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1.0 CERTIFICATION

| certify that the information contained within this Location Restriction Demonstration Report was prepared
by me or under my direct supervision, and meets the requirements of Sections §257.60 through §257.64
of the Federal Hazardous and Solid Waste Management System; Disposal of Coal Combustion Residuals
(CCR) from Electric Utilities; Final Rule (40 CFR 257; the CCR rule).

As used herein, the word “certification” shall mean an expression of the Engineer’s professional opinion to
the best of his or her information, knowledge, and belief, and does not constitute a warranty or guarantee
by the Engineer.

Golder
L7 Associates
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2.0 INTRODUCTION

This Location Restriction Demonstration was prepared for the Chesterfield Power Station Fossil Fuel
Combustion Products (FFCP) Management Facility CCR Landfill (Landfill) located in Chesterfield County,
Virginia, in accordance with 40 CFR §257.60 through §257.64 (collectively — the Location Restrictions).
This demonstration documents how the Landfill meets the requirements of each condition in the CCR
Rule.

2.1  Landfill Site Background

The Landfill is permitted as an approximately 67-acre lined facility for the disposal of CCR from the
Chesterfield Power Station. A Site Location Map is included as Figure 1. The property is located near
the James River and is near the western boundary of the Coastal Plain physiographic province of Virginia.
The Landfill will occupy the high ground to the west of the James River and north of Proctors Creek.

2.2 Disposal Facility Permitting

The Landfill was permitted as a Solid Waste Disposal Facility under the Virginia Solid Waste Management
Regulations (VSWMR - 9VAC20-81) with the following approval dates:

B Part A Application (Siting Criteria): January 6, 2012
B Part B Application (Technical Criteria): June 29, 2016

As part of the requirements for the Part A application, the site was vetted using the VSWMR criteria with
regards to geology, groundwater, seismic hazards, wetlands, flood plains, etc. The Part B application
considered the technical design of the Landfill for global stability, liner design, leachate containment, and
stormwater control. Construction of Phase 1 of the landfill began in June 2016.

2.3 Location Restrictions

The location restrictions in the CCR Rule, Sections §257.60 through §8257.64, require a demonstration to
show compliance with each restriction. The following sections in this report address each restriction
individually, and supporting documentation is included as attachments as required.

B 8257.60 — Placement above the uppermost aquifer
§257.61 — Wetlands

§257.62 — Fault Areas

§257.63 — Seismic Impact Zones

|
|
|
B §8257.64 — Unstable Areas
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3.0 PLACEMENT ABOVE THE UPPERMOST AQUIFER

3.1 Requirement

§257.60 (a): New CCR landfills, existing and new CCR surface impoundments, and all lateral expansions
of CCR units must be constructed with a base that is located no less than 1.52 meters (five feet) above
the upper limit of the uppermost aquifer, or must demonstrate that there will not be an intermittent,
recurring, or sustained hydraulic connection between any portion of the base of the CCR unit and the
uppermost aquifer due to normal fluctuations in groundwater elevations (including the seasonal high
water table).

3.2 Demonstration

In the summer of 2007, as part of the hydrogeological investigation of the site for permitting, observation
wells and groundwater monitoring wells were installed throughout the property. In 2015, four wells were
added to the existing network, and one well was decommissioned and relocated. Three existing on-site
wells were also used for water level measurements. A total of 30 wells were included in the water level
measurements of the site. Water levels were taken approximately monthly from July 2007 through mid-
2010 until suspended; measurement resumed on a semi-annual basis in 2015. From July 2007 through
the first quarter of 2017, approximately 850 individual water level readings have been taken at the site.

Groundwater contour maps based on the projected seasonal high groundwater elevation were first
developed with the groundwater elevation data compiled from 2007 through 2010. Base grade contours
for the landfill, representing the lowest base elevation of the landfill liner system, were initially established
based on this water level data. Within each of the four landfill phases, a low area on the north and south
(N and S) of each phase serves as a leachate collection sump. The base elevation of these sumps were
compared to the seasonal high water level. With the adoption of the Federal CCR Rule in 2015, the sump
grades were again evaluated to verify no less than five feet of separation existed between the seasonal
high groundwater level and the landfill base grades. Small elevation adjustments were made to sump 1N
and 1S to raise them above the computed seasonal high groundwater as computed in July, 2016.

Table 1 shows the base elevations of each sump and the corresponding seasonal high groundwater
elevation at that same point to demonstrate a separation of no less than five feet.

Table 1 — Groundwater Separation Distance

Sump GW El Base El | Difference, ft
IN 20 26 6
1S 13 22 9
2N 31 40 9
2S 26 34 8
3N 39 48 9
3S 32 44 12
4N 53 58 5
4s 40 48 8
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4.0 WETLANDS

4.1 Requirement

§257.61 (a): New CCR landfills, existing and new CCR surface impoundments, and all lateral expansions
of CCR units must not be located in wetlands, as defined in § 232.2 of this chapter, unless the owner or
operator demonstrates by the dates specified in paragraph (c) of this section that the CCR unit meets the
requirements of paragraphs (a)(1) through (5) of this section.

4.2 Demonstration

The entire Landfill property and proposed access road areas were evaluated for the presence of wetland
areas. Certification of the wetland areas on the property was provided by the U.S. Army Corps of
Engineers on October 9, 2007.

The Landfill is not located in a wetland area. Access to the site from the Chesterfield Power Station did
impact a small amount of wetland areas; however, the road and bridge impacts were mitigated and
permitted through both the U.S. Army Corps of Engineers and the Virginia Department of Environmental
Quality. Attachment A includes the wetland approvals and a site plan showing the landfill boundary with
respect to the permitted wetland areas. Figure 1 shows the landfill footprint is not located on mapped
wetlands on site.

Figure 1 — Mapped Wetland Areas in Landfill Vicinity
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5.0 FAULT AREAS

5.1 Requirement

§257.62 (a): New CCR landfills, existing and new CCR surface impoundments, and all lateral expansions
of CCR units must not be located within 60 meters (200 feet) of the outermost damage zone of a fault that
has had displacement in Holocene time unless the owner or operator demonstrates by the dates specified
in paragraph (c) of this section that an alternative setback distance of less than 60 meters (200 feet) will
prevent damage to the structural integrity of the CCR unit is defined as stormwater that may flow towards
the active portion of the landfill from non-disposal areas.

5.2 Demonstration

The Landfill is not located in an area of recent or active faulting. The closest fault system is the
Paleocene age Dutch Gap Fault System south of the Landfill; this system does not indicate any recent
(Holocene) movement that would result in failure of containment structures at the Landfill (Dischinger,
1987). The closest area known to have evidence of recent displacement is in central Virginia, which
experienced displacement in Quaternary time (i.e., up to 1.8 million years ago) and is at least 20 miles
from the site (see yellow hatched area in figure below).

Figure 2 - Areas of Quaternary Deformation and Liquefaction, Virginia

Source:
http://www.arcgis.com/home/webmap/viewer.html?url=http%3A%2F%2Fearthquake.usgs.gov%2Farcgis
%2Frest%2Fservices%2Fhaz%2Fgfaults¥%2FMapServer&source=sd
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6.0 SEISMIC IMPACT ZONES

6.1 Requirement

§257.63 (a): New CCR landfills, existing and new CCR surface impoundments, and all lateral expansions
of CCR units must not be located in seismic impact zones unless the owner or operator demonstrates by
the dates specified in paragraph (c) of this section that all structural components including liners, leachate
collection and removal systems, and surface water control systems, are designed to resist the maximum
horizontal acceleration in lithified earth material for the site.

6.2 Demonstration

A seismic impact zone, as defined in the CCR Rule, means an area having a 2% or greater probability
that the maximum expected horizontal acceleration, expressed as a percentage of the earth’s
gravitational pull (g) will exceed 0.10 g in 50 years. The site was determined to have a Site Class D
adjusted Peak Ground Acceleration (PGA) of 0.183 g, thereby making it a seismic impact zone.

Golder evaluated the site and the design of the Landfill under seismic conditions for liquefaction potential,
global slope stability, and veneer stability. In all evaluated cases, the site and design of the Landfill
demonstrated adequate factors of safety with respect to seismic activity. Attachment B includes the
complete supplementary seismic evaluation report with supporting calculations for each condition.

6.2.1 Liquefaction Potential

The liquefaction assessment screens foundation soils for susceptibility to sudden strength loss due to
seismic loading. Foundation soils in three locations within the footprint of the Landfill were evaluated to a
depth of 50 feet below ground surface. In all cases, the computed FS was greater than 1.2, indicating the
foundation soils are not susceptible to liquefaction.

F.S. 1.2

Figure 3 — Foundation Liquefaction Potential
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6.2.2 Global Slope Stability

The global stability calculations evaluate the static and seismic stability of the Landfill and its foundation
relating to deep seated failures (> 5 ft deep). The global stability of slopes were assessed along the two
critical cross sections for the Landfill geometry. Slopes were evaluated under both long-term static and
seismic conditions. As summarized in the table below, all slopes meet the target factors of safety for
slope stability. Note that the two FS values listed for the steady state circular analysis case of Section A-
A West are related to a large global and small local surface, respectively.

Analysis Type Steady-State |Steady-State| Seismic Seismic
Slip Surface Type Circular Block Circular Block
Target FS 1.5 1.5 1.0 1.0
Figure Section Factors of Safety
2 A-A, West 22119 2.1 2.0 2.0
3 A-A, East 2.6 2.6 1.4 2.6
4 B-B, South 1.9 1.8 1.8 1.7
5 B-B, North 1.8 1.8 1.7 1.7

6.2.3 Veneer Stability

Veneer stability calculations were completed to evaluate shallow slope stability of both the base liner and

cap liner for long-term static conditions and short-term construction conditions.

In addition, veneer

stability of the cap liner system was evaluated under seismic loading conditions and seepage conditions.
For all the considered scenarios, calculated factors of safety meet or exceed target factors of safety as
shown in the table below.

Case Analyzed Target FS Base Liner FS Cap Liner FS
Long-Term Static 15 2.7 2.7
Short-Term with Dozer 11 2.3 25
Seepage Analysis 1.1 1.1
Seismic Analysis 1.0 1.8

Golder
L7 Associates
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7.0 UNSTABLE AREAS

7.1 Requirement

§257.64 (a): An existing or new CCR landfill, existing or new CCR surface impoundment, or any lateral
expansion of a CCR unit must not be located in an unstable area unless the owner or operator
demonstrates by the dates specified in paragraph (d) of this section that recognized and generally
accepted good engineering practices have been incorporated into the design of the CCR unit to ensure
that the integrity of the structural components of the CCR unit will not be disrupted.

7.2 Demonstration

Assessment of unstable areas includes an evaluation of the soil conditions at the site, which may result in
significant differential settling, a review of site geologic or geomorphologic features, and consideration of
man-made features on site that may cause unstable conditions. Full documentation of the site history,
field investigations, and site geology can be found in the Landfill's Part A application. A summary of the
unstable area evaluation is presented in this document.

7.2.1 Soil Conditions

Site investigation activities conducted by Golder Associates, Inc. (2007 through 2010) did not identify any
features that would suggest recent landslide activities. Based on the soil boring records and geotechnical
testing of soils encountered, the subsurface conditions at the Landfill are expected to adequately support
construction without significant differential settlement. A total of 45 investigative test borings were used to
characterize the hydrogeologic and geotechnical properties of the subsurface soils. Geotechnical test
borings were advanced to various depths ranging between 8 and 122 feet below grade. In general, the
test borings drilled during this investigation were advanced to a depth required to characterize the
thickness of the unconsolidated deposits for a minimum 20 feet below the lowest elevation of the bottom
liner, and to measure the depth to groundwater at each location. Based on the information obtained
during this investigation, the site soils are classified primarily as silty fine sand, clayey silt to sandy clay,
silty clay, and sand and gravel. The results of the soil testing indicate that the Landfill is not sited in a
geologically unstable area.

Evaluation of liquefaction potential is addressed in Section 6.2.1.

7.2.2 Site Geology

The Landfill is located on layers of competent soils from various episodes of sedimentary deposition due
to the proximity of the James River and Proctors Creek. The subsurface soil layers were determined to
be of adequate strength to support the Landfill. The Landfill is not located in an area of karst topography.

The Landfill is immediately underlain by unconsolidated sediments of the Pleistocene Charles City
Formation and Pleistocene to late Pliocene Windsor Formation. The entire limits of the waste
management unit are underlain by the Windsor Formation, which is a gray to yellowish to reddish-brown
sand, gravel, silt, and clay (Bondurant et al., 2007). The thickness of the Windsor Formation within the
footprint of the Landfill ranges up to 52 feet beneath the upland area as observed in test boring OW-6.

Below the Windsor Formation as interpreted from boring logs and available published and unpublished
literature is the Miocene Epoch lower Chesapeake Group. Site observations and available literature
indicate that the lower Chesapeake Group sediments generally consist of light gray to dark bluish gray
sand and silty to clayey fine-grained sand with subangular to subrounded quartz granules, and commonly,
abundant mica flakes (Bondurant et al., 2007).

Below the Windsor Formation as interpreted from boring logs and available published and unpublished
literature is the Miocene Epoch lower Chesapeake Group. Site observations and available literature
indicate that the lower Chesapeake Group sediments generally consist of light gray to dark bluish gray
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sand and silty to clayey fine-grained sand with subangular to subrounded quartz granules, and commonly,
abundant mica flakes (Bondurant et al., 2007). As observed in test boring OW-8D, the thickness of the
interpreted Chesapeake Group sediments within the footprint of the Landfill ranges up to 48 feet beneath
the upland areas.

Bedrock was not encountered during the site investigation. Based on available information (published
geologic maps), the uppermost competent bedrock beneath the proposed Facility is likely to be the
Paleozoic Petersburg Granite. Based on site observations and boring records contained in the U.S.
Geological Survey Professional Paper 1731 titled The Virginia Coastal Plain Hydrogeologic Framework
(McFarland and Bruce, 2006), the depth to competent bedrock beneath the Landfill is expected to be
greater than 145 feet below ground surface (elevation of less than -100 ft MSL).

7.2.3 Man-Made Features

An evaluation of the site’s history does not reveal, nor has evidence been found of, man-made conditions
on site that could cause unstable conditions. Historical research as part of the cultural resources
evaluation indicates the site was used exclusively for farming from the mid-1700's through the mid-20t
century. No evidence of surficial or shaft mining on the site has been encountered in either the literature
or during on-site evaluations.

During the American Civil War, the site did see combat activity as part of the Confederate defensive line
for Richmond. Anecdotal evidence of mortars and cannon fire impacting the site was encountered during
the site research. An extensive metal detection survey, targeted excavation, and ground penetrating
radar survey was undertaken in 2008 in an attempt to locate any large metal or possibly unexploded Civil
War-era ordinance. Initial site excavations for construction were carried out under the direct observation
of a trained archeologist. To date, no unexploded ordinance has been discovered on site.

The site was owned by Reynolds Metals Company from 1956 to 2001, where it was used as a materials
testing facility for Reynolds. Evaluation of the site after sale to Dominion revealed several concrete
foundations for buildings and towers, but no underground structures were suspected nor found.

Golder
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8.0 CONCLUSION

Based upon the demonstrations made in this report, the Chesterfield Power Station FFCP Management
Facility CCR Landfill is in compliance with the location restrictions outlined in Sections §257.60 through
§257.64 of the Federal Hazardous and Solid Waste Management System; Disposal of Coal Combustion
Residuals (CCR) from Electric Utilities; Final Rule (40 CFR 257; the CCR rule).

Golder
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DEPARTMENT OF THE ARMY
NORFOLK DISTRICT, CORPS OF ENGINEERS
FORT NORFOLK, 803 FRONT STREET

NORFOLK, VIRGINIA 23510-1096

SSOCIATES
October 9, 2007 GOLDER A PN
REC'D EN

CENAO-REG ROUTE
Southern Virginia Regulatory Section CC R
2007-02441 (Proctors Creek) oui 122007
Golder Associates
Attn: Mr. Michael Williams RICHMOND, VA
3719 Saunders Avenue
Richmond, Virginia 23227

Dear Mr. Williams:

This letter is in reference to the delineation completed by Golder and Associates on an
approximately 228-acre site located on the north line of Proctors Creek, west of the James River
generally east of I-95, and in Chesterfield County, Virginia.

The revised wetland and stream delineation map prepared by Golder Associates entitled "Reymet
Road, Chesterfield County, Virginia” dated September 24, 2007, and received by the Corps on October 9,
2007, is hereby verified as accurate. Our basis for this includes application of the Corps’ 1987 Wetland
Delineation Manual and the positive indicators of wetland hydrology, hydric soils, and hydrophytic
vegetation and the presence of an ordinary high water mark.

Any mechanized landclearing that disturbs the soil surface, such as with a bulldozer and/or root
rake, and/or any filling or excavation in the wetlands and streams on this site may require a permit from
the Department of the Army and/or the Virginia Department of Environmental Quality prior to such
activities occurring.

Please contact Dr. Silvia Gazzera in the Richmond Field Office at 9100 Arboretum Parkway,
Suite 235, Richmond, Virginia 23236, (804) 323-3780 with any questions.

gu{%rely,
<N,
O
/L ette R. Rfiodss

Chief, Southern Vi
Regulatory Section

CF:
Chesterfield County, Department of Environmental Engineering, Chesterfield, Virginia
Chesterfield County, Department of Planning, Chesterfield, Virginia
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';7?-:\::::::

b\ \ =t 0 P — - —
Z SR oy, Req — == ~--—:\
Wi

ETLAND A G e\
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WETLAND 7
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108 Lf.
324 s.f.

N

PERMITTED IMPACTS

NT, PE, IN, NV, SECONDARY S
2

0.0074 ac.

130" VA POWER
EASEMENT

PERMITTED IMPACTS

F, NT, PE, IN, NV

507 I.f.
1,014 s.f.
0.023 ac.
PROPOSED
FACILITY

BASIN #2 ™.

PROPOSED-STORMWATER
MANAGEMENT BASINS
(SEE FIG.5-2 FOR DETAILS)

LEGEND

EX. GROUND CONTOUR (2" INTERVAL)

EX. GROUND CONTOUR (5" INTERVAL)
*FROM CHESTERFIELD CO. G.IS.

STUDY AREA

PROPERTY BOUNDARY

PROPOSED LANDFILL FACILITY LIMITS OF DISTURBANCE

HAUL ROAD

PROPOSED LIMITS OF FFCP DISPOSAL

PROPOSED SEDIMENT BASIN

EXISTING TREELINE

GAS EASEMENT

POWER EASEMENT

SEWER EASEMENT

DREDGING EASEMENT

APPROXIMATE RPA BOUNDARY (100—FOOT WETLAND OFFSET)

APPROXIMATE 100-YEAR FLOODPLAIN

EX. 4.5° GROUND CONTOUR (SEE WETLAND NOTE 3)

| M DELINEATION FLAG
N ; FRESHWATER TIDAL WETLAND (SEE WETLAND NOTE 3)
& R -
4 >R AN NON-TIDAL WETLAND
g b va"w°"w°25.'*scvw€iev / .
N *"‘,w"*w'v*'*v*r‘némnir \ - L 2N, PSS WETLAND
; S\ L. > — . o
A__\. :\‘ ; oy ‘ \\ / ./:/ . \
NG DT, e L s \ : PROPOSED WETLAND IMPACT
. ?7 — —— - — -— =" b )i %
WETLAND = =T &

NON-VEGETATED TIDAL CHANNEL (SEE WETLAND NOTE 3)

NS HRGA)

STREAM CHANNEL

PROPOSED STREAM CHANNEL IMPACT

PROPOSED STREAM CHANNEL SECONDARY IMPACT

IMPACT SITE IDENTIFICATION (SEE FIGURES 5-1-A, 5-1-B,

AND 5-1-C FOR 200 SCALE ENLARGEMENTS)

PROPOSED BUFFER

T= N e
: ; N N i
) (S = S
\
’ y ERESHWATER-TIDAL WETLAND. ITE DATA
) AND CHANNEL CHMITS-ARE \ STUDY AREA 1: 256.84 AC.x
N 1 DETERMINED TO EXISTAT-OR N
ACCESS ROAD STUDY AREA 2: 16.958 AC.t

\ sl BELOW 4.5-FEET-AIMS.LI-EXCERT.

JURISDICTIONAL AREAS
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BOWER EASEMENT
PERMITTED IMPACTS FRESHWATER TIDAL WETLAND: 37.53 AC.
N #1 PE, S, T, PFO, V NON-TIDAL WETLAND: 20.90 AC.
gy 308 8.1, PSS WETLAND: 0.48 AC.
b 0.007 ac. NON-VEGETATED, TIDAL CHANNEL: 5,250 L.F.
% STREAM CHANNEL: 8,765 L.F.
‘ CONV, T, PFO, V
45,755 s.f.
1.050 ac. JURISDICTIONAL AREAS
TE, MC, T, PFO, V (STUDY AREA 2 - ACCESS ROAD)
21,968 s.f.
= 0.504 ac. S NON-TIDAL WETLAND: 0.51 AC.
S A STREAM CHANNEL: 1,511 L.F.
7 PROPOSED REVISED IMPACTS <
\
PE, S, T, PFO, V N
509 s.f. CHESTEREIELD LEVEL OF IMPACTS
0.012 ac. RS=3S PE = PERMANENT IMPACT
‘ CONV, T, PFO, V TE = TEMPORARY IMPACT
44,735 s.f. CONV = CONVERSION IMPACT
v 1.027 ac.
-
A TE, MC, F, T, PFO, V o~
E. MG, P, NN TYPES OF IMPACTS
, T > 7
0.35 ac. < ///\/7 R = ROAD IMPACT S = STRUCTURE (BRIDGE PILING)
TE, MC, F, T, PFO, V >/’// , F = FILL IMPACT MC = MECHANIZED CLEARING
36,396 s.f. ¢ I V€ = VEGETATION CUT CB = CONSTRUCTION BRIDGE (SPAN)
0.84 ac. N I
\ 1
(0) TE, VC, T, PFO, V v Ak RESOURCE DESIGNATION
2,606 s.f. N2 1/ T DAL
0.060 ac. / T
/ NT = NON—TIDAL
TE, CB, T, PR / IN = INTERMITTENT STREAM CHANNEL
1,502 s.f. / PR = PERENNIAL STREAM CHANNEL
0,034 ac. / EPH = EPHEMERAL STREAM CHANNEL
38 |f / PFO =  PALUSTRINE FORESTED WETLAND
" / PSS =  PALUSTRINE SCRUB-SHRUB WETLAND
PROPOSED CHANGES TO /, EM = EMERGENT WETLAND
PERMITTED IMPACTS % sl vV = VEGETATED
PE 131 s.f. (0.003 ac.) g NV =" NON-VEGETATED
CONV -1,020 s.f. (-0.023 ac.)
TE (FILL) 35911 s.f. (0.84 ac.)
TE (CLEARING):  -19,362 s.f. (-0.444 ac.)
TE (RIVERINE): 1,502 s.f. (0.034 ac.)
,_LL:C'E,;E@E’RS_AD:’—’/ = :
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PERMITTED IMPACTS

PE, F, NT, PSS, V
890 s.f.
0.020 ac.

PROPOSED REVISED IMPACTS

PE, F, NT, PSS, V
1,645 s.f.
0.038 ac.

HR:B(1-10)

@ TE, VC, NT, PSS, V

JURISDICTIONAL AREA
IMPACTS MAP

PROJECT No.

073-660711

FILE No0.073660711-101 NO TABLES

/ 1,546 s.f.
0.035 ac.

PROPOSED CHANGES TO
PERMITTED IMPACTS

PE 711s.f.(0.016 ac.)
TE 1,546 s.f. (0.035 ac.)
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Project No. 1520610

Proj;ect Manager
RE: SUPPLEMENTAL STABILITY AND SEISMIC EVALUATION

DOMINION — CHESTERFIELD POWER STATION
CHESTERFIELD FFCP MANAGEMENT FACILITY — SWP #609

Dear Chris:

Dominion contracted Golder Associates Inc. (Golder) to design a landfill to receive ash from the Chesterfield
Power Station (CPS) in Chesterfield County, Virginia. The proposed location of the landfill is near the CPS
between Reymet Road and the CPS. In response to recent changes in coal ash storage regulations from
the United States Environmental Protection Agency (USEPA) and the Virginia Department of Environmental
Quality (VADEQ), design revisions and additional supporting calculations were completed to comply with
these regulations. Golder issued drawings detailing the design revisions in November 2015. These
revisions included the addition of a composite geosynthetic base liner system and updates to the final
closure cap.

Geotechnical calculations further supporting these revisions are discussed and attached to this letter.
Specifically, updated material properties and a seismic hazard assessment were developed for the
proposed site, and calculations evaluating liquefaction potential, global slope stability, and veneer stability
were completed and are attached.

1.0 REVIEW AND SUPPLEMENT OF MATERIAL PROPERTIES

As part of the additional calculations and design revisions, the geotechnical material properties were
reviewed and supplemented from previous work for use in the current analyses. Properties of soils at the
site were primarily developed from laboratory and in-situ test data obtained from Golder’'s 2007 exploration
program. Properties of the ash fill were developed from recent laboratory testing on ash samples collected
from CPS. Base and cap liner system properties were assigned based on typical control values from
Golder’'s extensive internal geosynthetics database. Details of the material properties and laboratory test
results on the ash can be found in the attached Material Properties Package (Attachment A).



15 July 2016
Reference No. 152-0610

(R

>m data developed by and publically available through
1 (NEHRP) and the United States Geological Survey
‘obability of exceedance in 50 years (2475 year return
able CCR and VADEQ regulations, and the following
oposed landfill site were used in design:

B Site Class D Adjusted PGA = 0.183g
B Mean Magnitude = 5.52

For details about the seismic hazard at the proposed landfill site, refer to the attached Seismic Hazard
Evaluation (Attachment B).

3.0 GEOTECHNICAL CALCULATION PACKAGES

Geotechnical calculations supporting the design revisions are categorized into three types: Liquefaction
Assessment, Global Stability, and Veneer Stability. The liquefaction assessment screens foundation soils
for susceptibility to sudden strength loss due to seismic loading. The global stability calculations evaluate
the static and seismic stability relating to deep seated failures (> 5 ft deep), while the veneer stability
calculations evaluate the static and seismic stability of shallow slip surfaces (< 5 ft deep).

3.1 Liquefaction Assessment

The proposed landfill site was assessed for liquefaction susceptibility using the NCEER method. Profiles
from the three most critical boreholes (OW-4, OW-6, and OW-9) drilled as part of Golder's 2007
geotechnical exploration were evaluated. All soils screened were calculated to have a factor of safety (FS)
against liquefaction greater than 1.2 (FS > 1.2) and thus were not found to be susceptible to liquefaction.
See the Liquefaction Assessment Package provided as Attachment C for the full analysis.

Boreholes Calculated Liquefaction FS < 1.2?

Oow-4, OW-6, OW-9 NO

3.2 Global Stability

Golder previously completed slope stability analyses for the landfill that were re-evaluated and updated to
account for the recent landfill design changes in the current calculations. The previous analyses are
supplemented with the attached global stability package which contains additional slope stability
calculations to account for the liner design modifications and to check performance under seismic loading.

In the supplemental calculations, the global stability of slopes were assessed along the two critical cross
sections for the proposed landfill geometry. Slopes were evaluated under both lona-term static and seismic
conditions. As summarized in the table below, all slo
Note that the two FS values listed for the steady state
to a large global and small local surface, respectivel
Slope Stability Analysis Package provided as Attachr




3.3 Veneer Stability

Veneer stability calculations were completed to evaluate shallow slope stability of both the base liner and
cap liner for long-term static conditions and short-term construction conditions. In addition, veneer stability
of the cap liner system was evaluated under seismic loading conditions and seepage conditions. For all
the considered scenarios, calculated factors of safety exceed target factors of safety as shown in the table
below.

Case Analyzed Target FS Base Liner FS Cap Liner FS
Long-Term Static 1.5 2.7 2.7
Short-Term with Dozer 1.1 23 25
Seepage Analysis 1.1 1.1
Seismic Analysis 1.0 1.8

The stability of the liner systems meet the recommended factors of safety for the range of analyzed cases.
For more details, see the attached Veneer Stability Calculation Package provided as Attachment E.

40 SUMMARY

To comply with regulations put forth by the USEPA and VADEQ, after the initial design of the Landfill,
supplemental geotechnical calculations were completed in support of associated design modifications.
Golder reviewed and extended the previous calculations where necessary, including updating the material
properties summary and evaluating the current seismic hazard to assist in the new seismic stability and
liquefaction evaluations. Geotechnical calculations consisted of a liquefaction assessment, global slope
stability analyses (both static and seismic), and veneer stability analyses (both static and seismic). All
calculated results were found to be acceptable for the updated landfill design.

5.0 LIMITATIONS

Golder's evaluation of subsurface conditions is based on our understanding of the site and project
information. Findings presented in this report are based on data and samples from discrete locations from
the site. It is not uncommon for subsurface conditions to vary significantly over short horizontal and vertical
distances. Regardless of the thoroughness of a sithetirfara avnlaratinn  thara ie tha nnecihiliby that
conditions between borings will differ from those at 1

differ materially from those observed herein, we shou

recommendations or calculations are required.

Our professional services have been performed an
accepted geotechnical engineering principles and stai
opinions, or recommendations of others based on the
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Materials Properties Package
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MAY 2016 1520610
PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS
ASTM D6913, D4318
PROJECT NAME: DOMINION/REYMET LF CONSTRUCTION/VA
SAMPLE ID: CPS-FA#1 Depth: w
TYPE: Bulk
100 [ — ] S
IR | | |
| 90 K4+ t—— S E——— o o T M
; | ‘ | |
| 80 —~—.~Jr 1 52 - + | + I
[ 111 ] | | i
% 70 "Ir T 17 T T T |
| ! || | | |
P 60 | T T T T
a l
| 8 =50 - i |
|8 i
' 4 - : : t i i { : |
n : I |
l g | | | { | | | | I
| 30 H+ i — i — i i IEEE i i
! | (1 '
| I | i
| 20 ! i : - : —-
|
10 H++—+ 4 - —td ., + 4. - .T_ 4 ...},1_
| | | | | 1
: i | L T I
1000 100 10 1 0.1 0.01 0.001
Particle size in millimeters
Coarse Fine Coarse | Medium l Fine Silt or Clay
COBBLES GRAVEL SAND FINES
Particle Size Particle Size PLASTICITY CHART
(mm) 9% Passing  Classification  Percentage = T ol | 7
1] / ULine Adine
12.0" 3048 100.0 | A /
3.0" 75.0 100.0 Cobbles 0.0 0 | | L
g 2.5" 63.5 100.0 i pd
o —_ / i
E 2.0" 50.0 100.0 T | [k
3 % 40 : hd :
Z 1.5" 37.5 100.0 ] : |
= (=] ¥
& 10" 25.0 100.0 z /
E 0.75" 19.0 100.0 Coarse Gravel 0.0 % 30 ! !
“ 0.50" 12.7 1000 e A /
@ | & | MH or DH
3 0375" 9.5 1000 3 |/ . .
5 #4 48 1000 | Fine Gravel 0.0 s CL"C% ' ' .
3 K |
3 #10 2.00 98.7 Coarse Sand 13 _/
2 #20 0.85 97.2 10 - 7
v #40 0.43 95.5 Sand 33 7ot 7
> #60 0.25 93.3 : | ||
#100 0.15 897 [ o 10 20 30 40 50 60 70 BO 90 100 110
|| #200 0.075 833 Fine Sand 12.1 i LIS, LIMIT (L)
Fines 83.3
ATTERBERG LIMITS
Method -B (Dry preparation)
M, LL PL Pl LI
DESCRIPTION: |ASH - sandy SILT, fine to coarse; dark gray. [ 40.0 f_ ]_ | I J
USCS: (ML) | LL (oven-dried)
' <0.78 = ORGAMIC
oLk TECH| PWM/SM
DATE| 5/26/16
CHECK| fee/fyq
REVIEW bL' A
APPROVE

. Golder Associates Inc.



MAY 2016 1520610

MOISTURE / DRY DENSITY CURVE
ASTM D 698 Method A

[ Mechanical | Standard | DryMethod |
PROJECT NAME: DOMINION/REYMET LF CONSTRUCTION/VA
PROJECT NUMBER: 1520610
SAMPLE ID: CPS-FA#1 DEPTH: - SAMPLE TYPE:  Bulk
120
\ ZERO IR V

o \\\\ 4 o
\W//

105

100 \
1. \N
E a0 I \R\:
4 N
E 85
o

Ny
~ N\
EPAGE \§ \
35% 40% 45% 50% 55% 50>5;\\\ T0% 75% i

Z CONTENT (%) |

Maximum Dry Density (pcf) | 75.0

Optimum Moisture (%) 28.0

Corrected Maximum Dry Density (pcf)
Corrected Optimum Moisture (%)




Boring or Test Pit:
Sample:

Depth:

Point No.:

Length =
Diameter =
Wet Mass =
Area =
Volume =

Cmmnifin MFanclin: —

1 WlLLIL UGG —

CPS-FA#]

1

Initial
5.997
2.790
1.966
6.114
36.663

AN

1uw s

ft

£ ACTRA

™MOoc A

Boring or Test Pit:
Sample:

Depth:

Point No.:

Length =
Diameter =
Wet Mass =
Area =
Volume =
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ASTM D4767
OLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST REPORT
SAMPLE AND TEST DATA
n: Reviewed: Start Date: Job Number: Figure:
DM
Approved:
’ﬁf 5/30/2016 1520610 1
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Golder Associates Inc.
Atlanta, Georgia

Job Short Title:
DOMINION/REYMET LF CONSTRUCTION/VA

Title:

ASTM D4767
CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST REPORT

q AND EXCESS PORE PRESSURE PLOTS

Sample:

CPS - FA#1

Technician:
SM/SDM

" Juns

Reviewed:

Approved:

Start Date:

5/30/2016

Job Number: Figure:

1520610 2







| 29.1 | a=| 4.6 |psi

s responsibility for nor makes claims to the final use and purpose of the material.

ASTM D4767
JATED UNDRAINED TRIAXIAL COMPRESSION TEST REPORT

STRESS PATH PLOT

Reviewed: Start Date: Job Number: Figure:

Approved:
5/30/2016 1520610 4
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Golder Associates Inc.

Saturation method: X |Wet Dry
Failure criterion: X 0'/0'  hax (6'1-0'3 ) max |:] % strain
Membrane effect: X Corrected Not Corrected

Title:

P,

. ASTM D4767
Atlanta, Georgia CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST REPORT
Job Short Title: SAMPLE AND TEST DATA
DOMINION/REYMET LF CONSTRUCTION/VA
Sample: Technician: Reviewed: Start Date: Job Number: Figure:
SM/SDM
Check: Approved:
CPS - FA#1 6/1/2016 1520610 1
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Golder Associates Inc.
Atlanta, Georgia

Job Short Title:
DOMINION/REYMET LF CONSTRUCTION/VA

Title:

DEVIATOR STRESS AND PRINCIPAL STRESS RATIO PLOT

ASTM D4767
CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST REPORT

ISample:

CPS - FA#1

Technician:
SM/SDM
Check:

2

Reviewed:

Approved:

Start Date:

6/1/2016

iJob Number:

1520610

Figure:




| 16.0 l

a=| 0.0 |ps1

its responsibility for nor makes claims to the final use and purpose of the material.

ASTM D4767
DATED UNDRAINED TRIAXIAL COMPRESSION TEST REPORT
STRESS PATH PLOT
Reviewed: Start Date: \Job Number: Figure:
Approved:
6/1/2016 1520610 4




'le Diagram

I 1 - 1 [
60.0 46.4 14.4 92.0 60.0 c= 0.0 psi
Note: The laboratory testing relates only to the sample tested. GAI neither accepts responsibility for nor makes claims to the final use and purpose of the material.
Golder Associates Inc. Title:
. ASTM D4767
Atlanta, Georgia CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION TEST REPORT
Job Short Title: MOHR'S CIRCLE DIAGRAM
DOMINION/REYMET LF CONSTRUCTION/VA
Sample: Technician: JReviewed: Start Date: Job Number: Figure:
SM/SDM
Check: Approved:
CPS - FA#1 I /WL, 6/1/2016 1520610 5
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Seismic Hazard Evaluation



1.0 INTRODUTION

In 2010, Golder submitted plans for an ash landfill to
receive ash from operations at Dominion’s Chesterfie
issued by the federal EPA under subtitle D, calculatic
updated. Specifically, calculations for slope stability

discusses the seismic hazard used as input for the re

2.0 SEISMIC HAZARD EVALUATION
The seismic hazard at the proposed landfill location
response curves provided by the National Earthqui

seismic hazard maps and tools provided by the Unite

21 2015 NEHRP Provisions

A spectral response curve is often useful in designing structures of known period including buildings and
geotechnical structures. A spectral response curve gives accelerations as a function of period such that
an appropriate acceleration can be applied in the design of structures. The 2015 NEHRP Provisions provide
a method of calculating a spectral response curve and peak ground acceleration (PGA) for a given location
in the United States. This method requires site location, seismic site class, and risk category to calculate

the response curve.

The seismic site class can be defined using shear wave velocities, blow counts, or undrained shear

strengths as shown in the table below.



=
Il
M I

The average blow count for this site is 27, and the sit
had moisture contents greater than 40%,; therefore,
response curve. This average blow count of 27 can b
(Vs30) of 800 ft/s (~250 m/s) by interpolating from the

Using the 2015 NEHRP Provisions tools found on US
the proposed landfill site location. The resulting resp
for the site class B/C boundary was calculated to be

calculated to be 0.183g. For more details on the cal



Period, T (sec)

Figure 1: Spectral Response Curve calculated using the 2015 NEHRP Provisions

2.2 USGS Seismic Hazard Maps and Tools

The USGS provides seismic hazard maps and tools for aid in designing structures against seismic hazards.
The most recent documents provided by the USGS were published in 2014 and include only maps
quantifying the hazard in terms of PGA and accelerations at periods of 1.0 s and 0.2 s. The USGS has not
released additional tools to quantify other important hazard considerations such as earthquake magnitude
and deaggregation of probabilistic motions. These additional hazard considerations are not included in the
USGS’s 2014 published documents. However, the USGS’s previous publication in 2008 includes these

additional hazard considerations.



CALCULATIONS

Page 4 of 6
Project No.: | 1520610
Site Name: Chesterfield / Reymet Rd Landfill
Date: June 10, 2016

Petersen ef al. (2014) documented additional deta
primarily due to updates in the historical earthquake
calculate the earthquake hazard. For the seismic
influential addition to the historical earthquake catalo

The Mineral, Virginia earthquake epicenter was locat
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the relationship between duration (represented by
Kramer (2008) suggests that the best way to handle 1

magnitudes and to weight the results according to the

Golder implemented this approach by recognizing th
that is affected by the magnitude selection. Golder ¢
relative contribution of each magnitude) and then c:
The latest deaggregation hazard data (2008 deaggre
was used to provide the listing of the contributing
calculation. Golder calculated the weighted equivale

year seismic hazard. This value (5.52) is less than
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Parameter for the Conterminous United States for 0.2 s Spectral Response Acceleration (5% of
Critical Damping), Site Class B

e FIGURE 22-2 S, Risk-Targeted Maximum Considered Earthquake (MCE ) Ground Motion
Parameter for the Conterminous United States for 1.0 s Spectral Response Acceleration (5% of

Critical Damping), Site Class B

e FIGURE 22-9 Maximum Considered Earthguake Geometric Mean (MCE ;) PGA, %g, Site Class B for
the Conterminous United States

® FIGURE 22-14 Mapped Long-Period Transition Period, T, (s), for the Conterminous United States

e FIGURE 22-18 Mapped Risk Coefficient at 0.2 s

e FIGURE 22-19 Mapped Risk Coefficientat 1.0 s

e e o 6/1/2016 12:59 PM



A. Hard Rock

B. Rock

C. Very dense soil and soft rock
D. Stiff Soil

E. Soft clay soil

F. Soils requiring site response analysis in

>5,C
2,500 tc
1,200 t¢
600 to
<6(

Any profile
e Plastici
® Moistu
e Undrail

L€ DECLIOIN LU.S5.1

s 1lb/ft? = 0.0479 kN/m?2

6/1/2016 12:59 PM



Ss=“Lesser of CpsSqyyand Sgp” =0.202 g

Risk-targeted Ground Motion (1.0 s)

Deterministic Ground Motion (1.0 s)

C 1S i =0.924 % 0.057 =0.053 g

S,,=0.600g

S, =“Lesserof Cy,S,yyand S, =0.053 g

Table 11.4-1: Site Coefficient F

Spectral Reponse Acceleration Paramet

Site Class S¢=<0.25 S¢=0.50
A 0.8 0.8 (
B (measured) 0.9 0.9 (
B (unmeasured) 1.0 1.0
C 1.3 1.3
D (determined) 1.6 1.4
D (default) 1.6 1.4 1.2 1.2
E 24 1.7 13 12°
F See Section 11.4.7

1.2 1.2

*

1.2° 1.2

" For Site Class E and S 2 1.0 g, see the requirements for site-specific ground motions in Section 11.4.7 of the 2015
NEHRP Provisions. Here the exception to those requirements allowing F , to be taken as equal to that of Site Class C has

been invoked.

Note: Use straight-line interpolation for intermediate values of S¢.

50f15

6/1/2016 12:59 PM
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D (determined) 2.4 221 20! 19! 181 1.71
D (default) 2.4 221 20! 191 181 171!
E 4.2 33! 281 241 221 201

F See Section 11.4.7

! For Site Class D or Eand S, 2 0.2 g, site-specific ground motions might be required. See Section 11.4.7 of the 2015

NEHRP Provisions.

Note: Use straight-line interpolation for intermediate values of S ;.
Note: Where Site Class B is selected, but site-specific velocity measurements are not made, the value of F, shall be

taken as 1.0 per Section 11.4.2.

Site-adjusted MCE (0.2 s)

Site-adjusted MCE (1.0 s)

For Site Class =D (determined) and S, =0.053 g, F, = 2.400

Sus=F,S¢=1.600%0.202=0.323 g

Sw=F,S,=2.400%0.053=0.126 g
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1.000

Period, T (sec)
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1.000

Period, T (sec)
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B (measured) 0.9 0.9
B (unmeasured) 1.0 1.0
C 13 1.2
D (determined) 1.6 1.4
D (default) 1.6 1.4
E 2.4 1.9

F

0.9
1.0
12
13
13
16

0.9
1.0
12
1.2
12

14

See Section 11.4.7

0.9
1.0
1.2
11
1.2

1.2

0.9
1.0
1.2
1.1
1.2

1.1

Note: Use straight-line interpolation for intermediate values of PGA
Note: Where Site Class D is selected as the default site class per Section 11.4.2, the value of F

1.2.

For Site Class = D (determined) and PGA=0.117 g, F ¢, = 1.567

Mapped MCE

Site-adjusted MCE

pga

shall not be less than

PGA=0.117¢g

PGA, = FpecaPGA=1.567 % 0.117=0.183 g

6/1/2016 12:59 PM



ATTACH

Liquefaction Assessment Package



Rd in Richmond, VA to accept ash from Dominion’s

e, the final closure design is evaluated for liquefaction

iree of the below conditions must exist:
wust be saturated or very near to saturated

pressures when stressed during rapid / undrained

>ng enough motion to overcome the material’s
liquefaction resistance.

If any of these three factors does not exist during the seismic event, the soil will not liquefy. The liquefaction
potential of a soil can be screened with respect to each factor. For example, soils or materials that are
above the water table and that are not expected to become saturated in the long term (such as materials
in a landfill) are not susceptible to liquefaction in the long term. The soil's response to rapid loading is
primarily dependent on the soil type and soil structure. Typically, loose sands are most likely to behave
contractively and thus are usually more susceptible to liquefaction. Dense sands and plastic soils such as
clays are usually not susceptible to liquefaction. Specifically, Bray et al. (2004) noted that soils with a
plasticity index greater than 20 are too clayey to liquefy. If a soil's stress-induced behavior is uncertain, in-
situ or lab tests may be used to assess the soil's behavior and to quantify the soil’s liquefaction resistance.
Finally, the seismic hazard is used to define the strength of the ground motion, which can then be compared

to the linuefaction resistance to determine a factor of safetv aaainst liauefaction.



Chesterfield Power Station — Proposed Landfill
Dominion Power z

calculation package to evaluate liquefaction suscept
resistance from in-situ test data and calculate the stre
A factor of safety against liquefaction is then calculate

the earthquake stresses.

2.1 NCEER Liquefaction Susceptibility
As part of Golder’s 2007 geotechnical investigation (C
soils of the proposed landfill site. Standard Penetrati
in boreholes. The factor of safety against liquefaction
the procedure discussed during the 1996 and 199¢
(Youd et al 2001). The ratio of the cyclic stress ratio
factor of safety against liquefaction. Factors of sat
susceptible to liquefaction during a given seismic eve
safety against liquefaction susceptibility is calculated

Fs CRR
- CS

where CRRy s is the cyclic resistance ratio for a Mw=i

by the earthquake event, and MSF is the magnitude <



Chesterfield Power Station — Proposed Landfill
Dominion Power K

where z is the depth in meters. The reference PGA f¢
the 2014 USGS Seismic Hazard maps is 0.117g. T
provide the PGA at the ground surface amplified fr

discussed in the Seismic Hazard Evaluation documet

2.3 Cyclic Resistance Ratio (CRR) Calc

For the current evaluation, the CRR was calculated

aarthAlala maanitiida (MY AF 7 B ie Alvan ae tha fall



Chesterfield Power Station — Proposed Landfill
Dominion Power ¢

MSF =

where M is the moment magnitude of the earthquake

3.0 CONCLUSIONS

As discussed in the seismic hazard evaluation docume

of 5.52 and peak ground acceleration of 0.183g was ¢
terfield landfill site were calculated to have a factor of
iese soils are calculated to not be susceptible to
afety against liquefaction calculated with depth in the
able 3 summarizes the liquefaction analysis results.

2 presented in the attached plots.

— Summary of Liquefaction Analysis Results

Calculated Liquefaction

Borehole (Factor of Safety <1.2?)

n [ ] e\ LY | ARi/A 1 1ALIFT A ASATIAR
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ATTACH

Supplemental Slope Stability Package



LaORr COMOIRTRN0 A mMATernal nronarmeas nDACKAOe witn TNeIr Alsis remnn IVIATIEE 1T DI LI IS S
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Jic forces as the prociuct of the seismic coefficient (k) and the
ected). A pseudostatic slope stability analysis is then completed
ter than 1, the slope is not predicted to displace greater than the

ismic coefficient for an allowable displacement of six inches (15
period close to that of the slope being evaluated is used. Since
ficient was calculated using both equations, and the more critical
2 shown below:

>0 for Sa=Sa(T =0.25s) < 2.0g
>0 for Sa=Sa(T =055s) < 159

2015 NEHRP provisional method as provided in a beta tool
lions are 0.22g and 0.17g for periods of 0.2s and 0.5s,
on the NEHRP spectral acceleration curve. A mean magnitude

VITI] U Tt 1 Tr e St e Y I 11 M e e g e ON 100L.

Thus, the seismic coefficients corresponding to periods of 0.2s and
method were calculated as 0.013 and 0.012, respectively. Since the
seismic coefficient of 0.013 was selected for use in seismic stability



.U LOnciusIon

Page 3 of 3






05t 0o¥ 05E 00E 05z










W

W

w |

w |

L

W

W

W




a

=

31

31
















0oL

009

005

0o¥

D0E




| = | | | | | | | | | s




| g T T 20T TLTLT rd

0oL 0os 00s oo¥ 00g










)
=
o

w |

@ |

@ |

@ |



L0 «

oM

o



ATTACHMENT E

Veneer Stability Calculations






grade properties

e and the geomembrane
reomembrane






Contact Area = B4 26 Sntr.
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f= Friction Angle of cover soil
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15 Factor of Safety

1.1
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Established in 1960, Golder Associates is a global, employee-owned
organization that helps clients find sustainable solutions to the challenges of
finite resources, energy and water supply and management, waste
management, urbanization, and climate change. We provide a wide range of
independent consulting, design, and construction services in our specialist
areas of earth, environment, and energy. By building strong relationships and
meeting the needs of clients, our people have created one of the most trusted
professional services organizations in the world.

Africa + 27 11 254 4800
Asia + 852 2562 3658
Australasia +61 3 8862 3500
Europe + 356 2142 30 20
North America + 1800 275 3281
South America +56 2 2616 2000

solutions@golder.com
www.golder.com

Golder Associates Inc.
2108 W. Laburnum Ave, Suite 200
Richmond, VA 23227
Tel: (804) 358-7900
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