIBUTION

Project:

Checked By:

E.ON U.S. - Green River Power Station
Project No: 3143-1%—1317.02
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TRIAXIAL SHEAR TEST RESULTS



9000 Total Effective =T =
C, psf 1462 690 e ' — =
¢, deg 22.0 274 e
Tan(¢ 0.40 0.52 -l 1
P ]
w6000 —r
a ; Py
+
o | =N
ED: -, \\‘\
Iy = N
g = /,/, \\
© 3000 = . N >
74 £ ~ N
e AP A 3 N \
A i 4 / N N \§ \
A T A 7 /4 i AN N Y
A 4l AN N \ kY
P / / { \ \ \
- / I \ \ [l
1 h ] v ! k|
0 ) 1 1 i i 1 t 1
0 3000 6000 9000 12000 15000 18000
Total Normal Stress, psf
Effective Normal Stress, psf — — —
15000 l Sample No. 1 2 3
‘Water Content, % 24.7 247 23.8
12500 __ | Dry Density, pcf 99.8 99.5 1006
.8 | Saturation, % 99.7 98.6 97.8
3 £ | Void Ratio 0.6570 0.6631 0.6447
B 10000 I Diameter, in. 285 285 283
5 Height, in. 6.08 6.00 6.14
8 Water Content, % 246 240 232
» 7500 4 = 2| + | Dry Density, pcf : 100.1  101.1 1025
S £ ] © | Saturation, % 100.0  100.0 100.0
2 ] 1| % | Void Ratio 0.6532  0.6370 0.6136
8 5000 it o o B Diameter, in. 2.88 2.85 2.82
: l/ - Height, in. 5.96 5.89 6.04
/ Strain rate, in/min. 0.01 0.01 0.01
25007 Back Pressure, psf 8640 8640 8640
Cell Pressure, psf 9634 11635 13637
0 Fail. Stress, psf 5701 7591 10469
-0 5 10 15 20 Total Pore Pr., psf 7618 8525 8827
Axial Strain, % Ult. Stress, psf
Total Pore Pr., psf
Gy Failure, psf - 7717 10702 15279
Type of Test: R
CU with Pore Pressures G, Failure, psf 2016 3110 4810
Sample Type: Undisturbed Client: E. ON U.S. Services, Inc.
Description: Lean Clay
Project: Green River Power Station
LL=37 PL=19 Pi= 18
Assumed Specific Gravity=2.65 ~  |Location: B-3T
Remarks: _ Depth: 5.5-7.5
Proj. No.: 314310131702 Date Sampled: 9-7-10
TRIAXIAL SHEAR TEST REPORT
MACTEC Engineering and Consulting, Inc.
Charlotte, North Carolina

Tested By: J Alexander Checked By: D Kopitsky
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Client: E. ON U.S. Services, Inc.
Project: Green River Power Station
Location: B-3T Depth: 5.5-7.5
Project No.: 314310131702

MACTEC Engineering and Consulting, Inc.

Tested By: J Alexander

Checked By: D Kopitsky




Particle Size Distribution Report
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100 70 1 0.1 0.01 0.001
GRAIN SIZE - mm,
o $3" % Gravel % Sand % Fines
° Coarse Fine Coarse Medium Fine Silt Clay
0.0 0.0 0.0 0.0 0.3 5.7 56.8 372
SIEVE PERCENT SPEC.* PASS? Soil Description
SIZE FINER PERCENT (X=NO) Lean Clay
#10 100.0
#20 99.9
ﬁgg ggg Atterberg Limits
100 088 PL= 19 LL= 37 Pl= 18
#140 96.6 Coefficients
#200 94.0 Dgo= 0.0476 Dgs= 0.0324 Dgp= 0.0131
0.0273 mm. 82.0 Dgg= 0.0095 D3p= 0.0025 D15=
0.0182 mm. 71.7 D1p= Cor Ce=
00113 mm. | 3.0 Classification
0.0083 mm. 46.6 _ . Llassification
0.0060 mm. 40.1 USCS= CL AASHTO= A-6(17)
0.0030 mm. 31‘6 Remarks
0.0013 mm. 25.1
) (no specification provided)
Location: B-3T . .. R
Depth: 5.5-7.5 Date: 9-7-10°
MACTEC Engineering and Consulting, Inc. || Client: E. ONU.S. Services, Inc.
i Project: Green River Power Station
Charlotte, North Carolina Project No: 314310131702

Tested By: J Alexander

Checked By: D Kopitsky




6000 Total Effective .
C, psf 188 608 L= §
¢, deg 22.9 24.8 P
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0 T ] i 1 |
0 2000 4000 6000 8000 10000 12000
Total Normal Stress, psf ————
Effective Normal Stress, psf — — —
9000 Sample No. 1 2 3
Water Content, % 19.9 26.6 21.7
7500 __ | Dry Density, pcf 107.4 96.4 1033
- 3| . | Saturation, % , 97.7 98.6 95.5
= £ | Void Ratio 0.5401 0.7154 0.6010 .
@ 5000 — Diameter, in. _ 283 284 282
& . Height, in. 6.02 6.13 6.13
j Water Content, % 206 234 - 213
B 4500 —— 2| - | Dry Density, pef 107.1  102.1 1057
S / ] @ | Saturation, % 100.0  100.0  100.0
g T ¥ = | Void Ratio 0.5452 0.6195 0.5647
& 3o00ff Diameter, in. 285 278 281
i Height, in. 596 603  6.02
y Strain rate, in./min. 0.01 0.01 0.01
1500 Back Pressure, psf . 8640 8640 8640
Cell Pressure, psf 9634 11635 13637
0 Fail. Stress, psf 4512 4390 6951
0 5 10 15 20 | Total Pore Pr., psf - 8309 9907 10152
Axial Strain, % , Ult. Stress, psf .
Total Pore Pr., psf
G, Failure, psf 5837 6118 10436
Type of Test: o
CU with Pore Pressures G, Failure, psf - 1325 1728 3485
Sample Type: Undisturbed Client: E. ON U.S. Services, Inc.
Description: Lean Clay
Project: Green River Power Station
Li=41 PL=18 Pl= 23
Assumed Specific Gravity=2.65 ~ ||Location: B-4C
Remarks: . ||Depth: 3-5
Proj. No.: 314310131702 Date Sampled: 9-7-10
TRIAXIAL SHEAR TEST REPORT
MACTEC Engineering and Consulting, Inc.
Charlotte, North Carolina

Tested By: J Alexander Checked By: D Kopitsky
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Client: E. ON U.S. Services, Inc.
Project: Green River Power Station
Location: B-4C Depth: 3-5
Project No.: 314310131702 MACTEC Engineering and Consulting, Inc.

Tested By: J Alexander Checked By: D Kopitsky




Particle Size Distribution Report
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GRAIN SIZE - mm. .
% +3" % Gravel % Sand % Fines
> Coarse Fine Coarse Medium Fine Silt Clay
0.0 0.0 0.0 0.0 2.3 6.9 56.4 34.4
SIEVE PERCENT | SPEC.* PASS? Soil Description
SIZE FINER | PERCENT | (X=NO) Lean Clay
#10 100.0
#0 98.7
%8 ggg Atterberg Limits
#140 92.6 Coefficients
#200 90.8 Dgo= 0.0670 Dgs= 0.0420 Dgo= 0.0162
0.0278 mm. 76.7 Dgp= 0.0116 Dap= 0.0029 D15=
0.0187 mm. 64.6 D1p= Co= Ce=
00115 mm. 49.8 Classification |
0.0084 mm. 42.4 Llassification
00061 mm. | 368 USCs= cL AASHTO=  A-7-6(21)
0.0031 mm. 30.3 Remarks
0.0013 mm. 24.8
¥ (no specification provided)
Location: B-4C .
Depth: 3-5 Date: 9-7-10
MACTEC Engineering and Consulting, Inc. || Client: E. ONU.S. Services, Inc.
‘ Project: Green River Power Station
Charlotte, North Carolina Project No: 314310131702

Tested By: J Alexander

Checked By: D Kopitsky
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0 3000 6000 5000 12000 15000 18000
Total Normal Stress, psf —
Effective Normal Stress, psf — ——
15000 Sample No. 1 2 3
Water Content, % 23.8 18.6 19.4
12500 __ 1 Dry Density, pcf 1015 1103 1085
| 8 | Saturation, % 100.0 98.5 97.8
} ! € [Void Ratio 0.6296 0.4997 0.5250
% 10000 5 —— 3 Diameter, in. 2.84 2.84 2.83
5 5 Height, in. 6.03 6.03 6.06
g Water Content, % 240 184 181
® 7500 = 2| + | Dry Density, pcf 101.1 1111 1118
2 2 Saturation, % 100.0  100.0 100.0
g — |-z VoidRatio. ... ... ___. .. 06362 04885 04804 __ _ _ § .
& 5000 A1 Diameter, in. 289 286 282
/ Height, in. 5.87 5.92 5.94
/ Strain rate, in./min. 0.00 0.00 0.00
250017 EE Back Pressure, psf 8640 8640 8640
] T 7| Cell Pressure, psf 9634 11635 13637
0 Fail. Stress, psf 1972 7603 9690
0 5 10 15 20" | Total Pore Pr., psf 8496 8654 9979
Axial Strain, % Ult. Stress, psf
Total Pore Pr., psf
Type of Test: G, Failure, psf 3109 10584 13348
CU with Pore Pressures G, Failure, psf 1138 2981 3658
Sample Type: Undisturbed Client: E. ON U.S. Services, Inc.
Description: lean clay
Project: Green River Power Station
LL= 45 PL=20 Pl= 25
Assumed Specific Gravity= 2.65 Location: B-4C
Remarks: Depth: 10.5-12.5
Proj. No.: 314310131702 Date Sampled: 8-18-10
TRIAXIAL SHEAR TEST REPORT
MACTEC Engineering and Consulting, Inc.
Charlotte, North Carolina

Tested By: J. Alexander

Checked By: D. Kopitsky
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Stress Paths: Total Effective — — —
Client: E. ON U.S. Services, Inc.
Project: Green River Power Station
Location: B-4C Depth: 10.5-12.5
Project No.: 314310131702 MACTEC Engineering and Consulfing, Inc.

Tested By: J. Alexander Checked By: D. Kopitsky
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100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
% +3" % Gravel % Sand % Fines
i Coarse Fine Coarse Medium Fine Silt Clay
0.0 L 00 0.0 0.0 0.8 2.4 634 33.4
SIEVE PERCENT | SPEC.* PASS? Soil Description
SIZE FINER PERCENT (X=NO) lean clay
#10 100.0
#20 99.7
##gg gg% Atterberg Limits
100 053 PL= 20 LL= 45 Pl= 25
#140 97.6 Coefficients
#200 96.8 Dgp= 0.0329 Dgs= 0.0270 Dgo= 0.0148
0.0262 mm. 84.0 Dsp= 0.0116 D3p= 0.0033 Dq5=
0.0180 mm. | 68.8 Dio= Ci= Ce=
0.0114 mun. 49.2 Classification
0.0083 mm. 412 . Classification
0.0030 mum. 29.4 Remarks
0.0013 mm. 24.9
4 (no specification provided)
Location: B-4C
Depth: 10.5-12.5 Date: 8-18-10
MACTEC Engineering and Consulting, Inc. || Client: E. ONTU.S. Services, Inc.
~ Project: Green River Power Station
Charlotte, North Carolina Project No: 314310131702
. . . I\
Tested By: J. Alexander Checked By: D. Kopitsky @\7}\




Remarks:

Assumed Specific Gravnty— 2.65

Location: B-4C
Depth: 25.5-27.5
Proj. No.: 314310131702

9000 Total Effective —
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0 3000 6000 9000 12000 15000 18000
Total Normal Stress, psf
Effective Normal Stress, psf — — —
15000 Sample No. 1 2 3
Water Content, % 22.3 20.1 19.9
12500 _ | Dry Density, pcf 102.7  107.3  106.2
.8 | Saturation, % 96.7 98.4 94.7
£ | Void Ratio 0.6108 0.5419 0.5570
B 10000 Diameter, in. 2.88 2.87 -+ 2.89
& : Height, in. 6.09 6.15 6.04
8 PaaNEN = Water Content, % 207 190 187
& 7500 4 <] + | Dry Density, pcf 106.8 1101 1107
S 7 2 | Saturation, % 100.0  100.0 100.0
2 % Void Ratio 0.5486 0.5028 0.4947
S 5000 Diameter, in. 2.83 2.84 284
il - Height, in. 6.04 6.11 599
I = Strain rate, inJmin. 000 000 001
2500 Back Pressure, psf 7200 7200 7200
Cell Pressure, psf 8194 10195 12197
0 Fail. Stress, psf 4134 8877 8617
¢ 5 10 15 20 Total Pore Pr., psf 6408 6523 8309
Axial Strain, % Ult. Stress, psf
Total Pore Pr., psf
’ : G Failure, psf 5919 12549 12505
Type of Test: — .
CU with Poro Pressures o, Failure, psf 1786 3672 3888
Sample Type: Undisturbed Client: E. ON U.S. Services, Inc.
Description: lean clay
Project: Green River Power Station
LL= 29 PL=16 Pl= 13

Date Sampled: 8-18-10

TRIAXIAL SHEAR TEST REPORT

MACTEC Engineering and Consultting, Inc.
Charlotte, North Carolina

Tested By: J. Alexander

Checked By: D. Kopitsky
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- Stress Paths: - Total Effective — — —

Client: E. ON U.S. Services, Inc.
Project: Green River Power Station
Location: B-4C Depth: 25.5-27.5
Project No.: 314310131702

MACTEC Engineering and Consulting, Inc.

Checked By: D. Kopitsky

Tested By: J. Alexander




Particle Size Distribution Report
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100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.,
o 43" % Gravel % Sand % Fines
° Coarse Fine Coarse| Medium Fine Silt___ Clay
0.0 0.0 0.0 0.0 1.0 8.0 55.4 35.6
SIEVE PERCENT SPEC.* PASS? Soil Description
SIZE FINER | PERCENT | (X=NO) lean clay
#10 100.0
#20 99.5
zgg ggg Atterberg Limits
#100 94.6 PL= 16 L= 29 Pi= 13
#140 92.8 Coefficients
#200 91.0 Dgg= 0.0600 Dgs= 0.0360 Dgo= 0.0159
0.0273 mm. | 78.7 Dgg= 0.0111 ~ D3p= 0.0033 D15=
0.0185 mm. 65.0 D1p= Cy= Ce=
0.0114 mm. >0.5 Classification
0.0083 mm. 44.0 _ e T
0.0030 mm. 29.2 Remarks
0.0013 mm. 22.9
* (no specification provided)
Location: B-4C
Depth: 25.5-27.5 Date: 8-18-10

MACTEC Engineering and Consulting, Inc.

Charlotte, North Carolina

Client: E.ONU.S. Services, Inc.
Project: Green River Power Station

Project No: 314310131702

D
Tested By: D. Kopitsky Checked By: J. Alexander @@\& !
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0 1800 3600 5400 7200 9000 10800
Total Normal Stress, psf
Effective Normal Stress, psf — — —
6000 - 2 | Sample No. 1 2 3
7 Water Content, % 186 197 203
5000 A __ | Dry Density, pef 110.1  108.7 1075
| & | Saturation, % 98.1  100.0 99.8
€ | Void Ratio 0.5027 0.5220 0.5387
2 4000 ~ Diameter, in. 2.84 2.82 2.84
& » Height, in. 6.14 6.18 6.16
e w4 Water Content, % 190 198 197
“ 3000 7 - | Dry Density, pcf 110.0 1085 108.6
8 //' 2 | Saturation, % 100.0 1000 100.0
g 7 = | Void Ratio 0.5043 0.5248 0.5232
& 2000 Diameter, in. 286 287 284
y / Height, in. 6.08 6.01 6.09
/ Strain rate, in./min. 0.01 0.01 0.01
1000/ Back Pressure, psf 8640 8640 8640
Cell Pressure, psf 9634 11635 13637
0 ‘ Fail. Stress, psf 5652 5669 5641
0 5 10 15 20 Total Pore Pr., psf 8842 9115 11635
Axial Strain, % Uit. Stress, psf
Total Pore Pr., psf
G, Failure, psf 6444 8189 7643
Type of Test: — )
CU with Pore Pressures o, Failure, psf 792 2520 2002
Sample Type: Undisturbed Client: E. ON U.S. Services, Inc.
Description: Lean Clay
Project: Green River Power Station
LL=35 PL=19 Pi= 16
Assumed Specific Gravity= 2.65 Location: B-7C
Remarks: Depth: 9-11
Proj. No.: 314310131702 Date Sampled: 8-30-10
TRIAXIAL SHEAR TEST REPORT
MACTEC Engineering and Consulting, Inc.
Charlotte, North Carolina

Tested By: J Alexander

Checked By: D Kopitsky
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Stress Paths: Total Effective — — —
Client: E. ON U.S. Services, Inc.
Project: Green River Power Station
Location: B-7C Depth: 9-11
Project No.: 314310131702 ‘ | MACTEC Engineering and Consulting, fnc.

Tested By: J Alexander Checked By: D Kopitsky




Particle Size Distribution Report
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100 10 1_ 0.1 0.01 0.001
GRAIN SIZE - mm. »
o +3" % Gravel % Sand % Fines
° Coarse Fine Coarse Medium Fine Silt Clay
0.0 0.0 1.5 0.2 0.3 7.1 56.9 34.0
SIEVE PERCENT SPEC.” PASS? Soil Description
SIZE FINER PERCENT (X=NO) Lean Clay
3/8" 100.0
#4 98.5
z;g gg% _ Atte_rberq Limits
0 930 PL= 19 LL= 35 Pl=- 16
#50 97.6 Coefficients
#100 97.0 Dgg= 0.0689 Dgs= 0.0438 Dgp= 0.0169
4140 94.8 D5sp= 0.0121 D30= 0.0034 D15=
0.0277 mm. 76.1 Classification
0.0186 mm. 63.3 _ Classification _
00113 mm. Py USCS= CL AASHTO= A-6(14)
0.0083 mm. 422 Remarks
0.0060 mm. 36.7
0.0031 mm. 29.2
0.0013 mm. 23.8

" (no specification provided)

Location: B-7C

Date: 8-30-10

Depth: 9-11
MACTEC Engineering and Consulting, Inc. || Client: E. ON'U.S. Services, Inc.
‘ Project: Green River Power Station
Charlotte, North Carolina Project No: 314310131702

Tested By: D Kopitsky

Checked By: J Alexander




Remarks:

Assumed Specific Gravity= 2.65

Location: B—7T
Depth: 15.5-17.5

Proj. No.: 314310131702

4800 Total Effective =
C, psf 799 230 Ll
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LT P
|
% 3200 ol
[o8 P
173 W
8 — —— ~
h s : - ot o
& X TS I~
g N ST "o \\
0 1800 v - L5 AN
Py ———— P by % \\
| L. pd N AR
L pari N yd e
el 27 AL N A Vi
A & AN f \
=TT i 1\ vl W \
II L A 1] ! ¥ ‘
0 [ i 1T (IR i | I |
0 1600 3200 4800 6400 8000 9600
Total Normal Stress, psf
Effective Normal Stress, psf — — —
6000 Sample No. 1 2 3
Water Content, % 26.4 25.8 25.5
5000 _ | Dry Density, pef 96.9 98.3 979
8 | Saturation, % 99.0 99.9 98.1
£ | Void Ratio 0.7064 0.6830 0.6901
B 4000 e Diameter, in. 285 285 285
" / ~ s Height, in. 6.13 6.04 6.14
§ l, - 2 Water Content, % 25.5 24.4 233
O 30007 - | Dry Density, pcf 98.7 1005 1023
8 7 @ | Saturation, % 100.0  100.0  100.0
2 T 1 = Void Ratio 0.6767 0.6465 0.6164
A& 2000 Diameter, in. 284 283 2.81
ll Height, in. 6.06 5.97 6.02
Strain rate, in./min. 0.00 0.00 0.00
1000 Back Pressure, psf 8640 8640 . 8640
Cell Pressure, psf 9634 11635 13637
0 ] Fail. Stress, psf 2426 3252 4278
0 5 10 15 20 Total Pore Pr., psf 8755 9979 11736
Axial Strain, % Ult. Stress, psf
Total Pore Pr., psf
6, Failure, psf 3304 4908 6179
Type of Test: o )
CU with Pore Pressuzes G, Failure, psf 878 1656 1901
Sample Type: Undisturbed Client: E. ON U.S. Services, Inc.
Description: lean clay
Project: Green River Power Station
Li=34 PL=19 Pl= 15

Date Sampled: 8-30-10

TRIAXIAL SHEAR TEST REPORT
MACTEC Engineering and Consulting, Inc.
Charlotte, North Carolina_

Tested By: J Alexander

Checked By: D Kopitsky
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Stress Paths: Total Effective — — —

Client: E. ON U.S. Services, Inc.
Project: Green River Power Station
Location: B-7T Depth: 15.5-17.5

Project No.: 314310131702

MACTEC Engineering and Consulting, Inc.

Tested By: J Alexander

Checked By: D Kopitsky




Particle Size Distribution Report
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100 10 0.1 0.01 0.001
GRAIN SIZE - mm. -
o 43" % Gravel % Sand % Fines
? Coarse Fine Coarse Medium Fine Silt Clay
0.0 0.0 0.0 0.0 1.7 7.3 56.7 34.3
SIEVE PERCENT SPEC.” PASS? Soil Description
SIZE FINER PERCENT (X=NO) lean clay
#10 100.0
#20 99 4
ey o Atterberg Limits
100 968 PL= 19 LL= 34 Pl= 15
#140 94.9 Coefficients
#200 91.0 Dgo= 0.0690 Dgg= 0.0452 Dgp= 0.0158
0.0274 mm. 76.1 Dgp= 0.0114 D3g= 0.0034 D1s=
0.0184 pum. 64.7 D1g= u= Ce=
00114mm. | 49.9 Classification
0.0083 mm. 42.0 B Classification
0.0060 mm. 367 USCS= CL AASHTO=  A-6(13)
0.0030 mm. 28.8 Remark§
0.0013 mm. 23.6
) (no specification provided)
Location: B-7T
Depth: 15.5-17.5 Date: 8-30-10

MACTEC Engineering and Consulting, Inc.

Charlotte, North Carolina

Project No:

Client: E.ON U.S. Services, Inc.
Project: Green River Power Station

314310131702

Tested By: J. Alexander

Checked By: D. Kopitsky




Assumed Specific Gravity= 2.65
Remarks: '

5400 Total Effective
C. psf 1799 1370
¢, deg 7.3 15.7 N
Tan(¢ 0.13 0.28 T
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0 1800 3600 5400 7200 9000 10800
Total Normal Stress, psf
Effective Normal Stress, psf — — —
6000 Sample No. 1 2 3
L] : 3 Water Content, % 22.2 23.2 233
5000 ," i __ | Dry Density, pef 100.1 97.6 99.0
’I ] el 8 | Saturation, % 90.1 88.6 922
T 1 = £ | Void Ratio © 0.6531 0.6945 0.6705
G 4000 H- : - 2 Diameter, in. 283 287 284
& ;III‘ N Height, in. 6.13 5.99 6.07
éj I ! Water Content, % 240 245 243
© 3000 ] + | Dry Density, pcf 101.2  1004- 100.7
ke { f @ | Saturation, % 100.0  100.0 100.0
2 I e % Void Ratio 0.6355 0.6479 0.6427
2 2000} Diameter, in. 282 286  2.85
' Height, in. 6.09 5.85 5.94
Strain rate, in./min. 0.01 0.01 0.01
1000 | Back Pressure, psf 8640 8640 8640
Cell Pressure, psf 9634 11635 13637
0 Fail. Stress, psf 4444 4828 5601
0 5 10 15 20 Total Pore Pr., psf 8640 9749 11088
Axial Strain, % Ult. Stress, psf
Total Pore Pr., psf
G, Failure, psf ' 5438 6714 8149
Type of Test: o
CU with Pore Presstres G, Failure, psf 994 1886 2549
Sample Type: Undisturbed Client: E. ON U.S. Services, Inc.
Description: lean clay with sand ‘
Project: Green River Power Station
LL=33 PL= 18 Pl=15 ‘

Location: B-8T
Depth: 7-9 A
Proj. No.: 314310131702 Date Sampled: 8-30-10

TRIAXIAL SHEAR TEST REPORT
MACTEC Engineering and Consulting, Inc.
Charlotte, North Carolina

Tested By: J Alexander

Checked By: D Kopitsky
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Stress Paths: Total Effective — — —-

Location: B-8T

Client: E. ON U.S. Services, Inc.
Project: Green River Power Station

Depth: 7-9

Project No.: 314310131702

MACTEC Engineering and Consulting, Inc.

Tested By: J Alexander

Checked By: D Kopitsky




Particle Size Distribution Report
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100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
% +3" % Gravel % Sand % Fines
° Coarse -Fine Coarse|  Medium - Fine Silt Clay
0.0 0.0 0.0 0.0 33 13.5 48.9 343
SIEVE PERCENT | SPEC. PASS? Soil Description
SIZE FINER | PERCENT | (X=NO) lean clay with sand
#10 100.0 :
#20 98.7
Zgg gg; Atterberg Limits
#140 879 Coefficients
#200 83.2 Dgg= 0.1217 Dgs= 0.0866 Dgo= 0.0167
0.0287 mom. 71.0 Dgg= 0.0112 D3g= 0.0035 D15=
0.0189 mm. 62.7 Dip= = C=
0.0115 rmm. 307 Classification
0.0084 mm. 42.4 Llassiication
00060 mm. | 369 Uscs= CL AASHTO=  A-6(11)
0.0013 mm. 22.1
* (no specification provided)
Location: B-8T L e
Depth: 7-9 Date: 8-30-10
MACTEC Engineering and Consulting, Inc. || Client: E. ON U.S. Services, Inc.
Project: Green River Power Station
Charlotte, North Carolina Project No: 314310131702

Tested By: J. Alexander

Checked By: D. Kopitsky




CU with Pore Pressures
Sample Type: Undisturbed
Description: Silty Clay with Sand

LL=27 PL=20
Assumed Specific Gravity= 2.65
Remarks:

PI=7

9000 Total Effective 14
C, psf 1621 0 e -
¢, deg 20.1 32.8 = =
Tan(é 0.37 0.64 L+ e
W P
L L
% 6000 ~+ -
=% F ot
7] AR
g e aais
% S N <
© . pd ™. ™
2 7 A NN
v 3000 Zr Z -
P 7 I N INCTN
2 2 TS ~T N A
pd - / N
= d L1 17 F N \
/1 17 /l 3 \
V= y ] \ AY \ \ \
W Ll bl \ \ \ \
i { / L { i 5 ]
ol ! I f | i
0 3000 6000 9000 12000 15000 18000
Total Normal Stress, psf
Effective Normal Stress, psf — — —
15000 ; Sample No. 1 2 3
; Water Content, % 20.8 223 22.2
12500 : __ | Dry Density, pef 1044 1034 1029
5 | Saturation, % 94.5 98.4 96.8
‘£ | Void Ratio 0.5845 0.6000 0.6074
B 10000 Diameter, in. 2.82 2.83 2.82
& e 3 Height, in. 6.13 6.11 6.13
8 = Z [ Twater Content, % 221 218 212
» 75007 + | Dry Density, pcf 1044 1048 106.0
S Ay 2 | Saturation, % 100.0 1000  100.0
2 / . | = | Void Ratio 0.5853  0.5785 0.5609
& sooolHf — "1 = | Diameter, in. 284 284 280
Illl v Height, in. 6.04 6.01 6.03
/ Strain rate, in./min. 0.01 0.01 0.01
2500 Back Pressure, psf 8640 8640 8640
7 Cell Pressure, psf 9634 11635 13637
0 Fail. Stress, psf 5343 8666 9353
0 5 -1 20 Total Pore Pr., psf 7099 7920 9878
~Axial Strain, % Ult. Stress, psf
Total Pore Pr., psf
) G, Failure, psf 7877 12381 13111
Type of Test: 5, Fallure, psf 2534 3715 3758

Client: E. ON U.S. Services, Inc.
Project: Green River Power Station

Location: B-10C
Depth: 21.5-23.5
Proj. No.: 314310131702

Date Sampled: 8-31-10

TRIAXIAL SHEAR TEST REPORT

MACTEC Engineering and Consulting, Inc.
Charlotte, North Carolina

Tested By: J Alexander

Checked By: D Kopitsky
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0 2000 4000 6000 8000 10000 12000
p, psf
Stress Paths: Total Effective — — —
Client: E. ON U.S. Services, Inc.
Project: Green River Power Station
Location: B-10C Depth: 21.5-23.5
Project No.: 314310131702 MACTEC Engineering and Consuiting, Inc.

Tested By: J Alexander Checked By: D Kopitsky




Particle Size Distribution Report
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100 v 70 1 0.1 : 0.01 5.001
GRAIN SIZE - mm.
o% 43" % Gravel % Sand % Fines
° Coarse Fine Coarse| Medium Fine Silt Clay
0.0 0.0 0.0 0.0 0.2 18.5 597 21.6
SIEVE PERCENT | SPEC.” PASS? Soil Description
SIZE FINER | PERCENT | (X=NO) Silty Clay with Sand
#10 100.0
#20 100.0
228 ggg Atterberg Limits ‘
100 e PL= 20 LL= 27 Pl= 7
#140 90.5 . Coefficients C
#200 81.3 Dgp= 0.1041 Dgs= 0.0861 Dgo= 0.0303
0.0200 mm. | 59.6 Dgp= 00213  Dag= 0.0104 Dig=.
0.0199 mm. 479 . D1g= CF= Ce=
0.0122 mm. 334 Classification
0.0088 mm. 27.1 _ __ -a@sslijcation
0.0063 mm. |~ 234 USCS= CL-ML AASHTO= A-4(4)
0.0032 mm. 18.8 Remarks
0.0013 mm. 15.2 o
" (o specification provided)
Location: B-10C :
Depth; 21.5-23.5 Date: 8-31-10

MACTEC Engineering and Consulting, Inc.

Charlotte, North Carolina

Client: E.ONU.S. Services, Inc.
Project: Green River Power Station

Project No: 314310131702

Tested By: D Kopitsky ' Checked By: J Alexander




SUMMARY OF SLOPE STABILITY RESULTS

PCSTABL PLOTS



Green River Power Station

3143-10-1317.02

MLB Date: 12/2/2010
NGS Date: 12/2/2010

Minimum Factor of Safety Summary
Green River Power Station
No. 2 Pond/Coal Pile Runoff Pond & Scrubber Pond

Target SI;;Q?MZ?(WSU?&?;E Rapid Drawdown Seismic
Section Slope
Target FS® | MinFs | Target FS® | MinFs | Target FS® [ Min FS
1 Upstream 41 41 2.0
Downstream 1.4 1.6 1.0
) Upstream 6.7 8.2 1.3@
Downstream 2.3 2.3 1.3
3 Upstream 6.2 7.8 1.3@
Downstream 20 2.0 1.3
4 Upstream 3.6 1.9 1.0
Downstream 24 2.4 15
5 Upstream 25 1.5 0.8
Downstream 20 2.0 1.2
1.5 2.3 1.0
6 Upstream 51 3.2 2.2
Downstream 25 2.5 1.8
7 Upstream 3.6 2.7 15
Downstream 1.9 1.9 1.2
g Upstream 6.0 3.6 19
Downstream 1.6 1.6 1.2
9 Upstream 35 24 1.8
Downstream 2.3 1.4 1.6
10 Upstream 6.1 3.6 3.3
Downstream 1.7 1.7 1.2

Highlighted value does not meet the target minimum FS criteria

(1) Target Factor of Safety References:
Design Criteria for Dams & Associated Structures (401 KAR 4:030, KAR 4:040)
USACE EM 1110-2-1902: Slope Stability
MSHA Engineering and Design Manual

(2) Shallow surface sloughing failure - top of ash at dam crest elevation at this cross-section



3143-10-1317 Green River Power Station Section 1: Upstream - SS/Max Flood
COSTEDWIMIGREENR~1VS-1UPSTREAMSSMAKFLD PL2  Run By: MACTEC 10021520100 101540

630 : : : T T I I I

# F3 Soil Soil Total Saturated Cohesion Friction  Piez.

ad.14 Desc. Type Unitwwt. Unitwt.  Intercept  Andle  Surface

b 414 Mo. (pef) fpcfl (psfl (deg) Mo

oAt cifan 1 1290 1340 3000 250 WA

d 415 clfalz 2 1250 1300 2000 250 WA

g 415l clfals 3 1220 4270 1000 B0 WA
590 ;iqg COViash- -4 - 900 - 850 00200 W _

hoa18

i 416
550 —
510 - —
470 - —
130 - a -

g 5 T ii . 1z ]
L 3 3 ¥ T 5 =
211 o
350 | | | | | | | | |
0 40 80 120 160 200 240 280 320 360 400
STABLG6H FSmin=4.14
Safety Factors Are Calculated By The Modified Bishop Method
STED v y ' Py




630

590

550

510

470

430

3143-10-1317 Green River Power Station Section 1: Upstream - Rapid Drawdown
CASTEDWYIMWGREENR~1'S-1UPSTREAMRDD PL2 Run By: MACTEC 1002972010 10:484M

il v I e (R v v s T =Y

Soil Soil - Total
Dezc.  Type Unit Wi,

Mo, (pef)

CLf-all 1 1290

CLf-all2 2 1250

CLf-all3 31220

CoOWit-ash - 4 00

Saturated Cohesion Friction

Lniit Wt

(pcf)
134.0
1300
1270
850

Irtercept
(p=f)
3000
2000
1000

oo

Angle
(ceg)
250
250
16.0
200

| | I
Piez.
Surface
Ma.
W1

W1
Ll
W

T i

20
1
350 | | | | | | | | |
0 40 80 120 160 200 240 280 320 360
STABL6H FSmin=4.14
STED Safety Factors Are Calculated By The Modified Bishop Method

400



630

290

50

o

470

430

390

350

STED

3143-10-1317 Green River Power Station Section 1: Upstream - Seismic

COSTEDWIRSTEDWMWGREEMR~1S-1IUPSTREAMISEISMIC PLZ  Run By: MACTEC 12202010 12:00PM

- IID =D 0 T2

Zoil
Desc.

CLf-all

CLf-all2

CLf-all3
COWf-azh

Type Unit . Unit Wit

Mo, [pcfl [pcfl
1 1290 1340
2. ..1250_ 1300
31220 1270
4 0.0 950

[p=fl  (deq) Ma.

Jooo 250 i
2000250 i
1000 16.0 i

0.0 200 i

Soil Total  ZSatursted Cohesion Friction  Piez. Load Yalue
Irtercept Angle Sutface|| Horiz Egk 0100 g=

40

80

120 160

Safety Factors Are Calculated By The Modified Bishop Method

200
STABL6H F5min=2.01

240

280

400



3143-10-1317 Green River Power Station Section 1: Downstream - S5/Max Flood

COASTEDVIMGREEMR~ 1S -1 DOV ST~ S SMARKFLD PL2  Run By: MACTEC  10/21:2010  11:104M

400

630 : : : T T I I I
# F3 Soil Soil Total Saturated Cohesion Friction  Piez.
a 1.35 Desc.  Type Unitwwt. Unitvw.  Intercept Angle Surface
b 1.35 Mo. (pef) fpcfl (psfl (deg) Mo
c T35 cifat 1 1290 1340 3000 250 WA
o135 clfalz 2 1250 1300 2000 250 WA
g 135 clfals 3 1220 4270 1000 B0 WA
590 ; 132 COViash- -4 - 900 - 850 00200 W _
ho1.38
i 1.6
550 —
510 —
470 —
430 —
390 : --oieoos P -
_____ T s
ig
1
350 | | | | | | | | |
0 40 80 120 160 200 240 280 320 360
STABLG6H FSmin=1.35
STED Safety Factors Are Calculated By The Modified Bishop Method




3143-10-1317 Green River Power Station Section 1: Downstream - Rapid Drawdown
COSTEDWIMVGREENR~1S-1"DOVWMET~1RDD PL2  Run By: MACTEC 1052102010 2:19PM

400

630 : : : T T I I I

# F3 Soil Soil Total Saturated Cohesion Friction  Piez.

a 1.63 Desc. Type Unitwwt. Unitwt.  Intercept  Andle  Surface

b 183 Mo, (pcf) (pct) (psfl  (deg) Mo

c 1B a1 1290 1340 3000 250 WA

d 1B cifalz 2 1250 1300 2000 250 WA

g 1B clfals 3 1220 4270 1000 B0 WA
590 ; 122 COViash- -4 - 900 - 850 00200 W _

h o185

i 155
550 —
510 —
170 -
430 a N
390 ; ; a

T______g- ________ _:{_
350 | | | | | | | | |
0 40 80 120 160 200 240 280 320 360
STABL6H FSmin=1.63
STED Safety Factors Are Calculated By The Modified Bishop Method




630

290

50

o

470

430

390

350

STED

3143-10-1317 Green River Power Station Section 1: Downstream - Seismic

COSTECWIRNSTECWMWGREENRE~10S-1DOWMST~1SEISMIC PLZ - Run By: MACTEC 12022010 11:5940M

# FS
a 0.96

o

— IO =D 0

0.95
0.96
n.a7
nar
085
0.95
0.93
0.93

Sl

Soil Total  ZSatursted Cohesion Friction  Piez. Load Yalue

Desc,  Type Untwt, Untat, Intercept Angle Surface|| Horiz Egk 0100 g=
Mo, [pcfl [pcfl [p=fl  (deq) Ma.
CLf-all 1 129.0 134.0 3000 250 Ly
CLf-all2 2 1250 130.0 200.0 250 Lty
CLf-all2 3 1220 1270 100.0 16.0 W
COMf-azh 4 a0.0 950 0.0 200 W

Safety Factors Are Calculated By The Modified Bishop Method

200
STABL6H F5min=0.96

240

280

320

360

400



3143-10-1317 Green River Power Station Section 2: Upstream - SS/Max Flood

COSTEDWMMSTEDWIMGREEMR~1S-AUPSTREAMSSMARFLD.PLZ Run By: MACTEC 1002652010 3:41PM

51'] t t I I

# FS Sail Soil Total Sstursted Cokesion Friction  Piez.

a 6.66 Desc.  Type Umitwwt. Unitwt.  Intercept Angle Surface

b B&7 Mo, (pcfl (pot) (p=fl  (ceg) Mo

c BB CL Fil 1 1250 1300 3000 250 W

d BES | monbeash 2 1080 1130 on 20w

8RB oLk 3 4220 4270 4000 B0 WA

PET cLaw2 4 1290 1340 3000 250 M

; 3;12 RpRap 5 1400 1450 1000 450 W
a70 L i ero|lCowiash & ann 850 00 200 WA B
430 —

390

35'] | | | |
0 40 80 120 160 200

STABL6H FSmin=6.66
Safety Factors Are Calculated By The Modified Bishop Method

STED




3143-10-1317 Green River Power Station Section 2: Upstream - Rapid Drawdown

CASTEDWIRSTECWIMWGREEMR~1S-NUPSTREAMREDD PLZ  Run By: MACTEC 10028/2010 3:52Pm

51'] t t I I

# FS Sail Soil Total Sstursted Cokesion Friction  Piez.

a 8.19 Desc.  Type Umitwwt. Unitwt.  Intercept Angle Surface

b 823 Mo, (pcfl (pot) (p=fl  (ceg) Mo

c 824 CL Fil 1 1250 1300 3000 250 W

d 825 ronbash 2 1080 1130 on 20w

BRI cLamd 3 4220 4270 4000 B0 WA

PN mLan2 4 1290 1340 3000 250 M

; g-%g RpRap 5 1400 1450 1000 450 W
a70 Ll i sag|lCowiash & aon 850 00 200 WA B
430 —

390

330

STED

40 80 120 160

STABL6H FSmin=8.19
Safety Factors Are Calculated By The Modified Bishop Method

200



3143-10-1317 Green River Power Station Section 2: Upstream - Seismic

CASTEDWIRSTEDWMWGREEMR~1S-NUPSTREAMISEISMIC PLZ  Run By: MACTEC 12202010 12:41PM

200

510 : ' T T

# FS Sail Soil Total Sstursted Cokesion Friction  Piez. Losd alue

a 1.25 Desc.  Type Umitwt. Unitwt.  Intercept Angle Surface|| Horiz Egk 0100 g=

b 1.25 Mo.  (pcf) (pct) (p=fl  (deq) Mo,

c 123 CL Fil 1 1250 1300 3000 250 W

41235 rovheash 2 1080 1130 on 20w

B1ES cLamd 3 4220 4270 4000 B0 WA

f jlgg CLA&NZ 4 1290 1340 3000 250 M

ﬁ 15|l RiRap 5 1400 1450 1000 450w
470 o | Cowfash B 800 950 00 200 W B
430 —
390
35'] 1 1 1 1

0 40 80 120 160
STED STABL6H FSmin=1.25

Safety Factors Are Calculated By The Modified Bishop Method



3143-10-1317 Green River Power Station Section 2: Downstream - SS/Max Flood
COSTECWAIRETEDWINGREEMNRE~ 11 =-2DOWVWN ST~ 1SSMAXFLD PLE  Run By: MACTEC 10026/2010  4:34PM

55'] T 1 | | |
# FS Soil Soil, Taotal Saturated Cohesion Friction  Piez.
a 227 Desc.  Type Uritwt, Unitwt,  Intercept Andle Surface
bo2.23 Mo, (pcfl (pot) (p=f) | (ceg) Mo
c o223 CL Fil 11250 1300 3000 0 250 W
d 2290 cowpazh 20 1080 1130 00 280 W
8229 cLamd 30 4220 4270 1000 0 B0 WA
f %-%g CLAIKZ 4 0 1290 1340 3000 0 250
ﬁ Si|| ReRsp 5 1400 1450 1000 450w
500 [ 55|l COnf-ash B S0n 850 00 200 W _|
450 —
100 | g -
[
I
1 id
i6 2
B
i
4
350 | | | | |
0 50 100 150 200 250 300
STED STABLGH FSmin=2.27

Safety Factors Are Calculated By The Modified Bishop Method



50

300

450

400

350

STED

3143-10-1317 Green River Power Station Section 2: Downstream - Rapid Drawdown

COSTECWARNSTEDWVAMWGREEMRE~11S-DOWNST~1'RDD PLZ  Run By: MACTEC 10026/2010  4:4:3FP

# FS

i |

s

— IO = o 0

2.30

23
23
232
232
232
233
233

Soil
Desc.

CLFill
CoOWh-azh
CL Al
CL AllvZ2
Fip Rap
CoONf-ash

1

2
3
4
5
g

Type Unit Wi,
Mo,

(pct)
12510
108.0
12210
129.0
1400
90.0

LImit 't

(pct)
13010
113.0
1270
1340
14510
95.0

Irtercept
=]
300.0

0.0
100.0
300.0
100.0

.o

(deg)
250
28.0
16.0
250
45.0
200

Soil, Total Saturated Cohesion Friction  Piez.
Angle Surface
M.

ZEEEE3

& |
3
i
- T L = S S e
2
20
= l
4
| | | | |
50 100 150 200 250

STABL6H FSmin=2.30
Safety Factors Are Calculated By The Modified Bishop Method

300



50

300

450

400

3143-10-1317 Green River Power Station Section 2: Downstream - Seismic
COSTECWAIRETEDWVIRGREEMNR~11S-2 DO ET~1SEISMIC L2 Run By: MACTEC 127272010 12:04PM

Lt v B s (R w R T o =T = 3

Soil
Desc.

CLFill
CoOWh-azh
CL Al
CL AllvZ2
Fip Rap
CoONf-ash

Soil Total Satursted Cohesion Friction  Piez. Loadd “alue
Type Unitwt, Unitvt. Intercept Angle Surface|| Horiz Egk 0100 g=
Mo, [pctf) [pct] [p=f] [ded) M.

1 1250 1300 3000 0 250 (]

21080 130 0.0 28.0 1

31220 1270 1000 | 16.0 (]

4 0 1290 1340 3000 0 250 (|

S 1400 1450 1000 « 450 (]

G 0.0 95.0 .o 200 |

350

STED

Safety Factors Are Calculated By The Modified Bishop Method

150
STABLGH FSmin=1.29

250

300



50

200

450

400

3143-10-1317 Green River Power Station Section 3: Upstream - SS/Max Flood
COSTECWAIRSTEDVIRWGREENR~11S-3UPSTREAMIESMAXFLD PLZ  Run By: MACTEC 10M52010 357PM

a

o

- IO = M o0

t t 1 1
il ol Total Saturated Cohesion Friction  Piez.
Desc.  Type Unitwat, Univsd,  Intercept Angle Surface
Mo, [(pcf) [pcf] [p=f)  (deq) Ma.
CLf-all 1 1220 1270 1000 16.0 |
CLf-allz 2 1250 1300 3000 250 |
COWf-azh 3 0.0 250 0.0 200 W
Fipragp 4 14000 1450 1000 450 |

330

STED

50 100 150 200

STABL6H FSmin=6.20
Safety Factors Are Calculated By The Modified Bishop Method

250



3143-10-1317 Green River Power Station Section 3: Upstream - Rapid Drawdown
COSTEDWIRETEDWINWGREENR~11=E-3IUPSTREAMEDD PLZ Run By: MACTEC 10M 552010 4:02PM

55'] t t I I
# FS Zail Soil Total Satursted Cohesion Friction  Fiez.
a 7.82)| Desc. Type Unit't. Unit'™t. Intercept Angle Surfsce
b 7.a3 Mo, (pofl (pef) (pefl  (deg) Mo
©TEI clfal 1 1220 1270 1000 160wl
d 786 clfalz 2z 1250 1300 3000 250w
? ;-g; CCWiash 3 900 850 oo 200 W
v Riprap 4 1400 1450 4000 450 Wi
h 7.85
00 H i 7.as _
450

400

35'] | | | |
0 50 100 150 200
STED STABL6H FSmin=7.82
,EJ_ Safety Factors Are Calculated By The Modified Bishop Method

250



50

200

450

400

3143-10-1317 Green River Power Station Section 3: Upstream - Seismic
COSTECWAIRETEDWIRGREEMNR~11S-3PSTREAMISEISMIC PL2  Run By: MACTEC 1202722010 11:064M

ot v Ry (R w N o =TI = 3

Desc. Type Unitwt. Uni o,

CLf-all 1 1220 1270 1000 160 i
CLf-allz 2 1250 1300 Jooo 250 W
COWfash 3 20.0 230 n.a 200 W
Riprap 4 1400 1450 1000 450 W

T T T !
Soil Total  Satursted Cohesion Friction  Piez. Load Yalue
Imtercept Angle Surface|| Horiz Egk 0100 g=

Mo, [(pcf) [pcf] [p=f)  (deq) Ma.

330

STED

50 100 150 200

STABL6H FSmin=1.25
Safety Factors Are Calculated By The Modified Bishop Method

250



3143-10-1317 Green River Power Station Section 3: Downstream - SS/Max Flood

COSTECWARNSTEDWVMNYGREEMR~1S-FDOVMST~11S5MAXFLD PLZ  Run By: MACTEC 101302010  4:26PM

550 : T T T
# FS Zail Soil Total Satursted Cohesion Friction  Fiez.
a 1.98) Desc. Type Unit'wt. Unit'™t. Intercept Angle Surfsce
b1.93 Mo, (pofl (pef) (pefl  (deg) Mo
c 183 clfal 1 1220 12700 1000 160wl
4199 clfalz 2z 1250 1300 3000 250w
? 1-33 CCWiash 3 900 850 oo 200 W
: Ri 4 1400 1450 1000 450w
g 200 Rrap
b 2.00
RO0 i 200 -
450 —
400 - =
?’ 3
1
) 0 15
2 2 2
1
35'] 1 1 1 1
0 50 100 150 200 250
STED STABL6H FSmin=1.938
,EJ_ Safety Factors Are Calculated By The Modified Bishop Method




50

200

450

400

330

STED

3143-10-1317 Green River Power Station Section 3: Downstream - Rapid Drawdown
COSTECWAIRETEDWVIRGREEMNR~11=-3DOWWNET~1ROD.PLEZ  Run By: MACTEC 10M522010 4:21PM

ot v Ry (R w N o =TI = 3

o
w
BEm

—
o
i

1.99
1.99
1.99
2.00
2.00
2.00

t t 1 1
il ol Total Saturated Cohesion Friction  Piez.
Desc.  Type Unitwat, Univsd,  Intercept Angle Surface
Mo, [(pcf) [pcf] [p=f)  (deq) Ma.
CLf-all 1 1220 1270 1000 16.0 |
CLf-allz 2 1250 1300 3000 250 |
COWf-azh 3 0.0 250 0.0 200 W
Fipragp 4 14000 1450 1000 450 |

STABL6H FSmin=1.98
Safety Factors Are Calculated By The Modified Bishop Method

1
‘H"“ii 3
1 Tl
i i el S g .. .
2 2 2
1
| | | |
50 100 150 200 250



3143-10-1317 Green River Power Station Section 3: Downstream - Seismic
COSTECWAIRETEDWVIRGREEMNR~11S-3DCWNET~1SEISMIC L2 Run By: MACTEC 127272010 12:15PM

53'] T T 1 T | |

# FS =il Soil Total Satursted Cohesion Friction  Piez. Load Walle

a 1.33 Desc.  Type Unitwt. Unitwat,  Intercept Angle Surface|| Horiz Egk 0100 g=

b 1.33 Mo. (pcfl (pcf) (psfl  (deg) Mo

¢ 1533 clfam 1 1220 1270 1000 160w

¢ 1.33(| clfanz 2 1250 1300 3000 250w

? 133 COWfash 3 900 8950 00 200 WA
530 H g b Riprap 4 1400 1450 1000 450wl N

b o133

i 1.33
480 —
430 —

1l
=
i3
380 1— 2 —
33[. | | | | | |
0 50 100 150 200 250 300 350
STED STABLGH FSmin=1.33

,EJ_ Safety Factors Are Calculated By The Modified Bishop Method




50

300

450

400

350

STED

3143-10-1317 Green River Power Sta Section 4: Upstream - S5/Max Flood

CAOSTECWARNSTEDWVMWGREEMRE~1S-NUPSTREAMISSMEFL-3 PLZ  Run By: MACTEC 1052372010  10:3520

# FS

i |

s

— IO = o 0

3.57

3.66
3.66
367
367
3.65
3.63
3.2

=il
Desc. Type Unit Wit
Mo, [pcf]
CL fill 1 1220
CL f-all 2 1250
COWiazh 3 0.0
RipRap 4 1400

Soil ) Total  Satursted Cohesion Friction  Piez.

LImit vt

(pcf)
1270
130.0
95.0
14510

Irtercept. Angle Surface

[p=fl . (dedg) Ma.
100.0 16.0 |
000 250

1
0.0 200 i
1000 . 450 i

a0

100

150

STABLGH FSmin=3.57

200

250 300

Safety Factors Are Calculated By The Modified Bishop Method



50

300

450

400

350

STED

3143-10-1317 Green River Power Sta Section 4: Upstream - Rapid Drawdown
COSTEDWIRETEDWINWGREENRE~11S-4UPSTREAMEDD-3 PL2  Run By: MACTEC 10052552010 10:45.4M

Lt v B s (R w R T o =T = 3

Soil ) Total  Satursted Cohesion Friction  Piez.
Irtercept. Angle Surface
Ma.

Type Unit W, Unit Wit

Soil
Desc.
Mo, [pcf]
CL Afill 1 1220
L f-all 2 01250
CoWfazh 3 0.0
RipRap 4 1400

(pcf)
1270
130.0
95.0
14510

(psf) . (deg)
1000+ 160
3000 ; 250
00 o 200
100.0 450

W

1
i
i

a0

100

150

STABLGH FSmin=1.88

200

250 300

Safety Factors Are Calculated By The Modified Bishop Method



50

300

450

400

350

STED

3143-10-1317 Green River Power Sta Section 4: Upstream - Seismic
COSTEDWIRETEDYVINWGREENRE~1'S-4IUPSTREAMUAKE-3 PL2? Run By: MACTEC 120272010 12:19PM

Lt v B s (R w R T o =T = 3

Soil
Desc.

CL fill
CL f-all

Soil ) Total  Satursted Cohesion Friction  Piez. Load Walue

COWf-azh 3 0.0

Rip Rap

Type Unit W, Unit Wt Intercept. Angle Surface
Mo, [pcf] [pcfl [p=fl . (dedg) Ma.
1 1220 1270 100.0 16.0 |
2 01250 1300 000 250 |
950 0.0 200 |
4 01400 1450 100.0 4510 W

Horiz Egk 0.280 g=

a0

100

150

STABLGH FSmin=1.02

200

Safety Factors Are Calculated By The Modified Bishop Method

250

300



Mo

470

430

390

330

STED

3143-10-1317 Green River Power Sta Section 4: Downstream - SS/Max Flood
COSTECWAIRSTECWVIRGREEMNR~11=-2 DN ST~ 10S5MEFL-3 PLE  Run By: MACTEC 1002572010 12:19PM

a

o

- IO = M o0

il Soil Total  Satursted Cohesion Friction  Piez.
Irtercept Angle Surface
Mo,

Desc. Type Unit Wt

Mo, [(pcf)

CLfill 1 122.0
CL f-all 2 1230
COWf-azh 3 0.0
RipRap 4 1400

Init Wt

(pcf)
1270
1300
230
14510

(p=t]
1000
3000
n.a
1000

(ded)
16.0
230
200
430

W

W
W
W

40

80

120

STABL6H FSmin=2.39
Safety Factors Are Calculated By The Modified Bishop Method

160

200



Mo

470

430

390

330

STED

3143-10-1317 Green River Power Sta Section 4: Downstream - Rapid Drawdown

CASTEDWIRSTEDWMWGREEMR~1S-NDOWVNST~1RDD-3 PLZ  Run By: MACTEC 104232010 12:23PM

a

o

- IO = M o0

il Soil Total  Satursted Cohesion Friction  Piez.
Irtercept Angle Surface
Mo,

Desc. Type Unit Wt

Mo, [(pcf)

CLfill 1 122.0
CL f-all 2 1230
COWf-azh 3 0.0
RipRap 4 1400

Init Wt

(pcf)
1270
1300
230
14510

(p=t]
1000
3000
n.a
1000

(ded)
16.0
230
200
430

W

W
W
W

40

80

120

STABL6H FSmin=2.39
Safety Factors Are Calculated By The Modified Bishop Method

160

200



3143-10-1317 Green River Power Sta Section 4: Downstream - Seismic
COSTEDWIRETEDVIRWGREENR~1'S-4DOAN ST~ 12AUAKE-3. PL2  Run By: MACTEC 127272010 12:06PM

51'] t t 1 1

# FS Soil S0l Total Satursted Cohesion Friction  Fiez. Load Walue

a 1.48) Desc. Type Untwat. Unitwt  Intercept Angle Surface|| Horiz Egk 0100 g=

b 1.50 Mo, (pofl (pef) (pefl  (deg) Mo

eS| cLfil 4 1220 1270 1000 160w

91530 gl 2 1250 1300 3000 250 WA

= 1530 cowifash 3 900 950 00 200 Wi

; Vgl RinRap 4 1400 1450 1000 450 A

h 157
470 H i 157 —
430 —

390

35'] | | | |
0 40 80 120 160 200
STED STABL6H FSmin=1.48
,EJ_ Safety Factors Are Calculated By The Modified Bishop Method




3143-10-1317 Green River Power Station Section 5: Upstream - SS/Max Flood
COSTEDWIRETEDWVIRWSREENRE~11S-5WUPSTREAMISEMEFL-2 PL2 Run By: MACTEZ 10/26/2010 12:335PM

'15'] t t t | | ] |
# FS Sail S0l Taotal Saturated Cohesion Friction  Piez.
a 247 Desc.. Type Unit'wd, Unit't  Intercept Angle Surfsce
b 2.45 Mo, (pefl  (pcf) (p=fl  (deg) Mo
c 250\ clfaly 1 1220 1270 1000 160, W
o 2500 cLamgy 2 1250 1300 3000 2500w
g 250 cLfil 3 1290 1340 3000 2500 WA
130 H T 2990 RipRap 4 1400 1450 1000 450 WA ]
9 2500 covyiash 5 @00 950 00 200 Wi
h 250
i 250

160

370 —
350 | | | | | | |
0 20 40 60 80 100 120 140
STED STABL6H FSmin=2.47

Safety Factors Are Calculated By The Modified Bishop Method



3143-10-1317 Green River Power Station Section 5: Upstream - Rapid Drawdown

CASTEDWMSTEDWIMWGREEMR~1S-RUPSTREAMEDD-2.PL2  Run By: MACTEC 100262010 12:3539PM

'15'] t t t | | ] |
# FS Sail S0l Taotal Saturated Cohesion Friction  Piez.
a 149 Desc.. Type Unit'wd, Unit't  Intercept Angle Surfsce
b 1.50 Mo, (pefl  (pcf) (p=fl  (deg) Mo
c 150\ clfaly 1 1220 1270 1000 160 W
d 1500 cLamgy 2 1250 1300 3000 2500w
g 151 cLfil. 3 1290 1340 3000 250 W
130 H P19 RipRan 4 1400 1450 1000 450 AN ]
ﬁ$$ CCWash S 900 950 00 200 Wi
i 151

370 -

330

STED

2

0

40

60

80

STABL6H FSmin=1.49
Safety Factors Are Calculated By The Modified Bishop Method

100

120

140

160



450

3143-10-1317 Green River Power Station Section 5: Upstream - Seismic
COASTECWIRETEDYWIRWGREENRE~1 =-S5 JPSTREAMSEISMC-2 PL2  Run By: MACTEC 120272010 11:57.4AM

430 H

410

390

* FS

a 0.82
0.54
0.53
0.53
0.56
0.56
0.56
0.7
0.7

s

— I = D 0

Soil
Desc.

CLf-ally
CL allus
L il
Rip-Rap
COWf-azh

Soil Total  Satursted Cohesion Friction  Piez. Load Walue

Type Unitwt, Unit vt Intercept Angle Surface|| Horiz Egk 0100 g=
Mo, [pecf] [pcfl (p=fl  (dedq) Mo

1 1220 1270 100.0 16.0 |

2 1250 1300 000 250 |

31290 1340 3000 250 |

41400 - - 1450 000 450 W

= 0.0 5.0 0.0 200 |

370 -

330

STED

20

40

Safety Factors Are Calculated By The Modified Bishop Method

60

80

STABL6H FS5min=0.82

100

120

140

160



450

430

410

390 [

370

330

STED

3143-10-1317 Green River Power Station Section 5: Downstream - SS/Max Flood
CASTECWIN S TEDWIMIGREEMNRE~1 S-S\DIC0M ST~ 1S5MEFL-2 PL2  Run By: MACTEZ 1002652010 10:2640

Soil
Desc.

CLf-ally
CL allus
L il
Rip-Rap
COWf-azh

Soil Total  Satursted Cohesion Friction  Piez.
Angle Surface

(che)

Type Unit Wi,
Mo,

.1

2
3
4
5

(pcf)
122.0
125.0
129.0
140.0
a0.0

LImit vt

(pcf)
127.0
130.0
134.0
145.0
95.0

Irtercept
(p=t)
100.0
000
3000
000
0.0

16.0
230
250
430
200

Mo

TEEEZ

20

40

60

80 100 120 140 160
STABL6H FSmin=2.04

Safety Factors Are Calculated By The Modified Bishop Method



450

430

410

390 [

370

330

STED

3143-10-1317 Green River Power Station Section 5: Downstream - Rapid Drawdown
COSTECWAIRETEDWIRGREEMNR~11=-S\DCWWNET~1ROD-2 PLZ  Run By: MACTEC 10026/2010 10:304M

Soil
Desc.

CLf-ally
CL allus
L il
Rip-Rap
COWf-azh

Soil Total  Satursted Cohesion Friction  Piez.
Angle Surface

(che)

Type Unit Wi,
Mo,

.1

2
3
4
5

(pcf)
122.0
125.0
129.0
140.0
a0.0

LImit vt

(pcf)
127.0
130.0
134.0
145.0
95.0

Irtercept
(p=t)
100.0
000
3000
000
0.0

16.0
230
250
430
200

Mo

TEEEZ

20

40

60

80 100 120 140 160
STABL6H FSmin=2.04

Safety Factors Are Calculated By The Modified Bishop Method



450

430

410

390

370

350

STED

3143-10-1317 Green River Power Station Section 5: Downstream - Seismic
COSTECWAIRETEDWIRWGREENRE~1=-S\DOVWNET~1SEISMC-2 PL2 . Run By: MACTEC 127272010 12:22PM

Ll Do TR s [ w B o =T =

Soil Total  Satursted Cohesion Friction  Piez. Load Walue

=il

Desc. Type Unitvt, Unit vt Intercept Angle Surface|| Horiz Egk 0100 g=

Mo, [pecf] [pcfl (p=fl  (dedq) Mo

CLf-ally 1 1220 1270 100.0 16.0 |

CLalws 2 1250 1300 000 250 |

CL fill 31290 1340 3000 250 |

FipRap---4---140.0 - - -145.0 000 450 W

COWfazh S 0.0 5.0 0.0 200 |

20

40

Safety Factors Are Calculated By The Modified Bishop Method

60

80
STABL6H FSmin=1.20

100

120

140

160



3143-10-1317 Green River Power Station Section 6: Upstream - SS/Max Flood
COSTECWAIRSTEDVIMUGREENRE~1'S-BIUPSTREAMIESMEFLDE PL2  Run By: MACTEC 10M522010 256PM

51'] t t I I
# FS Zail Soil Total Satursted Cohesion Friction  Fiez.
a 5.13)| Desc. Type Unit'wt. Unit'™t. Intercept Angle Surfsce
b 314 Mo, (pofl (pef) (pefl  (deg) Mo
=N CLFll 1 1290 1340 3000 250  wd
d 313 cLF.an 2z 1250 1300 3000 250w
? 212 CCWiash 3 900 850 oo 200 W
g 515
h 515
470 H i 518 _
430

390 - . ;

;13 i
r is
1
35'] | | | |
0 40 80 120 160
STED STABL6H FSmin=5.13
,EJ_ Safety Factors Are Calculated By The Modified Bishop Method

200



Mo

470

430

330

STED

3143-10-1317 Green River Power Station Section 6: Upstream - Rapid Drawdown

CASTEDWIRSTECWIMWGREEMR~1S-BIUPSTREAMREDD PLZ  Run By: MACTEC 10152010 2:53PM

a

o

- IO = M o0

il ol Total Saturated Cohesion Friction  Piez.
Desc.  Type Unitwat, Univsd,  Intercept Angle Surface

Mo, [(pcf)

CL Fill 1 129.0
CLF-&1 2 1250
COWf-azh 3 0.0

(pcf)

134.0

130.0
95.0

[p=f)  (deq) Ma.
3000 250 |
3000 250 |

0.0 200 W

40

80 120

STABL6H FSmin=3.23
Safety Factors Are Calculated By The Modified Bishop Method

160

200



3143-10-1317 Green River Power Station Section 6: Upstream - Seismic
COSTECWAIRETEDWIRGREEMNR~11S-BUJPSTREAMISEISMIC PLZ  Run By: MACTEC 1202722010 11:034M

51'] t t 1 1

# FS Soil Soil Total Satursted Cohesion Friction  Piez, Load Yalue

a 2.20) Desc. Type Unitwt. Unitwt.  Intercept Angle Surface|| Horiz Egk 0100 g=

b 233 Mo, (pofl (pef) (pefl  (deg) Mo

2430 CLFl 1 1290 1340 3000 250w

92450 cLFal 2 1250 1300 3000 250 WA

= 24980 cowifash 30 900 950 00 200 Wi

f 247

g 253

h 271
470 H i 27 —
430 —

390

35'] | | | |

0 40 80 120 160

STABL6H FSmin=2.20

STED Safety Factors Are Calculated By The Modified Bishop Method

200



3143-10-1317 Green River Power Station Section 6: Downstream - SS/Max Flood
COASTECWNSTEDWIMGREEMNR~11S-B'DCWWNET~1S5MEFLD.PLZ  Run By: MACTEC 10M52010 3:26PM

525 1 1 T T | I | | | I

# FS Sail S0l Total  Saturated Cohesion Friction  Piez.

a 246) Desc.  Type Unitwd. Unit'wt Intercept  Andle Surface

b 246 Mo, (pefl (pef) (pefl  (deqd Mo,

c 246 CLFlL 1 1290 1340 3000 250  wi
00 H 9247 cLFan 2 4250 1300 0 3000 - 250 W -

24 mwiash 3 @00 @s0 oo 200 W

f 247

g 247

b 247

i 247
475 H —
450 - _
425 | —
400

i
2
375 |- s
1
350 | | | | | | | | | |
0 25 50 75 100 125 150 175 200 225 250 275
STED STABLGH FSmin=2.46

,EJ_ Safety Factors Are Calculated By The Modified Bishop Method




3143-10-1317 Green River Power Station Section 6: Downstream - Rapid Drawdown
CASTECWINSTEDWIMIGREEMNRE~1S-B\DC0NMET~1RDD.PLE  Run By: MACTEC 10152010 325PM

525 1 1 T T | I | | | I

# FS Sail S0l Total  Saturated Cohesion Friction  Piez.

a 249 Desc.  Type Unitwt, Unit'wt Intercept  Andle Surface

b 243 Mo, (pefl (pef) (pefl  (deqd Mo,

c 2.49 CLFlL 1 1290 1340 3000 250  wi
00 H 9249 cLFano 2 4250 1300 0 3000 - 250 W -

g 249 miash 3 @00 450 oo 200 W

f 249

g 2.49

h 250

i 250
475 H —
450 - _
425 | —
400

i
2
375 |- s
1
350 | | | | | | | | | |
0 25 50 75 100 125 150 175 200 225 250 275
STED STABLG6H FSmin=2.49

,EJ_ Safety Factors Are Calculated By The Modified Bishop Method




3143-10-1317 Green River Power Station Section 6: Downstream - Seismic
CASTECWINSTEDWIMIGREEMRE~1WS-BDICNMET~1SEISMIC PL2 - Run By: MACTEC 12722010 12:27PM

273

525 1 1 } } } 1 | | | I

# FS Sail S0l Total  Saturated Cohesion Friction  Piez. Load Walle

a 1.7T)| Desc. Type Unitwt. Unit'™t Intercept  &ndle Surface || Horiz Egk 0100 g=

b1.77 Mo, (pefl (pef) (pefl  (deqd Mo,

e 1.77 CLFlL 1 1290 1340 3000 250  wi
so0 H 4V cLFan 2 4250 1300 0 3000 - 250 W -

8170 cowtcash 3 @00 850 00 00w

f1.77

g 177

h 177

i 177
475 -
450 —
425 .
400

i
>
375 s
1
350 | | | | | | | | | |
0 25 50 75 100 125 150 175 200 225 250
STED STABLG6H FSmin=1.77

Safety Factors Are Calculated By The Modified Bishop Method



3143-10-1317 Green River Power Sta Section 7: Upstream - $SS/Max Flood
COSTEDWIMIGREENR~1S-TIUPSTREAMSEMKFL-3.PLZ  Run By: MACTEC 1002952010 10:344M

550

510

470 —

430

390

# FS
a 3.60

— IR 0T

3.60
361
3.61
361
3.62
3.62
3.62
3.62

ol
Desc.

CL f-all

CL all-1

CL all-2
COvy

T T
Soil Total Satursted Cohesion Friction  Piez.
Intercept  Angle Surface
Mo,

Type Unit WA,

Moo (pef)
1 1250
2. 1220
3. 11580
4 90.0

Unit Wt

(pcf)
1300
1270
1230
95.0

(psf)

3000

1000
0.0
00

Ldled)
230
160
120
200

W

Ll
W1
W1

40

80

Safety Factors Are Calculated By The Modified Bishop Method

120

160
STABL6H FSmin=3.60

200

240

280

320



3143-10-1317 Green River Power Sta Section 7: Upstream - Rapid Drawdown
COSTEDWIMIGREENR~1S-TIUPSTREAMIRDD-3 PL2 Run By: MACTEC 10/28:2010 10:354M

550

510

470

430

390

# FS
a 2.67
267
268
2.68
2.68
2.68
2.68
268
2.68

— IR 0T

ol
Desc.

CL f-all

CL all-1

CL all-2
COvy

T T
Soil Total Satursted Cohesion Friction  Piez.
Intercept  Angle Surface

Type Unit WA,

Moo (pef)
1 1250
2. 1220
3. 11580
4 90.0

Unit Wt

(pcf)
1300
1270
1230
95.0

(psf)

3000

1000
0.0
00

Ldled)
230
160
120
200

Mo,
W

Ll
W1
W1

40

80

120 160 200

STABL6H FSmin=2.67
Safety Factors Are Calculated By The Modified Bishop Method

320



630

390

350

Mo

470

430

390

350

STED

3143-10-1317 Green River Power Sta Section 7: Upstream - Seismic

CASTEDWARMYSTEDWINMWGREEMR~1S-TIUPSTREAMWIUAKE-S PLZ Run By: MACTEC 120202010 1210PM

a -’

s

- IS =m0

Sail

CL f-all
CLial-1

=il
Desc. Tvpe Uni i,

M.
.1
2

CLal-2 3

Con

4

Total Satursted Cohesion Friction:  Piez.

(pcf)
1250
1220
115.0
a0.0

LIt 't
(pcf)
1300
1270
1230
23.0

Irtercept Angle  Surface
[p=fl  (dedg) Ma.
300.0 250 W

1000 -- 160 L&
80.0 15.0 L&l
nn 200 L&

Load Walue
Horiz Egk 0100 g=

200 240

STABL6H FSmin=1.49%

280

320

Safety Factors Are Calculated By The Modified Bishop Method

440



3143-10-1317 Green River Power Sta Section 7: Downstream - SS/Max Flood

COSTEDYWRMNWGREENR~1S-FDOWNST~1SSMAFL-3 PL2  Run By: MACTEC  10/23:2010 10:194M

350

600 : : T | |
# F3 Soil Soil Total Satursted Cohesion Friction  Piez.
a 1.85|| Desc. Type Unit'™t. Unit'Wt Intercept Angle Surface
b 1.85 Mo, (pef)  fpefl (psf)  (dew) Mo,
c 183 cLfal 1 1250 1300 3000 250w
1B clalkt 2 1220 1270 1000 180 W
8185 cLalkz 3 1180 1230 800 150 W
TAIES) cowy 4 900 850 o0 200 Wi
g 185
h 1.85
i 185
550 —
500 —
450 —
400 -
i
pr
2
6
3
I L
350 | 1 | | | | |
0 50 100 150 200 250 300
STABLG6H FSmin=1.85
STED Safety Factors Are Calculated By The Modified Bishop Method




3143-10-1317 Green River Power Sta Section 7: Downstream - Rapid Drawdown

COSTEDYWINWGREENR~1S-FIDCWNST~1'RDD-3PL2  Run By: MACTEC 1002972010 10:224M

350

600 : : T | |
# F3 Soil Soil Total Satursted Cohesion Friction  Piez.
a 1.85|| Desc. Type Unit'™t. Unit'Wt Intercept Angle Surface
b 1.85 Mo, (pcf) (pch) (psfl  (deg) Mo
c 183 cLfal 1 1250 1300 3000 250w
1B clalkt 2 1220 1270 1000 180 W
8185 cLalkz 3 1180 1230 800 150 W
TAIES) cowy 4 900 850 o0 200 Wi
g 185
h 1.85
i 185
550 —
500 —
450 —
400 10 —
4
i
ry
2 e L R
b
6
3
I L
350 | 1 | | | | |
50 100 150 200 250 300
STABLG6H FSmin=1.85
STED Safety Factors Are Calculated By The Modified Bishop Method




50

500

450

400

330

300

STED

3143-10-1317 Green River Power Sta Section 7: Downstream - Seismic
COASTECWINSTEDWIMIGREEMRE~1S-PDICNMET~1GUAKES PL2  Run By: MACTEC 127272010 1205PM

ECal [ s (R w R T =T = 3

-
o

20
20

21
22
22
22
22

ol Zol  Total Satursted Cokhesion Friction  Piez.

Desc. Type Uni .
Mo, [pcfl
CLf-all 1 125.0
CLal-1 20 1220
CLal-2 3 1150
o 4 q0.0

IInit Wt

(pcf)
130.0
1270
1230
95.0

Irtercept Angle Surface

[p=fl  (dedg) Ma.
3000 250 W

1000 16.0 i1
ao0.0 150 i1
0.0 200 i1

Load Walue
Horiz Egk 0100 g=
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engineering and constructing a better tomorrow

January 24, 2011

Mr. David J. Millay, P.E.

LG&E-KU Services Company, Inc.

220 West Main Street

Louisville, Kentucky 40202

Phone: 502-627-2468

Facsimile: 502-217-2850

Electronic mail: David.Millay@LG&E-KU.com

SUBJECT:  Addendum A
Report of Geotechnical Exploration and Slope Stability Analyses
KU Green River Power Station
No. 2 Pond/Coal Pile Runoff Pond and Scrubber Pond
South Carrollton, Muhlenberg County, Kentucky
MACTEC Project No. 3143-10-1317.02

Dear Mr. Millay:

MACTEC Engineering and Consulting, Inc. (MACTEC) is pleased to submit this Addendum to our
Report of Geotechnical Exploration and Slope Stability Analyses, dated December 3, 2010. The
purpose of this addendum is threefold:

1. Transmit updated piezometer data for the project
2. Transmit updated stability analysis data for the project

3. Provide responses and clarifications to selected sections of the USEPA Dam Safety Assessment
draft report issued by AMEC in September 2010

A discussion of each of the above items follows. Our services were provided in general accordance
with our Master Agreement No. 31528, Contract No. 495429 dated August 23, 2010, and our Proposal
No. PROP10LVLE Task 162.

Piezometer Data

Piezometer readings have been taken on two occasions since our Report of Geotechnical Exploration
and Slope Stability Analyses (i.e., our final report) was issued. The attached Table 2 has been revised
to include the additional data.

Stability Analyses

Information provided by LG&E-KU suggests it may be possible during normal operation of the ash
ponds that solids in the ponds reach a maximum level near the upstream embankment crest elevation.
Therefore, we have performed additional stability analyses for the downstream embankment slopes for
Section 1 and Sections 4 through 10 that reflect this condition (i.e., “pond full”). The “pond full”
condition for Sections 2 and 3 was represented by the steady state/maximum flood analyses reported
previously, based on the actual solids level in the No. 2 pond at the time of the bathymetric survey
(Associated Engineers, Inc., July 2010) provided to us.

MACTEC Engineering and Consulting, Inc.
13425 Eastpoint Centre Drive, Suite 122 e Louisville, KY 40223 e Phone: 502.253.2500 ¢ Fax: 502.253.2501

www.mactec.com




KU Green River Power Station January 24, 2011
MACTEC Project No. 3143-10-1317.02 Addendum A

The additional analyses were based on the steady-state/maximum flood cross sections, with the
modification of CCW solids extending to the upstream crest elevation. The results of the analyses are
provided on the attached Results of Slope Stability Analyses — Green River Power Station, No. 2
Pond/Coal Pile Runoff Pond & Scrubber Pond table. In addition, the section geometry, input
parameters, and stability analysis results are provided on the attached STABL6H output plots. Our
analyses indicate the computed minimum factor of safety (FS) against failure, which ranges from 1.4
to 2.4, exceeds the target FS for each of the downstream embankment sections analyzed except
Section 1 Downstream. Although the Section 1 Downstream slope does not meet the target FS under
the conditions analyzed, the minimum FS computed does exceed 1.0. This suggests the slope should
be stable under steady-state, “pond full” conditions and should not be expected to fail under steady-
state, “pond full” conditions. However, some treatment may be required at Section 1 Downstream to
increase the minimum FS under steady-state/maximum flood “pond full” conditions, to meet the target
FS.

Response to AMEC Draft Report

This Addendum addresses comments provided in the following sections of AMEC’s Dam Safety
Assessment draft report:

Section 3.4, Foundation Conditions

Section 4.3.2, Geotechnical and Stability Recommendations — No. 2 Pond
Section 4.4.2, Geotechnical and Stability Recommendations — Scrubber Pond
Section 4.5.2, Geotechnical and Stability Recommendations — Coal Runoff Pond

AMEC’s comments were based, in part, on visual observation of site conditions and review of
MACTEC’s Geotechnical Exploration and Slope Stability Analyses Data Package for the No. 2
Pond/Coal Pile Runoff Pond and Scrubber Pond at the KU Green River Power Station in South
Carrollton, Muhlenberg County, Kentucky, dated September 3, 2010. We note that our final report for
the listed Green River ponds, which includes additional analyses as well as additional and revised
information pertaining to MACTEC’s activities on the project, was issued on December 3, 2010,
subsequent to AMEC’s Dam Safety Assessment draft report.

For the purposes of the following discussion, we have identified the three ponds as follows:

A No. 2 Pond
B Coal Pile Runoff Pond
C Scrubber Pond

Seven comments were common to all three ponds, and each pond had one or more additional
comments applicable to that specific pond. Below is a listing of AMEC’s comments and
recommendations along with the applicable pond(s), each followed by our response or clarification.

Pond(s) Comment/Recommendation/Response/Clarification
A B,C “MACTEC’s ... Data Package ... briefly describes foundation conditions. The report

states “In general, the dikes were constructed of sandy clay fill reportedly excavated
from the incised portion of the ponds. The fill was placed overlying existing alluvial
soils comprised of silty to sandy, lean clay.”
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MACTEC Response: Section 4.4 of our final report provides detailed descriptions of
our exploration program and the conditions encountered in our borings, including
descriptions of the alluvium and bedrock underlying the embankments. Our
referenced report also includes a discussion of the fly ash that was encountered
beneath the embankment fill at Section 2, as well as in three supplemental borings
drilled east and west of Section 2.

A B,C “In the opinion of the assessing professional engineer, the criteria for minimum safety
factors should be in accordance with USACE...with a minimum seismic safety factor
of 1.2 as recommended by ...MSHA..”

MACTEC Response: The Green River No. 2 Pond/Coal Pile Runoff Pond and
Scrubber Pond are under the jurisdiction of the Kentucky Environment and Energy
Cabinet. Therefore, the minimum factors of safety computed during our slope
stability analyses were compared to the target factors of safety obtained from
Commonwealth of Kentucky documents referenced on Page 2 of our final report.

A B,C “The analysis should consider all critical stages over the life of the pond including
pond full conditions.”

MACTEC Response: The stability of the selected cross sections at the noted Green
River ponds was originally evaluated under three conditions: steady-state/maximum
flood, rapid drawdown, and dynamic (seismic) loading. The results of these analyses
were provided in our final report. The ash profile at each cross section was modeled
based on our review of the bathymetric surveys provided to us at the time of our
analyses (Associated Engineers, Inc., July 2010). At the locations of Sections 2 and 3,
the No. 2 Pond survey indicated the presence of ash to near the level of the upstream
embankment elevation. At the remaining stability sections, the mapped solids level
reflected a partial load in the pond. Information provided recently by LG&E-KU
suggests it may be possible during normal operation of the ponds that solids in the
ponds reach a maximum level near the upstream embankment crest elevation.
Therefore, we have performed additional stability analyses for the downstream
embankment slopes for Section 1 and Sections 4 through 10 that reflect the “pond
full” condition. The results of these additional analyses have been included on the
attached Results of Slope Stability Analyses — Green River Power Station, No. 2 Pond/
Coal Pile Runoff Pond & Scrubber Pond table. In addition, the cross section
geometry, input parameters, and stability analysis results are provided on the attached
STABLG6H output plots.

A B,C “A rapid drawdown (analysis) should be performed for upstream embankment in case
the pond would need to be lowered in response to a problem.”

MACTEC Response: The results of our rapid drawdown analyses were provided in
our final report.

A B,C “The friction angle value of 30 degrees used for the CCW (ash) in the analysis appears
high for loose, saturated ash.”

MACTEC Response: Our rationale for selection of unit weight and shear strength
values was provided in Section 5.3 of our final report. MACTEC has extensive
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experience with CCW at LG&E-KU facilities in Kentucky and with other similar
facilities in the southeastern United States. Laboratory testing (both triaxial and direct
shear tests) of CCW from other facilities indicated friction angles ranging from 28
degrees to over 42 degrees. In addition, we performed sensitivity analyses at a
selected Green River Power Station cross section under current conditions. The
purpose of the sensitivity analysis was to evaluate stability of the selected section with
variations in shear strength for both fly ash and bottom ash. Based on the results of
the sensitivity analysis, our experience, and published data, we selected friction angles
of 20 degrees for fly ash and 28 degrees for bottom ash to provide, in our opinion, the
appropriate level of conservatism.

A B, C “Consideration should also be given to allowing some time for water levels in the
piezometers to develop and stabilize.”

MACTEC Response: Piezometers were installed in a total of six crest borings,
including three at No. 2 Pond/Coal Pile Runoff Pond (B-2C, B-3C, and B-4C) and
three at Scrubber Pond (B-6C, B-8C, and B-10C), on August 13 and 14, 2010.
Groundwater levels in the piezometers were initially measured on August 24, 2010,
1-1/2 weeks following installation, allowing measurement of stabilized groundwater
levels. The second set of readings was taken on October 14, 2010. These readings
were originally provided in our final report. Additional readings were taken in
December 2010 and January 2011, subsequent to our final report. The piezometer
readings to-date for this project are presented on the attached Table 2. Summary of
Piezometer Readings.

A B, C “The analyses presented appear limited to a circular surface; different types of failure
surfaces should be analyzed and optimized.”

MACTEC Response: A circular failure surface is the accepted industry standard and
appropriate for these analyses.

A B,C “The completed analyses should include data sheets to show all input parameters,
(and a) discussion on how each parameter was derived”

MACTEC Response: The material input parameters (e.g., total and saturated unit
weights, cohesion, and angle of internal friction) used for each loading condition for
each cross section analyzed, as well as the horizontal acceleration for seismic loading,
where applicable, are presented on the respective STABLGH plots included in our
reports. The embankment geometry, including material layering and piezometric
surface, is presented graphically on the respective STABLG6H plots. Section 5.3 of our
final report clearly describes the soil parameter selections.

A “AMEC is concerned about the configuration and soil strength parameters used in the
analyses (for Section 4). ... AMEC recommends this section be reviewed for existing
conditions and parameters adjusted to reflect softer conditions at the toe”

MACTEC Response: The geometry of the Section 4 cross section was developed
from the survey provided to us (KU Green River Mapping, dated February 3, 2010,
prepared by L. Robert Kimball & Associates, LLC), and modified based on an as-built
survey performed following modifications and regrading at the east embankment of
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No. 2 Pond (As-Built, Number 2 Pond Slope Armoring and Ditch Relocation, dated
September 15, 2010, prepared by Associated Engineers, Inc.). The subsurface
stratigraphy was based on the boring data obtained at Section 2 (Borings B-2C and
B-2T), with consideration also given to offset borings drilled east and west of
Section 2 (B-1.5T, B-1.75T, and B-2.5T). The soil shear strength parameters used in
the Section 2 stability analyses provided in our final report varied from those provided
in our Data Report. Selection of material shear strength parameters was discussed in
Section 5.3 of our final report.

A “...embankments constructed over ash would be susceptible to piping and slope
failures.”

MACTEC Response: Our borings encountered both bottom ash and fly ash beneath
the embankment fill at Section 2. These materials were included in the cross section
and assigned appropriate strength parameters for the slope stability evaluations. Our
slope stability analyses, which were provided in our final report, indicate the minimum
factors of safety computed for the loading conditions evaluated exceed the target
factors of safety at Section 2.

Although our borings encountered ash beneath the embankment fill, we did not
observe ash to be exposed at the ground surface south of the downstream slope in the
vicinity of Section 2. Our observations and boring data suggest the ash beneath the
embankment at Section 2 is encapsulated or capped by cohesive soils. Further, free
water does not presently exist behind this embankment. Therefore, in our opinion, the
ash in its present configuration does not represent a significant potential piping
condition. This situation should be reevaluated should unfavorable conditions not
previously observed come to the attention of plant personnel or others, or if ash
becomes exposed downstream of the embankment through erosion, excavation, or
penetration (such as with borings) of the overlying cohesive soils (note: borings
performed in conjunction with this exploration were backfilled with a cement-
bentonite grout).

B “The 2009 ATC inspection report mentions needed repairs for a surface failure on the
downstream slope in this area (i.e., Section 1). During our site visit, the toe and the
area below the downstream slope had been recently repaired. Details for the repair
were not provided. The analysis for this section (Section 1) was not provided in the
preliminary report. The results of the analyses should be reviewed when the final
report is completed.”

MACTEC Response: The configuration of the Section 1 embankment was developed
from the survey by L. Robert Kimball & Associates, LLC. The stability of both the
upstream and downstream embankment faces was evaluated for steady-
state/maximum flood, rapid drawdown, and dynamic (seismic) loading conditions.
The results of these analyses were provided in our final report. The results of
additional stability analysis of the downstream embankment under the steady-
state/maximum flood “pond full” condition are attached to this Addendum.

C (compared to Section 7, for which stability analyses were provided in the Data
Package,) “...it appears ... that Section 8 would have a steeper downstream slope and
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would be more critical. During the site visit, wet conditions were noted below the toe
of the south embankment” (where Sections 7 and 8 are located)

MACTEC Response: The downstream slope at Section 8 (approximately 2.4H:1V) is
steeper than that at Section 7 (approximately 2.9H:1V). Stability analyses for
Sections 4 and 7 were included in our Data Package, but our final report included
stability analyses for all 10 proposed study sections, including Section 8. The
piezometric surface at both Sections 7 and 8 was modeled as daylighting at the toe of
the embankments, to account for the wet surface conditions present in the area.

C “Recommendations mentioned in the previous sections such as the configuration of
the slope and adjustment of soil strength parameters and a detailed discussion of the
methods and parameters should be included in the final report.”

MACTEC Response: The geometry (i.e., configuration) of Sections 6 through 10 at
Scrubber Pond were developed from the survey by L. Robert Kimball & Associates,
LLC). The soil shear strength parameters used in the stability analyses provided in
our final report varied from those provided in our Data Report. Selection of material
shear strength parameters was discussed in Section 5.3 of our final report. The
methods used for our evaluation, including slope stability analysis, cross section
geometry development, soil parameter selection, piezometric surface development,
and seismic conditions, were described in Sections 5.1 through 5.5 of our final report.

We trust the information provided above along with the attachments to this letter sufficiently clarify
AMEC’s comments related to our Report of Geotechnical Exploration and Slope Stability Analyses for
the Green River No. 2 Pond/Coal Pile Runoff Pond and Scrubber Pond. Please let us know if
additional assistance is required.

This Addendum should be attached to and made part of our Report of Geotechnical Exploration and
Slope Stability Analyses, dated December 3, 2010. We appreciate the continued opportunity to work
with you on this project. Please contact us if you have any questions regarding the information
presented in this letter.

Sincerely,

MACTEC ENGINEERING AND CONSULTING, INC.

Melany L. Btite Nicholas G. Schmitt, P.E.
Senior Professional— Senior Principal Engineer
Licensed Kentucky 10311

Attachments:  Table 2. Summary of Piezometer Readings, Revised 1/19/2011
Results of Slope Stability Analyses — Green River Power Station, No. 2 Pond/
Coal Pile Runoff Pond & Scrubber Pond, Revised 1/20/2011
STABL6H Output Plots
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Table 2
Summary of Piezometer Readings
S Date of Readings
5 53

a] % a 8/24/10 10/14/10 12/08/10 1/14/11

. = g Top of Bottom of

2 @ 2% Ground Piezometer « = . g . g . g

€ = e Elevation Elevation =) = = = = = = =

B S 5 (Feet NGVD) | (Feet NGVD) § 3 § 3 § 3 § 3

o = S w w w w

e} e
b2 Feet (depth) / Feet NGVD (elevation)
B-2C 8/14/10 15-25 399.7 374.7 10.2 | 389.5 | 105 | 389.2 8.7 391.0 9.1 390.6
B-3C 8/13/10 | 25.5-35.5 399.4 363.9 126 | 3868 | 126 | 386.8 | 12.1 | 387.3 | 12.6 | 386.8
B-4C 8/14/10 20-30 399.1 369.1 6.9 392.2 8.0 391.1 7.8 391.3 7.9 391.2
B-6C 8/14/10 15-25 404.7 379.7 115 | 3932 | 126 | 3921 | 129 | 3918 | 13.0 | 3917
B-8C 8/14/10 29 -39 404.5 365.5 151 | 3894 | 137 | 390.8 | 128 | 391.7 | 129 | 3916
B-10C 8/13/10 15-25 403.9 378.9 253 | 3786 | 264 | 3775 | 246 | 379.3 | 241 | 379.8
Readings were taken from top of ground (TOG) level.

Prepared By: VM

Checked By: MLB
Revised By: MLB 1/19/2011
Checked By: NGS 1/20/2011



Green River Power Station

3143-10-1317.02

Prepared by: MLB Date: 12/2/2010
Checked by: NGS Date: 12/2/2010
Revised by: MLB Date: 1/20/2011
Checked by: NGS Date: 1/21/2011

Minimum Factor of Safety Summary
Green River Power Station
No. 2 Pond/Coal Pile Runoff Pond & Scrubber Pond

Long-Term Steady Long-Term Steady
Target State/Max Surcharge Rapid Drawdown Seismic State/Max Surcharge
Section Slope Pool Pool/Max Solids®
Target FSW| MinFs Target FS®W| MinFs Target FSW| MinFs Target Fs®| MinFs
1 Upstream 4.1 41 2.0 n/a
Downstream 1.4 1.6 1.0 14
) Upstream 6.7 8.2 1.3@ n/a
Downstream 2.3 2.3 13 n/a (4)
3 Upstream 6.2 7.8 1.3® n/a
Downstream 2.0 2.0 1.3 n/a (4)
4 Upstream 3.6 1.9 1.0 n/a
Downstream 24 2.4 15 2.4
5 Upstream 25 15 0.8 n/a
Downstream 2.0 2.0 1.2 2.0
15 1.2 1.0 15
6 Upstream 51 3.2 2.2 n/a
Downstream 25 2.5 1.8 2.4
7 Upstream 3.6 2.7 15 n/a
Downstream 1.9 1.9 1.2 1.9
8 Upstream 6.0 3.6 19 n/a
Downstream 1.6 1.6 1.2 1.6
9 Upstream 35 24 18 n/a
Downstream 2.3 14 1.6 2.3
10 Upstream 6.1 3.6 3.3 n/a
Downstream 1.7 1.7 1.2 1.7

Highlighted value does not meet the target minimum FS criteria

(1) Target Factor of Safety Reference: Design Criteria for Dams & Associated Structures (401 KAR 4:030, KAR 4:040)

(2) Includes CCW solids to upstream crest elevation; factor of safety against failure checked for downstream embankment
face only

(3) Shallow surface sloughing failure - top of ash at dam crest elevation at this cross-section

(4) Due to pond conditions at the time of the bathymetric survey (Associated Engineers, Inc., July 2010) upon which the
models for Sections 2 and 3 were based, the long-term steady state/maximum surcharge pool analysis was performed at
"pond full" conditions; therefore, a separate "pond full” or "maximum solids" analysis was not performed.
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Attachment 3

Addendum A - Assessment of Spillway Hydrologic Adequacy for the
Coal Pile Pond, Ash Treatment Basin No. 2, and Scrubber Pond
at Green River Generating Station,

January 25, 2011,
Mactec Engineering and Consulting, Inc.



January 25, 2011
Addendum A to

ASSESSMENT OF SPILLWAY HYDROLOGIC ADEQUACY FOR THE COAL PILE POND,
ASH TREATMENT BASIN NO. 2, AND SCRUBBER POND
AT GREEN RIVER GENERATING STATION

August 12,2010
By MACTEC Engineering and Consulting, Inc.

An analysis of the spillway capacities and freeboard conditions at the Kentucky Utilities Green River
Generating Station was completed. A prior analysis (MACTEC, August 2010) evaluated the existing
conditions and potential measures to provide suitable spillway and freeboard conditions with information
available at that time. Since that evaluation, additional information has become available (updated
topographic mapping, December 2010 and field survey of selected impoundment storage areas) and some
facility modifications have been made. The relevant modifications made are as follows:

e The Scrubber Pond discharge pumps were replaced with two 200-gpm capacity pumps that are
automatically activated with water level sensors. The pumps controls are set to maintain a water
level of approximately 401.0 ft NAVD 1988, or approximately 3.0 ft below the dam crest
elevation.

e The low portions of the ATB-2 dam crest were raised to elevation 400.0 ft NAVD 1988.

e The low portions of the Coal Pile Pond dam crest were raised to 405.5 ft NAVD 1988.

This analysis updated the existing conditions scenario for several storm events relevant to evaluation of
the suitability of the currently existing spillways and freeboard conditions. The analysis was completed
with HEC-HMS version 3.5.

The elevation —area relationships for all four impoundments were updated based on the new information
topographic information. Elevation — area curves used in the hydrologic model are provided in Figures
A-1 through A-4. The elevation area data measured from the topographic map were not significantly
different from the data taken from the previous topographic maps. The elevation — area data provided to
MACTEC in a storage capacity report, understood to be from ground survey, indicated generally smaller
areas at given elevations than the topographic maps. The topographic mapping agreed reasonably closely
with prior topographic mapping, and this consistency suggests that areas may have been underestimated
by the field survey work. A relationship for modeling purposes was based on an estimate considering both
information sources. Elevation —discharge curves for ATB-1 and ATB-2 are provided in Figures A-5 and
A-6. The HEC-HMS optional “control structures” method was used to allow HEC-HMS to calculate the
discharge rates for the Scrubber Pond and Coal Pile Pond based on structure data (size, elevations, etc.).
The normal water level (initial water level in model) in ATB-2 was lowered slightly based on updated
information.

For the Scrubber Pond pumps, it was assumed that the on-elevation for the lead pump is 401.2 ft and the
second pump is activated at 401.5 ft. The initial water level was assumed to be 401.00 ft.



None of the four structures analyzed have emergency spillways and the existing conditions model reflects
that, It is MACTEC’s understanding that Kentucky DNR has historically approved structures without
emergency spillways if the principal spillway is able to pass the emergency spillway design flood event
without dam overtopping. For the case of a Class A structure, the emergency spillway design flood is the
100-year return period event.

Selected results from the HEC-HMS existing conditions model are summarized in Table A-1. It is
observed that the freeboard amounts varied from the earlier analysis, with some increasing and some
decreasing. For the 24-hour duration freeboard design flood as defined by Kentucky DNR Engineering
Memorandum No. 5, the only structure not meeting the freeboard criteria is ATB-2. The minimum
freeboard for the Kentucky Class A structure principal spillway minimum principal spillway design flood
(100-year return period) occurs for the 24-hour storm event. The ATB-2 spillway design flood results in
a maximum of 0.26 foot overtopping of the ATB-2 dam crest. The other structures have principal
spillway design flood freeboard amounts of 1.42 ft, 1.77 ft, and 1.86 ft.

Potential measures to bring ATB-2 into compliance with Kentucky DNR standards were identified. Two
approaches were evaluated. Alternative 1 included raising the dam crest elevation to prevent overtopping
by the Freeboard Design Flood. Alternative 2 included installation of an emergency spillway while
leaving the minimum embankment crest elevation at the existing 400.0 ft NAVD 88. The emergency
spillway was assumed to be a 40-ft wide spillway that 1) does not flow for events more frequent than a
10-year event and 2) prevents the Freeboard Design Flood from overtopping the embankment. Variations
of combinations of smaller emergency spillways and raising the dam are, of course, also potential
alternatives as is some amount of lowering of the normal water level in ATB-2.

It was determined that, for Alternative 1, a minimum dam crest elevation of approximately 402.6 ft
NAVD 1988 would be required to avoid dam overtopping for the Freeboard Design Flood.

For Alternative 2, it was determined using an iterative approach that the assumed 40-ft wide emergency
spillway with crest elevation at 399.2 ft NAVD 1988 would meet these above criteria, with emergency
spillway flow occurring at approximately a 10-year event and no overtopping of the dam for the
Freeboard Design Flood. The maximum discharge for the Freeboard Design Flood is nearly 300 cfs.

Results from HEC-HMS analysis of Alternatives 1 and 2 are provided in Tables A-2 and A-3. Since only
ATB-2 is affected by these alternatives and ATB-2 is the most downstream structure, no changes occur at
the other structures.
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Table A-1. Summary of Selected HEC-HMS Results for 2011 Existing Conditions

100-yr, 6-hr | | 100-yr, 24-hr | | 100-yr, 48-hr | | 50-yr, 24-hr | | KY Class A FDH, 24-hr

Existing Conditions:

Dam Max Free- Max Free- Max Free- Max Free- Max Free-
Impound- | Crest WSEL board WSEL board WSEL board WSEL board WSEL board Impound-
ment (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) ment
ATB 2 400.0 399.28 0.72 400.05 -0.05 400.14 -0.14 399.91 0.09 400.26 -0.26 | ATB2
ATB 1 449.4 447.00 2.40 447.52 1.88 447.54 1.86 447.36 2.04 448.04 1.36 ATB 1
SP 403.77 401.52 2.25 401.76 2.01 402.00 1.77 401.65 2.12 402.19 1.58 SP
CPP 405.0 402.80 2.20 403.26 1.74 403.58 1.42 403.04 1.96 404.08 0.92 CPP

Initial Max Max Max Max Max
Impound- | WSEL WSEL Rise WSEL Rise WSEL Rise WSEL Rise WSEL Rise Impound-
ment (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) ment
ATB 2 397.0 399.28 2.28 400.05 3.05 400.14 3.14 399.91 2.91 400.26 3.26 | ATB2
ATB 1 445.9 447.00 1.10 447.52 1.62 447.54 1.64 447.36 1.46 448.04 2.14 ATB 1
SP 401.0 401.52 0.52 401.76 0.76 402.00 1.00 401.65 0.65 402.19 1.19 SP
CPP 401.8 402.80 1.00 403.26 1.46 403.58 1.78 403.04 1.24 404.08 2.28 CPP
Existing Conditions:

Dam Max Peak Max Peak Max Peak Max Peak Max Peak
Impound- Crest WSEL Q WSEL Q WSEL Q WSEL Q WSEL Q Impound-
ment (ft) (ft) (cfs) (ft) (cfs) (ft) (cfs) (ft) (cfs) (ft) (cfs) ment
ATB 2 400.0 399.28 29.6 400.05 46.10 400.14 85.7 399.91 34.9 400.26 150.0 | ATB2
ATB 1 449.4 447.00 17.8 447.52 31..3 447.54 32.0 447.36 27.1 448.04 47.6 ATB 1
SP 403.77 401.52 1.2 401.76 1.20 402.00 1.2 401.65 1.2 402.19 1.2 SP
CPP 405.0 402.80 8.1 403.26 9.20 403.58 9.9 403.04 8.7 404.08 10.9 CPP




Table A-2.

Summary of Selected HEC-HMS Results for 2011 Alternative 1 Conditions

| | 25-yr, 48-hr

| 10-yr, 48-hr

100-yr, 48-hr | | KY CI. A ESD, 24-hr | | KY CIl. A FDH, 24-hr

Dam Max Free- Max Free- Max Free- Max Free- Max Free-
Impound- Crest WSEL board WSEL board WSEL board WSEL board WSEL board | Impound-
ment (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) ment
ATB 2 402.6 400.93 1.67 400.49 2.11 402.56 0.04 ATB 2

Initial Max Max Max Max Max
Impound- | WSEL WSEL Rise WSEL Rise WSEL Rise WSEL Rise WSEL Rise | Impound-
ment (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) ment
ATB 2 397.0 400.93 3.93 400.49 3.49 402.56 5.56 ATB 2

Dam Max Peak Max Peak Max Peak Max Peak Max Peak
Impound- Crest WSEL Q WSEL Q WSEL Q WSEL Q WSEL Q Impound-
ment (ft) (ft) (cfs) (ft) (cfs) (ft) (cfs) (ft) (cfs) (ft) (cfs) | ment
ATB 2 402.6 400.93 39.0 400.49 36.5 402.56 40.0 ATB 2




Table A-3. Summary of Selected HEC-HMS Results for 2011 Alternative 2 Conditions

100-yr, 48-hr | | 25-yr, 48-hr | | 10-yr, 48-hr | | KY Cl. A ESD, 24-hr | | KY CI. A FDH, 24-hr

Dam Max Free- Max Free- Max Free- Max Free- Max Free-
Impound- | Crest WSEL board WSEL board WSEL board WSEL board WSEL | board | Impound-
ment (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) ment
ATB 2 400.0 399.45 0.55 399.35 0.65 399.22 0.78 399.36 0.64 399.56 0.44 ATB 2

Initial Max Max Max Max Max
Impound- | WSEL WSEL Rise WSEL Rise WSEL Rise WSEL Rise WSEL Rise | Impound-
ment (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) ment
ATB 2 397.0 399.45 2.45 399.35 2.35 399.22 2.22 399.36 2.36 399.56 2.56 ATB 2

Dam Max Peak Max Peak Max Peak Max Peak Max Peak
Impound- | Crest WSEL Q WSEL Q WSEL Q WSEL Q WSEL Q Impound-
ment (ft) (ft) (cfs) (ft) (cfs) (ft) (cfs) (ft) (cfs) (ft) (cfs) | ment
ATB 2 400.0 399.45 185.0 399.35 98 399.22 46 399.36 110 399.56 | 298.0 ATB 2
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Addendum A — Final Geotechnical Report
Main Ash Pond Slope Stability Analysis and Repair, Kentucky Utilities
Green River Station

January 24, 2011
Associated Engineers, Inc.
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LG& E-KU Services Company, Inc.
January 25, 2011
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AEI Response: As discussed in Section 5.0 of the AEI report, the data indicated that the
area of failure was restricted to the dam fill material and did not extend significantly into
the original ground below the dam. It was stated that the maximum depth of the slip
surface was approximately 11 feet. This point was on the dam slope above the toe of the
slide. Since only the dam fill material was impacted, this was the only material for which
strength parameters were adjusted. As shown on Section A-A’ (Attached), the base of
the fill (original ground surface) ranged from approximately 403.5 feet to 404.5 in the
area of the slope failure.

“A review of the slopes used for the downstream embankment indicated about a 2.7H:1V
was used in the analyses. The design slope for the downstream embankment is 2,5H:1V.
During the site visit, this area was noted for possible uneven and over-steepened slopes.
A survey should be performed at the cross-section to determine the actual configuration
of the existing slope.”

AEI Response: A field survey conducted on 1/19/11 verified that the slope used in the
model was representative of the actual configuration.

“In addition, the minimum depth of slice used in the program was 10 feet. The analysis
should be performed with a 5 feet minimum depth of slice to identify shallow failure
surfaces.”

AEI Response: The minimum depth of slice of 10 feet was used only in the “back-in”
analysis to generate a failure surface duplicating the actual failure surface determined
from site investigation.

“The analysis should consider all critical stages over the life of the pond including pond
full conditions. These conditions would need to be determined in conjunction with the
hydraulic

recommendations above. “

AEl Response; KYDEP does not spectfy a minimum safety factor for the pond full
condition. However, we have provided analyses for a “worst case” condition assuming
a water surface elevation of 449.5 feet and an elevated phreatic surface within the dam
significantly higher than indicated from piezometer data. The lowest safety factor
generated was 1.416 at section A-A’. This exceeds the minimum safety factor of 1.4
recommended in the U.S. Army Corps of Engineers Engineering Manual (EM) 1110-2-
1902. It is emphasized that we do not recommend operation at this level.




Mr. David J. Millay, P.E.
LG& E-KU Services Company, Inc.
January 25, 2011
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6.

“The hydraulic analysis should provide a phreatic surface through the embankment.”

AEI Response: All of the analyses performed included a phreatic surface through the
embankment., The surface was shown in the REAME sections and output files but was
not included on the drawings. The new/revised analyses attached are also modeled with
a phreatic surface through the embankment and drawings have been revised and/or added
as necessary to indicate the phreatic surface.

“A rapid-drawdown should be performed for the A-A’ section in case the pond would
need to be lowered in response to a problem.”

AEI Response: Rapid-drawdown analysis for A-A’ is attached.  The resulting safety
factor of 1.375 exceeds the minimum value of 1.2 required by KYDEP. For the analysis,
the inboard  part of the section was revised from the original to more completely
delineate the ground surface and extend a greater distance away from the dam crest. As
a “worst case” condition, the highest elevation of the phreatic surface was assumed to be
at 449.5 and the level within the dam modeled significantly higher than indicated from
piezometer data.

“The friction angle use for the CCW in the analysis appears to be high for ash material.”

AEI Response: Our research has found values for stuiced ash to range from 24 degrees
to over 37 degrees with most reported between 30 and 32 degrees. In our opinion, the
value of 26 degrees used for analysis is conservative and appropriate based on the
conditions disclosed by our investigation.

“Consideration should also be given to allow water levels in the piezometers to develop
and stabilize.”

Stabilization time for piezometer levels was considered in modeling the phreatic surface.
Based on piezometer data available since our report was submitted, we have revised the
long term steady seepage analyses to slightly raise the phreatic surface to represent what
is, in our opinion, a “worst case” condition. The resulting safety factors exceed the
KYDEP long term steady seepage requirement of 1.5 and USACE seismic requirement of
1.2. As discussed above, the pond full condition has also been modeled as a “worst case”
assuming a water surface elevation of 449.5 and an elevated phreatic surface within the
dam significantly higher than indicated from piezometer data.






Stability Analyses
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REAME (ROTATIONAL EQUILIBRIUM ANALYSIS OF MULTILAYERED EARTHWORKS)
THIS 2008 VERSION IS LICENSED BY CIVIL ENGINEERING SOFTWARE CENTER TO

INPUT FILE NAME -C:\REAME2008\EON1ALT.DAT
TITLE -A-A' EXISTING CONDITION WITHOUT SLOPE FAILURE LONG TERM

NO. OF STATIC AND SEISMIC CASES (NCASE) = 2

NO. OF NONCIRCULAR FAILURE SURFACES (NNS) = 0
TWO-DIMENSIONAL ANALYSIS ( THREED = 0 )
ANALYSIS BY DETERMINISTIC METHOD { PROB = 0 )

CASE NO. 1 SEISMIC COEFFICIENT (SEIC) =0.000
NO. OF BOUNDARY LINES (NBL) = 7

NO. OF POINTS ON BOUNDARY LINE 1 = 4

1 X COORD.=-40 Y COORD.= 382.6
2 X COORD.=-4 Y COORD.= 383.1
3 X COORD.= 142.9 Y COORD.= 385.4
4 X COORD.= 185 Y COORD.= 386
NO. OF POINTS ON BOUNDARY LINE 2 = 3
1 X COORD.=-40 Y COORD.= 387.4
2 X COORD.=-4 Y COORD.= 388.2
3 X COORD.= 104.7 Y COORD.= 390.4
NO. OF POINTS ON BOUNDARY LINE 3 = 5
1l X COORD.= 71.5 Y COORD.= 400.2
2 X COORD.= 85.2 Y COORD.= 392.3
3 X COORD.= 104.7 Y COORD.= 390.4
4 X COORD.= 142.9 Y COORD.= 390.4
5 X COORD.= 185 Y COORD.= 390.4
NO. OF POINTS ON BOUNDARY LINE 4 = 4
1l X COORD.= 64.6 Y COCRD.= 404.2
2 X COORD.= 71.5 Y COORD.= 400.2
3 X COORD.= 142.9 Y COORD.= 400.2
4 X COORD.= 185 Y COORD.= 400.2
NO. OF POINTS ON BOUNDARY LINE 5 = 4
1 X COCRD.= 13.9 Y COORD.= 403.6
2 X COORD.= 64.6 Y COORD.= 404.2
3 X COORD.= 142.9 Y COORD.= 404.9
4 X COORD,= 185 Y COORD.= 405.6

NC. OF POINTS ON BOUNDARY LINE 6 = 2
1l X COORD.= 163.9 Y COORD.= 449.5
2 X COCRD.= 185 Y COORD.= 438.5

1]
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NO. OF PQINTS ON BOUNDARY LINE 7 = 14

1 X COORD.=-40 ¥ COORD.= 399.4
2 X COORD.=-4 Y COORD.= 402.1
3 X COORD.= 11 Y COORD.= 403.6
4 X COORD.= 13.9 Y COORD.= 403.6
5 X COCRD.= 25.2 Y COORD.= 407.7
6 X COORD.= 33.8 Y COORD.= 411

7 X COORD.= 49.2 ¥ COORD.= 416.6
8 X COORD.= 81.1 ¥ COORD.= 427.6
9 X COORD.= 101.3 ¥ COORD.= 435

10 X COORD.= 121.32 ¥ COORD.= 442

11 X COORD.= 138.9 Y COORD.= 448.5
12 X COORD.= 142.9 Y COORD.= 448.9
13 X COORD.= 163.9 ¥ COORD.= 449.5
14 X COORD.= 185 Y COORD.= 449.5

LINE NO. AND SLOPE OF EACH SEGMENT ARE:

1 0.014 0.016 0.014
2 0.022 0.020
3 -0.577 ~0.097 0.000 0.000
4 -0.580 0.000 0.000
5 0.012 0.009 0.017
6 -0.521
7 0.075 0.100 0.000 0.363 0.384 0.364
0.345 0.366 0.350 0.369 0.100 0.029
0.000
MIN. DEPTH OF TALLEST SLICE (DMIN) = 0
NO. OF RADIUS CONTROL ZONES (NRCZ) = 1
RADIUS DECREMENT (RDEC) FOR ZONE 1 0

NO. OF CIRCLES (NCIR) FOR ZONE 1 =

NO. OF BOTTOM LINES (NOL) FOR ZONE =1

LINE NCO. (LINC) BEG. NO. (NBP) END NO. (NEP)
1 1 4

| B ]

ENGLISH UNITS ARE USED WITH DISTANCE IN FEET AND FORCE IN PQUND.

SOIL ENVELOPE COHESION FRIC. ANGLE UNIT WEIGHTT
No. (TSSE) (©) (PHID) (@)

1 1 195.000 33.600 130.000

2 1 250.000 28.000 130.000

3 1 0.000 26.000 110.000

4 1 359.000 30.200 133.000

5 1 289.000 27.900 138.000

6 1 0.000 0.000 62.400

USE PHREATIC SURFACE

USE GRID

NO. OF SLICES (NSLI) = 10

NO. OF ADD. CIRCLES {NAC)} = 3

ANALYSIS BY SIMPLIFIED BISHOP METHOD (MTHD=2}
NUMBER OF FORCES (NFO)= 0

SOFT SOIL NUMBER (SSN)= 0

NO. OF POINTS ON WATER TABLE (NPWT) = 7
1 X COORD.=-40 Y COORD.= 399.4



page 3

2 X COORD.=-4 Y COORD.= 402.1
3 X COORD.= 11 Y COORD.= 403.6
4 X COORD.= 13.9 Y COORD.= 403.6
5 X COORD.= 142.9 Y COORD.= 438.42
6 X COORD.= 163.9 ¥ COORD.= 449.5
7 X COORD.= 185 Y COORD.= 449.5

NO. OF SOILS WITH DIFFERENT WATER TABLE (NSDW) = 0
NO. OF SOILS WITH DIFFERENT PORE PRESSURE RATIO (NSDP) = 0

INPUT COORD. OF GRID POINTS 1,2,AND 3

PQINT 1 X COORD. = 0 Y COORD. = 540
POINT 2 X COORD. = 0 Y COORD. = 440
PQINT 3 X COORD. = B0 Y COORD. = 440
X INCREMENT (XINC) = 8 Y INCREMENT (YINC) = 8
NO. OF DIVISIONS BETWEEN PQINTS 1 AND 2 (NDl2) = 5§
NO. OF DIVISIONS BETWEEN POINTS 2 AND 3 (ND23) = 4

ONLY A SUMMARY TABLE IS PRINTED (NPRT
SLICES WILL BE SUBDIVIDED

0}

AUTOMATIC SEARCH WILL FOLLOW AFTER GRID
FACTORS OF SAFETY BASED ON GRID

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS QOF GROUND LINES

CENTER X CENTER Y NO. OF CIRCLE LOWEST WARNING
COORDINATE COORDINATE TOTAL CRITIC. RADIUS F.S.
0.0 540.0 5 1 146.179 2.184 1
0.0 520.0 5 1 127.061 2.283 1
0.0 500.0 5 1l 108.261 2.398 1
0.0 480.0 5 1l 89.980 2.548 1
0.0 460.0 5 1 72.611 2.844 1l
0.0 440.0 5 1 56.830 3.424 0
20.0 540.0 11 7 150.198 1.678 1
20.0 520.0 11 8 130.586 1.742 1
20.0 500.0 11 2 110.881 1.791 0
20.0 480.0 11 2 91.122 1.881 0
20.0 460.0 11 9 70.078 1.985 0
20.0 440.0 11 7 49.168 2,195 0
40.0 540.0 11 8 150.712 1.517 0
40.0 520.0 11 8 130.878 1.534 0
40.0 500.0 11 2 109.326 1.584 0
40.0 480.0 11 2 89.547 1.661 0
40.0 460.0 11 2 69.767 1.765 0
40.0 440.0 11 2 49,990 1.967 0
60.0 540.0 11 7 150.170 1.529 1
60.0 520.0 11 g 129.602 1.517 0
60.0 500.0 11 8 109.787 1.538 0
60.0 480.0 11 8 89.966 1.609 0
60.0 460.0 11 8 70.132 1.776 0
60.0 440.0 11 8 50.298 2.111 0
80.0 540.0 11 7 135.371 1.902 1
80.0 520.0 5 1 126.472 1.684 1
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80.0 500.0 11 8 108.493 l.681 0
80.0 480.0 11 8 88.674 1.734 0
80.0 460.0 11 8 €68.859 1.925 0
80.0 440.0 11 8 49.045 2.432 0

LOWEST FACTOR OF SAFETY AT EACH GRID POINT IS TABULATED BELOW

COORDINATE 0.000 20.000 40.000 60.000 80.000
540.000 2.184 1.678 1.517 1.529 1.902
520.000 2,283 1.742 1.534 1.517 1l.684
500.000 2.398 1.791 1.584 1.538 1.681
480.000 2.548 1.881 l.661 1.609 1.734
460.000 2.844 1.985 1.765 1.776 1.925
440.000 3.424 2.195 1.967 2.111 2.432

MINIMUM FACTORS OF SAFETY OCCUR AT THE FOLLOWING 2 CENTERS

FACTOR OF SAFETY = 1.517 AT (40.000,540.000)
FACTCR COF SAFETY = 1.517 AT (60.000,520.000)

AUTOMATIC SEARCH WILL BE MADE ONLY ON THE CENTER WITH THE SMALLEST F.S.

AT POINT {(60.0 , 520.0) RADIUS 129.602
THE MINIMUM FACTOR OF SAFETY IS 1.517

FACTORS OF SAFETY BASED ON SEARCH

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y NO. OF CIRCLE LOWEST WARNING
COORDINATE COORDINATE TOTAL CRITIC. RADIUS F.S.
60.0 520.0 11 g 129.602 1.517 0
68.0 520.0 11 8 129.083 1.559 0
52.0 520.0 11 8 130.121 1.508 0
44.0 520.0 11 B 130.629 1.519 0
52.0 528.0 11 8 138.047 1.505 0
52.0 536.0 11 B 145.973 1.506 0
60.0 528.0 11 B 137.528 1.518 0
44.0 528.0 11 8 138.563 1.51¢0 0
54.0 528.0 11 8 137.917 1.507 0
50.0 528.0 11 B 138.177 1.503 0
48.0 528.0 11 8 138.307 1.504 0
50.0 530.0 11 8 140.159 1.503 0
50.0 532.0 11 8 142.140 1.503 0
50.0 534.0 11 8 144.122 1.503 1]
52.0 532.0 11 8 142.010 1.505 0
48.0 532.0 11 8 142.270 1.502 0
46.0 532.0 11 8 142.400 1.504 0
48.0 534.0 11 8 144.251 1.502 0
48.0 530.0 11 8 140.288 1.503 0

AT POINT (48.0 , 532.0) RADIUS 142.270

THE MINIMUM FACTOR OF SAFETY IS 1.502

SUMMARY QOF SLICE INFORMATION FOR MOST CRITICAL FAILURE SURFACE
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SL. SOIL SLICE
NG. NO. WIDTH

1 2 5.150
2 2 12.155
3 2 2.845
4 2 2.900
5 2 11.300
6 2 0.261
7 2 8.339
8 2 8.966
9 2 6.434
10 2 10.872
11 2 17.306
12 2 3.723
13 2 1.255
14 3 12.328
15 3 6.617
16 3 0.267
17 4 9.793
18 5 0.628
19 5 9.312
20 5 7.994
21 5 9.606
22 5 4.000
23 5 3.700
24 5 17.306

AT CENTER {48.

CASE NO., 2

AUTOMATIC SEARCH WILL FOLLOW AFTER GRID

SLICE
HEIGHT
1.293
5.362
8.441
9.357
13.046
l6.202
18.479
22.568
25.686
28.589
32.085
33.756
34.044
34.69¢6
34.985
34.901
34.51¢0
33.856
32.985
30.916
27.987
24.451
21.261
10.728

WATER
HEIGHT
1.293
5.362
8.441
9.357
12.521
15.137
16.925
20.119
22.515
24.710
27.151
28.034
28.122
28.119
27.496
27.082
26.287
25.217
23.947
21.108
17.305
13.631
11.704
6.413

BOTTOM TOTAL

SINE
-.384
-.323
-.270
-.25¢0
-.200
-.159
-.129
-.068
-.014

. 047
.146
.220
-237
.285
.351
.376
.411
.448
.482
.543
605
.653
.680
.754

WEIGHT
.B866E+03
.B47E+04
+312E+04
.353E+04
+193E+05
.557E+03
.204E+05
.269E+05
.221E+05
.417E+05
.750E+05
.167E+05
.566E+04
.572E+05
.315E+05
.128E+04
.465E+05
.294E+04
.424E+05
.341E+05
.371E+05
.135E+05
.109E+05
.256E+05

EFFEC.
WEIGHT
.450E+03
.441E+04
.162E+04
.183E+04
.105E+05
.311E+03
.116E+05
.157E+05
.130E+05
.249E+05
.456E+05
.102E+05
.346E+04
.356E+05
.202E+05
.B29E+03
.305E+05
.195E+04
.285E+05
.236E+05
.267E+05
.101E+05
.815E+04
.187E+05
SUM

000 , 532.000) WITH RADIUS 142.270 AND SEIS.
FACTOR COF SAFETY BY NORMAL METHOD IS 1.436
FACTOR OF SAFETY BY SIMPLIFIED BISHOP METHOD IS 1.502

SEISMIC COEFFICIENT (SEIC)

FACTORS OF SAFETY BASED ON GRID

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y

COORDINATE CO
0.0

ORDINATE
540.0
520.0
500.0
480.0
460.0
440.0
540.0
520.0
500.0
480.0
460.0
440.0

NO. OF CIRCLE
TOTAL CRITIC. RADIUS

5
5
5
5
11
5
11
11
11
11
11
11

1

WahnwVwoe IH~-1THKPKP

146.179
127.061
108.261
§9.980
71.071
56.830
150.198
130.586
110.881
89.775
70.078
46.718

=0.100

LOWEST
F.S.
1.885
1.965
2.022
2.056
2.211
2.686
1.356
1.411
1.447
1.530
1.654
1.811

RESIS. DRIVING
MOMENT MOMENT

.230E+06 -.472E+05
.772E+06 -.389E+06
.223E+06 -.120E+06
.241E+06 -.125E+06
.119E+07 -.550E+06
.326E+05 -.126E+05
.117E+07 -.375E+06
.150E+07 -.262E+06

.121E+07 -.445E+05
.2278B+07 .276E+06
.404E+07 .155E+07
.B89E+06 .522E+06
.300E+06 .191E+06
.236E+07 .232E+07
.131E+07 .158E+07
.533E+05 .6B5E+05
.285E+07 .272E+07
.160E+06 .187E+06
.232E+07 .291E+07
.188E+07 .264E+07
.210E+07 .319E+07
.793E+06 .125E+07
.658E+06 ,105E+07
.201E+07 .275E+07
.306E+08 .213E+08

COEFF. 0.00

WARNING

COO0OOKHKHOKRKEEHR



page 6

40.0 540.0 11 8 150.712 1.238 0
40.0 520.0 11 8 130.878 1.258 0
40.¢ 500.0 11 2 109.32¢ 1.317 0
40.0 480.0 11 2 89.547 1.377 0
40.0 460.0 11 2 69.767 1.455 0
40.0 440.0 11 2 49.99¢0 1.664 0
60.0 540.0 11 7 150.170 1.229 1
60.0 520.0 11 2 127.509 1.239 0
60.0 500.0 11 8 109.787 1.270 0
60.0 480.0 11 8 89.966 1.333 0
60.0 460.0 11 8 70.132 1.493 0
60.0 440.0 11 8 50.298 1.796 0
80.0 540.0 11 2 132.124 1.472 1
80.0 520.0 11 1 126.472 1.420 1
80.0 500.0 11 2 106.134 1.375 ¢
80.0 480.0 11 2 86.375 1.430 0
80.0 460.0 17 2 66.621 1.610 0
80.0 440.0 17 8 49.045 2.085 0

GRID IS EXPANDED AS FOLLOWS SO MINIMUM FACTOR OF SAFETY FALLS WITHIN THE GRID

0.0 560.0 11 6 le4.811 1.719 1
20.0 560.0 11 2 166.171 1.355 1
40.0 560.0 11 8 170.530 1.229 0
60.0 560.0 5 1 166.839 1.309 1
80.0 560.0 5 1 152.431 1.567 1
0.0 580.0 11 6 184.253 1.668 1
20.0 580.0 11 7 187.675 1.353 1
40.0 580.0 11 8 189.402 1.236 1
60.0 580.0 11 2 174.667 1.370 1
80.0 580.0 5 1 167.497 1.654 1

LOWEST FACTOR OF SAFETY AT EACH GRID POINT 1S TABULATED BELOW

COORDINATE 0.000 20.00¢0 40.000 60.000 80.000
580.000 1.668 1.353 1.236 1.370 1.654
560.000 1.719 1.355 1.229 1.309 1.567
540.000 l.885 1.356 1.236 1.229 1.472
520.000 1.965 1.411 1.258 1.239 1.420
500.000 2.022 1.447 1.317 1.270 1.375
480.000 2.056 1.530 1.377 1.333 1.430
460,000 2.211 1.654 1.455 1.493 1.610
440.000 2.686 1.811 1.664 1.796 2.085

MINIMUM FACTORS OF SAFETY OCCUR AT THE FOLLOWING 2 CENTERS

FACTOR OF SAFETY 1.229 AT (40.000,560.000)
FACTOR OF SAFETY = 1.229 AT (60.000,540.000)

AUTOMATIC SEARCH WILL BE MADE ONLY ON THE CENTER WITH THE SMALLEST F.S.

AT POINT {(40.0 , 560.0) RADIUS 170.530
THE MINIMOM FACTOR OF SAFETY IS 1.229

FACTORS OF SAFETY BASED ON SEARCH

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
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MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y NO. OF CIRCLE LOWEST WARNING
COCORDINATE COOQORDINATE TOTAL CRITIC. RADIUS F.S.
40.0 560.0 11 8 170.530 1.229 0
48.0 560.0 11 8 169.9564 1.225 1
56.0 560.0 11 7 lee.166 1.281 1
48.0 568.0 11 7 177.347 1.230 1
48.0 552.0 11 8 162.085 1.223 0
48.0 544.0 11 8 154.159 1.223 0
56.0 552.0 11 7 160.832 1.224 1
40.0 552.0 11 8 162.604 1.225 0
50.0 552.0 11 8 161.955 1.221 0
52.0 552.0 11 2 159.695 1.222 1
50.0 554.0 11 8 163.936 1.217 0
50.0 556.0 11 8 165.848 1.222 1
52.0 554.0 11 2 161.054 1.225 1
48.0 554.0 11 8 1l64.066 1.223 0

AT POINT (50.0 , 554.0) RADIUS 163.936

THE MINIMUM FACTOR OF SAFETY IS 1.217

SUMMARY OF SLICE INFORMATION FOR MOST CRITICAL FAILURE SURFACE

SL. SOIL SLICE SLICE WATER BOTTOM TOTAL EFFEC. RESIS. DRIVING
NO. NO. WIDTH HEIGHT HEIGHT SINE WEIGHT WEIGHT MOMENT MOMENT
1 2 6.451 1.482 1.482 -.349 .124E+04 .646E+03 .337E+06 -.1l26E+06
2 2 1l1.842 5.420 5.420 -.,293 .834E+04 .434E+04 .880E+06 -.457E+06
3 2 3.158 8.277 8.277 -.248 .340E+04 .177E+04 .287E+06 -.147E+06
4 2 2.900 9.178 9.178 -.229 .346E+04 .180E+04 .278E+06 -.l141E+06
5 2 11.300 12.734 12.209 -.186 .189E+05 .103E+05 .137E+07 -.572E+06
6 2 0.935 16.000 14.897 -.148 .198E+04 .111E+04 .136E+06 -.434E+05
7 2 7.665 18.237 16.645 -.122 .185E+05 .106E+05 .124E+07 -,312E+06
8 2 10.627 22.507 19.980 -.066 .319E+05 .1B6E+05 .207E+07 -.204E+06
9 2 4.773 25.638 22.389 -,019 .164E+05 .969E+04 .104E+07 .346E+05
10 2 13.520 28.759 24,781 .036 .522E+05 .312E+05 .327E+07 .624E+06
11 2 18.293 32.887 27.718 .133 .B813E+05 .497E+05 .499E+07 .233E+07
12 2 2.178 34.729 28.772 .19%96 .100E+05 .609E+04 .602E+06 .389E+06
13 3 16.115 35.980 29.140 .252 .775E+05 .482E+05 .363E+07 .375E+07
14 3 1.9595 36.663 28.950 .307 .992E+04 .632E+04 .465E+06 .572E+06
15 3 5.451 36.732 28.705 .330 .274E+05 .176E+05 .128E+07 .167E+07
16 4 10.847 36.495 27.815 .379 .545E+05 .357E+05 .371E+07 .378E+07
17 5 3.702 35.851 26.589 .424 .183E+05 .122E+05 .111E+07 .143E+07
18 5 14.591 34.562 24.426 .479 .696E+05 .474E+05 .420E+07 .606E+07
19 5 3.009 32.642 21.632 .533 .136E+05 .949E+04 .822E+06 .130E+0Q7
20 5 4.000 31.127 20.307 .554 .172E+05 .121E+05 .104E+07 .l171E+07
21 5 11.284 26.075 18.411 .601 .406E+05 .276E+05 .244E+07 .433E+07
22 5 9.716 17.774 15.350 .665 .238E+05 .145E+05 .147E+07 ,277E+07
5

8.576 9.108 9.108 .721 .933E+04 .446E+04 .B826E+06 .124E+07
SUM .375E+08 .300E+08

AT CENTER (50.000 , 554.000) WITH RADIUS 163.936 AND SEIS. COEFF. (.10
FACTOR OF SAFETY BY NORMAL METHOD IS 1.250
FACTOR OF SAFETY BY SIMPLIFIED BISHOP METHOD IS 1.300

SUMMARY OF STABILITY ANALYSIS
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FACTOR OF FAFETY IS DETERMINED BY SIMPLIFIED BISHOP METHOD
NUMBER QF CASES = 2

CASE 1 SEISMIC COEFFICIENT = 0
FACTOR OF SAFETY = 1.502
CASE 2 SEISMIC COEFFICIENT = 0.1

FACTOR OF SAFETY = 1.217
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REAME (ROTATIONAL EQUILIBRIUM ANALYSIS OF MULTILAYERED EARTHWORKS}
THIS 2008 VERSION IS LICENSED BY CIVIL ENGINEERING SOFTWARE CENTER TO

INPUT FILE NAME -C:\REAME2008\EON1AF2.DAT
TITLE -A-A' EXISTING CONDITION WITHOUT SLOPE FAILURE POND FULL
NO. OF STATIC AND SEISMIC CASES (NCASE) = 1

NO. OF NONCIRCULAR FAILURE SURFACES (NNS)

n
(=]

TWO-DIMENSIONAL ANALYSIS ( THREED = 0 )

ANALYSIS BY DETERMINISTIC METHOD { PROB

o)

CASE NO. 1 SEISMIC COEFFICIENT (SEIC) =0.000
NO. OF BOUNDARY LINES (NBL) = 7

NO. OF POINTS ON BOUNDARY LINE 1 = 4

1 X COQRD.=-40 ¥ COORD.= 382.6
2 X COORD.=-4 ¥ COORD.= 383.1
3 X COORD.= 142.9 Y COORD.= 385.4
4 X COORD.= 185 ¥ COORD.= 386

NO. QF POINTS ON BOQUNDARY LINE 2 = 3

1 X COORD.=-40 Y COORD.= 387.4
2 X COORD.=-4 Y COQORD.= 388.2
3 X COORD.= 104.7 Y COORD.= 390.4

NO. OF POINTS ON BOUNDARY LINE 3 = 5

1 X COCRD.= 71.5 Y COORD.= 400.2
2 X COORD.= 85.2 Y COORD.= 392.3
3 X COORD.= 104.7 ¥ COORD.= 390.4
4 X COORD.= 142.9 ¥ CQORD.= 390.4
5 X COORD.= 185 ¥ COORD.= 390.4

NO. OF POINTS ON BOUNDARY LINE 4 = 4

1 X COORD.= 64.6 ¥ COORD.= 404.2

2 X COORD.= 71.5 Y COORD.= 400.2

3 X COORD.= 142.9 ¥ COORD.= 400.2

4 X COORD.= 185 ¥ COORD.= 400.2
NO. OF POINTS ON BOUNDARY LINE 5 = 4

1 X COORD.= 13.9 Y COQRD.= 403.6

2 X COQORD.= 64.6 Y COQRD.= 404.2

3 X COORD.= 142.9 Y COORD.= 404.9

4 X COORD.= 185 Y COQRD.= 405.6
NO. OF POINTS ON BOUNDARY LINE 6 = 3

1 X COORD.= 163.9% Y COORD.= 449.5

2 X COORD.= 166.3 ¥ COORD.= 448

3 X COORD.= 185 ¥ COORD.= 438.5
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NO. OF POINTS ON BOUNDARY LINE 7 =

1 X COORD.=-40 Y COORD.=
2 X COORD.=-4 ¥ COORD.
3 X COORD.= 11 Y COORD.
4 X COORD.= 13.9 ¥ COORD.
5 X COORD.= 25.2 ¥ COORD.
6 X COORD.= 33.8 ¥ COORD.
7 X COORD.= 49.2 ¥ COORD.
8 X COORD.= 81.1 Y COORD.
9 X COCRD.= 101.3 ¥ COORD.
10 X COORD.= 121.3 Y COORD.
11 X COCRD.= 128.9 Y COORD.
12 X COCRD.= 142.9 Y COORD.
13 X COORD.= 163.9 Y COORD.=
14 X COORD.= 185 Y COORD.

14

N

399.4
402.1
403.6
403.6
407.7
411

416.6
427.6
435

442

448.5
448.9
449.5
449.5

LINE NO. AND SLOPE OF EACH SEGMENT ARE:

1 0.014 0.016 0.014
2 0.022 0.020
3 -0.577 -0.097 0.000 0.000
4 -0.580 0.000 0.000
5 0.012 0.009 0.017
6 -0.625 -0.508
7 0.075 0.100 0.000 0.363 0.384 0.364
0.345 0.366 0.350 0.369 0.100 0.029
0.000
MIN. DEPTH OF TALLEST SLICE (DMIN} = 0
NO. OF RADIUS CONTRCL ZONES (NRCZ) = 1
RADIUS DECREMENT (RDEC) FOR ZONE 1 = 0
NC. OF CIRCLES (NCIR) FOR ZONE 1 = 5
NC. OF BOTTOM LINES (NOL) FOR ZONE 1 = 1
LINE NC. (LINO) BEG. NO. (NBP) END NO. (NEP)
1 1 4

ENGLISH UNITS ARE USED WITH DISTANCE

SOIL ENVELOPE COHESION

No. (TSSE) {(C) (PHID}
1 1 195.000 33.600
2 1 250.000 28.000
3 1 0.000 26.000
4 1 359.000 30.200
5 1 289.000 27.900
6 1 0.000 0.000

USE PHREATIC SURFACE

USE GRID

NO. OF SLICES (NSLI) = 10

NO. OF ADD. CIRCLES (NAC) = 3
ANALYSIS BY SIMPLIFIED BISHOP METHOD
NUMBER OF FORCES {NFC)= 0

SOFT SOIL NUMBER (SSN)= 0

NO. OF POINTS ON WATER TABLE (NPWT)

FRIC. ANGLE

IN FEET AND FORCE IN POUND.

UNIT WEIGHTT
(&)
130.000
130.000
110.000
133.000
138.000
62.400

{MTHD=2)

7



page 3

1 X COORD.=-40 Y COCRD.= 39%9.4
2 X COCRD.=-4 ¥ COORD.= 402.1
3 X COORD.= 11 Y COORD.= 403.6
4 X COCRD.= 13.9 Y COORD.= 403.6
5 X COORD.= 142.% Y COCRD.= 443.2
6 X COORD.= 163.9 Y COORD.= 449.5
7 X COORD.= 185 Y COORD.= 449.5

NO. OF SOILS WITH DIFFERENT WATER TABLE (NSDW)} = 0
NO. OF SOILS WITH DIFFERENT PORE PRESSURE RATIO (NSDP) = 0

INPUT COORD. OF GRID POINTS 1,2,AND 3

POINT 1 X COORD. = 0 ¥ COORD. = 540
POINT 2 X COORD. = 0 ¥ COORD. = 440
POINT 3 X COORD. = 80 Y COORD. = 440
X INCREMENT (XINC) = 8 Y INCREMENT (YINC) = 8
NO. OF DIVISIONS BETWEEN POINTS 1 AND 2 (ND12) = 5
NO. OF DIVISIONS BETWEEN POINTS 2 AND 3 (ND23) = 4

ONLY A SUMMARY TABLE IS PRINTED (NPRT
SLICES WILL BE SUEDIVIDED

0)

AUTOMATIC SEARCH WILL FOLLOW AFTER GRID
FACTORS OF SAFETY BASED ON GRID

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAYXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y NO. OF CIRCLE LOWEST WARNING
COORDINATE COORDINATE TOTAL CRITIC. RADIUS F.S.
0.0 540.0 5 1 146.179 2,104 1
0.0 520.0 5 1 127.061 2.206 1
0.0 500.0 5 1 108.261 2.328 1
0.0 480.0 5 1 89.980 2.480 1
0.0 460.0 5 1 72.611 2.786 1
0.0 440.0 5 1 56.830 3.383 0
20.0 540.0 5 1 152.867 1.623 1
20.0 520.0 11 8 130.586 1.656 1
20.0 500.0 11 2 110.881 1.718 0
20.0 480.0 11 2 9l.122 1.800 0
20.0 460.0 11 Ef 70.078 1.915 0
20.0 440.0 11 8 47.943 2.126 0
40.0 540.0 11 8 150.712 1.430 0
40.0 520.0 11 8 130.878 1.449 0
40.0 500.0 11 2 109.326 1.495 0
40.0 480.0 11 2 89.547 1.568 0
40.0 460.0 11 2 69.767 1.687 0
40.0 440.0 11 2 49.990 1.881 0
60.0 540.0 11 8 148.094 1.449 1
60.0 520.0 11 8 1i29.602 1.433 0
60.0 500.0 11 8 109.787 1.443 0
60.0 480.0 11 8 83,966 1.514 0
60.0 460.0 11 8 70.132 1.670 0
60.0 440.0 11 8 50.298 2.001 0
80.0 540.0 11 7 135.371 1.778 1
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80.0 520.0 11 1 126.472 1.596 1
80.0 500.0 11 2 106.134 1.589 0
80.0 480.0 11 2 86.375 1.625 0
80.0 460.0 11 8 68.859 1.800 0
80.0 440.0 11 8 49,045 2.289 0

GRID IS EXPANDED AS FOLLOWS SO MINIMUM FACTOR OF SAFETY FALLS WITHIN THE GRID

0.0 560.0 5 1 165.506 2.001 1
20.0 560.0 5 1l 171.442 1.562 1
40.0 560.0 11 8 170.530 1.439 0
60.0 560.0 S 1 166.839 1.483 1
80.0 560.0 5 1 152.431 1.844 1

LOWEST FACTOR OF SAFETY AT EACH GRID POINT IS TABULATED BELOW

COORDINATE 0.000 20.000 40.000 60.000 B0.00O
560.000 2.001 1.562 1.439 1.483 1.844
540.000 2.104 1.623 1.430 1.449 1.778
520.000 2.206 1.656 1.449 1.433 1.59¢
500.000 2.328 1.718 1.495 1.443 1.589
480.000 2,480 1.800 1.568 1.514 1.625
460.000 2.786 1.915 1.687 1.670 1.800
440.000 3.383 2.126 1.881 2.001 2.289

MINIMUM FACTORS OF SAFETY OCCUR AT THE FOLLOWING 2 CENTERS

FACTOR OF SAFETY 1.430 AT (40.000,540.000)
FACTOR OF SAFETY = 1.433 AT (60.000,520.000)

AUTOMATIC SEARCH WILL BE MADE ONLY ON THE CENTER WITH THE SMALLEST F.S.

AT POINT (40.0 , 540.0) RADIUS 150.712
THE MINIMUM FACTOR OF SAFETY IS 1.430

FACTORS OF SAFETY BASED ON SEARCH

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXTMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y NO. OF CIRCLE LOWEST WARNING
COORDINATE COORDINATE TOTAL CRITIC. RADIUS F.S.
40.0 540.0 11 B 150.712 1.430 0
48.0 540.0 11 B 150.196 1.421 0
56.0 540.0 11 8 149.677 1.436 0
48.0 548.0 11 8 158.122 1.427 0
48.0 532.0 11 8 142.270 1.417 0
48.0 524.0 11 8 134.344 1.417 0
48.0 516.0 11 8 126.413 1.423 0
56.0 524.0 11 8 133.825 1.425 0
40.0 524.0 11 B 134.845 1.442 0
50.¢0 524.0 11 8 134.214 l.418 0
46.0 524.0 11 8 124.471 1.419 0
48.0 526.0 11 B 136.325 1.416 0
48.0 528.0 11 8 138.307 1.417 0
50.0 526.0 11 g 136.196 1.417 0
46.0 526.0 11 8 126.455 1.418 0
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AT POINT (48.0 , 526.0) RADIUS 136.325

THE MINIMUM FACTOR OF SAFETY IS 1.416

SUMMARY OF SLICE INFORMATION FOR MOST CRITICAL FAILURE SURFACE

SL. SOIL SLICE SLICE WATER BOTTOM TOTAL EFFEC.
NO. NO. WIDTH HEIGHT HEIGHT SINE WEIGHT WEIGHT
1 2 4.175 1.080 1.080 -.397 .5B6E+03 .305E+03
2 2 12.720 5.194 5.194 -.335 .859E+04 .447E+04
3 2 2.280 8.367 8.367 -.280 .248E+04 .129E+04
4 2 2.900 9.208 9,208 -.261 .347E+04 .1BlE+04
5 2 11.300 12.974 12.658 -.209 ,192E+05 .103E+05
6 2 0.415 16.220 15.573 -.166 .889E+03 .485E+03
7 2 8.185 18.522 17.545 -.134 .201E+05 .111E+05
8 2 8.710 22.553 21.015 -.072 .261E+05 .1l47E+05
9 2 6.690 25.692 23.718 -.016 .230E+05 .131E+05
10 2 10.206 28.539 26.182 .046 .390E+05 .224E+05
11 2 16.895 31.904 29.034 .146 .727E+05 .421E+05
12 2 4.799 33.596 30.316 .225 .215E+05 .124E+05
13 2 1.095 33.908 30.505 .247 .492E+04 ,.2B3E+04
14 3 11.001 34.434 30.672 .291 .506E+05 .296E+05
15 3 7.330 34.642 30.335 ,358 .346E+05 .207E+05
16 4 0.774 34.496 29.949 .388 .367E+04 .222E+04
17 4 8.733 34.056 29,298 .423 ,.410E+05 .250E+05
18 5 11.267 32.375 27.186 .496 .503E+05 .312E+05
19 5 5.687 30.129 24.521 .559 .236E+05 .149E+05
20 5 11.913 26.927 20.770 .623 .443E+05 .288BE+05
21 5 4.000 22.471 16.357 .681 .124E+05 .832E+04
22 5 0.982 20.306 14.729 .700 .275E+04 .1B85E+04
23 5 16.8%5 10.919 7.778 .765 .255E+05 ,173E+05

SUM
AT CENTER (48.000 , 526.000) WITH RADIUS 136,325 AND SEIS.
FACTCOR OF SAFETY BY NORMAL METHOD IS 1,361
FACTOR OF SAFETY BY SIMPLIFIED BISHOP METHOD IS 1.416
SUMMARY OF STABILITY ANALYSIS

FACTOR OF FAFETY IS DETERMINED BY SIMPLIFIED BISHCP METHOD
NUMBER OF CASES = 1

CASE 1 SEISMIC COEFFICIENT = 0
FACTOR OF SAFETY = 1.41é6

RESIS. DRIVING
MOMENT MOMENT
.175E+06 -.317E+05
.765E+06 -.392E+06
.171E+06 -.946E+05
.229E+06 -.123E+06
L112E+07 ~.547E+06
.490E+05 -.201E+05
.108E+07 -.367E+06
.136E+07 -.257E+06
.117E+07 -.492E+05
L197E4+07  .246E+06
.360E+07 .144E+07
.104E+07 .660E+06
.237E+06 .165E+06
.188E+07 .201E+07
.129E+07 .169E+07
.204E+06 .194E+06
227E+07 .236E+07
.247E+07 .341E+07
.116E+07 .180E+07
.223E+07 .376E+07
.655E+06 .115E+07
.149E+06 .262E+06
.184E+07 .266E+07
.271E+08 .199E+08

COEFF.

0.00
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REAME (ROTATIONAL EQUILIBRIUM ANALYSIS OF MULTILAYERED EARTHWORKS)
THIS 2008 VERSION IS LICENSED BY CIVIL ENGINEERING SOFTWARE CENTER TO

INPUT FILE NAME -C:\REAME2008\EON2BLT.DAT

TITLE -A-A' BACK IN CONDITION WITH SLOPE FAILURE
NC. OF STATIC AND SEISMIC CASES {(NCASE) = 1

NQ. OF NONCIRCULAR FAILURE SURFACES (NNS) = 0
TWO~-DIMENSIONAL AMALYSIS ( THREED = 0 )}

ANALYSIS BY DETERMINISTIC METHOD ( PROB = 0 )

CASE NOo. 1 SEISMIC COEFFICIENT (SEIC) =0.000
NO. OF BOUNDARY LINES (NBL) = 7
NO. QF POINTS ON BOUNDARY LINE 1 = 4
1 X COORD.=-40 Y COORD.= 382.6
2 X COORD.=-4 Y COORD.= 383.1
3 X COORD.= 142.9 Y COORD.= 385.4
4 X COORD.= 185 Y COORD.= 386
NO. OF POINTS ON BOUNDARY LINE 2 = 3
1 X COORD.=-40 Y COORD.= 387.4
2 X COORD.=-4 Y COORD.= 388.2
3 X COORD.= 104.7 Y COORD.= 390.4
NO. OF POINTS ON BOUNDARY LINE 3 = 5
1 X COORD.= 71.5 Y COORD.= 400.2
2 X COORD.= 85.2 Y COORD.= 392.3
3 X COORD.= 104.7 Y COORD.= 350.4
4 X COORD.= 142.9 Y COQORD.= 350.4
5 X COORD.= 185 Y COORD.= 390.4
NO. OF POINTS ON BOUNDARY LINE 4 = 4
1 X COORD.= 64.6 Y COORD.= 404.2
2 X COORD.= 71.5 Y COORD.= 400.2
3 X COORD.= 142.9 Y COORD.= 400.2
4 X COORD.= 185 Y COORD.= 400.2
NO. OF POINTS ON BOUNDARY LINE 5 = 4
1 X COQORD.= 13.9 ¥ COORD.= 403.6
2 X COORD.= 64.6 Y COORD.= 404.2
3 X COORD.= 142.9 Y COORD.= 404.9
4 X COORD.= 185 Y COORD.= 405.6
NO. QF POINTS ON BOUNDARY LINE 6 = 2
1l X COORD.= 163.9 Y COORD.= 449.5
2 X COCRD.= 185 Y COORD.= 438.5
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OF POINTS ON BOUNDARY LINE 7 = 14

I O T R B ]

COCRD.=-
COCORD.=-
COORD. =
COORD. =
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.=

1]

1]

40

4

11
13.9
25.2
33.8
49.2
8l1.1
101.3
121.3
138.9
142.9
163.9
185

COORD. =
COORD.
COOCRD.
COCRD.
COCRD.
COCRD.
COCRD.
COORD.
COORD.
COORD.
COCRD .
COORD.
COORD.
COORD. =

nuwanuaunn B nnu
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399
402
403
403
407
411
416
427
435
442
448
448
449
449

LINE NO. AND SLOPE OF EACH SEGMENT ARE:

1

~S1 ;W

MIN. DEPTH OF TALLEST SLICE {(DMIN)
NO. OF RADIUS CONTROL ZONES (NRCZ)

RADIUS DECREMENT (RDEC) FOR ZONE 1 =
NO. OF CIRCLES (NCIR) FOR ZONE 1 = 5
NO. OF BOTTOM LINES (NOL} FOR ZONE 1

0.014
0.022
-0.577
-0.580
0.012
-0.521
0.075
0.345
0.000

LINE NO. (LINO

ENGLISH UNITS ARE USED WITH DISTANCE IN FEET AND FORCE IN POUND.

SOIL
No.

1

G N W R

1

ENVELOPE
{TSSE)
1

HHRERR

0.016
0.020
-0.097
0.000
0.009

0.100
0.366

)  BEG. NO.
1

COHESION
(c)

195.000
250.000
0.000
359.000
0.000
0.000

USE PHREATIC SURFACE
USE GRID
NO, OF SLICES (NSLI) = 10
NO. OF ADD. CIRCLES (NAC)
ANALYSIS BY SIMPLIFIED BISHOP METHOD (MTHD=2)
NUMBER OF FORCES (NFO)= 0
SOFT SOIL NUMBER (SSN)= (

0.014

0.000
0.000
0.017

0.000
0.350

I
B R

FRIC. ANGLE
{PHID)
33.600
28.000
26.000
30.200
22,000

0.000

3

NO. OF POINTS ON WATER TABLE (NPWT) =
1 X COORD.=-40

1

(NBP) END NO.

4

7

.4
.1
.6
.6
.7

.6
.6

.5
-9
.5
«5

0.000

0.363
0.369

(NEP}

UNIT WEIGHTT
(@)
130.000
130.000
110.000
133.000
138.000
62.400

¥ COCORD.= 399.4

0.384
0.100

0.364
0.029
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2 X COORD.=-4 ¥ COORD.= 4
3 X COORD.= 11 Y COORD.= 4
4 X COORD.= 13.% ¥ COORD.= 4
5 X COORD.= 142.9 Y COORD.= 4
6 X COORD.= 163.9 ¥ COORD.= 4
7 X COORD.= 185 Y COORD.= 4

NO. QF SOILS WITH DIFFERENT WATER TABLE

02.1
03.6
03.6
38.42
49.5
49.5

(NSDW)

0

NO. QF SOILS WITH DIFFERENT PORE PRESSURE RATIO (NSDP) = O

INPUT COORD. OF GRID POINTS 1,2,AND 3

POINT 1 X COQORD. = 0 Y COORD. = 54
POINT 2 X CQORD. = O Y COORD. = 44
POINT 3 X COORD. = 80 Y COORD. = 44

X INCREMENT (XINC) = 8 Y INCREMENT
NO. OF DIVISIONS BETWEEN POINTS 1 AND 2
NO. OF DIVISIONS BETWEEN POINTS 2 AND 3
ONLY A SUMMARY TABLE IS PRINTED (NPRT =
SLICES WILL BE SUBDIVIDED

AUTOMATIC SEARCH WILL FOLLOW AFTER GRID

FACTORS QOF SAFETY BASED ON GRID

_IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y

COORDINATE COORDINATE TOTAL CRITIC.
¢.0 540.0 2 1
0.0 520.0 2 1
¢.0 500.0 2 1
0.0 480.0 2 1
0.0 460.0 2 1
6.0 440.0 3 1
20.0 540.0 4 4
20.0 520.0 5 5
20.0 500.0 5 5
20.0 480.0 5 5
20.0 460.0 4 4
20.0 440.0 4 4
40.0 540.0 6 4
40.0 520.0 6 4
40.0 500.0 6 4
40.0 480.0 6 5
40.0 460.0 6 5
40.0 440.0 5 5
60.0 540.0 7 4
60.0 520.0 7 4
60.0 500.0 7 4
60.0 480.0 7 4
60.0 460.0 7 4
60.0 440.0 6 5
80.0 540.0 10 8
80.0 520.0 10 7

0
0
0

{YINC)
{ND12)
{ND23)
0)

NO. OF CIRCLE

RADIUS
146.179
127.061
108.261

89.980

72.611

56.830
136.854
116.871

98.215

78.995

61.066

41.818
134.272
114.928

95.585

74.578

55.289

36.009
129.408
110.764

91.497

72.204

52.861

31.653
130.500
112.750

1

[&)]

LOWEST

F.S.

1.719
1.856
2.022
2.232
2.596
3.247
l.12¢%
1.176
1.365
1.499
1.681
1.912
0.934
0.93¢6
0.934
0.964
0.986
1.054
1.023
1.000
1.007
1.036
1.101
1.289
1.105
1.082

WARNING

FMHOCOOOHFOODOOOOOOORRORRKEERHRER
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80.0
80.0
80.0
80.0

500.0
480.0
460.0
440.0

NP IR |

N b B

87.261
67.978
48.711
25.089

1.095
1.113
1.222
1.533

00 0o

LOWEST FACTOR OF SAFETY AT EACH GRID POINT IS TABULATED BELOW

COORDINATE
540.000
520.000
500.000
480.000
460.000
440.000

MINIMUM FACTOR

FACTOR OF SAFE
FACTOR OF SAFE

AUTOMATIC SEAR

AT POINT (40.0

0.000
1.71¢9
1.856
2.022
2.232
2.598
3.247

20.000
1.129
1.176
1.385
1.499
1.681
1.912

4

0.000
0.934
0.936
0.934
0.964
0.986
1.054

60.000
1.023
1.000
1.007
1.036
1.101
1.289

S OF SAFETY OCCUR AT THE FOLLOWING

TY
TY

CH

. 500.0) RADIUS 95.585
THE MINIMUM FACTOR OF SAFETY IS 0.934

FACTORS OF SAFETY BASED ON SEARCH

= 0.934 AT (40.000,540.000)
0.934 AT (40.000,500.000)

80.000
1.105
1.082
1.085
1.113
1.222
1.533

CENTERS

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y

COORDINATE CO
40.0
48.0
2.0
24.0
32.0
32.0
32.0
32.0
40.0
24.0
34.0
30.0
32.0
32.0
AT POINT (32.0

ORDINATE
500.0
500.0
500.0
500.0
508.0
492.0
484.0
476.0
484.0
484.0
484.0
484.0
486.0
482.0

NO. OF CIRCLE
TOTAL CRITIC. RADIUS

ooy BB

5

4

(C R RO LR R R P R F T,

5

1

, 484.0) RADIUS 80.175

THE MINIMUM FACTOR OF SAFETY IS 0.926

95.585
93.970
95.606
97.345
03.322
87.890
80.175
72.459
78.436
B1.927
79.740
80.610
82.104
78.246

LOWEST WARNING
F.S8.
0.934
0.965
0.929
1.265
0.931
0.926
0.926
1.129
0.963
1.371
0.935
1.154
0.926
1.022

0000 O0O00000 00O 00

WILL BE MADE ONLY ON THE CENTER WITH THE SMALLEST F.S.

SUMMARY OF SLICE INFORMATION FOR MOST CRITICAL FAILURE SURFACE

SL. S80OIL SLICE
NO. NO. WIDTH
1 5 7.257
2 5 0.248

SLICE

HEIGHT
1.877
3.644

WATER

HEIGHT
1l.164
2.580

BOTTOM TOTAL

S
-.1
-.0

INE
o .
83 .

WEIGHT

EFFEC. RESIS.
WEIGHT MOMENT

188E+04 .135E+04 .434E+05
124E+03 .B846E+02 .273E+04

DRIVING

MOMENT
~-.196E+05
-.831E+03



3 5 7.504
4 5 0.848
5 5 6.656
6 5 7.504
7 5 1.240
8 5 6.264
9 5 7.504
10 5 7.504
11 5 7.504
12 5 3.123
13 5 4.381
14 5 7.504

AT CENTER (32.00

5.361
7.000
8.221
10.025
10.816
11.234
11.468
10.908
9.384
7.622
6.025
2.725

3.856
5.020
5.880
7.021
7.403
7.528
7.246
6.124
4.038
1.878
¢.000
¢.000

-.035
.017
.064
.152
.207
.254
.339
.433
.527
.593
.640
.714

.555E+04
.B19E+03
.755E+04
+104E+05
.185E+04
«971E+04
.119E+05
.113E+05
.972E+04
.329E+04
.364E+04
.282E+04

0 , 484.000) WITH RADIUS 80.175
FACTOR OF SAFETY BY NORMAL METHOD IS 0.895
FACTOR OF SAFETY BY SIMPLIFIED BISHOP METHOD IS

SUMMARY OF STABILITY ANALYSIS

FACTOR QF FAFETY IS DETERMINED BY SIMPLIFIED BISHOP METHOD

NUMBER OF CASES

= 1

CASE 1 SEISMIC COEFFICIENT =

FACTOR OF SAFETY

= 0.926

+375E+04
.554E+03
.511E+04
.709E+04
.12BE+04
.677E+04
.84BE+04
.843E+04
.783E+04
.292E+04
.364E+04
.2B2E+04

SUM

AND SEIS.

0.926

.121E+06 -
.179E+05
.165E+06
-227E+06
.405E+05
.212E+06
.258E+06
.246E+06
.216E+06
.761E+05
.907E+05
.640E+05
-17BE+07

COEFF.

0.00

.155E+05
.113E+04
.387E+05
.127E+06
.307E+05
.197E+06
+323E+06
.392E+06
«410E+06
.156E+06
.187E+06
.162E+06
.199E+07
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400
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A-A' 25 FT ROCK BENCH LONG TERM STEADY SEEPAGE

CENTER AT{2.0,490.0) RADIUS= 85.581 SEIS. CCEF.= 0.000
FACTOR OF SAFETY (2D} = 1.545 BPY SIMPLIFIED BISHOP METHOD

Associated Engineers, Inc.
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DISTANCE IN FEET
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A-A' 25 FT ROCK BENCH LONG TERM STEADY SEEPAGE

520 T T Y T
CENTER AT (2.0,450.0) RADIUS= B5.561 SEIS. COEF.= 0.100
FACTOR OF SAFETY (2D) = 1.228 BY SINMPLIFIED BISHOP METHOD
480 | —
440 .
400 —
Associated Engineexrs, Inc,
360 1 | |
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DISTANCE IN FEET



REAME (ROTATIONAL EQUILIBRIUM ANALYSIS OF MULTILAYERED EARTHWORKS)
THIS 2008 VERSION IS LICENSED BY CIVIL ENGINEERING SOFTWARE CENTER TO

INPUT FILE NAME -C:\REARME2008\BON25LT.DAT
TITLE -A-A' 25 FT ROCK BENCH LONG TERM STEADY SEEPAGE

NOQ. OF STATIC AND SEISMIC CASES (NCASE) = 2

NO. OF NONCIRCULAR FAILURE SURFACES (NNS) = 0
TWO-DIMENSIONAL ANALYSIS ( THREED = 0 }
ANALYSIS BY DETERMINISTIC METHOD { PROB = 0 )

CASE No. 1 SEISMIC COEFFICIENT (SEIC) =0.000
NO. OF BOUNDARY LINES (NBL) = 8

NO. OF POINTS ON BOUNDARY LINE 1 = 4

1 X COORD.=-40 Y COORD.= 382.6
2 X COORD.=-4 Y COORD.= 383.1
3 X COORD.= 142.9% Y COORD.= 385.4
4 X COORD.= 185 Y COORD.= 386
NO. OF POINTS ON BOUNDARY LINE 2 = 3
1 X COORD.=-40 Y COORD.= 387.4
2 X COORD.=-4 Y COORD.= 388.2
3 X COORD.= 104.7 Y COORD.= 390.4
NO. OF POINTS ON BOUNDARY LINE 3 = §
1 X COORD.= 71.5 Y COORD.= 400.2
2 X COORD.= 85.2 Y COORD.= 392.3
3 X COORD.= 104.7 Y COORD.= 390.4
4 X COORD.= 142.9 Y COORD.= 390.4
5 X COORD.= 185 Y COORD.= 390.4
NO. OF PCINTS ON BOUNDARY LINE 4 = 4
1 X COORD.= 64.6 Y COORD.= 404.2
2 X COCRD.= 71.5 Y COORD.= 400.2
3 X COORD.= 142.9 Y COORD.= 400.2
4 X COORD.= 185 Y COORD.= 400.2
NO. OF POINTS ON BOUNDARY LINE 5 = 4
1 X COORD.= 61.8 Y COORD.= 404.2
2 X COORD.= 64.6 Y COCRD.= 404.2
3 X COORD.= 142.9 Y COCRD.= 404.9
4 X COORD.= 185 Y COORD.= 405.6
NO. OF POINTS ON BOUNDARY LINE & = 3
1 X COORD.= 9.3 Y COORD.= 403.5
2 X COORD.= 61.8 Y COORD.= 404.2
3 X COORD.= 87.8 Y COORD.= 430
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NO. OF POINTS ON BOUNDARY LINE 7 = 2

1 X COORD.= 163.9 Y COORD.
2 X COORD.= 185 Y COORD.
NO. OF POINTS ON BOUNDARY LINE 8 = 1
1 X COORD.=-40 Y COORD.
2 X COORD.= 9.3 Y COORD.
3 X COORD.= 62.8 Y COORD.
4 X COORD.= 87.8 ¥ COORD.
5 X COORD.= 101.3 ¥ COORD.
6 X COORD.= 121.3 Y COORD.
7 X COORD.= 138.¢% Y COORD.
8 X COORD.= 142.% Y COORD.
9 X COORD.= 163.% ¥ COORD.
10 X COORD.= 185 Y COORD.

0

1

I

449.5
438.5

399.4
403.4
430
430
435
442
448.5
448.9
449.5
449.5

LINE NO. AND SLOPE OF EACH SEGMENT ARE:

1 0.014 0.016 0.014
2 ¢.022 0.020
k| -0.577 -0.097 0.000 0.000
4 -0.580 0.000 0.000
5 ¢.000 0.009 0.017
6 0.013 0.992
7 -0.521
8 0.081 0.497 0.000 0.370
0.100 0.029 0.000
MIN. DEPTH OF TALLEST SLICE (DMIN) = 5
NO. OF RADIUS CONTROL ZONES (NRCZ) = 1
RADIUS DECREMENT (RDEC) FOR ZONE 1 = 0
NO. OF CIRCLES (NCIR) FOR ZONE 1 = §
NO. OF BOTTOM LINES (NOL) FOR ZONE 1 = 1
LINE NO. {LINO) BEG. NO. (NBP) END NO. (NEP)
1 1 4

ENGLISH UNITS ARE USED WITH DISTANCE IN FEET AND FORCE IN POUND.

SOIL ENVELOPE COHESION FRIC. ANGLE

No. {TSSE) (c) (PHID)
1 1 1%5.000 33.600
2 1 250.000 28,000
3 1 0.000 26.000
4 1 359.000 30.200
5 1 289.000 27.%00
6 1 0.000 36.000
7 1 0.000 0.000

USE PHREATIC SURFACE

USE GRID

NO. OF SLICES (NSLI) = 10

NO. OF ADD. CIRCLES (NAC) = 3

UNIT WEIGHTT
(@)
130.000
130.000
110.00¢0
133.000
138.000
115.000
62.400

ANALYSIS BY SIMPLIFIED BISHOP METHOD (MTHD=2)

NUMBER OF FORCES (NFO)= 0
SOFT SOIL NUMBER (SS8N)= 0

0.350

0.369
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8

NO. OF POINTS ON WATER TABLE (NPWT)

1 X COORD.=-40 Y COORD.= 39%.4
2 X COORD.=-4 Y COORD.= 402.1
3 X COORD.= 11 Y COORD.= 403.6
4 X COORD.= 13.% Y COORD.= 403.6
5 X COORD.= 61.8 Y COORD.= 404.2
6 X COORD.= 142.9 Y COORD.= 438.42
7 X COORD.= 163.9 Y COORD.= 449.5
2 X COORD.= 185 Y COORD.= 449.5

NO. OF SOILS WITH DIFFERENT WATER TABLE (NSDW) = 0
NO. OF SOILS WITH DIFFERENT PORE PRESSURE RATIO (NSDP} = 0

INPUT COORD. OF GRID POINTS 1,2,AND 3

POINT 1 X COORD. = 0 ¥ COORD. = 5490

POINT 2 X COORD. = 0 Y COORD. = 440

POINT 3 X COORD. = 80 ¥ COORD. = 440

X INCREMENT (XINC) = 8 Y INCREMENT (YINC) = 8

NO. OF DIVISIONS BETWEEN POINTS 1 AND 2 (ND12) = 5
= 4

NO. OF DIVISIONS BETWEEN POINTS 2 AND 3 (ND23)
ONLY A SUMMARY TABLE IS PRINTED (NPRT = 0)
SLICES WILL BE SUBDIVIDED

AUTOMATIC SEARCH WILL FOLLOW AFTER GRID
FACTORS OF SAFETY BASED ON GRID

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y NO. OF CIRCLE LOWEST WARNING
COORDINATE COORDINATE TOTAL CRITIC. RADIUS F.S.
0.0 540.0 7 7 131.387 1.743 1
0.0 520.0 7 7 113.176 1.618 1
0.0 500.0 6 6 95.925 1.565 1
0.0 480.0 10 2 86.530 2.171 1
0.0 460.0 i0 6 70.832 2.287 1
0.0 440.0 1¢ 9 50.855 2.730 o
20.¢ 540.0 6 1 152.867 2.000 1
20.0 520.0 6 6 104.915 1.¢988 1
20.0 500.0 12 i2 86.951 1.802 0
20.0 480.0 12 i2 68.729 l.636 0
20.0 460.0 6 6 50.507 1.600 0
20.0 440.0 5 5 33.711 1.731 0
40.0 540.0 11 8 l49.614 1.827 0
40.0 520.0 11 8 129.692 1.875 0
40.0 500.0 12 8 109.810 l.949 0
40.0 480.0 1z g 90.012 2.069 0
40.0 460.0 12 12 42.892 1.95¢0 0
40.0 440.0 12 12 24.670 1.834 0
60.0 540.0 11 7 149.893 1.836 i
60.0 520.0 11 8 129.006 1.865 0
60.0 500.0 11 g i09.010 1.939 0
60.0 480.0 11 g 89.015 2.096 0
60.0 460.0 5 1 75.889 2.470 0
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60.0 440.0 6 1 55.891 3.103 0
g80.0 540.0 5 1 138.619 2.435 1
80.0 520.0 5 1 126.472 2.087 1
80.0 500.0 11 B8 108.493 2.105 0
80.0 480.0 11 B8 88.677 2.227 0
80.0 460.0 11 B 68.739 2.606 0
80.0 440.0 5 1 55.578 3.634 4]

GRID IS EXPANDED AS FOLLOWS SO MINIMUM FACTOR OF SAFETY FALLS WITHIN THE GRID

~20.0 540.0 3 1 142.015 2.637 1
-20.0 520.0 2 1 122.247 3.042 1
-20.0 500.0 1 1 102.569 1000.000 1
-20.0 480.0 1 1 83,044 1000.000 1
-20.0 460.0 1 1 63.815 11.286 1
-20.0 440.0 2 1 45.259 10.146 1
LOWEST FACTOR OF SAFETY AT EACH GRID PCOINT IS TABULATED BELOW
CCORDINATE ~-20.000 0.000 20.000 40.000 60.000 80.000
540.000 2.637 1.743 2.000 1.827 1.836 2.435
520.000 3.042 l.618 1.988 1.875 1.865 2.087
500.000 1000.000 1.565 1.802 1.949 1.339 2.105
480.000 1000.000 2.171 1.636 2.069 2.096 2.227
460.000 11.286 2.287 1.600 1.950 2.470 2.606
440.000 10.146 2,730 1.731 1.834 3.103 3.634

MINIMUM FACTORS CF SAFETY OCCUR AT THE FCLLOWING 3 CENTERS

FACTOR OF SAFETY 1.827 AT (40.000,540.000)
FACTOR OF SAFETY 1.565 AT (0.000,500.000}
FACTOR OF SAFETY = 1.600 AT (20.000,460.000)

1

n

AUTOMATIC SEARCH WILL BE MADE ONLY ON THE CENTER WITH THE SMALLEST F.S.

AT POINT (0.0 , 500.0) RADIUS 95.925
THE MINIMUM FACTOR OF SAFETY IS 1.565

FACTORS OF SAFETY BASED ON SEARCH

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y NO. OF CIRCLE LOWEST WARNING

COORDINATE COORDINATE TOTAL CRITIC. RADIUS F.S.
0.0 500.0 6 6 95.925 1.565 1
B.0 500.0 5 5 91.955 1.609 1
-8.0 500.0 4 1 105.567 2.312 1
0.0 508.0 6 6 103.181 1.593 1l
0.0 492.0 6 6 88.694 1.551 1
¢.0 484.0 10 2 90.126 2.164 1
8.0 492.0 5 5 84.791 1.577 1
-8.0 492.0 3 1 97.973 2.345 1
2.0 4%2.0 7 7 87.359 1.546 1
4.0 492.0 7 7 B6.901 1.565 1
2.0 4%4.0 7 7 89.158 1.548 1
2.0 4%0.0 7 7 85.561 1.545 1
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AT POINT (2.0

488.0
490.0
4580.0

, 490.0) RADIUS 85.5

7
7
6

7
7
6
61

THE MINIMUM FACTOR OF SAFETY IS 1.545

83.765
85.108
86.890

1.546
1.561
1.551

=

SUMMARY OF SLICE INFORMATION FOR MOST CRITICAL FAILURE SURFACE

SL. SOIL SLICE

NO. NoO.
1 6
2 6
3 6
4 6
5 6
6 6
7 6
8 6
9 6

10 6

11 6

WIDTH
5.024
5.024
5.024
5.024
5.024
5.024
5.024
5.024
5.024
4.827
0.197

SLICE

HEIGHT
0.893
2.448
3.686
4.592
5.147
5.323
5.085
4.384
3.154
1.344
0.100

WATER

HEIGHT
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

BOTTOM TOTAL

SINE

.155
.214
.272
331
.390
.449
507
.566
.625
.682
712

WEIGHT
.516E+03
.141E+04
.213E+04
.265E+04
.297E+04
.308E+04
.294B+04
.253E+04
.182E+04
.746E+03
.228E+01

EFFEC.
WEIGHT
.516E+03
.141E+04
.213E+04
.265E+04
.297E+04
.308E+04
.294E+04
.253E+04
.182E+04
.746E+03
.228BE+01
SUM

RESIS.

MOMENT
.317E+05
.859E+05
-127E+06
-156E+06
.170E+06
.171E+06
.157E+06
.130E+06
.884E+05
.339E+05
.994E+02
-115E+07

AT CENTER (2.000 , 490.000) WITH RADIUS 85.561 AND SEIS. COEFF. (.00
FACTOR OF SAFETY BY NORMAL METHOD IS 1.503
FACTOR OF SAFETY BY SIMPLIFIED BISHOP METHOD IS 1.545

CASE NO.

AUTOMATIC SEARCH WILL FOLLOW AFTER GRID

2

SEISMIC COEFFICIENT (SEIC) =0.100

FACTORS OF SAFETY BASED ON GRID

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y

COORDINATE COORDINATE
0.0 540.0
0.0 520.0
0.0 500.0
0.0 480.0
0.0 460.0
0.0 440.0
20.0 540.0
20.0 520.0
20.0 500.0
20.0 480.0
20.0 460.0
20.0 440.0
40.0 540.0
40.0 520.0
40.0 500.0
40.0 480.0

NO. QOF CIRCLE
TOTAL CRITIC. RADIUS

7
7
6
10
10
10
6
12
12
12
6
5
11
11
12
12

7
7
6
2
6
6
1

12

131.387
112.176
95.925
86.530
70.832
50.855
152.867
104.915
86.951
68.729
50.507
33.711
149.614
129.692
1059.810
90.012

LOWEST
F.S.
1.356
1.273
1.241
1.736
1.838
2.177
1.583
1.515
1.400
1.294
1.275
1.387
1.434
1.479
1.545
1.647

WARNING

OCOO0OO0OOCOO0OOHHKHORRKHREHR

DRIVING
MOMENT
.684E+04
.259E+05
.497E+05
.752E+05
.992E+05
.118E+06
.128E+06
.123E+06
.974E+05
.435E+05
.139E+03
.766E+06
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40.0 460.0 12 12 42.892 1.519 0
40.0 440.0 12 12 24.670 1.474 0
60.0 540.0 11 7 149.893 1.437 1
60.0 520.0 11 8 129.006 1.469 0
60.0 500.0 11 8 109.010 1.529 0
60.0 480.0 11 8 89.015 1.669 0
60.0 460.0 11 8 69,025 1.923 0
60.0 440.0 12 8 49.065 2.475 0
80.0 540.0 5 1 138.619 1.750 1
80.0 520.0 11 1 126.472 1.654 1
80.0 500.0 11 8 108.493 1.656 0
80.0 480.0 11 8 88.677 1.771 0
80.0 460.0 11 8 68.739 2.092 0
80.0 440.0 5 1 55.578 3.044 0

GRID IS EXPANDED AS FOLLOWS SO MINIMUM FACTOR OF SAFETY FALLS WITHIN THE GRID

-20.0 540.0 3 2 140.684 2,112 1
-20.0 520.0 2 2 122.007 2.446 1
-20.0 500.0 1 1 102.569 1000.000 1
-20.0 480.0 1 1 83.044 1000.000 1
-20.0 460.0 1 1 63.815 7.215 1
-20.0 440.0 2 1 45.259 6.181 1
LOWEST FACTOR OF SAFETY AT EACH GRID POINT IS TABULATED BELOW
COORDINATE -20.000 0.000 20.000 40.000 60.000 80.000
540.000 2.112 1.356 1.583 1.434 1.437 1.750
520.000 2.44¢6 1.273 1.515 1.479 1.469 1.654
500.000 1000.000 1.241 1.400 1.545 l1.529 1.656
480.000 1000.000 1.736 1.294 1.647 1.669 1.771
460.000 7.215 1.838 1.275 1.519 1.923 2.092
440.000 6.181 2.177 1.387 1.474 2.475 3.044

MINIMUM FACTORS OF SAFETY OCCUR AT THE FOLLOWING 3 CENTERS

FACTOR OQOF SAFETY
FACTOR OF SAFETY
FACTOR OF SAFETY

1.434 AT {(40.000,540.000)}
1.241 AT {0.000,500.000)
1.275 AT (20.000,460.000)

n

AUTOMATIC SEARCH WILL BE MADE ONLY ON THE CENTER WITH THE SMALLEST F.S.

AT POINT (0.0 , 500.0)}) RADIUS 95.925
THE MINIMUM FACTOR OF SAFETY IS 1.241

FACTORS OF SAFETY BASED ON SEARCH

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y NO. OF CIRCLE LOWEST WARNING
COORDINATE COORDINATE TOTAL CRITIC. RADIUS F.S.
0.0 500.0 6 6 95.925 1.241 1
8.0 500.0 5 5 91.955 1.270 1
-8.0 500.0 10 6 104.430 1.849 1
0.0 508.0 6 6 103.181 1.259 1
0.0 492.0 12 12 88.694 1.233 1
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AT POINT (2.0 , 490.0) RADIUS 85.561

THE MINIMUM FACTOR OF SAFETY IS 1.228

1.72¢6
1.250
1.906
1.228
1.242
1.229
1.228
1.229
1.240
1.233

HFRHEHRERHERRERRRER

SUMMARY QF SLICE INFORMATION FOR MOST CRITICAL FAILURE SURFACE

5L. SOIL SLICE SLICE WATER
NO. NO. WIDTH HEIGHT HEIGHT

1 6 5.024 ¢.893 ¢.000
2 6 5.024 2.448 0.000
3 & 5.024 3.686 0.000
4 6 5.024 4.592 0.000
5 & 5.024 5.147 0.000
6 6 5.024 5.323 0.000
7 6 5.024 5.085 0.000
8 6 5.024 4.384 0.000
9 6 5.024 3.154 0.000
10 6 4.827 1.344 0.000
11 6 0.197 0.100 0.000

AT CENTER (2.000 , 490.000) WITH RADIUS 85.561 AND SEIS. COEFF.

B

OTTOM TOTAL

SINE WEIGHT
155 .516E+03
214 .141E+04
272 .213E+04
331 .265E+04
390 .297E+04
449 .30BE+04
507 .294E+04
566 .253E+04
625 .1B82E+04
682 .746E+03
712 .22B8E+01

FACTOR OF SAFETY BY NORMAL METHOD IS 1.191
FACTOR OF SAFETY BY SIMPLIFIED BISHOP METHOD IS 1.228

SUMMARY OF STABILITY ANALYSIS

FACTOR OF FAFETY IS DETERMINED BY SIMPLIFIED BISHOP METHOD

NUMBER OF CASES = 2

CASE 1 SEISMIC COEFFICIENT
FACTOR OF SAFETY = 1.545

CASE 2 SEISMIC COEFFICIENT
FACTOR QOF SAFETY = 1.228

EFFEC.
WEIGHT
.516E+03
.141E+04
.213E+04
.265E+04
.297E+04
.308E+04
-294E+04
+253E+04
.182E+04
.746E+03
.22BE+01
SUM

RESIS.

MOMENT
.312E+05
.B40E+05
.124E+06
.150E+06
.163E+06
.162E+06
.148E+06
.121E+06
.B14E+05
.307E+05
.B93E+02
.L10E+07

0.10

DRIVING
MOMENT
.112E+05
.375E+05
.66BE+05
.960E+05
.122E+06
.141E+06
.14BE+06
.140E+06
.109E+06
.482E+05
.152E+03
.920E+06
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520 T T T T T
CENTER AT(2.0,490.0) RADIUS= B5.561 SEIS. COEF.= 0.000
FACTOR OF SAFETY (2D) = 1.545 BY SIMPLIFIED BISHOP METHOD
480 |- -
440 |- -
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Aazocciated Engineers, Inc.
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DISTANCE IN FEET



REAME (ROTATIONAL EQUILIBRIUM ANALYSIS OF MULTILAYERED EARTHWORKS)
THIS 2008 VERSION IS LICENSED BY CIVIL ENGINEERING SOFTWARE CENTER TO

INPUT FILE NAME -C:\REAME2008\EON25F.DAT
TITLE -A-A' 25 FT ROCK BENCH POND FULL

NO. OF STATIC AND SEISMIC CASES (NCASE) =1
NO. OF NONCIRCULAR FAILURE SURFACES (NNS) = 0
TWO-DIMENSIONAL ANALYSIS ( THREED = 0 )

ANALYSIS BY DETERMINISTIC METHOD ( PROB = 0 )

CASE No. 1 SEISMIC COEFFICIENT {(SEIC} =0.000

NO. OF BOUNDARY LINES (NBL) = 8

NO. OF POINTS ON BOUNDARY LINE 1 = 4
1 X COORD.=-40 Y COORD.= 382.6
2 X COORD.=-4 Y COORD.= 383.1
3 X COORD.= 142.9 ¥ COORD.= 385.4
4 X COORD.= 185 Y COORD.= 386
NO. OF POINTS ON BQUNDARY LINE 2 = 3
1 X COORD.=-40 Y COORD.= 387.4
2 X COORD.=-4 Y COORD.= 388.2
3 X COORD.= 104.7 Y COORD.= 390.4
NO. OF POINTS ON BOUNDARY LINE 3 = 5
1 X COORD.= 71.5 Y COORD.= 400.2
2 X COORD.= 85.2 Y COORD.= 392.3
3 X COORD.= 104.7 Y COORD.= 390.4
4 X COORD.= 142.9 Y COORD.= 390.4
5 X COORD.= 185 Y COORD.= 390.4
NO. OF POINTS ON BOUNDARY LINE 4 = 4
1l X COORD.= 64.6 Y COORD.= 404.2
2 X COORD.= 71.5 ¥ COORD.= 400.2
3 X COORD.= 142.9 ¥ COORD.= 400.2
4 X COORD.= 185 Y COORD.= 400.2
NO. OF POINTS ON BOUNDARY LINE 5 = 4
1 X COORD.= 61.8 Y COORD.= 404.2
2 X COORD.= 64.6 Y COORD.= 404.2
3 X COORD.= 142.9 ¥ COORD.= 404.9
4 X COORD.= 185 Y COORD.= 405.6
NO. OF POINTS ON BOUNDARY LINE 6 = 3
1 X COORD.= 9.3 ¥ COORD.= 403.5
2 X COORD.= 61.8 Y COORD.= 404.2
3 X COORD.= 87.8 Y CQORD.= 430
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2

1

0

NO. OF POINTS ON BOUNDARY LINE 7 =
1 X COORD.= 163.9 ¥ COORD.
2 X COORD.= 185 ¥ COORD.=
NO. OF POINTS ON BOUNDARY LINE 8 =
1 X COORD.=-40 ¥ COORD.=
2 X COORD.= 9.3 ¥ COORD.
3 X COORD.= 62.8B ¥ COORD.
4 X COORD.= 87.8 ¥ COORD.
5 X COORD.= 101.3 Y COORD.
6 X COORD.= 121.3 ¥ COORD.
7 X COORD.= 138.9 ¥ COORD.
8 X COORD.= 142.9 ¥ COORD.
9 X COORD.= 163.9 ¥ COORD.
10 X COORD.= 185 ¥ COORD.=

449
438

399
403
430
430
435
442
448
448
449
449

LINE NO. AND SLOPE OF EACH SEGMENT ARE:

1 0.014 0.016 0.014
2 0.022 0.020
3 -0.577 -0.097 0.000
4 -0.580 0.000 0.000
5 0.000 0.009 0.017
6 0.013 0.992
7 ~-0.521
8 0.081 0.497 0.000
0.100 0.029 0.000
MIN. DEPTH OF TALLEST SLICE (DMIN) = 5
NO. OF RADIUS CONTROL ZONES (NRCZ) = 1
RADIUS DECREMENT (RDEC) FOR ZONE 1 = 0
NO. OF CIRCLES (NCIR) FOR ZONE 1 = §
NO. OF BOTTOM LINES (NOL) FOR ZONE 1 = 1
LINE NO. (LINO) BEG. NO. (NBP) END NO.
1 1 4

ENGLISH UNITS ARE USED WITH DISTANCE

SOIL ENVELOPE COHESION

No. {(TSSE) (&) (PHID}
1 1 195.000 33.600
2 1 250.000 28.000
3 1 0.000 26.000
4 1 359.000 30.200
5 1 289.000 27.900
6 1 0.000 36.000
7 1 0.000 0.000

USE PHREATIC SURFACE

USE GRID

NO. OF SLICES (NSLI) = 10

NO. OF ADD. CIRCLES (NAC) = 3

IN FEET AND FORCE IN POUND.

FRIC. ANGLE

.5
.5

.4
-4

.5
.9
.5
.5

0.000

0.370

(NEP)

UNIT WEIGHTT

(e}
130.000
130.000
110.000
133.000
138.000
115.000

62.400

ANALYSIS BY SIMPLIFIED BISHOP METHOD (MTHD=2)

NUMBER OF FORCES (NFQO)= 0
SOFT SOIL NUMBER (SSN)= 0

0.350

0.369
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NO. OF POINTS ON WATER TABLE (NPWT) = 8
1 X COORD.=-40 Y COORD.= 399.4
2 X COORD.=-4 Y COORD.= 402.1
3 X COORD.= 11 Y COORD.= 403.6
4 X COORD.= 13.9 Y COORD.= 403.6
E X COORD.= 61.8 Y COORD.= 404.2
6 X COCORD.= 142.9 Y COORD.= 443.2
7 X COORD.= 163.9 Y COORD.= 449.5
8 X COORD.= 185 Y COORD.= 449.5

NO. OF SOILS WITH DIFFERENT WATER TABLE (NSDW) = 0
NO. OF SCILS WITH DIFFERENT PORE PRESSURE RATIO (NSDP} = 0

INPUT COCRD. OF GRID POINTS 1,2,AND 3

POINT 1 X COORD. = 0 Y COORD. = 540
POINT 2 X COORD. = 0 Y COORD. = 440
POINT 3 X COORD. = 80 Y COORD. = 440
X INCREMENT (XINC) = 8 ¥ INCREMENT (YINC) = 8
NO. OF DIVISIONS BETWEEN POINTS 1 AND 2 (ND1l2) = 5
NO. OF DIVISIONS BETWEEN PCINTS 2 AND 3 (ND23) = 4

ONLY A SUMMARY TABLE IS PRINTED (NPRT
SLICES WILL BE SUBDIVIDED

0)

AUTOMATIC SEARCH WILL FOLLOW AFTER GRID

FACTORS OF SAFETY BASED ON GRID

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END PQINTS OF GROUND LINES

CENTER X CENTER Y NO. OF CIRCLE LOWEST WARNING

COORDINATE COORDINATE TOTAL CRITIC. RADIUS F.s.

0.0 540.0 7 ) 131.387 1.743 1
0.0 520.0 7 7 113.17¢6 1.618 1
0.0 500.0 6 6 95,925 1.565 1
0.0 480.0 10 2 86.530 2.171 1
¢.0 460.0 10 6 70.832 2.287 1
0.0 440.0 10 9 50.855 2.730 0
20.0 540.0 6 1 152.867 1.956 1
20.0 520.0 6 6 104.915 1.988 1
20.0 500.0 12 12 86.951 1.802 0
20.0 480.0 12 1z 68.729 1.636 0
20.0 460.0 6 6 50.507 1.600 0
20.0 440.0 5 5 33.711 1.731 0
40.0 540.0 11 8 149.614 1.764 0
40.0 520.0 11 8 129.692 1.819 0
40.0 500.0 12 8 109.810 1.909 0
40.0 480.0 12 8 90.012 2.041 0
40.0 460.0 12 12 42.892 1.950 0
40.0 440.0 12 12 24.670 1.834 0
60.0 540.0 11 7 149.893 1.782 1
60.0 520.0 11 8 129.006 1.804 o
60.0 500.0 11 8 109.010 1.870 0
60.0 480.0 11 8 89.015 2.034 0
60.0 460.0 5 1 75.889 2.408 0
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60.0 440.0 6 1 55.891 3.050 0
80.0 540.0 5 1 138.619 2.355 1
80.0 520.0 5 1 126.472 2.026 1
80.0 500.0 11 8 108.493 2.042 0
80.0 480.0 11 8 88.677 2.152 0
80.0 460.0 11 8 68.739 2,511 0
80.0 440.0 5 1 55.578 3.541 0

GRID IS EXPANDED AS FOLLOWS SO MINIMUM FACTOR OF SAFETY FALLS WITHIN THE GRID

-20.0 540.0 3 1 142.015 2.637 1
-20.0 520.0 2 1 122.247 3.042 1
-20.0 500.0 1 1 102.569 1000.000 1
-20.0 480.0 1 1 83.044 1000.000 1
-20.0 460.0 1 1 63.815 11.286 1
-20.0 440.0 2 1 45.259 10.146 1
LOWEST FACTOR OF SAFETY AT EACH GRID POINT IS TABULATED BELOW
COORDINATE -20.000 0.000 20.000 40.000 60.000 80.000
540.000 2.637 1.743 1.956 1.764 1.782 2.355
520.000 3.042 l1.618 1.988 1.819 1.804 2.026
500.000 1000.000 1.565 1.802 1.909 1.870 2.042
480.000 1000.000 2.171 1.636 2.041 2.034 2,152
460.000 11.286 2.287 1.600 1.950 2.408 2.511
440.000 10.146 2.730 1.731 1.834 3.050 3.541

MINIMUM FACTORE OF SAFETY OCCUR AT THE FOLLOWING 3 CENTERS

FACTOR OF SAFETY 1.764 AT (40.000,540.000)
FACTOR OF SAFETY 1.565 AT {(0.000,500.000)
FACTOR OF SAFETY = 1.600 AT (20.000,460.000)

i

AUTOMATIC SEARCH WILL BE MADE ONLY ON THE CENTER WITH THE SMALLEST F.S.

AT POINT (0.0 , 500.0) RADIUS 95.925
THE MINIMUM FACTOR OF SAFETY IS 1.565

FACTORS OF SAFETY BASED ON SEARCH

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROQUND LINES

CENTER X CENTER Y NO. OF CIRCLE LOWEST WARNING

COORDINATE COORDINATE TOTAL CRITIC. RADIUS F.S5.
0.0 500.0 6 6 95.925 1.565 1
g.0 500.0 5 5 91.955 1.609 1
-8.0 500.0 4 1 105.567 2.312 1
0.0 508.0 6 6 103.181 1.593 1
0.0 492.0 6 6 88.694 1.551 1
0.0 484.0 10 2 90.126 2.164 1
8.0 492.0 5 5 84.791 1.577 1
-8.0 492.0 3 1 97.973 2.345 1
2.0 492.0 7 7 87.359 1.546 1
4.0 492.0 7 7 86.901 1.565 1
2.0 494.0 7 7 89.158 1.548 1
2.0 490.0 7 7 85.5¢61 1.545 1



2.0 488
4.0 490
0.0 490

AT POINT (2.0 , 490.0) RADIUS B5.5

.0
.0
.0

7
7
6

7 83.765
7 85.108
6 86.890
61

THE MINIMUM FACTOR OF SAFETY IS 1.545

1.546
1.561
1.551

|

SUMMARY OF SLICE INFORMATION FOR MOST CRITICAL FAILURE SURFACE

SL. SOIL SLICE S
NO.

=
Qo

5.024
5.024
5.024
5.024
5.024
5.024
5.024
5.024
5.024
4.827
0.197

Fowom-1Guui Wk
L R T T e G L

(S

AT CENTER (2.000

LICE

WIDTH HEIGHT

0.893
2.448
3.686
4.592
5.147
5.323
5.085
4,384
3.154
1.344
0.100

, 490.000} WITH RADIUS B5.561 AND SEIS.

WATER

HEIGHT
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

BOTTOM TOTAL
SINE WEIGHT
.155 .516E+03
.214 .141E+04
.272 J213E+04
.331 .265E+04
.3%90 .297E+04
-449 .308E+04
.507 .294E+04
.566 .253E+04
.625 .182E+04
.682 .746E+02
712 .228E+01

FACTOR OF SAFETY BY NORMAL METHOD IS 1.503
FACTOR OF SAFETY BY SIMPLIFIED BISHOP METHOD IS 1.545

SUMMARY OF STABILITY ANALYSIS

EFFEC. RESIS.
WEIGHT MOMENT
.516E+03 .317E+05
.141E+04 .859E+05
.213E+04 .127E+06
.265E+04 .156E+06
.297E+04 .170E+06
.308E+04 .171E+06
.294E+04 .157E+06
.253E+04 .130E+06
.182E+04 .884E+05
L T46E+03 .339E+05
.22BE+01 .994E+02
SUM .115E+07
COEFF. 0.00

FACTOR OF FAFETY IS DETERMINED BY SIMPLIFIED BISHOF METHOD

NUMBER OF CASES =

1

CASE 1 SEISMIC COEFFICIENT =

FACTOR OF BSAFETY

= 1.545

DRIVING
MOMENT
.6B84E+04
.259E+05
.497E+05
.752E+05
.992E+05
.118E+06
.128E+06
.123E+06
.974E+05
.435E+05
.139E+03
.766E+06
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CROSS SECTION A-A' RAPID DRAWDOWN

| I I I I 1

CENTER AT (0.0,455.0) RADIUS= 26.758 SEIS. COEF.= 0.000
1.375 BY SIMPLIFIED BISHOF METHOD

FACTOR OF SAFETY (2D} =

Assocjiated Engineers, Inc.
| | | | | 1
=50 -30 -10 10 30 50 70 a0
DISTANCE IN FEET



REAME (ROTATIONAL EQUILIBRIUM ANALYSIS OF MULTILAYERED EARTHWORKS)
THIS 2008 VERSION IS LICENSED BY CIVIL ENGINEERING SOFTWARE CENTER TO

INPUT FILE NAME -C:\REAME200B\EON1ARD.DAT
TITLE -CROSS SECTION A-A' RAPID DRAWDOWN

NO. OF STATIC AND SEISMIC CASES (NCASE) =1
NO. OF NONCIRCULAR FAILURE SURFACES (WNNS) = 0
TWO-DIMENSIONAL ANALYSIS ( THREED = 0 )

ANALYSIS BY DETERMINISTIC METHOD ( PRCB = 0 )}

CASE NO. 1 SEISMIC COEFFICIENT (SEIC) =0.000
NO. OF BOUNDARY LINES (NBL) = 3

NO. OF POINTS ON BOUNDARY LINE 1 = 3

1 X COORD.=-32.7 Y COORD.= 406.1
2 X COORD.= 67.1 Y COORD.= 404.9
3 X COCRD.= 50 Y COORD.= 404.8
NO. OF POINTS ON BOUNDARY LINE 2 = 3
1 X COORD.=-45 Y COORD.= 406.2
2 X COCRD.=-32.7 Y COORD.= 406.1
3 X COORD.= 30.2 Y COORD.= 441.2
NO. OF POINTS ON BOUNDARY LINE 3 = 12
1 X COORD.=-45 Y COORD.= 432
2 X COCRD.=-10 Y COORD.= 432
3 X COORD.= 2.3 Y COORD.= 434
4 X COORD.= 12 ¥ COCRD.= 435
5 X COORD.= 18.5 Y COCRD.= 438
6 X COORD.= 30.2 Y COORD.= 441.2
7 X COORD.= 31.1 Y COORD.= 442
8 X COORD.= 37.2 Y COORD.= 445
9 X COORD.= 47 Y COORD.= 449.5
10 X COORD.= 65.3 Y COORD.= 448.%
11 X COORD.= 71.2 Y COORD.= 448.5
12 X COORD.= 30 Y COORD.= 441.6

LINE NO. AND SLOPE OF EACH SEGMENT ARE:

1 -0.012 -0.004

2 -0.008 0.558

3 0.000 0.163 0.103 0.462 0.274 0.889
0.492 0.459 -0.033 -0.068 -0.367

MIN. DEPTH OF TALLEST SLICE (DMIN)
NO. OF RADIUS CONTROL ZONES (NRCZ)

1 n
=

RADIUS DECREMENT (RDEC) FOR ZONE 1

il
(=]
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NC. OF CIRCLES (NCIR) FOR ZONE 1 = 5

NC. CF BOTTOM LINES (NCL) FOR ZONE 1 = 2

LINE NO. (LINQO) BEG. NO, (NBP) END NO. (NEP)
1 1 3
2 1 2

ENGLISH UNITS ARE USED WITH DISTANCE IN FEET AND FORCE IN PQUND.

SCIL ENVELOPE COHESION FRIC. ANGLE UNIT WEIGHTT
No. (TSSE) (C} (PHID) (@)

1 1 289.000 27.900 137.800

2 1 0.000 26.000 110.000

USE PHREATIC SURFACE

USE GRID

NO. OF SLICES (NSLI) = 10

NO. OQF ADD, CIRCLES (NAC) = 3

ANALYSIS BY SIMPLIFIED BISHQP METHOD (MTHD=2)
NUMBER OF FORCES (NFQ)= 0

SOFT SOIL NUMBER (SSN)= 0

NO. OF PCINTS ON WATER TABLE (NPWT) = 1l
1 X COORD.=-45 Y COORD.= 432
2 X COORD.=-10 Y COORD.= 432
3 X COORD.= 2.3 Y COORD.= 434
4 X COORD.= 12 Y COORD.= 435
5 X CQORD.= 18.5 Y COORD.= 438
6 X COORD.= 30.2 Y COORD.= 441.2
7 X COORD.= 31l.1 Y COORD.= 442
8 X COORD.= 37.2 Y COORD.= 445
9 X COORD.= 47 Y COORD.= 449.5
10 X COORD.= 67 Y COORD.= 443.2
11 X COORD.= 90 Y COORD.= 435.9

NO. OF SOILS WITH DIFFERENT WATER TABLE (NSDW) = 0
NO. OF SOILS WITH DIFFERENT PORE PRESSURE RATIO (NSDP) = 0

INPUT COORD. OF GRID POINTS 1,2,AND 3

POINT 1 X COORD. = 0 Y COORD. = 465
POINT 2 X COORD. = 0 Y COORD. = 440
POINT 3 X CQORD. = 20 Y COORD. = 440
X INCREMENT (XINC) = 2.4 Y INCREMENT (YINC) = 2.4

NC. OF DIVISIONS BETWEEN POINTS 1 AND 2 (ND12)
NO. OF DIVISIONS BETWEEN PQINTS 2 AND 3 (ND23)
ONLY A SUMMARY TABLE IS PRINTED (NPRT 0)
SLICES WILL BE SUBDIVIDED

n
= Ul N

AUTOMATIC SEARCH WILL FOLLOW AFTER GRID

FACTORS OF SAFETY BASED ON GRID

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END PQINTS QOF GROUND LINES

CENTER X CENTER Y NO. OF CIRCLE LOWEST WARNING
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COCORDINATE COQORDINATE TOTAL CRITIC. RADIUS F.S.
0.0 465.0 10 8 49.621 2.259 1
0.0 460.0 11 5 31.479 2.192 1
0.0 455.0 11 5 26.758 1.375 0
0.0 450.0 5 s 21.780 1.586 0
0.0 445.0 11 5 16.839 l1.9238 4]
0.0 440.0 11 5 11.891 2.273 0
5.0 465.0 11 10 44.761 2.024 0
5.0 460.0 11 3 42.844 2.143 0
5.0 455.0 11 7 40.729 2.310 0
5.0 450.0 11 8 40.043 2.556 0
5.0 445.0 11 7 25.008 2.919 0
5.0 440.0 11 5 11.423 3.368 0
10.0 465.0 11 8 42.303 1.853 0
10.0 460.0 11 10 38.997 1.949 0
10.0 455.0 11 3 37.245 2.084 0
10.0 450.0 11 B 33.927 2.290 0
10.0 445.0 11 2 33.512 2.646 0
10.0 440.0 5 1 34.411 3.142 0
15.0 465.0 11 4 39.968 1.773 0
15.0 460.0 11 7 38.307 1.847 0
15.0 455.0 11 11 31.788 1.963 0
15.0 450.0 11 3 31.682 2.133 0
15.0 445.0 11 7 29.976 2.467 0
15.0 440.0 12 2 28.233 2.956 0
20.0 465.0 11 10 35.735 1.758 0
20.0 460.0 11 9 32.622 1.794 0
20.0 455.0 11 9 27.737 1.894 0
20.0 450.0 11 g 26.187 2.049 0
20.0 445.0 11 10 22,944 2.414 0
20.0 440.0 5 1 34.531 2.967 0

GRID IS EXPANDED AS FOLLOWS SC MINIMUM FACTOR OF SAFETY FALLS WITHIN THE GRID

-5.0 465.0 4 1 51.856 2.629 1
-5.0 460.0 4 1 48.826 2.837 1
-5.0 455.0 4 1 46.141 3.069 1
-5.0 450.0 5 5 22.344 2.145 1
-5.0 445.0 5 5 17.469 2.178 0
~5.0 440.0 5 5 12.521 2.263 0
LOWEST FACTOR OF SAFETY AT EACH GRID POINT IS TABULATED BELOW
CCORDINATE -5.000 0.000 5.000 10.000 15.000 20.000
465.000 2.629 2.259 2.024 1.853 1.773 1.758
460.000 2.837 2.19%2 2.143 1.949 1.847 1.794
455.000 3.069 1.375 2.310 2.084 1.963 1.894
450.000 2.145 1.586 2.556 2.290 2.133 2.049
445.000 2.178 1.938 2.919 2.646 2.467 2.414
440.000 2.263 2,273 3.368 3.142 2.956 2.967

MINIMUM FACTORS OF SAFETY OCCUR AT THE FOLLOWING 2 CENTERS

FACTOR OF SAFETY 1.758 AT (20.000,465.000)
FACTOR OF SAFETY = 1.375 AT (0.000,455.000)

AUTOMATIC SEARCH WILL BE MADE ONLY ON THE CENTER WITH THE SMALLEST F.S.
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AT POINT (0.0

THE MINIMUM FACTOR OF SAFETY IS 1.375

, 455.0) RADIUS 26.758

FACTORS OF SAFETY BASED ON SEARCH

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y
COORDINATE COQORDINATE
0.0 455.0
2.4 455.0
-2.4 455.0
0.0 457 .4
0.0 452.6
0.6 455.0
-0.6 455.0
0.0 455.6
0.0 454.4

AT POINT (0.0

THE MINIMUM FACTOR OF SAFETY IS 1.375

, 455.0) RADIUS 26.7

NO. OF CIRCLE
TOTAL CRITIC. RADIUS

11
11
5
11
5
11
5
11
5

5
2
5
5
5
5
5
5
5
5

8

26.758
43.631
26.868
29.145
24,371
26.710
26.816
27.356
26.161

LOWEST
F.S.
1.375
2.454
l.641
2.163
1.470
2.121
1.431
1.781
1.399

WARNING

OO0 O OO KFOO

SUMMARY OF SLICE INFORMATION FOR MOST CRITICAL FAILURE SURFACE

S8L. SOIL SLICE

NO. NO.

1

@D~k Ww N

10

12
13
14

NN NN RN NN

AT CENTER (0.000 , 455.000) WITH RADIUS 26.758 AND SEIS.
BY NORMAL METHOD IS 1.273
BY SIMPLIFIED BISHOP METHCD IS 1.375

FACTOR QF SAFETY
FACTOR OF SAFETY

WIDTH
3.494
0.181
3.313
3.4954
3.494
2.000
1.494
3.494
3.494
1.218
2.276
3.494
0.730
2.764

SLICE

HEIGHT
0.953
1.783
2.694
4.121
5.110
5.564
5.661
5.513
4.881
4.150
3.836
3.288
2.507
1.287

WATER

HEIGHT
0.953
1.783
2.694
4.121
5.110
5.564
5.661
5.513
4.881
4.150
3.836
3.288
2.507
1.287

SUMMARY OF STABILITY ANALYSIS

BOTTOM TOTAL

SINE
-.446
-.377
-.312
-.185
-.054

.049
.114
.207
.338
426
-491
.599
. 678
.743

WEIGHT
.366E+03
.356E+02
.981E+03
.158E+04
.196E+04
.122E+04
.930E+03
.212E+04
.188E+04
.556E+03
.960E+03
.126E+04
.201E+03
.391E+03

EFFEC. RESIS.
WEIGHT MOMENT
.158E+03 .185E+04
.154E+02 .186E+03
.425E+03 .527E+04
.685E+03 .879E+04
.850E+03 .111E+05
.530E+03 .690E+04
.403E+03 .522E+04
.917E+03 .117E+05
+812E+03 .997E+04
+241E+03 .284E+04
.416E+03 .472E+04
.547E+03 .571E+04
.B72E+02 .B36E+03
.169E+03 .148E+04
SUM .766E+05
COEFF. 0.00

FACTOR OF FAFETY IS DETERMINED BY SIMPLIFIED BISHQP METHOD
NUMBER OF CASES = 1

CASE 1

SEISMIC COEFFICIENT =
FACTOR OF SAFETY = 1.375

DRIVING
MOMENT
-.437E+04
~-,359E+03
-.819E+04
-.782E+04
-.284E+04
.159E+04
.284E+04
.117E+05
.169E+05
.633E+04
.126E+05
.202E+05
.365E+04
.778E+04
. 602E4+05
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SECTION B~-B' LONG TERM STEADY SEEPAGE

CENTER AT(108.0,530.0) RADIUS= 127.584 SEIS. COEF.= 0.000
FACTOR OF SAFETY (2D)

= 1.576 BY SIMPLIFIED BISHOF METHOD

Associated Engineers, Inc,

40

80

I I I !
120 160 200 240

DISTANCE IN FEET

280
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SECTION B-B' LONG TERM STEADY SEEPAGE

CENTER AT({104.0,546.0) RADIUS= 143.852 SEIS. COEF.= 0.100
FACTOR OF SAFETY (2D) = 1.255 BY SIMPLIFIED BISHOP METHOD

I | ] I | 1

o
f'/‘/
s
Associated Engineers, Inc.
1 | l 1 1 {
40 80 120 160 200 240 280

DISTANCE IN FEET



REAME (ROTATIONAL EQUILIBRIUM ANALYSIS OF MULTILAYERED EARTHWORKS)
THIS 2008 VERSION IS LICENSED BY CIVIL ENGINEERING SOFTWARE CENTER TO

INPUT FILE NAME -C:\REAME2008\BR1R.DAT
TITLE -SECTION B-B' LONG TERM STEADY SEEPAGE

NO. OF STATIC AND SEISMIC CASES (NCASE) = 2

NO. OF NONCIRCULAR FAILURE SURFACES (NNS) = 0
TWO-DIMENSIONAL ANALYSIS ( THREED = 0 )
ANALYSIS BY DETERMINISTIC METHOD { PROB = 0 )

CASE NO. 1 SEISMIC COEFFICIENT (SEIC) =0.000

NO. OF BOUNDARY LINES (NBL}) = 7

NO. OF POINTS ON BOUNDARY LINE 1 = 5
1 X COORD.= 0 Y COORD.= 377
2 X COORD.= 12 Y COORD.= 377
3 X COORD.= 109.8 Y COORD.= 3B2
4 X COORD.= 227.8 Y COORD.= 387
5 X COORD.= 256 Y COORD.= 388

KNO. OF POINTS ON BOUNDARY LINE 2 = 5
1 X COORD.= 0 Y COORD.= 390
2 X COORD.= 12 Y COORD.= 390
3 X COORD.= 109.8 Y COORD.= 391
4 X COORD.= 227.8 Y COORD.= 398
5 X COORD.= 256 ¥ COORD.= 399

NO. OF POINTS ON BOUNDARY LINE 3 = 9
1 X COORD.= 0 Y COORD.= 401
2 X COORD.= 12 Y COORD.= 401
3 X COORD.= 55.7 Y COORD.= 402
4 X COORD.= 109.8 Y COORD.= 402
5 X COORD.= 152.8 Y COORD.= 404
6 X COORD.= 201.8 Y COORD.= 408
7 X COORD.= 221.8 Y COORD.= 409
8 X COORD.= 227.8 Y COORD.= 408
9 X COORD.= 256 Y COORD.= 409

NQ. OF POINTS ON BOUNDARY LINE 4 = 2
1 X COORD.= 158 Y COORD.= 434.2
2 X COORD.= 252.8 Y COORD.= 434.2
NO. OF POINTS ON BOUNDARY LINE 5 = 3
1 X COORD.= 226.4 Y COORD.= 448
2 X COORD.= 252.8 Y COORD.= 434.2
3 X COORD.= 256 Y COORD.= 433
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14
15
16
17
18
19
20
21
22

2

OF POINTS

X
X
X

COCRD.=
COCRD.
COORD. =

I

OF POINTS

COORD.=
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COOQORD.
COORD.
COORD.
COORD.
COORD.
COORD.
CQORD.
COORD.
COORD. =

]

"

1]

ON BOUNDARY LINE 6 = 3

223.6
226.4
256

Y
Y
b4

COORD.

COORD., =

COORD.

ON BOUNDARY LINE 7 = 2

0

12
55.7
75
83.3
89
94.5
110.7
115.8
125.7
136.1
152
158
l68.1
173.6
184.4
189.¢9
195.4
201.8
222.8
223.6
256

HEKEKKERKEKEKEKKEKKRKRKREKERKRKKRKKRKEE <

COCRD.
COCRD.
COCRD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COCRD.
COORD,
COORD.
COORD.
COORD.

COORD.=

COORD.

n

I

il

It

n

449.5
448
448

401
401
402
404
406
408
410
416
418
422
426
432
434.2
438
440
444
446
448
449.8
450
449.5
449.5

LINE NO. AND SLOPE OF EACH SEGMENT ARE:

1
2
3

~1 h N &

MIN. DEPTH OF TALLEST SLICE (DMIN)

0.000
0.000
0.000
-0.167
0.000
-0.523
-0.536
0.000
0.270
0.3276
0.010

0.051
0.010
0.023
0.035

-0.375
0.000
0.023
0.392
0.364

-0.625

NO. OF RADIUS CONTROL ZONES (NRCZ)

RADIUS DECREMENT (RDEC) FOR ZONE 1
NO. OF CIRCLES (NCIR) FOR ZONE 1 =
NC. OF BOTTOM LINES (NOL) FOR ZONE

LINE NO. BEG. NO.

ENGLISH UNITS ARE USED WITH DISTANCE IN FEET AND FORCE IN POUND.

1

(LINO)

1

SCIL ENVELOPE COHESION

No.
1
2

{TSSE)
1
1

()
195.
565.

000
000

33.600
23.800

FRIC. ANGLE
(PHID)

0.042 0.035
0.059 0.035
0.000 0.047
0.104 0.241
0.404 0.385
0.370 0.364
0.000
= 0
1
= 0
5
1l =1
(NBP) END NO. (NEP)
5

UNIT WEIGHTT

(6)

130.200
131.800

0.082

0.351
0.277
0.264

0.050

0.364
0.367
0.281
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3 1 258.000 28.100 138.200
4 1 174.000 26.400 133.800
5 1 0.000 26.000 110.000
6 1 0.000 0.000 62.400

USE PHREATIC SURFACE

USE GRID

NQ. OF SLICES (NSLI} = 10

NO. OF ADD. CIRCLES (NAC) = 3

ANALYSIS BY SIMPLIFIED BISHOP METHQD {(MTHD=2)
NUMBER OF FORCES (NFOQ)= 0

SOFT SCIL NUMBER (SSN)= 0

NC. OF POINTS ON WATER TABLE (NPWT) = 9

1 X COORD.= 0 Y COORD.= 401

2 X COORD.= 12 ¥ COORD.= 401

2 X COORD.= 55.7 Y COORD.= 402

4 X COORD.= 75 Y COORD.= 404

5 X COORD.= 83.3 Y COORD.= 406

6 X COORD.= 8% ¥ COORD.= 408

7 X COORD.= 202 Y COORD.= 438

8 X COORD.= 223.6 Y COORD.= 449.5
9 X COORD.= 256 Y COORD.= 449.5

NO. OF SQILS WITH DIFFERENT WATER TABLE (NSDW) = 0
NO. OF SOILS WITH DIFFERENT PORE PRESSURE RATIO (NSDP) = 0

INPUT COCRD. QF GRID POINTS 1,2,AND 3

POINT 1 X COORD. = 60 ¥ COORD. = 540
POINT 2 X COORD. = 60 Y COORD. = 440
POINT 3 X COORD. = 140 Y COORD. = 440
X INCREMENT (XINC) = 8 Y INCREMENT (YINC) = 8

NO. OF DIVISIONS BETWEEN POINTS 1 AND 2 (ND12)
NO. OF DIVISIONS BETWEEN POINTS 2 AND 3 (ND23)
ONLY A SUMMARY TABLE IS PRINTED (NPRT = 0)
SLICES WILL BE SUBDIVIDED

[
Lo |

AUTOMATIC SEARCH WILL FOLLOW AFTER GRID

FACTORS OF SAFETY BASED ON GRID

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y NO. OF CIRCLE LOWEST WARNING

COORDINATE COORDINATE TOTAL CRITIC. RADIUS F.S.
60.0 540.0 5 1 151.387 2.470 1
60.0 520.0 5 1 133.270 2.594 1
60.0 500.0 5 1 115.763 2.765 1
60.0 480.0 5 1 99.202 3.047 1
60.0 460.0 5 1 80.441 3.541 0
60.0 440.0 5 1 60.467 4.512 0
80.0 540.0 11 2 152.761 1.856 0
80.0 520.0 11 8 134.638 1.926 0
80.0 500.0 11 8 114.874 2.026 0
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80.0 480.0 11 8 95.086 2.148 0
80.0 460.0 11 2 73.921 2.342 0
80.0 440.0 11 7 56.816 2.696 0
100.0 540.0 17 14 136.905 1.613 4]
100.0 520.0 17 14 117.626 1.633 0
100.0 500.0 17 4 96 .555 1.724 0
100.0 480.0 17 4 77.391 1.767 0
100.0 460.0 17 15 56.599 1.908 0
100.0 440.0 11 9 50.374 2.165 0
120.0 540.0 11 9 137.167 1.606 0
120.0 520.0 11 9 117.731 l1.628 0
120.0 500.0 11 10 96.191 1.643 0
120.0 480.0 11 9 87.162 1.702 0
120.0 460.0 11 9 67.502 1.848 0
120.0 440.0 17 9 47 .849 2.154 0
140.0 540.0 11 6 145.043 1.799 1
140.0 520.0 11 3 11s6.112 1.758 1
140.0 500.0 11 2 106.877 1.754 0
140.0 480.0 11 9 84.775 1.811 0
140.0 460.0 11 6 65.097 1.986 0
140.0 440.0 11 10 43.185 2.485 0

GRID IS EXPANDED AS FOLLOWS SO MINIMUM FACTOR OF SAFETY FALLS WITHIN THE GRID

60.0 560.0 5 1 169.944 2.400 1
80.0 560.0 17 8 173.074 1.820 1
100.0 560.0 17 14 156.185 1.617 0
120.0 560.0 11 3 157.589 1.646 1
140.0 560.0 5 1 160.207 1.850 1
LOWEST FACTOR OF SAFETY AT EACH GRID POINT IS TABULATED BELOW
COORDINATE 60.000 80.000 100.000 120.000 140.000
560.000 2.400 1.820 1.617 1.646 1.850
540.000 2.470 1.856 1.613 1.606 1.799
520.000 2.594 1.926 1.633 1.628 1.758
500.000 2.765 2.028 1.724 1.643 1.754
480.000 3.047 2.148 1.767 1.702 1.811
460.000 3.541 2.342 1.908 1.848 1.986
440.000 4.512 2.696 2.165 2.154 2.485
ONLY ONE MINIMUM F.S, OF 1.606 EXISTS AT (120.000,540.000)
AT POINT (120.0 , 540.0) RADIUS 137.167
THE MINIMUM FACTOR OF SAFETY IS 1.606
FACTORS OF SAFETY BASED ON SEARCH
IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES
CENTER X CENTER Y KO. OF CIRCLE LOWEST WARNING
COORDINATE COORDINATE TOTAL CRITIC. RADIUS F.S5.
120.0 540.0 11 9 137.167 1.606 0
128.0 540.0 11 9 135.533 1.672 1
112.0 540.0 11 10 136.467 1.598 0
104.0 540.0 11 9 148.076 1.651 0
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112.0
112.0
112.0
112.0
120.0
104.0
114.0
110.0
108.0
106.0
108.0
108.0
108.0
108.0
110.0
106.0

AT POINT (108.0 , 530.0}) RADIUS 127.584

5

548.0
532.0
524.0
516.0
524.0
524.0
524.0
524.0
524.0
524.0
526.0
528.0
530.0
532.0
530.0
530.0

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

10
10
10
10
9

9

10
10
10
9

10
10
10
10
10
9

THE MINIMUM FACTOR OF SAFETY IS 1.576

144.219
128.727
120.989
113.250
121.619
132.344
120.583
121.384
121.779
132.104
123.714
125.649
127.584
129.518
127.188
138.004

1.610
1.591
1.589
1.592
1.626
1.658
1.597
1.583
1.578
1.650
1.577
1.577
1.576
1.576
1.582
1.646

COO0O000QOO0OO0CO0O0CO OO0

SUMMARY OF SLICE INFORMATION FOR MOST CRITICAL FAILURE SURFACE

SL. SOIL SLICE
NO. NO. WIDTH

'—I
-9
B W L W W W W W W W W W WWWWWWWWWW

2.604
5.700
4.353
1.147
11.510
4.690
5.100
2.867
7.033
5.624
4.776
7.881
8.019
4.638
1l.362
10.100
1.195
4.305
8.352
2.448
5.500
2.361
2,349
0.790
6.400
5.467

SLICE
HEIGHT
0.592
2.699
5.261
6.596
9.480
12.714
14.475
15.828
17.372
19.005
20.047
20.982
21.641
21.729
21.616
21.196
20.437
19.906
18.359
16.630
15.064
13.255
12.040
11.172
8.729
3.246

WATER
HEIGHT
0.592
2.699
5.047
6.113
8.336
10.721
11.912
12.745
13.602
14.414
14.836
15.045
14.815
14.220
13.803
12.755
11.379
10.577
8.381
6.085
4.122
1.927
0.480
0.000
0.000
0.000

BOTTOM TOTAL

SINE
-.204
-.171
-.132
-.110
-.061

.003
.041
072
.111
.161
.202
.251
.313
.363
.387
.431
476
.497
.547
.589
620
.651
.670
.682
.710
. 757

WEIGHT
.213E+03
.213E+04
.316E+04
.105E+04
.151E+05
.824E+04
.102E+05
.627E+04
.169E+05
.148E+05
.132E+05
.229E+05
.240E+05
.139E+05
.407E+04
.295E+05
.336E+04
.117E+05
.209E+05
.552E+04
J112E+05
.420E+04
.378E+04
.118E+04
J747E+04
.237E+04

EFFEC.
WEIGHT
.117E+03
.117E+04
.179E+04
.608E+03
.909E+04
.510E+04
.641E+04
.399E+04
.109E+05
.971E+04
.B81lE+04
.155E+05
.166E+05
.981E+04
.290B+04
.215E+05
.251E+04
.891E+04
.166E+05
.459E+04
.977E+04
.391E+04
.371E+04
.118E+04
.747E+04
.237B+04
SUM

RESIS.

MOMENT
.954E+(5
.269E+06
.266E+06
.792E+05
.998E+06
.502E+06
.604E+06
.366E+06
.972E+06
.841E+06
.748E+06
.129E+07
.135E+07
.787E+06
.230E+06
.169E+07
.195E+06
.690E+06
L127E+07
.353E+06
.753E+06
.305E+06
.245E+06
.787E+05
.535E+06
.284E+06
.158E+08

AT CENTER (108.000 , 530.000) WITH RADIUS 127.584 AND SEIS. COEFF.
FACTOR OF SA¥ETY BY NORMAL METHOD IS 1.531
FACTOR OF SAFETY BY SIMPLIFIED BISHOP METHOD IS 1.576

DRIVING
MOMENT

-.554E+04
-.464E+05
-.532E+05
-.147E+05
-.117E+06
.293E+04
.536E+05
.579E+05
.239E+06
.303E+06
-340E+06
.732E+06
.959E+06
.645E+06
.201E+06
.162E+07
.204E+06
.745E+06
.146E4+07
.415E+06
.886E+06
.349E+06
.323E+06
+103E+06
.677E+06
.229E+06
.103E+08

g.00
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CASE NO. 2 SEISMIC COEFFICIENT (SEIC) =0.100
AUTOMATIC SEARCH WILL FOLLOW AFTER GRID
FACTORS OF SAFETY BASED ON GRID

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y NO. OF CIRCLE LOWEST WARNING
COORDINATE COORDINATE TOTAL CRITIC. RADIUS F.S.
60.0 540.0 11 6 150.522 2.080 1
60.0 520.0 5 1 133.270 2.173 1
60.0 500.0 5 1 115.763 2.223 1
60.0 480.0 5 1 99.202 2.411 1
60.0 460.0 5 1 80.441 2.751 0
60.0 440.0 5 1 60.467 3.370 0
80.0 540.0 11 8 154.399 1.518 0
80.0 520.0 11 7 136.206 1.582 0
80.0 500.0 14 2 113.376 1.673 0
80.0 480.0 11 g 95.086 1.777 0
80.0 460.0 14 8 75.295 1.946 0
80.0 440.0 11 7 56.816 2.241 0
100.0 540.0 11 8 136.905 1.277 0
100.0 520.0 17 14 117.626 1.308 0
100.0 500.0 17 4 96 .555 1.377 0
100.0 480.0 17 4 77.391 1.424 0
100.0 460.0 17 15 56.599 1.577 0
100.0 440.0 11 7 48.764 1.849 0
120.0 540.0 11 9 137.167 1.280 0
120.0 520.0 11 10 115.541 1.307 0
120.0 500.0 11 10 96.191 1.337 0
120.0 480.0 11 10 76.844 1.385 0
120.0 460.0 11 8 55.507 1.534 0
120.0 440.0 11 8 36.248 1.824 0
140.0 540.0 11 10 134.622 1.424 1
140.0 520.0 11 3 116.112 1.384 1
140.0 500.0 11 3 97.139 1.422 0
140.0 480.0 11 9 75.287 1.487 0
140.0 460.0 11 9 55.853 1.652 0
140.0 440.0 11 7 43.185 2.137 0

GRID IS EXPANDED AS FOLLOWS SO MINIMUM FACTOR OF SAFETY FALLS WITHIN THE GRID

60.0 560.0 11 6 169.075 2.036 1
80.0 560.0 17 15 156.682 1.469 1
100.0 560.0 11 g 156.185 1.279 0
120.0 560.0 11 9 155.383 1.300 1
140.0 560.0 11 2 153.005 1.431 1

LOWEST FACTOR OF SAFETY AT EACH GRID POINT IS TABULATED BELOW

COORDINATE 60.000 80.000 100.000 120.000 140.000
560.000 2.036 1.469 1.279%9 1.300 1.431
540.000 2.080 1.518 1.277 1.280 1.424

520.000 2.173 1.582 1.308 1.307 1.284
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500.000
480.000
460.000
440.000

2.223
2.411
2.751
3.370

ONLY ONE MINIMUM F.S.

AT POINT (100.

1.673
1.777
1.946
2.241

1.377
1.424
1.577
1.849

0 , 540.0) RADIUS 136.905
THE MINIMUM FACTOR OF SAFETY IS 1.277

FACTORS OF SAFETY BASED ON SEARCH

1.337
1.3285
1.534
1.824

1.422
1.487
1.652
2.137

OF 1.277 EXISTS AT (100.000,540.000)

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y

COCRDINATE CO
100.0
108.0
116.0
108.0
108.0
116.0
100.0
11¢.0
106.0
104.0
102.90
104.0
104.0
104.0
106.0
l102.0
AT POINT (104.

ORDINATE
540.0
540.0
540.0
548.0
556.0
548.0
548.0
548.0
548.0
548.0
548.0
550.0
546.0
544.0
546.0
546.0

NO. OF CIRCLE
TOTAL CRITIC. RADIUS
136.905
137.257
137.884
144.996
152.744
145.659
144.617
144.606
145.391
145.787
144.183
147.721
143.852
141.917
143.457
144.248

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

8
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7

0 , 546.0) RADIUS 143.852

THE MINIMUM FACTOR OF SAFETY IS 1.255

LOWEST WARNING
F.S8.
1.277
1.275
1.285
1.267
1.276
1.284
1.289
1.284
1.261
1.255
1.294
1.258
1.255
1.255
1.259
1.299

OO0 0000000000000

SUMMARY OF SLICE INFORMATION FOR MOST CRITICAL FAILURE SURFACE

SL. SOIL SLICE
NO. NO. WIDTH

1 3 5.782
2 3 5.700
3 3 1.869
4 3 3.631
5 3 9.721
6 3 6.479
7 3 5.100
8 3 1.772
9 3 8.128
10 3 5.223
11 3 5.177
12 3 8.175
13 3 7.725
14 3 5.626
15 3 0.374

SLICE
HEIGHT
1.208
3.740
5.503
6.746
9.577
12.610
14.554
15.649
17.125
18.787
19.797
20.768
21.456
21.610
21.53¢9

WATER
HEIGHT
1.208
3.740
5.411
6.384
8§.528
10.711
11.99%2
12.642
13.431
14.219
14.609
14.815
14.514
14.051
13.676

BOTTOM TOTAL

S
-.1
-.1
-.0
-.0
-.0

.0
.0
.0
.1
.1
.2
.2
.3
.3
.3

INE

64 .965E+03
24 ,295E+04
98 .142E+04
79 .339E+04
32 .129E+05
24 L,113E+05
64 L.103E+05
88 .3B3E+04
23 J192E+05
69 .136E+05
05 .142E+05
E2 .23EE+05
07 .229E+05
53 .1l6BE+05
74 L.111E+04

WEIGHT

EFFEC, RESIS.
WEIGHT MOMENT

.529E+03 .25BE+06
.162E+04 .33BE+06
.790E+03 .131E+06
.194E+04 .285E+06
.769E+04 ,953E+06
.696E+04 .774E+06
.644E+04 .6BOE+06
.243E+04 .251E+06
.124E+05 .124E+07
.893E+04 .861E+06
.944E+04 ,B891E+06
.159E+05 .147E+07
«159E+05 .142E+07
.119E+05 .104E+07
.793E+03 ,692E+05

DRIVING
MOMENT
-.483E+05
-.611E+05
-.186E+05
-.306E+05
-.B66E+03
.108E+06
.162E+06
.740E+05
.471E+06
.425E+06
.519E+06
.102E+07
.119E+07
.986E+06
.685E+05
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16 3 10.100 21.273 12.833 .410 .296E+05 .215E+05
17 3 2.878 20.578 11.437 .456¢ .Bl3E+04 .60BE+04
18 3 2.622 20.133 10.722 .475 .723E+04 .S548BE+04
1¢ 3 10.729% 18.762 8.659 .521 .275E+05 .217E+05
20 3 5.571 16.398 5.459 .578 .124E+05 .105E+05
21 3 4.622 14.472 3.033 .613 .899E+04 .81llE+04
22 4 0.878 13.283 1.574 .632 .156E+04 .14BE+04
23 4 2.281 12.456 0.685 .643 .380E+04 .370E+04
24 4 4.119 10.585 0.000 .666 .583E+04 .583E+04
25 4 9.232 4.860 0.000 .712 .600E+04 .600E+04

SUM

AT CENTER (104.000 , 546.000) WITH RADIUS 143.852 AND SEIS.
FACTOR OF SAFETY BY NORMAL METHOD IS 1.286
FACTOR OF SAFETY BY SIMPLIFIED BISHOP METHOD IS 1.326

SUMMARY OF STABILITY ANALYSIS

FACTOR OF FAFETY IS DETERMINED BY SIMPLIFIED BISHOP METHOD
NUMBER QF CASES = 2

CASE 1 GSEISMIC COEFFICIENT = 0
FACTOR OF SAFETY = 1.576
CASE 2 SEISMIC COEFFICIENT = 0.1

FACTOR QOF SAFETY = 1.255

.185E+07
.514E+06
.461E+06
.180E+07
.B63E+06
.671E+06
-103E+06
.260E+06
.421E+06
-600E+06
.182E+08

COEFF.

.198E+07
.600E+06
.553E+06
.229E+07
.114E+07
.B879E+06
.158E+06
.390E+06
.618E+06
.674E+06
.142E+08

0.10
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SECTION B-B' POND FULL

CENTER AT (106.0,538.0) RADIUS= 135.718B SEIS. COEF.= 0.000
FACTOR OF SAFETY (2D)

= 1.459 BY SIMPLIFIED BISHOFP METHOD

Associated Engineers, Inc.
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80

L 1 I
120 160 200 240 280

DISTANCE IN FEET



REAME (ROTATIONAL EQUILIBRIUM ANALYSIS OF MULTILAYERED EARTHWORKS)
THIS 2008 VERSION IS LICENSED BY CIVIL ENGINEERING SOFTWARE CENTER TO

INPUT FILE NAME -C:\REAMEZ008\BR1F.DAT
TITLE -SECTION B~B' POND FULL

NOo. OF STATIC AND SEISMIC CASES (NCASE) =1

NO. OF NONCIRCULAR FAILURE SURFACES (NNS) = 0
TWO-DIMENSIONAL ANALYSIS ( THREED = 0 )
ANALYSIS BY DETERMINISTIC METHOD ( PRCB = 0 )

CASE No. 1 SEISMIC COEFFICIENT (SEIC) =0.000

NO. OF BOUNDARY LINES (NBL) = 7

NO. OF POINTS ON BOUNDARY LINE 1 =5

1 X COORD.= 0 ¥ COORD.= 377

2 X COORD.= 12 Y COORD.= 377

3 X COORD.= 109.8 Y COORD.= 382

4 X COORD.= 227.8 Y COORD.= 387

5 X COORD.= 256 Y COORD.= 388
NO. OF POINTS ON BOUNDARY LINE 2 = 5

1 X COORD.= 0 ¥ COORD.= 390

2 X COORD.= 12 Y COORD.= 390

3 X COORD.= 109.8 Y COORD.= 391

4 X COORD.= 227.8 Y COORD.= 398

5 X COORD.= 256 Y COORD.= 39%
NO. OF POINTS ON BOUNDARY LINE 3 = 9

1 X CCORD.= 0 ¥ COORD.= 401

2 X COORD.= 12 ¥ COORD.= 401

3 X COORD.= 55.7 Y COORD.= 402

4 X COORD.= 109.8 ¥ COORD.= 402

5 X COORD.= 152.8 Y COORD.= 404

6 X COORD.= 201.8 Y COORD.= 408

7 X COCRD.= 221.8 Y COORD.= 409

8 X COORD.= 227.8 Y COORD.= 408

9 X COORD.= 256 Y COORD.= 409
NO. OF POINTS ON BOUNDARY LINE 4 = 2

1 X COORD.= 158 Y COORD.= 434.2

2 X COORD.= 252.8 Y COORD.= 434.2
NO. OF POINTS ON BOUNDARY LINE 5 = 3

1 X COORD.= 226.4 Y COORD.= 448

2 X COORD.= 252.8 Y COORD.= 434.2

3 X COORD.= 256 Y COORD.= 433
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NO. OF POINTS

1
2
3

=2

Wwoe--JTawummbh wkhREO

15
16
17
1s
19
20
21
22

X
X
X

COORD. =
COORD. =
COORD ., =

OF POINTS

Ll R T T

COORD. =
COORD.=
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD. =

i

]

1

18

fl

ON BOUNDARY LINE 6 = 3

223.6
226.4
256

4
4
4

COORD. =
COORD.=
COORD. =

ON BOUNDARY LINE 7 = 22

0

12
55.7
75
83.3
89
94.5
110.7
115.8
125.7
136.1
152
158
168.1
173.6
184.4
189.9
195.4
201.8
222.8
223.6
256

HEKEKERKERKEREKKKERKEKKERERKRKKEKGKE 4K

COORD, =
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.
COORD.=
COORD. =

1

]

n

449.5
448
448

401
401
402
404
406
408
410
416
418
422
426
432
434.2
438
440
444
446
448
449.8
450
449.5
449.5

LINE NO. AND SLOPE OF EACH SEGMENT ARE:

1
2
3

~1 3

MIN. DEPTH OF TALLEST SLICE (DMIN)
NO. OF RADIUS CONTROL ZONES (NRCZ)

0.000
0.000
0.000
-0.167
0.000
-0.523
~0.536
0.000
0.370
0.376
0.010

0.051
0.010
0.023
0.035

-0.375
0.000
0.023
0.392
0.364

-0.625

0.04
0.05
0.00

0.1l0
0.40
0.37
0.00

RADIUS DECREMENT (RDEC) FOR ZONE 1 =
NO. OF CIRCLES (NCIR) FOR ZONE 1 = 5
NO. OF BOTTOM LINES (NOL) FOR ZONE 1

LINE NO.

ENGLISH UNITS ARE USED WITH DISTANCE IN FEET AND FORCE IN POUND.

1

(LINO)

BEG. NO.

1

SOIL ENVELOPE COHESION

No.

1
2

(TSSE)
1
1

(¢)

195.000
$65.000

{(NBP) END

33.600
23.800

2 0.035
9 0.035
0 0.047
4 0.241
4 0.385
0 0.364
0
0
1
0
=1
NO. (NEP}

5

FRIC. ANGLE
(PHID)

UNIT WEIGHTT
(&)
120.200
131.800

0.082

0.351
0.377
0.364

0.050

0.364
0.367
0.281
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3 1 258.000 28.100 138.200
4 1 174.000 26.400 133.800
5 1 0.000 26.000 110.000
6 1 0.000 0.000 62.400

USE PHREATIC SURFACE

USE GRID

NO. OF SLICES {(NSLI) = 10

NO. OF ADD. CIRCLES (NAQ) = 3

ANALYSIS BY SIMPLIFIED BISHOP METHOD {MTHD=2)}
NUMBER OF FORCES (NFO)= 0

SOFT SOIL NUMBER (SSN)= 0

NO. OF POINTS ON WATER TABLE (NPWT) = 8
1 X COCRD.= 0 Y COORD.= 401
2 X CCOORD.= 12 Y COORD.= 401
3 X COORD.= 55.7 Y COCRD.= 402
4 X COORD.= 75 Y COORD.= 404
5 X COORD.= 83.3 ¥ COCRD.= 406
6 X COORD.= 89 Y COCRD.= 408
7 X COORD.= 223.6 ¥ COORD.= 449.5
8 X COORD.= 256 ¥ COORD.= 449.5

NO. OF SOILS WITH DIFFERENT WATER TABLE (NSDW) = 0
NO. OF SOILS WITH DIFFERENT PORE PRESSURE RATIO (NSDP) = 0

INPUT COORD. OF GRID POINTS 1,2,AND 3

POINT 1 X COORD. = 60 Y COORD. = 540
POINT 2 X COORD. = 60 Y COORD. = 440
PCINT 3 X COORD. = 140 Y COORD. = 440
X INCREMENT (XINC) = 8 ¥ INCREMENT (YINC) = 8
NO. OF DIVISIONS BETWEEN PCINTS 1 AND 2 (ND12) = 5
NO. OF DIVISIONS BETWEEN POINTS 2 AND 3 (ND23) = 4

ONLY A SUMMARY TABLE IS PRINTED (NPRT
SLICES WILL BE SUBDIVIDED

0)

AUTOMATIC SEARCH WILL FOLLOW AFTER GRID
FACTORS OF SAFETY BASED CON GRID

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y NO. OF CIRCLE LOWEST WARNING

COORDINATE COORDINATE TOTAL CRITIC. RADIUS F.5.
60.0 540.0 5 1 151.397 2.407 1
60.0 520.0 5 1 133.270 2.539 1
60.0 500.0 5 1 115.763 2.710 1
60.0 480.0 5 1 99.202 3.002 1
60.0 460.0 5 1 80.441 3.501 0
60.0 440.0 5 1 60.467 4.485 0
80.0 540.0 11 2 152.761 1.787 0
80.0 520.0 11 8 134.638 1.864 0
80.0 500.0 11 8 114.874 1.966 0
80.0 480.0 11 8 95.08¢ 2.098 0
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80.0 460.0 14 2 73.921 2.290 0
80.0 440.0 11 7 56.816 2.653 0
100.0 540.0 11 8 136.905 1.499 0
100.0 520.0 17 14 117.626 1.525 0
100.0 500.0 17 4 96.555 1.615 0
100.0 480.0 17 4 77.391 1.668 0
10¢.0 460.0 17 15 56.599 1.817 0
100.0 440.0 11 9 50.374 2.103 0
120.0 540.0 11 9 137.167 1.488 0
120.0 520.0 11 10 115.541 1.505 0
120.0 500.0 11 1o 96.191 1.524 0
120.0 480.0 11 10 76.844 1.593 0
120.0 460.0 11 10 57.506 1.734 0
120.0 440.0 11 8 36.248 2.048 0
140.0 540.0 11 7 134.622 1.684 1
140.0 520.0 11 3 lls.112 1.642 1
140.0 500.0 11 9 94.704 1.628 0
140.0 480.0 11 9 75.287 1.675 0
140.0 460.0 11 9 55.853 1.851 0
140.0 440.0 11 7 43.185 2.35¢ 0

GRID IS EXPANDED AS FOLLOWS SO MINIMUM FACTOR OF SAFETY FALLS WITHIN THE GRID

60.0 560.0 5 1 169.944 2.331 1
80.0 560.0 17 15 156.682 1.741 1
100.0 560.0 11 g 156.185 1.493 0
120.0 560.0 11 9 155.383 1.531 1
140.0 560.0 11 8 154.806 1.735 1

LOWEST FACTOR OF SAFETY AT EACH GRID PCINT IS TABULATED BELOW

COORDINATE 60.000 80.000 100.000 120.000 140.000

560.000 2.331 1.741 1.493 1.531 1.735
540.000 2.407 1.787 1.499 1.488 1.684
520.000 2.539 1.864 1.525 1.505 1.642
500.000 2.71¢0 1.966 1.615 1.524 1.628
480.000 3.002 2.098 1.668 1.593 1.675
460.000 3.501 2.290 1.817 1.734 1.851
440.000 4.485 2.653 2.103 2.048 2.359

MINIMUM FACTORS OF SAFETY OCCUR AT THE FOLLOWING 2 CENTERS

FACTOR OF SAFETY 1.493 AT {(100.000,560.000)
FACTOR OF SAFETY = 1.488 AT (120.000,540.000)

n

AUTOMATIC SEARCH WILL BE MADE ONLY ON THE CENTER WITH THE SMALLEST F.S.

AT POINT {(120.0 , 540.0) RADIUS 137.167
THE MINIMUM FACTOR OF SAFETY IS 1.488

FACTORS OF SAFETY BASED ON SEARCH

IN THE FOLLOWING TABLE WARNING INDICATES HOW MANY TIMES THE
MAXIMUM RADIUS IS LIMITED BY THE END POINTS OF GROUND LINES

CENTER X CENTER Y NG. OF CIRCLE LOWEST WARNING
COCRDINATE COORDINATE TOTAL CRITIC. RADIUS F.S.
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120.0
128.0
112.0
104.0
112.0
11z2.0
112.0
112.0
120.0
104.0
114.0
11¢.0
108.0
106.0
108.0
108.0
108.0
108.0
108.0
1i08.0
110.0
106.0
104.0
106.0
1lo0s.0
106.0
los8.0
104.0

AT POINT (106.0 , 538.0) RADIUS 135.718

THE MINIMUM FACTOR OF SAFETY IS 1.459

5

540.0
540.0
540.0
540.0
548.0
532.0
524.0
516.0
524.0
524.0
524.0
524.0
524.0
524.0
526.0
528.0
530.0
532.0
534.0
536.0
534.0
534.0
534.0
536.0
538.0
540.0
538.0
538.0

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

10

10
10
10
10
10

10
10
10

10
10
10
10
10
10
10

0

[ T R O . |

137.167
135,533
136.467
138.048
144.219
128.727
120.989
113.250
119.417
120.615
120.593
121.384
121.779
120.189
123.714
125.649
127.584
129.518
131.453
133.388
131.058
131.848
130.257
133.783
135.718
137.652
135.322
136.113

1.488
1.553
1.476
1.478
1.481
1.474
1.472
1.480
1.503
1.511
1.479
1.470
1.468
1.510
1.467
1.465
1.463
l.462
l.462
1.463
1.467
1.460
1.500
1.459
1.459
1.459
1.464
1.491

000000 O0ODO0O00C0O000O0OO0OO0O00O0OQDOO0OO0COHRO

SUMMARY OF SLICE INFORMATION FOR MOST CRITICAL FAILURE SURFACE

SL. SOIL SLICE
NO. NO. WIDTH

1

W~ u e N

11
12
13
14
15
16
17
18
19
20

[
o
W W W WWwwWwiWwwiwwwwwwwwiewio

4.230
5.700
3.085
2.415
10.599
5.601
5.100
2.313
7.587
5.427
4.973
8.041
7.85%
5.155
0.845
10.100
2.069
3.431
9.583
1.217

SLICE
HEIGHT
0.920
3.258
5.385
6.682
9.539
12.667
14.524
15.742
17.250
18.898
19.923
20.876
21.55¢0
21.671
21.580
21.245
20.515
20.029
18.573
16.985

WATER
HEIGHT
0.520
3.258
5.310
6.445
8.906
11.531
13.001
13.894
14.928
16.006
16.634
17.120
17.245
16.945
16.67%
15.976
14.84¢6
14.208
12.360
10.437

BOTTOM TOTAL

WEIGHT
.538E+03
.257E+04
.230E+04
.223E+04
.140E+05
.981E+04
.102E+05
.503E+04
.181E+05
.142E+05
.137E+05
.232E+05
.234E+05
.154E+05
.252E+04
.296E+05
.583E+04
.942E+04
.243E+05
.281E+04

SINE
-.183
-.146
-.114
-.094
~.046

.014
.053
.081
.117
165
.203
.251
.310
.358
.380
.420
465
-485
.533
.573

EFFEC. RESIS.

WEIGHT MOMENT
.295E+03 .172E+06
.141E+04 .303E406
.128E+04 .201E+06
.126E+04 .176E+06
.B08E+04 .957E+06
.578E+04 .615E+06
.610E+04 .620E+06
.303E+04 .300E+06
.110E+05 .106E+07
.875E+04 .818E+06
.853E+04 .783E+406
.146E+05 .132E+07
.149E+05 .132E+07
,999E+04 .869E84+06
.164E+04 .142E+06
.195E+05 .167E+07
.3531E+04 .333E+06
.638E+04 .541E+06
.169E+05 .143E+07
.201E+04 .172E+06

DRIVING
MOMENT
-.133E+05
-.503E+(5
-.356E+05
-.283E+05
-.8B66E+05
.186E+05
.742E+05
.551E+05
.288E+06
.318E+06
.378E+06
.792E+06
. 985E+06
.750E+06
.130E+06
.169E+07
.368E+06
LB621E+06
W176E+07
.218E+06
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21 3 5.500 15.784 9.046 .598 .117E+05 .Be3E+04
22 3 3.535 13.906 6.918 .631 .660E+04 .507E+04
23 4 1.965 12.607 5.467 .651 .331E+04 .264E+04
24 4 0.797 11.874 4.690 .662 .127E+04 .103E+04
25 4 5.603 9.858 2.761 .685 .739E+04 .643E+04
26 4 7.411 4.128 0.000 .733 .409E+04 .409E+04

(230).8

AT CENTER (106.000 , 538.000) WITH RADIUS 135.718 AND SEIS.
FACTOR OF SAFETY BY NORMAL METHOD IS 1.441
FACTOR OF SAFETY BY SIMPLIFIED BISHOP METHOD IS 1.459

SUMMARY OF STABILITY ANALYSIS

FACTOR OF FAFETY IS DETERMINED BY SIMPLIFIED BISHOP METHOD
NUMBER OF CASES = 1

CASE 1 SEISMIC COEFFICIENT = O
FACTOR OF SAFETY = 1.459

.742E+06
.445E+06
.196E+06
.773E+05
-497E+06
.445E+06
.162E+08

COEFF.

0.

.952E+06
.565E+06
-293E+06
.114E+06
.687E+06
.407E+06
.112E+08

00



Additional Piezometer Data



KU Green River Station
Main Ash Pond

Water level readings for Main Ash Pond on January 14, 2011

(ft)
Depth to water (ft) (ft)

Piezometer from ground  Boring Elevation Water Elevation Pond
P1A 11.45 449.29 437.84 Main
P2A 15.05 449.74 434.69 Main
P3A 16.70 449.62 432.92 Main
P4 2.40 412.69 410.29 Main
P5 -2.08 403.31 405.39 Main

24-Jan-11
Addendum

Notes: Depth to top of ice in P5 was observed to be 2.08 feet above ground surface

Water level readings for Main Ash Pond on December 8, 2011

(ft)
Depth to water (ft) (ft)

Piezometer from ground  Boring Elevation Water Elevation Pond
P1A 12.90 449.29 436.39 Main
P2A 12.60 449.74 437.14 Main
P3A 17.70 449.62 431.92 Main

P4 6.20 412.69 406.49 Main

P5 -1.70 403.31 405.01 Main

Notes: Depth to top of ice in P5 was observed to be 2.08 feet ahove ground surface



Attachments
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—_— — 445 445 <Lﬂ 552
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\ ’ | 440 440 O O 25
| | | ;48
e 157« N [ nZ Zce
\ \ B \ [ i 435 435 LIJEH ﬁ ?
SRR . £ 24
\ | 5 TOP OF BENCH | I AR
- | \ GRADED TO DRAIN EE 430 430 558
| | || I | ¢E
\ , | 425 425 52
[
PROPOSED 6" SOCKED, PERFORATED
420 N-12 HDPE LONGITUDINAL DRAIN 420
BEDDED ON MINIMUM 3" #9 STONE
WITH MINIMUM 12" #9 STONE COVER.
415 415
PROPOSED 6" SOLID N-12 HDPE OUTLET
AT KEYWAY LONGITUDINAL LOWPOINT.
410 410
KTC TYPE 1
PERFORATED PIPE HEADWALL
405 405
EXISTING SURFACE \/-.”/
400 400
‘_ | PROPOSED KEYWAY
L 3' DEEP BY 10’
395 395
PROPOSED SWALE AT 1/2% MINIMUM
390 390
385 SILTY CLAY WITH SHALE FRAGMENTS - IN SITU 385
380 380
375 375
n o n (@} n o n o n o n o ['e}
Lp] Lp] N N — — o o o — — N N
+ + + + + + + + + + + + +
¢ % % % % % 9 ° ° ° ©° o 0
3 = a4 —
D Z < P
sl ] o] €
> > =z <
sp & 2] 3
. . o
UNDER DRAIN DETAIL “1.°
& &
. o
SCALE: 1" = 10/ 2 z <
m < e}
3 g &
SEE SUB-DRAIN DETAIL THIS SHEET
SCALE; 1" = 10' O
Notes:
450 450 ——
v Place Geotextile Fabric, Type Iv On Excavated Soil Area Meeting The
Y/ = Phreatic Surface WATER | Requirements Of Section 843, Type 1V, Of The Current Edition Of Kentucky Dot, <
Pg”:O%OFf\S’FY Standard Specifications For Road And Bridge Construction. Install Geotextile Z
WD = 62.4 PCF Fabric According To Section 214 Of The Standard Specifications For Read And S
Bridge Construction. Prepare The Surface To A Smooth Condition, Free Of <
440 440 Obstructions, Debris, Or Sharp Objects That May Puncture The Fabric. Place The (D D
Fabric Smooth And Free Of Tension, Stress, Folds, Wrinkles, Or Creases. Do Not |
| Operate Equipment Directly On The Fabric. Overlap Strips At Least 18 Inches. m Z
| Place Transverse Laps So The Upslope Strip Laps Over The Daownslope Strip. D_
! Install Fastener Pins Through Both Strips Of Qverlapped Fabric At No Less Than I I I O
PROPOSZES'?;*TOZC(; BENCH ! 5-foot Intervals Along A Line Through The Midpeint Of The Overlap, And At Any m
430 ° ! 430 Other Locations As Necessary To Prevent Any Slippage Of The Fabric. Place > D_
| Fabric With The Long Dimension Parallel To The Long Dimension Of The Section S—
/ _— : SANDY LEAN CLAY To Be Covered. m <
- | PHI = 27.94, C = 289.0 PSF, WD = 137.8 PCF I D_
ROCK BACKFILL SECTION / — : Use Kentucky Coarse Aggregate No. 2's, 3's, Or 23's Meeting The Requirements U)
bHI = 36,04 C =S(I§EO'\:32|1—E\?VD= i15.0 POF — ! Of Sections 703 And 805 Of The Standard Specifications For Road And Bridge 2 I I I
420 AT ' /V — . 420 Construction (Current Edition). <
|
- : . | | LUl nd
Do Not Stockpile, Even Temporarily, The Excavated Material On Any Slope Of The
PROPOSED 6" SOCKED, PERFORATED —~ [ ! ’ _
NL12.HDPE LONG I TUDINAL DRAIN T T _ ! Dam. Do Not Operate Or Park Equipment On Areas Of The Dam OQutside Of The LLI 2 I I I
BEDDED ON MINIMUM 3" #9 STONE // _— : Area To Be Excavated. m —
WITH MINIMUM 12" #9 STONE COVER. // | D_
410 SEE DETAIL THIS SHEET. - & ot corbednan | 410 Excavation Of The Failed Material Will Involve Some Risk. To Prevent Potential (D <
7 SEE'NOTES : Damage To Upslope Areas, Perform The Excavation In Sections No Longer Than E O
® : 40 Ft As Measured In The Longitudinal Direction At The Bottom Of The Slope, And .
OIS, | ORIGINAL GRQUND SURFACE Backfill With Rock To The Top Of The Excavation As Scon As Possible. Sequence m |
G SURFACE N, : Construction As Shown. Complete The Back Filling Of Each 40 Ft. Section Within 4 U)
400 LST‘N, / @ | S = 30 24, e 2500 PS. WD = 1947 PCE 400 24 Hours After Beginning Excavation In That Section.
TYPE IV GEOTEXTILE FABRIC i )
- ,l PROPOSED KEYWAY TYPICAL - SEE NOTES : Maintain Positive Drainage Away From All Areas At Toe Of Dam.
[ I 3' DEEP BY 10' |
: FLY ASH AND CLAY Z
LEAN CLAY - IN SITU : PHI = 26.0A, C/= 0.0 PSF, WD = 110.0 PCF
PHI = 28.0A, C = 250.0 PSF, WD = 130.0 PCF | . . .
390 @ ® | 390 Estimated Material Quantities:
| I I I
| siTy CLAY WITH SHALE FRAGMENTS - IN SITU **The Following Quantities Are Provided As Engineering Budget Estimates
SILTY CLAY WITH SHALE FRAGMENTS - IN SITU ©) | PH] =33.64, C|= 195.0 PSF, WD = 130.0 PCF Only And Net For Bid Purposes.**

BEDROCK
Soil Removed From Existing Dam And Proposed Keyway Totals Approximately

180 BEDROCK 380 3,500 Cubic Yards, Or 22 Cubic Yards Per Foot Of Repair Length (Based From

Approximate 157' Of Repair Area Shown).

Stone Backfill Totals Approximately 6,200 Cubic Yards Or 9,600 Tons At 115
Pounds Per Cubic Foot, Or 61 Tons Per Foot Of Repair Length (Based From SHEET NUMBER
Approximate 157" Of Repair Area Shown).

0400
0450
1+00
1+50
1490

SECTION A-A'
25' ROCK BENCH Geotextile Fabric Coverage Area Approximately 17,500 Sf - Not Accounting For
Lapping Of Fabric.
LONG TERM STEADY SEEPAGE Pors 2 of 8

H:1"=10 V:1"=10

—-04+50
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/ - WD = 133.8 PCF \
— @ N
430 -~ 430
Qe
06‘“5\0 _—
E.I;\S{\“q /
7
= Vo Sandy Lean Clay
/ Lean Clay w/Sand
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460 460

V = Phreatic Surface

Water
PHI=0.0"

C=0.0PSF
450 @ m C=00PSk 450

— N /

/\ 4 (6)
V/ \
__Sardy Lean Clay Ash
L Lean Clay w/Sand PHI = 26.0
— PHI = 26.4° (5)  c=00PSF

0 € = 174.0 PSF N WD =110.0PCF 440
WD = 133.8 PCF \

(@) N\

430 -~ _—— 430

D)
Sandy Lean Clay
/ Lean Clay w/Sand
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XISling surrace I
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| | PHI = 23.8" ///:/
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420 N-12 HDPE LONGITUDINAL DRAIN 420
BEDDED ON MINIMUM 3" #9 STONE
WITH MINIMUM 12" #9 STONE COVER.
415 415
PROPOSED 6" SOLID N-12 HDPE OUTLET
AT KEYWAY LONGITUDINAL LOWPOINT.
410 410
KTC TYPE 1
PERFORATED PIPE HEADWALL
405 405
EXISTING SURFACE »"»/
400 : 400
‘_ | PROPOSED KEYWAY
L 3' DEEP BY 10’
395 395
PROPOSED SWALE AT 1/2% MINIMUM
390 390
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380 380
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Notes:
450 450
_ Place Geotextile Fabric, Type Iv On Excavated Soil Area Meeting The o
\/ = Phreatic Surface ;"Q’TT:EF;DA Requirements Of Section 843, Type 1V, Of The Current Edition Of Kentucky Dot, <
C = 0.0 PSF, Standard Specifications For Road And Bridge Construction. Install Geotextile Z
WD=62-4PEF Fabric According To Section 214 Of The Standard Specifications For Road And —
| Bridge Construction. Prepare The Surface To A Smooth Condition, Free Of <
440 : 440 Obstructions, Debris, Or Sharp Objects That May Puncture The Fabric. Place The (D D
: Fabric Smooth And Free Of Tension, Stress, Folds, Wrinkles, Or Creases. Do Not |
| Operate Equipment Directly On The Fabric. Overlap Strips At Least 18 Inches. m Z
! Place Transverse Laps So The Upslope Strip Laps Over The Downslope Strip. D_
oROPOSED ROCK BENGH | Install Fastener Pins Through Both Strips Of Qverlapped Fabric At No Less Than I I I O
\<' o5 AT 2% l 5-foot Intervals Along A Line Through The Midpoint O The Overlap, And At Any m
430 ! 430 Other Locations As Necessary To Prevent Any Slippage Of The Fabric. Place > D_
: Fabric With The Long Dimension Parallel To The Long Dimension Of The Section S—
/ — I SANDY LEAN CLAY To Be Covered. m <
_— : PHI = 27.9A, C/= 289.0 PSF, WD = 137.8 PCF I
ROCK BQE;E&;:SECT'ON /// P — | Use Kentucky Coarse Aggregate No. 2's, 3's, Or 23's Meeting The Requirements U) D—
PHI = 36.04, C = 0.0 PSF, WD = 115.0 PCF /V l Of Sections 703 And 805 Of The Standard Specifications For Road And Bridge Z I I I
- — | 420 Construction (Current Edition). LLI
' L nd
PROPOSED 6" SOCKED, PERFORATED o R - T i Do Not Stockpile, Even Temporarily, The Excavated Material On Any Slope Of The I I I
N-12 HDPE LONGITUDINAL DRAIN 7 T - | Dam. Do Not Cperate Or Park Equipment On Areas Of The Dam Qutside Of The 2
BEDDED ON MINIMUM 3" #9 STONE // : Area To Be Excavated. m — LIJ
WITH MINIMUM 12" #9 STONE COVER. / |
SEE DETAIL THIS SHEET. [
410 // SLOPE, CUT/SECTION ! #10 Excavation Of The Failed Material Will Involve Some Risk. To Prevent Potential (D < D—
SEENOTES ! Damage To Upslope Areas, Perform The Excavation In Sections No Longer Than E O
® | ORIGINAL GROUND SURFACE 40 Ft As Measured In The Longitudinal Direction At The Bottom Of The Slope, And .
® X/ | Backfill With Rock To The Top Of The Excavation As Soon As Possible. Sequence m |
| . - ppe . - -
TING SURFACE / | SANDY LEAN CLAY - OLD FILL Construction As Shown. Complete The Back Filling Of Each 40 Ft. Section Within 4
&, i\ @ I PHI = 30.24, C = 359.0 PSF, WD = 132.7 PCF 24 Hours After Beginning Excavation In That Section. U)
400 l TYPE IV GEOTEXTILE FABRIC | 400 )
- - PR(;,.PSEEE ngl\(’)V.AY TYPICAL - SEE NOTES i Maintain Positive Drainage Away From All Areas At Toe Of Dam.
: FLY ASH AND CLAY 2
LEAN CLAY - IN SITU : PHI = 26.0A, C = 0.0 PSF, WD = 110.0 PCF
PHI = 28.0A, C = 250.0 PSF, WD = 130.0 PCF @ | O
390 ©), | 390 Estimated Material Quantities:
LL
|
|
|| SILTY CLAY WITH SHALE FRAGMENTS - IN SITU **The Following Quantities Are Provided As Engineering Budget Estimates
PHI = 33.6A, C /= 195.0 PSF, WD = 130.0 PCF .
SILTY CLAY WITH SHALE FRAGMENTS - IN SITU @ | 0n|y And Not For Bid PUFDOSES.**
BEDROCK
BEDROCK Soil Removed From Existing Dam And Proposed Keyway Totals Approximately
380 380 3,500 Cubic Yards, Or 22 Cubic Yards Per Foot Of Repair Length (Based From
Approximate 157' Of Repair Area Shown).
Stone Backfill Totals Approximately 6,200 Cubic Yards Or 9,600 Tons At 115
B 8 B 8 ] 3 Pounds Per Cubic Foot, Or 61 Tons Per Foot Of Repair Length (Based From SHEET NUMBER
& & & x + * Approximate 157" Of Repair Area Shown).
|

SECTION A-A'
25| ROCK BEN CH fae;);;a:gilgfiaatérriicc .Coverage Area Approximately 17,500 Sf - Not Accounting For
POND FULL CONDITION 5018
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WITH MINIMUM 12" #9 STONE COVER.
415 415
PROPOSED 6" SOLID N-12 HDPE OUTLET
AT KEYWAY LONGITUDINAL LOWPOINT.
410 410
KTC TYPE 1
PERFORATED PIPE HEADWALL
405 405
EXISTING SURFACE \/-,\/
400 : 400
‘_ | PROPOSED KEYWAY
L 3' DEEP BY 10’
395 395
PROPOSED SWALE AT 1/2% MINIMUM
390 390
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380 380
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Notes:
450 v @ 450 Place Geotextile Fabric, Type Iv On Excavated Soil Area Meeting The o
V = Phreatic Surface | WATER Requirements Of Section 843, Type 1V, Of The Current Edition Of Kentucky Deot, <
| ZH_'ES-SQF Standard Specifications For Road And Bridge Construction. Install Geotextile Z
: WO A PEE Fabric According To Section 214 Of The Standard Specifications For Read And —
| Bridge Construction. Prepare The Surface To A Smooth Condition, Free Of <
440 | 440 Obstructions, Debris, Or Sharp Objects That May Puncture The Fabric. Place The (D D
o Fabric Smooth And Free Of Tension, Stress, Folds, Wrinkles, Or Creases. Do Not |
: Operate Equipment Directly On The Fabric. Overlap Strips At Least 18 Inches. m Z
| Place Transverse Laps So The Upslope Strip Laps Over The Downslope Strip. D_
| Install Fastener Pins Through Both Strips Of Qverlapped Fabric At No Less Than I I I O
: 5-foot Intervals Along A Line Through The Midpoint Of The Overlap, And At Any m
430 l 430 Othe_r Locations As Necessary To Prevent Any Slippagg Of '_I'he Fabric. PIa_ce > D_
: Fabric With The Long Dimension Parallel To The Long Dimension Of The Section S—
: SANDY LEAN CLAY To Be Covered. m I <
. gl | PHI = 27.94, C = 289.0 PSF, WD = 137.8 PCF D-
v [ Use Kentucky Coarse Aggregate No. 2's, 3's, Or 23's Meeting The Requirements U)
| -~ | Of Sections 703 And 805 Of The Standard Specifications For Road And Bridge 2 I I I
420 : 420 Construction (Current Edition). <
: L ad
| Do Not Stockpile, Even Temporarily, The Excavated Material On Any Slope Of The I I I
! Dam. Do Not Cperate Or Park Equipment On Areas Of The Dam Qutside Of The 2
| Area To Be Excavated. D: — LIJ
| M al
410 : 410 Excavation Of The Failed Material Will Involve Some Risk. To Prevent Potential <
: Damage To Upslope Areas, Perform The Excavation In Sections No Longer Than E O
® | 40 Ft As Measured In The Longitudinal Direction At The Bottom Of The Slope, And .
| ORIGINAL GROUND SURFACE Backfill With Rock To The Top Of The Excavation As Soon As Possible. Sequence m |
REACE : Construction As Shown. Complete The Back Filling Of Each 40 Ft. Section Within U)
TING SU | SANDY LEAN CLAY - OLD FILL " ; ; -
400 /@/&/ @ | PHI = 30.24, C = 350.0 PSF, WD = 132.7 PCF 400 24 Hours After Beginning Excavation In That Section. D
|
| Maintain Positive Drainage Away From All Areas At Toe Of Dam.
|
: FLY ASH AND CLAY Z
LEAN CLAY'- IN SITU : PHI = 26.0A, C/= 0.0 PSF, WD = 110.0 PCF O
390 PHI = 26.0% © = 250D PSF, WD 5 130.0 PCF @ ® : 390 Estimated Material Quantities:
. LL
| SILTY CLAY WITH SHALE FRAGMENTS - IN SITU **The Following Quantities Are Provided As Engineering Budget Estimates
SILTY CLAY WITH SHALE FRAGMENTS - IN SITU ©) | PHI = 33.64, C|= 195.0 PSF, WD = 130.0 PCF Only And Not For Bid Purposes.**
BEDROCK
Soil Removed From Existing Dam And Proposed Keyway Totals Approximately
380 BEDROCK 380 3,500 Cubic Yards, Or 22 Cubic Yards Per Foot Of Repair Length (Based From
Approximate 157' Of Repair Area Shown).
Stone Backfill Totals Approximately 6,200 Cubic Yards Or 9,600 Tons At 115
o) o o) o Q o Pounds Per Cubic Foot, Or 61 Tons Per Foot Of Repair Length (Based From SHEET NUMBER
g 2 E SECTION A-A' 3 ? b Approximate 157" Of Repair Area Shown).
|

EXISTI NG CONDITION (WITHOUT SLOPE FAI LURE) fae;);;a:g’]cilgfizt;rriiicOverage Area Approximately 17,500 Sf - Not Accounting For 6 Of 8
LONG TERM STEADY SEEPAGE
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PROPOSED 6" SOLID N-12 HDPE OUTLET
AT KEYWAY LONGITUDINAL LOWPOINT.

410 410

KTC TYPE 1
PERFORATED PIPE HEADWALL

405

EXISTING SURFACE

400 :
L | PROPOSED KEYWAY

o 3' DEEP BY 10'
395 385
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SCALE: 1" = 10/

JOB NUMBER
DRAWN BY
CHECKED BY

SEE SUB-DRAIN DETAIL THIS SHEET

PLAN VIEW

SCALE: 1" = 10' >

Notes:

450

©) v @ 50 Place Geotextile Fabric, Type Iv On Excavated Soil Area Meeting The
WATER Requirements Of Section 843, Type 1V, Of The Current Edition Of Kentucky Dot,
ZH:IESSQF Standard Specifications For Road And Bridge Construction. Install Geotextile
WD = 62.4 PCF Fabric According To Section 214 Of The Standard Specifications For Read And
Bridge Construction. Prepare The Surface To A Smooth Condition, Free Of
Obstructions, Debris, Or Sharp Objects That May Puncture The Fabric. Place The
Fabric Smooth And Free Of Tension, Stress, Folds, Wrinkles, Or Creases. Do Not
Operate Equipment Directly On The Fabric. Overlap Strips At Least 18 Inches.
Place Transverse Laps So The Upslope Strip Laps Over The Downslope Strip.
Install Fastener Pins Through Bath Strips Of Overlapped Fabric At No Less Than
5-foot Intervals Along A Line Through The Midpeint Of The Overlap, And At Any
430 Other Locations As Necessary To Prevent Any Slippage Of The Fabric. Place
Fabric With The Long Dimension Parallel To The Long Dimension Of The Section
To Be Covered.

\/ = Phreatic Surface

440 440

430

SANDY LEAN CLAY
PHI = 27.9A, C = 289.0 PSF, WD = 137.8 PCF

Use Kentucky Coarse Aggregate No. 2's, 3's, Or 23's Meeting The Requirements
Of Sections 703 And 805 Of The Standard Specifications For Road And Bridge
420 420 Construction (Current Edition).
Do Not Stockpile, Even Temporarily, The Excavated Material On Any Slope Of The
Dam. Do Not Cperate Or Park Equipment On Areas Of The Dam Qutside Of The
Area To Be Excavated.
410 410 Excavation Of The Failed Material Will Involve Some Risk. To Prevent Potential
Damage To Upslope Areas, Perform The Excavation In Sections No Longer Than
40 Ft As Measured In The Longitudinal Direction At The Bottom Of The Slope, And
ORIGINAL GROUND SURFACE Backfill With Rock To The Top Of The Excavation As Soon As Possible. Sequence
Construction As Shown. Complete The Back Filling Of Each 40 Ft. Section Within

SANDY LEAN CLAY - OLD FILL . . . .
PHI = 30.24, O|= 350.0 PSE, WD = 134.7 PCF 400 24 Hours After Beginning Excavation In That Section.

MAIN ASH POND
SLOPE REPAIR PLAN

(1) EXISTING SURFACE @
400 |

Maintain Positive Drainage Away From All Areas At Toe Of Dam.

FLY ASH AND CLAY
PHI = 26.0A, C'= 0.0 PSF, WD = 110.0 PCF

LEAN CLAY - IN SITU
PHI = 28.0A, C = 250.0 PSF, WD = 130.0 PCF @

390 @

190 Estimated Material Quantities:

EON U.S. GREEN RIVER STATION

SILTY CLAY WITH SHALE FRAGMENTS - IN SITU **The Following Quantities Are Provided As Engineering Budget Estimates
PHI = 33.6A, C = 195.0 PSF, WD = 130.0 PCF Only And Net For Bid Purposes.**

BEDROCK

SILTY CLAY WITH SHALE FRAGMENTS - IN SITU @

Soil Removed From Existing Dam And Proposed Keyway Totals Approximately
380 BEDROCK 380 3,500 Cubic Yards, Or 22 Cubic Yards Per Foot Of Repair Length (Based From
Approximate 157' Of Repair Area Shown).

Stone Backfill Totals Approximately 6,200 Cubic Yards Or 9,600 Tons At 115
Pounds Per Cubic Foot, Or 61 Tons Per Foot Of Repair Length (Based From SHEET NUMBER
Approximate 157" Of Repair Area Shown).

0+00

50
1400
14+50
1490

S SECTION A-A'
EXISTI NG CONDITION (WITHOUT SLOPE FAI LURE) fae;);;a:g’]cilgfizt;rriiicOverage Area Approximately 17,500 Sf - Not Accounting For 7 Of 8
POND FULL CONDITION
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PLAN VIEW

SCALE: 1" = 10' Y

Notes:

450 450

Place Geotextile Fabric, Type Iv On Excavated Soil Area Meeting The
Requirements Of Section 843, Type 1V, Of The Current Edition Of Kentucky Dot,
Standard Specifications For Road And Bridge Construction. Install Geotextile
445 Fabric According To Section 214 Of The Standard Specifications For Read And
Bridge Construction. Prepare The Surface To A Smooth Condition, Free Of
Obstructions, Debris, Or Sharp Objects That May Puncture The Fabric. Place The
Fabric Smooth And Free Of Tension, Stress, Folds, Wrinkles, Or Creases. Do Not
Operate Equipment Directly On The Fabric. Overlap Strips At Least 18 Inches.
Place Transverse Laps So The Upslope Strip Laps Over The Downslope Strip.
Install Fastener Pins Through Bath Strips Of Overlapped Fabric At No Less Than
5-foot Intervals Along A Line Through The Midpeint Of The Overlap, And At Any
430 Other Locations As Necessary To Prevent Any Slippage Of The Fabric. Place
Fabric With The Long Dimension Parallel To The Long Dimension Of The Section
To Be Covered.

\/ = Phreatic Surface

445

440 440

435 435

430

SANDY LEAN CLAY

PHI = 27.9A, C = 289.0 PSF, WD = 137.8 PCF

425 425

Use Kentucky Coarse Aggregate No. 2's, 3's, Or 23's Meeting The Requirements
Of Sections 703 And 805 Of The Standard Specifications For Road And Bridge
420 Construction (Current Edition).

FLY ASH
PHI = 26.0A, C = 0.0 PSF, WD = 110.0 PCF

420

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

:

: Do Not Stockpile, Even Temporarily, The Excavated Material On Any Slope Of The
415 l 415 Dam. Do Not Operate Or Park Equipment On Areas Of The Dam Qutside Of The
l Area To Be Excavated.
|
i 410 Excavation Of The Failed Material Will Involve Some Risk. To Prevent Potential
! Damage To Upslope Areas, Perform The Excavation In Sections No Longer Than
| 40 Ft As Measured In The Longitudinal Direction At The Bottom Of The Slope, And
: 405 Backfill With Rock Te The Top Of The Excavation As Soon As Possible. Sequence
l Construction As Shown. Complete The Back Filling Of Each 40 Ft. Section Within
: 24 Hours After Beginning Excavation In That Section.
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

410

MAIN ASH POND
SLOPE REPAIR PLAN

405 ORIGINAL GROUND SURFACE

SANDY LEAN CLAY - OLD FILL
PHI = 30.2A, C = 359.0 PSF, WD = 132.7 PCF

400

400 /

Maintain Positive Drainage Away From All Areas At Toe Of Dam.

395 395

FLY ASH AND CLAY
PHI = 26.0A, C = 0.0 PSF, WD = 110.0 PCF

Estimated Material Quantities:

390 390

EON U.S. GREEN RIVER STATION

SILTY CLAY WITH SHALE FRAGMENTS - IN SITU

, **The Following Quantities Are Provided As Engineering Budget Estimates
PHI = 33.6A, C = 195.0 PSF, WD = 130.0 PCF

i k%
385 Only And Not For Bid Purposes.

385
BEDROCK . L .
Soil Removed From Existing Dam And Proposed Keyway Totals Approximately
3,500 Cubic Yards, Or 22 Cubic Yards Per Foot Of Repair Length (Based From

=80 580 Approximate 157' Of Repair Area Shown).

Stone Backfill Totals Approximately 6,200 Cubic Yards Or 9,600 Tons At 115
Pounds Per Cubic Foot, Or 61 Tons Per Foot Of Repair Length (Based From SHEET NUMBER
Approximate 157" Of Repair Area Shown).

375 375
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0
+

0+00
1+00
1+50

(e}

SE CTI ON A' A, fae;);;a:gilgfiaatérriicc .Coverage Area Approximately 17,500 Sf - Not Accounting For
RAPID DRAWDOWN 8 Of 8
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Dam: An embankment that impounds water or solids that meets the KRS 151 definition. In general a dam is 25
or more feet in height or has an impounding capacity of fifty or more acre-feet at the lowest point on the top of
the dam. Height is measured from the natural bed of the stream or watercourse at the downstream toe of the
embankment to the low point in the top of the dam.

Berm: An embankment that impounds water or solids that does not meet the KY Department for Natural
Resources and Environmental Protection definition of a dam.

Assessment Activities

The scope of these assessments was limited to an examination of readily observable surficial features of the
ponds and a review of information provided to us. Our field team was accompanied by LG&E/KU.
representatives at each site visit. Our assessments did not include any test drilling, material testing, precise
physical measurements of pond features, detailed calculations to verify spillway capacities or embankment
stability, or other engineering analyses. Although the visual assessments were conducted by experienced
personnel in accordance with generally accepted methods, the assessments should not be considered as a
warranty or guaranty of the future safety of the facilities.

All the ponds addressed by this assessment were located at existing or former power stations and generally
consisted of an excavated pond enclosed on one or more sides with an earthen embankment. The ponds
generally receive minimal storm water runoff, with the majority of water inflow resulting from the sluicing of
CCP and other power generation process water into the impoundments. Table 1 summarizes the facilities
assessed by ATC during this phase of work.

Table 1- Summary of Assessed Ponds

Secondary
Spillway No. Findings: | Condition Rating
Pond Type ; Present 2011 Inspection | 2011 Inspection ,
Main Ash Pond Side Hill No 10 F
. Scrubber Pond Side Hill/Diked No 5 F
Green River - -
Number 2 Pond Side Hill No 4 F
Coal Runoff Pond Side Hill No 6 F
Pineville Ash Pond Side Hill No 8 F
Tyrone Ash Pond Side Hill/Incised No 14 F
S — Satisfactory Note 1: See Appendix A
F — Fair Note 2: See Pond Assessment Forms
CP- Conditionally Poor
P — Poor

U — Unsatisfactory

This summary report includes the following items for each pond assessed:
Site Vicinity Map

Findings and Recommendations Table

Dam Assessment Form

Photographs

Site Plan with Photographs

Site Plan with GPS Locations and Field Observations
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Findings and Recommendations

The findings and recommendations summarized in the appendices to this report are grouped by Power Station
and by pond facility. The findings and recommendations are categorized with a priority level of High,
Moderate, or Normal (described in “Findings and Recommendations” Tables).

The recommendations provided in the Findings and Recommendations Tables are specific to each pond facility;
however, we have developed four general recommendations that apply to all the facilities.

1. Prepare or update an Operation and Maintenance Manual for each facility. The manual will allow rapid
assessments of any variations in the day to day operation of each facility, will assist in troubleshooting
problems, and will provide a source of data for future plant personnel responsible for the management
of the facility. Normal Priority

2. Continue regular facility inspections. These inspections will allow changes in the facility to be observed
in a timely fashion and allow preventative measures to be taken as part of regular maintenance rather
than on an emergency basis. The personnel conducting the inspections should receive training on the
proper inspection techniques, the specific items that should be inspected, the frequency of inspections
and the documentation that is required. The inspection regime should also include a regular (yearly)
assessment by either outside consultants or LG&E and KU corporate personnel not routinely assigned to
a power station. High Priority

3. Determine for each pond the maximum pool level that can be safely maintained to provide adequate
freeboard capacity with the existing spillway configurations. The maximum elevation should then be
surveyed and marked on each spillway inlet. Documentation of the maximum allowable water elevation
should also be placed in the Operation and Maintenance Manual for each pond. High Priority

4. Evaluate each pond facility with an embankment to determine whether a redundant method to prevent or
safely control impounded water from overtopping the embankment crest is needed. The Findings and
Recommendations page for each pond describes whether the ponds have emergency or secondary
spillways. Published literature indicates that progressive erosion of the embankment crest during an
overtopping event is one of the most common causes of embankment failure. Normal Priority

Discussion
The appendices to this report contain a Findings and Recommendation Table for each pond assessed.
Discussion and clarification of specific recommendations are provided below.

Three of the ponds addressed by this report are currently not classified by the KY Division of Water, Dam
Safety Branch as “Dams”, and therefore do not have a State Dam ID number. However 401 KAR 4:030, which
is the regulation which dictates the engineering standards for “dams and all other impounding obstructions
which might create a hazard to life and/or property”, may apply to the three unclassified ponds, since most
impound CCP or fluids using an obstruction and are not incised ponds.

Our Findings and Recommendations table for each structure include suggestions to “Evaluate” or “Monitor”
specific items associated with each structure. In this report “Evaluate” should be interpreted to mean -
additional data is required for a qualified individual such as an engineer to determine whether:
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e Such an evaluation has been made previously,
e Past evaluations are valid for the current structure in its current configuration and use, and
e Additional engineering analyses are needed.

In this report “Monitor” should be interpreted to mean — observe that specific item during future follow-up
assessments and during regular inspections to observe and document any changes noted from the preceding
assessment.

We appreciate the opportunity to provide our assessment services to you. If you have any questions concerning
information contained in this report, or if the condition of the facilities should change significantly from that
described herein, please do not hesitate to call either of the undersigned.

Sincerely,

ATC Associates Inc.

Mark J. Schuhmann P.E. Josh English, E.I.T.
Principal Engineer Staff Engineer
KY License 12,500
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DAM/POND ASSESSMENT FORM

Name of Professional Conducting Inspection:

KY Professional License No.:

Company Name: ATC Associates Inc.

Phone:

Address:

Inspection Preparation: Reviewed all pertinent technical documentation related to this dam and site in:

the State’s files Yes [ ] No [ ]; and Owner’s Files: Yes[ | No[ ]

Comments:

Dam/Pond Name: Hazard Class: Topographic Quad:

Date of Inspection:

State Dam ID: County: Latitude Longitude

Last Inspection:

Power Station Name:

Address:

Site Contact: Phone:

Drainage Area Surface Area(AC): Height (Ft): Crest Length Crest Width (Ft): | Crest Elevation
(mi?): (Ft):

Slope (Ft): Principal Spillway Principal Spillway Control | Feet Freeboard:

Interior: Type: Spillway Size: Elevation:

Exterior:

CCP placed in Emergency Spillway | Emergency Spillway Control | Feet Freeboard:

Pond: Type: Spillway Size: Elevation;

FIELD CONDITIONS OBSERVED

CCP Above Crest:Yes:[_] None:[ | | Location:

Max. Height above pool

Water Level (Below Dam Crest, Ft):

Ground Moisture Condition: Dry [ | Wet[ | Snow cover[ | Other:

Monitoring: Yes [ ] None:[ ] ([_]Gage Rod [ | Piezometers [ |Seepage Weirs [ | Survey Monuments [ | Other)

Comments:

A INTERIOR | Problems Noted: [_] None [ ] Riprap — Missing, Sparse [_] Wave Erosion [_] Cracks
SLOPE [] Sinkholes [ ] Appears Too Steep [ ] Depressions or Bulges [ ] Slides

GOOD [ ] ] Animal Burrows [_] Trees, Bushes, Briars [_] Other

ACCEPTABLE [ ] | Comments:

DEFICIENT [ ]

POOR [ ]

B CREST | Problems Noted: [ | None [ ]RutsorPuddles [ ]Erosion []Cracks [ ] Sinkholes

[ ] Not Wide Enough [] Low Areas [ ] Misalignment [ ] Inadequate Surface Drainage

GOOD (] [] Trees, Bushes, Briars  [_] Other

ACCEPTABLE [ ] | Comments:

DEFICIENT [ ]

POOR []

CCP: Coal Combustion Products;

Spillway Size: Pipe Dia. for drop inlet; open channel width (typically emergency or (auxiliary) spillway) at the control section, Ft;.
Freeboard: vertical distance from the emergency spillway control section to the lowest point of the crest of the dam.

Form Revised 3/19/10
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DAM/POND ASSESSMENT FORM

C EXTERIOR | Problems Noted: [ | None [ ] Livestock Damage [ | Erosion, Gullies ] Cracks
SLOPE [] Sinkholes [ ] Appears Too Steep [ | Depression or Bulges [ ] Slide  [] Soft Areas

GOOD [ ] [] Trees, Bushes, Briars  [_] Animal Burrows [_] Other

ACCEPTABLE [ ] Comments:

DEFICIENT [ ]

POOR [ ]

SEEPAGE

D

Problems Noted: [_| None [ ] Saturated Embankment Area [ _] Seepage Exits on Embankment
[] Seepage Exits at Point Source [ ] Seepage Area at Toe [ ] Flow Adjacent to Outlet

GOOD L]

If Seepage: [ | Clear [ ] Muddy

ACCEPTABLE []

Drain Outfalls Seen: Yes[ ] No[ ] Flow:[]Clear [ ]Muddy []Dry []Obstructed

DEFICIENT L]

POOR L]

Comments:

E PRINCIPAL
SPILLWAY

Description:

GOOD L]

ACCEPTABLE []

Problems Noted: [ ] None [ ] Deterioration [ ] Separation
[ Inlet, Outlet Deficiency  [] Stilling Basin Inadequacies

[] Cracking
] Trash Rack [_] Other

DEFICIENT L]

POOR L]

Comments:

F AUXILIARY
SPILLWAY

Description:

GOOD L]

ACCEPTABLE []

DEFICIENT L]

POOR L]

Problems Noted: [_] None [ ] No Auxiliary Spillway Found  [_] Erosion with Backcutting
] Crack with Displacement [ ] Appears to be Structurally Inadequate [_] Appears too Small
[] Inadequate Freeboard [] Flow Obstructed [ ] Concreted Deteriorated/Undermined
[] Other

Comments:

MAINTENANCE
AND REPAIRS

GOOD L]

ACCEPTABLE []

DEFICIENT L]

POOR L]

Problems Noted: [_| None [ ] Access Road Needs Maintenance [_| Cattle Damage
] Spillway Obstruction [ ] Vegetation on Interior Slope, Crest, Exterior Slope, Toe [ ]
Trees on Interior Slope, Crest, Exterior Slope, Toe [] Rodent
Activity on Interior Slope, Crest, Exterior Slope, Toe [] Deteriorated
Concrete —Facing, Outlet, Spillway [] Gate and/or Drawdown Need Repair [] Other

Comments:

IMPOUNDMENT

H

AREA
GOOD [ ]

Problems Noted: [_| None [ ] Ponded Water within Ash [_] Ash blocking spill way
] Signs of damage from dredging [ ] Ash deposits in spillway [ ] Other

ACCEPTABLE

Impoundment receives surface water runoff in addition to sluiced ash: Yes[ ]| No[ |

DEFICIENT

Release of ponded water could cause overtopping of dam: Yes[ ] No[ ] N/A[]

POOR

Comments:

Form Revised 3/19/10




DAM/POND ASSESSMENT FORM

I OVERALL CONDITIONS | Comments:
SATISFACTORY ]
FAIR L]
CONDITIONALLY POOR [ ]
POOR L]

[]

UNSATISFACTORY

Summary of Findings and Recommendations in Attached Table

This visual dam assessment was conducted to assess the general overall condition of the reservoir/ash pond/dam, identify
visible deficiencies, and recommend areas for monitoring, additional investigative studies and corrective actions. The
assessment is based only on visible features/areas of the dam on the day of inspection; it does not constitute a formal safety
inspection nor a review or evaluation from each specialist of an inspection team, such as geologists, civil, geotechnical,
structural, or hydraulics engineer. The owner should verify the findings of this report and take corrective actions. This
assessment does not relieve the owner/operator from their responsibility to conduct routine inspections, maintenance, repairs,
modifications, monitoring, documentation, and/or investigative studies.

Professional Engineer’s Signature: Date:

Reviewed by: Date:
Owner/Owner Representative Signature

Form Revised 3/19/10
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DAM/POND ASSESSMENT FORM

POND CONDITION GUIDELINES

Conditions Observed — Applies to Interior Slope, Crest, Exterior Slope, Principal Spillway , Auxiliary Spillway and
Impoundment area

Good

In general, this part of the
structure has a good appearance,
and conditions observed in this
area do not appear to threaten
the safety of the dam

Acceptable

Although general cross-section
is maintained, surfaces may be
irregular, eroded, rutted, spalled,
or otherwise not in new
conditions. Conditions in this
area do not currently appear to
threaten the safety of the dam.

Deficient

Continued deterioration and/or
unusual loading may threaten
the safety of the dam.

Poor

Conditions observed in this area
appear to threaten the safety of
the dam. Conditions observed in
this area are unacceptable.

Conditions Observed — Applies to Seepage

Good
No evidence of uncontrolled
seepage. No  unexplained

increase in flows from designed
drains. All seepage is clear.
Seepage conditions do not
appear to threaten the safety of
the dam.

Acceptable

Some seepage exposits at areas
other than drain outfalls, or
other designed drains. No
unexplained increase in flows
from designed drains. All
seepage is clear. Seepage
conditions observed do not
currently appear to threaten the
safety of the dam.

Deficient

Excessive seepage exists at
areas other than drain outfalls
and other designed drains.
Seepage needs to be evaluated;
increase flow and/or continued
deterioration in seepage
conditions may threaten the
safety of the dam.

Poor

Excessive seepage conditions
observed appear to threaten the
safety of the dam and is
unacceptable. Examples: 1)
Designed drain or seepage flow
have increased without increase
in reservoir level. 2) Drain or
seepage flows contain sediment.
3) Widespread seepage,
concentrated seepage or
ponding appears to threaten the
safety of the dam.

Conditions Observed — Applies to Maintenance and Repair

Good

Dam appears to receive
effective on-going maintenance
and repair, and only a few minor
items may need to be addressed.

Acceptable
Dam appears to receive
maintenance, but some

maintenance items need to be
addressed. No major repairs are
required.

Deficient

Level of maintenance of the
dam needs significant
improvement. Major repairs
may be required. Continued
neglect of maintenance may
threaten the safety of the dam.

Poor

Dam does not receive adequate
maintenance. One or more items
needing maintenance or repair
have begun to threaten the
safety of the dam. Level of
maintenance is unacceptable.

Overall Conditions

Satisfactory Fair Conditionally Poor Poor Unsatisfactory
No existing or potential | No existing dam safety | A potential safety | A potential dam safety | A dam safety deficiency
dam safety deficiencies | deficiencies are | deficiency is recognized | deficiency is clearly | exists for normal
recognized. Safe | recognized for normal | for unusual loading | recognized for normal | conditions.  Immediate
performance is expected | loading conditions. | conditions which may | loading conditions. | remedial action is
under all anticipated | Infrequent  hydrologic | realistically occur during | Immediate actions to | required for problem
loading conditions, | and/or seismic events | the expected life of the | resolve the deficiency | resolution.
including such events as | would probably result in | structure. This | are recommended,;
infrequent  hydrologic | a dam safety deficiency. | designation may also be | reservoir restrictions may
and/or seismic events. used when uncertainties | be necessary until
Project files contain exist as to critical | problem resolution.
necessary hydrologic and analysis parameters
other engineering which identify a
calculations to verify potential dam  safety
dam safety and deficiency; further
performance. investigations and

studies are necessary.

Form Revised 3/19/10




Department for Natural Resources and Environmental Protection
Division of Water
Engineering Memorandum No. 5

SECTION B - STRUCTURE CLASSIFICATION

In determining structure classification, a number of factors must be considered.
Consideration must be given to the damage that might occur to existing and future developments
downstream resulting from a sudden breach of the earth embankment and the structures
themselves. The effect of failure on public confidence is an important factor. State and local
regulations and the responsibility of the involved public agencies must be recognized. The stability
of the spillway materials, the physical characteristics of the site and valley downstream, and the
relationship of the site to industrial and residential areas all have a bearing on the amount of
potential damage in the event of afailure.

Structure classification is determined by the above conditions. It is not determined by the
criteria selected for design.

1. CLASS OF STRUCTURES

The following broad classes of structures are established to permit the association of criteria
with the damage that might result from a sudden major breach of the structure.

A. Class (A) - Low Hazard

This classification may be applied for structures located such that failure would cause loss
of the structure itself but little or no additional damage to other property. Such structures will
generally be located in rura or agricultural areas where failure may damage farm buildings other
than residences, agricultural lands, or county roads.

B. Class (B) - Moderate Hazard

This classification may be applied for structures located such that failure may cause
significant damage to property and project operation, but loss of human life is not envisioned. Such
structures will generally be located in predominantly rural agricultural areas where failures may
damage isolated homes, main highways or major railroads, or cause interruption of use or service of
relatively important public utilities.

C. Class (C) - High Hazard

This classification must be applied for structures located such that failure may cause loss of
life, or serious damage to houses, industrial or commercial buildings, important public utilities, main

INFORMATIONAL COPY
Reprinted June, 1999
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Department for Natural Resources and Environmental Protection
Division of Water
Engineering Memorandum No. 5

highways or major railroads. This classification must be used if failure would cause probable loss
of human life.

The responsible engineer shall determine the classification of the proposed structure after
considering the characteristics of the valley below the site and probable future development.
Establishment of minimum criteria does not preclude provisions for greater safety when deemed
necessary in the judgment of the engineer. Considerations other than those mentioned in the above
classifications may make it desirable to exceed the established minimum criteria. _A statement of
the classification established by the responsible engineer shall be clearly shown on the first sheet of

the plans.

. STRUCTURES IN SERIES

When structures are spaced so that the failure of an upper structure could endanger the
safety of a lower structure, the possibility of a multiple failure must be considered assigning the
structure classification of the upstream structure.

Additional safety can be provided in either structure by (1) increasing the retarding storage
and/or (2) increasing the emergency spillway capacity.

INFORMATIONAL COPY
Reprinted June, 1999

10
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* GREEN RIVER STATION

11001 Bluegrass Parkway, Suite 250
Louisville, KY 40299
(502) 722-1401

PROJECT NO: 27.11000.1G37
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SCALE:N/A

REVIEWED BY: JE

DRAWN BY: RR

DATE: 1/17/11

FIGURE: B-1

SITE VICINITY MAP

KU GREEN RIVER STATION
LG&E and KU 2011 Pond Inspections
Moorman, KY

Map provided by mapquest.com
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Plant: Green River

Structure: Main Pond
State ID# 803

Field date: 1/14/2011

Findings and Recommendations

Item | Priority GPS Location .
: . Photo # S Action Item
# Rating Point Description
1 High G13 7 Principal Clearly mark highest allowable stoplog elevation on principal spillway inlet. Elevation
9 Spillway to be determined by others. Include instruction in Operation manual for pond.
2 | Moderate G10, G11, 2 Exterior Slope Repa.ur and re-establish vegetation in areas reworked in fall of 2010, numerous
G12 locations.
3 | Moderate G1 3 Toe Enlarge and armor remaining portion of groin ditch on west end of south
embankment below culvert outlet.
4 | Moderate G3 313 Toe Rework cqlvert inlet gt exterior toe, west side of south embankment. Culvert inlet is
clogged with vegetation.
Evaluate presence of wet areas on south embankment including area near
5 | Moderate | G2, G10 4 Toe piezometer P2A, monitor for changes in seepage. Piezometer showing piezometeric
head 2 feet above ground level at toe.
6 | Moderate G8 14 Toe Repair concrete culvert inlet at coal pile storage area. Inlet is crushed and partially
clogged with loose coal.
Rework drainage below new seep collection pipe outlet. Ditch below pipe outlet
7 | Moderate - 6 Toe partially filled with loose coal allowing water to pond in outlet pipe.
Mineral buildup in pipe will prevent drainage of collected seepage water.
8 Normal G14 5 West Interior |Add slope erosion protection along interior of west embankment where exposed to
Slope pond water.
9 Normal G9 1 Interior Slopes Move d|scharg_e for new ash Ilne.on east interior slope at least 10 feet from slope to
prevent potential erosion to interior slope.
10 Normal G11 11 Toe Cut vegetation at toe of south embankment and 10 feet beyond toe.
Priority: High - Recommend that action item be addressed as soon as possible
Moderate - Recommend that action item be addressed during next construction season
Normal - Recommend that action item be as part of ongoing maintenance of the structure
Location: Crest Interior Slope Principal Spillway
Toe Exterior Slope Emergency Spillway
Abutment

B4



DAM ASSESSMENT FORM

Name of Professional Conducting Inspection:
Mark J. Schuhmann, P. E.

KY Professional License No.:
12,500

Company Name: ATC Associates, Inc.

Phone: 502-722-1401

Address: 11001 Bluegrass Parkway, Suite 250, Louisville, KY 40299

Inspection Preparation: Reviewed all pertinent technical documentation related to this dam and site in:
the State’s files Yes [ ] No [X] ; and Owner’s Files: Yes [X] No[]

Comments: Side Hill Construction. Significant improvements made to dam since last ATC inspection in 2009. Piezometers
installed in 2010, stabilization berm added at downstream toe east of plant process water outfall to pond, groin ditches

added.

Dam/Pond Name: Hazard Class: Topographic Quad: | Date of Inspection:
Green River Main Ash Pond Low Central City East 1/14/11

State Dam ID: County: Latitude: Longitude: Last ATC Inspection:
803 Muhlenberg 37022’ 7.00” 87° 7 14.00” 10/28/09

Power Station Name: KU Green River Station

Address: 811 Power Plant Road, Central City, KY 42330

Site Contact: Travis Harper Phone: 270-757-6105

Drainage Area Surface Area(AC): Height (Ft): Crest Length Crest Width (Ft): | Crest

(AC): 71 32 50 (Ft): 2700 20 Elevation(Ft):
450

Slope (H:V): Principal Spillway Principal Spillway Control | Freeboard (Ft): 5.5 feet at spillway

Interior: 1.7:1 Type: Concrete drop | Spillway Size: Elevation(Ft):

Exterior: 2.5:1 Inlet with stop logs 36 inches varies

CCP placed in Emergency Spillway | Emergency Spillway Control | Freeboard(Ft):

Pond: Bottom Type: None Spillway Size: Elevation: N/A

Ash, Fly Ash, N/A N/A

Pyrites

FIELD CONDITIONS OBSERVED

CCP Above Crest:Yes:[X] None:[_]

Location: Dry stacking area located at Max. Height above pool(Ft):
west and northeast end of pond 10

Water Level (Below Dam Crest, Ft): 5.5

Ground Moisture Condition: Dry [ ] Wet[X] Snow cover [X]  Other:

Monitoring: Yes [X] None:[] ([ ] Gage Rod [X] Piezometers [ |Seepage Weirs [ ] Survey Monuments [X] Other)

Comments: Piezometers installed in 2010 to monitor piezometric head.

A INTERIOR | Problems Noted: [ | None [X] Riprap — Missing, Sparse [X] Wave Erosion [ ] Cracks
SLOPE [] Sinkholes [ ] Appears Too Steep [ ] Depressions or Bulges [ ] Slides

GOOD L]

] Animal Burrows [] Trees, Bushes, Briars [_] Other

ACCEPTABLE [X

DEFICIENT L]

Comments: Interior embankments missing erosion and wave protection. Vegetation recently cut
on south and east slopes exposes sparse vegetative covering leaving slopes exposed to wave

POOR [] | erosion.
B CREST | Problems Noted: X] None [ | RutsorPuddles [ ]Erosion [ ]Cracks [ ] Sinkholes

[ ] Not Wide Enough [] Low Areas [ ] Misalignment [ ] Inadequate Surface Drainage
GOOD X [] Trees, Bushes, Briars  [_] Other

ACCEPTABLE []

DEFICIENT L]

POOR []

Comments: None

CCP: Coal Combustion Products;
Spillway Size: Pipe Dia. for drop inlet; open channel width (typically emergency or (auxiliary) spillway) at the control section, Ft;.
Freeboard: vertical distance from the emergency spillway control section to the lowest point of the crest of the dam.

Form Revised 3/19/10
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DAM ASSESSMENT FORM

C EXTERIOR | Problems Noted: [ | None [ ] Erosion, Gullies [_] Cracks [ ] Sinkholes [_] Appears Too Steep
SLOPE [] Depression or Bulges [ ]Slide [] Soft Areas [X] Trees, Bushes, Briars [_] Animal

GOOD ] Burrows [X] Other

ACCEPTABLE [X] | Comments: Substantial improvements to exterior slope since last ATC inspection. Channelize and

DEFICIENT [ ] | armor groin ditch at toe of slope west side of south embankment. Mow all vegetation 10 ft. below

POOR [] | toe, and continue to mow remaining slope areas.. Culvert inlet at west end of south embankment
toe was clogged with vegetation.

D SEEPAGE | Problems Noted: [ | None [ ] Saturated Embankment Area [ | Seepage Exits on Embankment

[ ] Seepage Exits at Point Source  [X] Seepage Area at Toe [ ] Flow Adjacent to Outlet

GOOD [ ] | If Seepage: DX Clear [ ] Muddy See below

ACCEPTABLE [X] | Drain Outfalls Seen: YesX] No[ ] Flow:[ ] Clear [ ]|Muddy []Dry [X] Obstructed

DEFICIENT [ ] Comments: Plastic seepage collection pipes at toe of slope near process water outfall pipes were

POOR [ ] modified since last ATC inspection in 2009. Ditch below new plastic seepage collection pipes is
partially clogged and allows standing water to pond in outfall pipe. Wet areas observed at toe of
south embankment

E PRINCIPAL | Description: Drop Inlet with stop logs.

SPILLWAY

GOOD [ ] | Problems Noted: [ ] None [ ] Deterioration [ ] Separation [ ] Cracking

ACCEPTABLE [X X Inlet, Outlet Deficiency  [] Stilling Basin Inadequacies [ ] Trash Rack [ ] Other

DEFICIENT [ ] | Comments: Stoplogs can be placed in spillway inlet so water elevation in pond is within a few feet

POOR [ ] | of the dam crest. Spillway inlet should be marked with maximum safe elevation for stoplogs.

F AUXILIARY | Description: No auxiliary spillway observed

SPILLWAY

GOOD [ ] | Problems Noted: [ ] None [X] No Auxiliary Spillway Found  [_] Erosion with Backcutting

ACCEPTABLE [] ] Crack with Displacement [ ] Appears to be Structurally Inadequate [_] Appears too Small

DEFICIENT ] [] Inadequate Freeboard [ ] Flow Obstructed [ ] Concreted Deteriorated/Undermined

POOR [] [] Other

Comments: None

MAINTENANCE

G

Problems Noted: [_| None [ ]| Access Road Needs Maintenance [ | Spillway Obstruction

AND REPAIRS X] Vegetation on Interior Slope, and Toe [_] Trees on Exterior Slope [_] Rodent Activity on
GOOD [ ] Interior Slope, Crest, Exterior Slope, Toe [_] Deteriorated Concrete —Facing, Outlet, Spillway
ACCEPTABLE [X [] Gate and/or Drawdown Need Repair [X] Other
DEFICIENT [ ] Comments: Vegetation at water line on Interior slopes needs continued mowing. Spray
POOR [ ] vegetation to prevent regrowth, Interior slopes need erosion protection. Armor groin ditches at
toe of embankments with rip rap. Pipe inlets and outlet need clearing.
H IMPOUNDMEN | Problems Noted: [ | None [ | Ponded Water within Ash [_] Ash blocking spill way
TAREA | [T] Signs of damage from dredging [ Ash deposits in spillway [X] Other
GOOD
ACCEPTABLE [X Inflow sources: X] Runoff  [X] AshSluicing X Process Water [ ] Other
DEFICIENT [ ] Release of ponded water could cause overtopping of dam: Yes[ ] No[X N/A[]
POOR [ ] Comments: New ash sluicing line installed on south and east embankment interior. Discharge

point is on interior slope. Line should be extended to discharge 10 from interior slope to prevent
potential damage to interior slope.

Form Revised 3/19/10
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GREEN RIVER MAIN POND PHOTOS
January 14, 2011

Photo #1: Sparse vegetation, interior slope of east embankment, looking NW
Note: Ash discharge line

Photo #2: Minor areas of sparse vegetation, south embankment,
exterior slope, looking north

B8



GREEN RIVER MAIN POND PHOTOS
January 14, 2011

Photo #3: South embankment toe, exterior slope, looking NE
Note: Groin ditch along toe, clogged culvert

Photo #4: South embankment toe, looking SW
Note: Ponded water along exterior slope toe
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GREEN RIVER MAIN POND PHOTOS
January 14, 2011

Photo #5: Interior slope of west embankment, looking west

Photo #6: Drainage pipe at west end of south embankment, looking NE
Note: Ponded water in outlet pipe
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GREEN RIVER MAIN POND PHOTOS
January 14, 2011

Photo #7: Principal Spillway inlet
Note: Top of stop logs just below water surface

Photo #8: East end of south embankment, exterior slope, looking east
Note: Rock toe berm
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GREEN RIVER MAIN POND PHOTOS
January 14, 2011

Photo #9: East end of south embankment, exterior slope, looking NE
Note: Rock groin ditch recently installed along toe

Photo #10: Exterior slope of west embankment, east
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GREEN RIVER MAIN POND PHOTOS
January 14, 2011

Photo #11: Toe of south exterior slope, looking NE
Note: Recently installed rock toe berm and observed tall vegetation at toe

Photo #12: East end of south embankment, exterior slope, looking south
Note: Rock groin ditch recently installed along toe
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GREEN RIVER MAIN POND PHOTOS
January 14, 2011

Photo #13: Culvert inlet clogged with vegetation, west side of south
embankment, looking NE

Photo #14: Repair concrete culvert inlet at toe near west end of
south embankment, looking NW
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GREEN RIVER MAIN POND PHOTOS
January 14, 2011

Photo #15: East end of south embankment, interior slope and crest,
looking west
Note: Ash discharge line

B 15
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Plant: Green River
Structure: Scrubber Pond

State ID# 804

Field date: 1/14/2011

Findings and Recommendations

Item | Priorit . Location .
"Y' 1GPs Point| Photo # L Action Item
# Rating Description
1 | Moderate | multiple 1 Exterior Slope |Re-seed areas where sparse vegetation exists on exterior slopes
2 | Moderate Gaa 2 Interior Slope Add erosion protection on gll interior slopes at water line, restore slope configuration
where eroded by wave action.
Principal . .
3 | Moderate - - Spillway Evaluate need for spillway to prevent overtopping.
Fill low areas on dam crest to maintian consistent freeboard depth. Elevation survey
4 | Moderate - - Crest S S
by others indicates one foot variation is present.
5 Normal G43 - Toe Regrade area south of pond to prevent ponding water.
Priority: High - Recommend that action item be addressed as soon as possible
Moderate - Recommend that action item be addressed during next construction season
Normal - Recommend that action item be as part of ongoing maintenance of the structure
Location: Crest Interior Slope Principal Spillway
Toe Exterior Slope Emergency Spillway
Abutment
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DAM ASSESSMENT FORM

Name of Professional Conducting Inspection: KY Professional License No.:
Mark J. Schuhmann, P. E.. 12500
Company Name: ATC Associates, Inc. Phone: 502-722-1401

Address: 11001 Bluegrass Parkway, Suite 250, Louisville, KY 40299

Inspection Preparation: Reviewed all pertinent technical documentation related to this dam and site in:
the State’s files Yes [ ] No [X] ; and Owner’s Files: Yes [X] No[]

Comments: Side Hill/Diked Pond Configuration. Pond no longer receives process water, only inflow is from rainfall on
impoundment. An automatic floating pump at the SW corner of the impoundment was added in 2010 to control the water
level in the pond. Pond level reduced from last ATC inspection in 2009.

Dam/Pond Name: Hazard Class: Topographic Quad: | Date of Inspection:
Green River Scrubber Pond Low Central City East 1/14/11

State Dam ID: County: Latitude: Longitude: Last ATC Inspection:
804 Muhlenberg 37°22’ 0.00” 87° 6’ 54.00” 10/28/09

Power Station Name: KU Green River Station

Address: 811 Power Plant Road, Central City, KY 42330

Site Contact: Travis Harper Phone: 270-757-6105

Drainage Area Surface Area(AC): Height (Ft): Crest Length Crest Width (Ft): | Crest

(AC): 10 10 18 (Ft): 2500 12 Elevation(Ft):

404 to 405

Slope: Principal Spillway Principal Spillway Control | Freeboard (Ft): 4.5 at crest adjacent to

Interior: 2.5:1 Type: None, water is | Spillway Size: Elevation(Ft): SW pond corner.

Exterior: 2.2:1 pumped out manually | N/A N/A

CCP placed in Emergency Spillway | Emergency Spillway Control | Freeboard(Ft):

Pond: Previously | Type: Spillway Size: Elevation: N/A

SO2 sludge None N/A N/A

FIELD CONDITIONS OBSERVED

CCP Above Crest:Yes:X] None:[ | | Location: North end of pond Max. Height above pool (Ft): less than 2
feet

Water Level (Below Dam Crest, Ft): 4.5 feet at SW pond corner

Ground Moisture Condition: Dry [ ] Wet[X] Snow cover [X]  Other:

Monitoring: Yes[ ] None:[] ([ ] Gage Rod [X] Piezometers [ |Seepage Weirs [ ] Survey Monuments [ ] Other)

Comments: Three piezometers were installed on dam crest in 2010.

A INTERIOR | Problems Noted: [_| None [X] Riprap — Missing, Sparse [X] Wave Erosion [_| Cracks
SLOPE [] Sinkholes [X] Appears Too Steep [ ] Depressions or Bulges [ ] Slides

GOOD [] ] Animal Burrows [X] Trees, Bushes, Briars  [X] Other

ACCEPTABLE Comments: Tall vegetation present in previous inspections was cut exposing interior slope for

DEFICIENT entire perimeter of pond. Numerous areas of old wave erosion were observed with over-steepened

POOR slopes that encroach upon nominal crest width in some places. Several areas of over-steepened

H |

slopes require placement of additional material to flatten slopes and protect crest.

0O
Y]
m
w
|

B Problems Noted: [ | None [X] Ruts or Puddles [ ] Erosion [ ] Cracks [ ] Sinkholes
X Not Wide Enough  [X] Low Areas []| Misalignment [ ] Inadequate Surface Drainage

GOOD [ ] [] Trees, Bushes, Briars  [_] Other

ACCEPTABLE [X Comments: Crushed stone placed on crest roadbed since 2009 ATC inspection. Interior slope
DEFICIENT [ ] erosion starting to narrow crest width in few places.

POOR [ |

CCP: Coal Combustion Products;
Spillway Size: Pipe Dia. for drop inlet; open channel width (typically emergency or (auxiliary) spillway) at the control section, Ft;.
Freeboard: vertical distance from the emergency spillway control section to the lowest point of the crest of the dam.

Form Revised 3/19/10 B 20



DAM ASSESSMENT FORM

C DOWNSTREAM | Problems Noted: | None [ ] Livestock Damage [_| Erosion, Gullies [ ] Cracks
SLOPE [] Sinkholes [ ] Appears Too Steep [ Depression or Bulges [ ]Slide  [] Soft Areas

GOOD X [] Trees, Bushes, Briars [ Animal Burrows [X] Other

ACCEPTABLE [ ] | Comments: Erosion gullies noted in previous inspections have been filled. Sparse vegetation in

DEFICIENT ] few areas needs to be reseeded to establish grass cover.

POOR []

D SEEPAGE | Problems Noted: [X] None [ ] Saturated Embankment Area [ | Seepage Exits on Embankment

[ ] Seepage Exits at Point Source [ ] Seepage Area at Toe [ ] Flow Adjacent to Outlet

GOOD X] | If Seepage: [ | Clear [ ] Muddy

ACCEPTABLE [ ] | Drain Outfalls Seen: Yes[ ] No[ ] Flow:[]Clear [ ]Muddy []Dry []Obstructed

DEFICIENT [] Comments: Continue to monitor wet area south of south embankment toe.

POOR []

E PRINCIPAL | Description: Automatic duplex pump system was installed in 2010 to control the water level in the

SPILLWAY pond.

GOOD [ ] | Problems Noted: [X] None [ ] Deterioration [ | Separation [ ] Cracking

ACCEPTABLE [X [ Inlet, Outlet Deficiency  [] Stilling Basin Inadequacies [ ] Trash Rack [ ] Other

DEFICIENT [ ] Comments: Evaluate need for gravity fed emergency spillway for overflow protection.

POOR

F AUXILIARY | Description: No auxiliary spillway observed

SPILLWAY
GOOD [ ] Problems Noted: [_| None [X] No Auxiliary Spillway Found [ ] Erosion with Backcutting
ACCEPTABLE [ ] Crack with Displacement [ ] Appears to be Structurally Inadequate [_] Appears too Small
DEFICIENT [ ] [] Inadequate Freeboard [ ] Flow Obstructed [ ] Concreted Deteriorated/Undermined
POOR [ ] [ Other

Comments: N/A

MAINTENANCE | Problems Noted: [ ] None [ ] Access Road Needs Maintenance [ ] Cattle Damage

AND REPAIRS [] Spillway Obstruction [ ] Vegetation on Upstream Slope
GOOD [ ] ] Trees on Downstream Slope
ACCEPTABLE [X ] Rodent Activity on Upstream Slope, Crest, Downstream Slope, Toe
DEFICIENT [ ] ] Deteriorated Concrete —Facing, Outlet, Spillway [ ] Gate and/or Drawdown Need Repair
POOR [ ] [] Other

Comments: Vegetation along water line on upstream slope should continue to be mowed, crest
width starting to narrow at few locations needs maintenance.

H IMPOUNDMENT | Problems Noted: [X] None [_] Ponded Water within Ash [_] Ash blocking spill way
AREA | [T] Signs of damage from dredging [ Ash deposits in spillway [ ] Other

GOOD X

ACCEPTABLE [ | Inflowsources: X] Runoff [ ] AshSluicing [ ] Process Water [ | Other

DEFICIENT [] Release of ponded water could cause overtopping of dam: Yes[ ] No[] N/A[X

POOR [ ] | Comments: None

Form Revised 3/19/10 B 21






GREEN RIVER SCRUBBER POND PHOTOS
January 14, 2011

Photo #1: Exterior slope toe, south embankment east side, looking NW

Photo #2: Interior slope of south embankment, looking east
Note: Note wave erosion encroaching on edge of dam crest

B 23



GREEN RIVER SCRUBBER POND PHOTOS
January 14, 2011

Photo #3: East embankment, interior slope, looking south

Photo #4: West embankment, crest and interior slope,
looking north

B 24



GREEN RIVER SCRUBBER POND PHOTOS
January 14, 2011

Photo #5: West embankment, exterior slope,
looking north

Photo #6: East embankment, exterior slope and toe, looking north
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Plant: Green River

Structure: Number 2 Pond
State ID# Non-classified
Field date: 1/14/2011

Findings and Recommendations

Item | Priority GPS Location
# Rating Point [Photo #| Description Action Iltem
1 High Multiple 1 Crest _Pla_ce fill as needed t(_) return crest to design elevation. Elevation survey by others
indicates crest elevations vary up to 1.5 feet.
. . Place filter over observed seep at west end of south embankment at boring drilled in
2 High G22 2 Exterior Slope 2010 (B-1.75T) to prevent piping and loss of soil.
. Principal Mark principal spillway to prevent stop log placement which would result in
3 High G20 3 ) .
Spillway overtopping of the crest.
4 | Moderate [ Multiple 1 Interior Slope |Place erosion protection at waterline of interior slopes.
Priority: High - Recommend that action item be addressed as soon as possible
Moderate - Recommend that action item be addressed during next construction season
Normal - Recommend that action item be as part of ongoing maintenance of the structure
Location: Crest Interior Slope Principal Spillway
Toe Exterior Slope Emergency Spillway
Abutment
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DAM ASSESSMENT FORM

Name of Professional Conducting Inspection:
Mark J. Schuhmann P.E.

KY Professional License No.:
12500

Company Name: ATC Associates Inc.

Phone: 502-722-1401

Address: 11001 Bluegrass Parkway, Suite 250, Louisville, KY 40299

Inspection Preparation: Reviewed all pertinent technical documentation related to this dam and site in:
the State’s files Yes [ ] No [X] ; and Owner’s Files: Yes [X] No[]

Comments: Side Hill pond, no longer actively receiving ash, but receives water from Main Ash pond, coal runoff pond and
SO2 pond. Substantial improvements made to pond since last ATC inspection.

Dam/Pond Name: Green River KDEP Hazard Topographic Quad: | Date of Inspection:
Number 2 Pond Class: N/A Central City East 1/14/11

State Dam ID: County: Latitude: W Longitude: N Last ATC Inspection:
N/A Muhlenberg 37022’ 3.79” 87°7’ 5.69” 10/28/09

Power Station Name: KU Green River Station

Address: 811 Power Plant Road, Central City , KY 42330

Site Contact: Travis Harper

Phone: 270-757-6105

Drainage Area Surface Area (AC): | Height (Ft): 15 Crest Length Crest Width (Ft): | Crest Elevation
(AC): 23 8 (water Surface) (Ft): 2500 15 (Ft): 399.69
Slope (H:V) Principal Spillway | Principal Spillway Control | Freeboard(Ft):

Upstream:not visible | Type: Drop Inlet Spillway Elevation: 4.4

Downstream: 2:1 Size(In): 36

CCP/Fluids in Pond: | Emergency Emergency Spillway Control | Freeboard(Ft):

Plant outfall, flyash, | Spillway Type: Spillway Size: Elevation; N/A

Bottom Ash None N/A N/A

FIELD CONDITIONS OBSERVED

CCP Above Crest:Yes:[X] None:[]

Location: South and east ends of pond

Max. Height above pool(Ft): 2 to 3 feet

Water Level (Below Dam Crest, Ft): 4.4

Ground Moisture Condition: Dry [ | Wet[X] Snow cover X]  Other:

Monitoring: Yes [ ] None:X] (L] Gage Rod [X] Piezometers [ |Seepage Weirs [ | Survey Monuments [ | Other)
Comments: Piezometers installed on dam crest in 2010.
A INTERIOR | Problems Noted: [_] None [X] Riprap — Missing, Sparse [ ] Wave Erosion [_] Cracks
SLOPE [] Sinkholes [ ] Appears Too Steep  [_] Depressions or Bulges [ ] Slides
GOOD [ ] ] Animal Burrows [_] Trees, Bushes, Briars [_] Other
ACCEPTABLE [X] Comments: Interior slope of east embankment needs erosion protection.
DEFICIENT [ ]
POOR [ ]
B CREST | Problems Noted: [ | None [ ]RutsorPuddles [ ]Erosion [ |Cracks [ ] Sinkholes
[ ] Not Wide Enough [X] Low Areas [] Misalignment [ ] Inadequate Surface Drainage
GOOD [ ] ] Trees, Bushes, Briars [_] Other
ACCEPTABLE [X] Comments: Elevation survey of dam crest (by others) indicates crest elevations vary 1.5 feet.
DEFICIENT [ ] Place fill as needed to return crest to design elevation.
POOR

CCP: Coal Combustion byProducts;
Spillway Size: Pipe Dia. for drop inlet; open channel width (typically emergency or (auxiliary) spillway) at the control section, Ft;.
Freeboard: vertical distance from the emergency spillway control section to the lowest point of the crest of the dam.

Form Revised 3/19/10
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DAM ASSESSMENT FORM

C EXTERIOR | Problems Noted: [ ] None  [_] Erosion, Gullies [] Cracks [] Sinkholes
SLOPE ] Appears Too Steep [ Depression or Bulges [ ] Slide  [] Soft Areas [ ] Trees,
GOOD X Bushes, Briars [_] Animal Burrows [X] Other
ACCEPTABLE [ ] | Comments: All trees have been cut on exterior slope and rip rap erosion protection placed. .
DEFICIENT []
POOR []
D SEEPAGE | Problems Noted: [ | None [ ] Saturated Embankment Area [ | Seepage Exits on Embankment
X Seepage Exits at Point Source  [X] Seepage Area at Toe [ ] Flow Adjacent to Outlet
GOOD [ ] | If Seepage: [X] Clear [ ] Muddy
ACCEPTABLE [ ] | Drain Outfalls Seen: Yes[ ] No[X] Flow:[ ] Clear [ ]Muddy []Dry []Obstructed
DEFICIENT X] | Comments: Observed seep and wet area at toe of south embankment at boring drilled by others in
POOR [] | 2010 (B-1.75C). Flow of water from seep estimated at less than gallon per minute. Open vertical
void present 18" deep. Boring encountered flyash at 4 feet. Recommend filter be placed over
seep to prevent soil piping.
E PRINCIPAL | Description: Drop inlet with stop logs used to vary water level in pond
SPILLWAY
GOOD [ ] | Problems Noted: [ | None [ ] Deterioration [ | Separation [ ] Cracking
ACCEPTABLE [X X Inlet, Outlet Deficiency  [] Stilling Basin Inadequacies [ ] Trash Rack [ ] Other
DEFICIENT [ ] Comments: Stop logs in spillway can be added so that water level in pond will overtop crest in
POOR [ ] current condition. Maximum stop log placement (elevation) must be marked on spillway to
prevent overtopping.
F AUXILIARY | Description: No auxiliary spillway observed
SPILLWAY
GOOD [ ] Problems Noted: [_| None [X] No Auxiliary Spillway Found [ ] Erosion with Backcutting
ACCEPTABLE [ ] Crack with Displacement [ ] Appears to be Structurally Inadequate [_] Appears too Small
DEFICIENT [ ] [] Inadequate Freeboard [ ] Flow Obstructed [ ] Concreted Deteriorated/Undermined
POOR [ ] [ Other

Comments: N/A

MAINTENANCE

Problems Noted: [_| None [ ] Access Road Needs Maintenance [_| Cattle Damage

AND REPAIRS ] Spillway Obstruction [ ] Vegetation on Interior Slope, Crest, Exterior Slope, Toe
GOOD ] [] Trees on Interior Slope, Crest, Exterior Slope, Toe
ACCEPTABLE [X [ ] Rodent Activity on Interior Slope, Crest, Exterior Slope, Toe
DEFICIENT ] ] Deteriorated Concrete —Facing, Outlet, Spillway [ ] Gate and/or Drawdown Need Repair
POOR ] [] Other
Comments: Interior slope of east embankment needs erosion protection, fill low spots on crest to
establish consistent dam crest elevation.
H IMPOUNDMENT | Problems Noted: [_| None  [_] Ponded Water within Ash  [_] Ash blocking spill way
AREA | [T] Signs of damage from dredging [ ] Ash deposits in spillway [ ] Other
GOOD
ACCEPTABLE [X] | Inflowsources: [X] Runoff [ ] AshSluicing [X] Process Water ~ [X] Other
DEFICIENT [ ] | Release of ponded water could cause overtopping of dam: Yes[ ] No[ ] N/AX
POOR [ ] | Comments:

Form Revised 3/19/10
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GREEN RIVER, NUMBER 2 POND PHOTOS
January 14, 2011

7

Photo #1: East embankment crest and upstream slope, looking south
Note: steep slopes with sparse rip rap erosion protection.

Photo #2: Seep at toe of south embankment, looking east
Note: Source of flow adjacent to grouted hole
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GREEN RIVER, NUMBER 2 POND PHOTOS
January 14, 2011

Photo #3: Principal Spillway Inlet

Photo #4: East embankment, downstream slope, toe, and principal spillway
outlet, looking south

B 34



GREEN RIVER, NUMBER 2 POND PHOTOS
January 14, 2011

Photo #5: East embankment, downstream slope and toe,
looking northwest

Photo #6: East embankment crest and downstream slope, looking north

B 35



GREEN RIVER, NUMBER 2 POND PHOTOS
January 14, 2011

Photo #7: South embankment, downstream slope, southwest
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Plant:

Findings and Recommendations

Green River

Structure: Coal Runoff Pond
State ID# Non-classified
Field date: 1/14/2011

Item | Priority GPS Location
# Rating Point [Photo #| Description Action Iltem
1 | Moderate G61 2 Spillway Excavate _sed|ment accumulated at intake to spillway to prevent clogging and growth
of vegetation.
2 Normal | G64, G65 - Interior Slope |Repair animal burrows along interior slope of east embankment
3 Normal G60 - Exterior Slope [Monitor area of old scarp on south embankment exterior for signs of movement.
4 Normal Multiple 1 Interior Slope Cut remaining woody vegetatl_on on interior slope of west embankment. Cut trees
flush with ground, then establish grass cover.
5 Normal G62 i Crest Evalua.te grade support needgd fqr 2 HDPE'ash lines to Main Ash Pond,
approximately 8 foot long section is undermined near north end of west embankment
Int. and Ext. |Repair concrete inlet pipe from coal storage yard to coal runoff pond. Pipe inlet is
6 Normal G63 3 . . .
Slopes crushed and partially filled with coal.
Priority: High - Recommend that action item be addressed as soon as possible
Moderate - Recommend that action item be addressed during next construction season
Normal - Recommend that action item be as part of ongoing maintenance of the structure
Location: Crest Interior Slope Principal Spillway
Toe Exterior Slope Emergency Spillway
Abutment
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DAM ASSESSMENT FORM

Name of Professional Conducting Inspection: KY Professional License No.:
Mark J. Schuhmann P.E. 12500
Company Name: ATC Associates Inc. Phone: 502-722-1401

Address: 11001 Bluegrass Parkway, Suite 250, Louisville, KY 40299

Inspection Preparation: Reviewed all pertinent technical documentation related to this dam and site in:
the State’s files Yes [ ] No [X] ; and Owner’s Files: Yes [ ] No [X

Comments: Side Hill Pond. Excavated pond with embankments on south and east sides. East embankment shared with Ash
pond #2. Woody vegetation cleared from interior and exterior slopes since last ATC inspection.

Dam/Pond Name: Green River KDEP Hazard Topographic Quad: | Date of Inspection:
Coal Runoff Pond Class: N/A Central City East 1/14/11

State Dam ID: County: Latitude: W Longitude: N Last ATC Inspection:
N/A Muhlenberg 37°21’ 56.58” 8707’ 13.15” 10/28/09

Power Station Name: KU Green River Station

Address: 811 Power Plant Road, Central City, KY 42330

Site Contact: Travis Harper Phone: 270-757-6105

Drainage Area Surface Area(AC): Height (Ft): 18 Crest Length Crest Width (Ft): | Crest Elevation
(AC): unknown 6 (Ft): 1200 15 (Ft): N/A
Slope (H:V): Principal Spillway Principal Spillway Control | Freeboard (Ft):

Interior: 2.2:1 Type: CMP Spillway Elevation: N/A 4.4 at east embankment crest near
Exterior: 2:1 Size(In): 18 principal spillway

CCP/Fluids in Emergency Spillway | Emergency Spillway Control | Freeboard(Ft):

Pond: Storm Type: None Spillway Size: Elevation; N/A

Water, Coal Fines N/A N/A

FIELD CONDITIONS OBSERVED

Coal fines Above Crest: Location: South 1/3 of pond Max. Height above pool (Ft): minimal
Yes: [X] None: []

Water Level (Below Dam Crest, Ft): 4.4

Ground Moisture Condition: Dry [ | Wet[X] Snow cover[ | Other:

Monitoring: Yes [ ] None:X] (L] Gage Rod [ | Piezometers [ |Seepage Weirs [ | Survey Monuments [ | Other)

Comments: None

A INTERIOR | Problems Noted: [_] None [_] Riprap — Missing, Sparse [X] Wave Erosion [_] Cracks
SLOPE [] Sinkholes [ ] Appears Too Steep  [_] Depressions or Bulges [ ] Slides

GOOD [ ] X] Animal Burrows [X] Trees, Bushes, Briars [_] Other
ACCEPTABLE [ ] Comments: Woody vegetation on south and east interior slope has been cut leaving sparse
DEFICIENT X vegetative cover and bare earth. Animal burrows observed on interior slope of east embankment.
POOR [ ]
B CREST | Problems Noted: D] None [ | Rutsor Puddles [ ] Erosion [ ]Cracks [ ] Sinkholes

[] Not Wide Enough [ ] Low Areas [] Misalignment [ ] Inadequate Surface Drainage
GOOD X ] Trees, Bushes, Briars [_] Other
ACCEPTABLE [ ] Comments: Crushed stone placed on dam crest roads on south and east embankments.
DEFICIENT [ ]
POOR [ ]

CCP: Coal Combustion byProducts;
Spillway Size: Pipe Dia. for drop inlet; open channel width (typically emergency or (auxiliary) spillway) at the control section, Ft;.
Freeboard: vertical distance from the emergency spillway control section to the lowest point of the crest of the dam.

Form Revised 3/19/10 B 41



DAM ASSESSMENT FORM

C EXTERIOR | Problems Noted: [ | None [ ] Livestock Damage [ | Erosion, Gullies [ ] Cracks

SLOPE [] Sinkholes [ ] Appears Too Steep  [X] Depression or Bulges [ ]Slide  [] Soft Areas
GOOD ] [] Trees, Bushes, Briars  [_] Animal Burrows [_] Other
ACCEPTABLE [X] | Comments: Old scarp observed near exterior crest of slope on south embankment deflecting
DEFICIENT ] process pipe rack along crest. Trees cleared off slope since last ATC inspection, grassing on
POOR [] | cleared slopes will need to be established.
D SEEPAGE | Problems Noted: [X] None [ ] Saturated Embankment Area [ | Seepage Exits on Embankment

[ ] Seepage Exits at Point Source [ ] Seepage Area at Toe [ ] Flow Adjacent to Outlet
GOOD X] | If Seepage: [ | Clear [ ] Muddy
ACCEPTABLE [ ] | Drain Outfalls Seen: Yes[ ] No[ ] Flow:[]Clear [ ]Muddy []Dry []Obstructed
DEFICIENT [ ] | Comments: None
POOR []
E PRINCIPAL | Description: 18 Inch CMP with small skimmer and oil absorption bags present.
SPILLWAY
GOOD [ ] | Problems Noted: [ | None [ ] Deterioration [ | Separation [ ] Cracking
ACCEPTABLE [X X Inlet, Outlet Deficiency  [] Stilling Basin Inadequacies [ ] Trash Rack [ ] Other
DEFICIENT [ ] Comments: Siltation occurring near inlet allowing vegetation to grow up around inlet to spillway.
POOR [ ] Clear accumulated sediment from inlet.
F AUXILIARY | Description: No auxiliary spillway observed
SPILLWAY

GOOD [ ] Problems Noted: [_| None [X] No Auxiliary Spillway Found [ ] Erosion with Backcutting
ACCEPTABLE [ ] Crack with Displacement [ ] Appears to be Structurally Inadequate [_] Appears too Small
DEFICIENT [ ] [] Inadequate Freeboard [ ] Flow Obstructed [ ] Concreted Deteriorated/Undermined
POOR [ ] [ Other

Comments: N/A

MAINTENANCE

Problems Noted: [_| None [ | Access Road Needs Maintenance  [_| Spillway Obstruction

AND REPAIRS X Vegetation on Interior Slope [X] Trees on Interior Slope

GOOD ] X Rodent Activity on Interior Slope

ACCEPTABLE [X [] Deteriorated Concrete —Facing, Outlet, Spillway

DEFICIENT ] [] Gate and/or Drawdown Need Repair [] Other

POOR []
Comments: Continue to monitor interior slopes for rodent activity. Woody vegetation present on
interior slope west embankment. Where clearing was recently performed, grass cover on slopes
needs to be established.

H IMPOUNDMENT | Problems Noted: [ ] None [ ] Ponded Water within Ash [_] Ash blocking spill way

AREA | [T] Signs of damage from dredging [ ] Ash deposits in spillway [ ] Other

GOOD []

ACCEPTABLE [X] | Inflowsources: [X] Runoff [ ] AshSluicing [X] Process Water [ | Other

DEFICIENT [ 1 | Release of ponded water could cause overtopping of dam: Yes[ ] No[X] N/A[]

POOR [ ] Comments: Exposed coal fines ash at south end of pond, siltation starting to occur near spillway

inlet causing vegetation to grow up around spillway inlet.

Form Revised 3/19/10

B 42






GREEN RIVER COAL RUNOFF PHOTOS
January 14, 2011

/S

Photo #1: West embankment at NW corner, looking south
Note: Sparse vegetation and trees along interior of embankment

Photo #2: Principal Spillway inlet
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GREEN RIVER COAL RUNOFF PHOTOS
January 14, 2011

~~

Photo #3: Inlet pipe from coal storage yard to coal runoff pond crushed,
partially filled with coal, looking north

Photo #4: South embankment, exterior slope, looking east
Note: Low spot in crest
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GREEN RIVER COAL RUNOFF PHOTOS
January 14, 2011

Photo #5: South embankment, interior slope, looking east
Note: Sparse vegetation

Photo #6: East embankment, interior slope, looking north
Note: Animal burrows
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AUGUST 2010 AERIAL PHOTOGRAPHS PROVIDED BY:
LR, KIMEALL ASSOCIATES INC.
STATE PLANE COORDNATE SYSTEM. KENTUCKY (FIPS 1500), NADE3
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COAL RUNOFF POND - FIELD OBSERVATIONS
GPS_PT. COORDINATES DESCRIPTION
B2 7 D P NKMENT

R PILLWAY
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STATE PLANE COORDINATE SYSTEM. KENTUCKY (FIPS 1600), NADGS SCALE: 17 = 200°
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