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SUBJECT_Dominion — Chesterfield Upper (East) Pond Closure — Final Cover Soil Loss .

BY BUTLEKM DATE  07/13/15 PROJ. NO. C150035.00
OBJECTIVE

The purpose of this calculation is to estimate the rate of soil loss that would take place on the final soil cover of the
closed Upper (East) Pond area. The soil loss should be less than 2.0 tons/acre/year (VDEQ Solid Waste Requirement
for Post-Closure).

METHODOLOGY

The anticipated soil loss to the final cover system was evaluated using several areas of the final soil cover that were
anticipated to yield the greatest soil loss rates. These soil loss evaluations were analyzed using the Revised
Universal Soil Loss Equation (RUSLE).

REFERENCES

1. “Web Soil Survey” http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx [Accessed: 7/10/2015].
BACKGROUND
The existing Upper (East) Pond at the Chesterfield Power Station is to be closed using a geosynthetic cap system
overlaid with two feet of soil. As part of this project, Dominion has decided that the Power Station will convert to a

dry disposal system, and soil from the proposed landfill area was considered as the cover soil material in question
for the soil loss calculation.

FFCP MAHAGEMEMT
P FACILITY

COAEHDALE B,

OVERALL SITE (GOLDER ASSOCIATES, MAY 2015)

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Soil Loss Calculation\Soil Loss Writeup.Docx



SUBJECT_Dominion — Chesterfield Upper (East) Pond Closure — Final Cover Soil Loss .

BY BUTLEKM DATE  07/13/15 PROJ. NO. C150035.00

REVISED UNIVERSAL SOIL LOSS EQUATION (RUSLE)

The computer program RUSLE2 was used to determine the soil loss from the closed landfill conditions. The USDA
Web Soil Survey was used to obtain the site specific soil classifications of the proposed landfill. Based on the
numerous soil types in the area of interest, only the types that comprised the majority of the area were considered.

Web Soil Survey Map of Borrow Area with SiI Classes

Chesterfield County, Virginia (VAD41)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

1A Fluvaguents 279 10.8%

3A Fluvaguents, ponded 46.5 18.0%

178 Gritney fine sandy loam, 2 to & 18.7 7.6%,
percent slopes

17c Gritney fine sandy loam, Eto 12 101 3.9%
parcant slopes

28 Chawacla loam a7 3.7%

308 Lenair gilt lsam, 0 1o 4 percent 25 1.0%
slopes

4B Craven fine sandy loam, 210 & 1.2 0.5%
percent slopes

518 Pamunkey loam, 0 to & percent 6.1 2.4%
slopes

51C Famunkey loam, & to 12 29 1.1%
percant slopes

GEB Dogue loam, varlant, O to 4 26 1.0%
percent slopes

110C Faceville-Gritney gravelly fine 6.6 2.5%
sandy loams, & to 12 percent
slopes

1578 Faceville-Gritnay fine sandy 14.9 5.8%
leamns, 2 to & percent slopes

1588 Tatotum loam, clayey 12.7 4.9%
substratum, 2 to 6 percent
slopes

1720 Ochrepts and Udults, sloping 231 B8.9%

172E Ochrepts and Udults, strongly 26.0 10.0%,
sloping

172F Ochrepls and Udulls, sleep 46.1 17 8%

Totals for Area of Interest 258.6 100.0%

Area Distributions based on Soil Group Classification
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SUBJECT_Dominion — Chesterfield Upper (East) Pond Closure — Final Cover Soil Loss .

BY BUTLEKM DATE  07/13/15 PROJ. NO. C150035.00

Two conditions were analyzed for each of the six soils (outlined in red in the table on the previous page) in
qguestion, which represent the two extreme cases. These include a longer reach with a shallower slope, found at the
top of the proposed pile, and a shorter reach with a steeper slope, found along the proposed benching.

Plan: Chesterfield Upper Ash Pond Closure Loss Page 1

Cons. plan. soil loss, tfaclyr
0.012 0.0092 0.011 0.0077 0.0077 0.0077 0.092 0.073 0085 0.061 0.0861 0.061
Description

Field
Worksheet Worksheet Worksheet Worksheet Worksheet Worksheet Worksheet Worksheet Worksheet Worksheet
Worksheet Worksheet

Fuel cost, US$/ac
0o0o0OCQCOOQODOODOOQOOD

Info

Location
Virginia\Henrico county average (Richmond)

Project Name
“Cwner name™

Section or reach
1A Top 3A Top 17B Top 172D Top 172ETop 172F Top 1A Slope 3A Slope  17B Slope
172D Slope 172E Slope 172F Slope

Section or reach
1A Top 3A Top 17B Top 172D Top 172ETop 172F Top 1A Slope  3A Slope 178 Slope
172D Slope 172E Slope 172F Slope

Sed. delivery, tfac/yr
0012 0.0092 0.011 0.007v7 0.0077 0.0077 0.092 0.073 0085 0.061 0.061 0.0861

Slope T Value, Vaclyr
50 4.0 50 50 50 5.0 50 40 50 5.0 5.0 5.0

Slope length, ft
1000 1000 1000 1000 1000 1000 100 100 100 100 100 100

Slope steepness, %
20202020 20 20 33 33 33 33 33 33

Soil
soils\Chesterfield County, Virginiat1A Fluvaquents\Fluvagquents Silt loam 85%
soils\Chesterfield County, Virginia\3A Fluvaquents, ponded\Fluvaguents, ponded Fine sandy loam 85%
soils\Chesterfield County, Virginial17B Gritney fine sandy loam, 2 to 6 percent slopes\Gritney Fine sandy loam 85%
soils\Chesterfield County, Virginiai172D Ochrepts and Udults, sloping\Ochrepts Sandy loam 45%
soils\Chesterfield County, Virginia\172E Ochrepts and Udults, strongly sloping\Ochrepts Sandy loam 45%
soils\Chesterfield County, Virginia\172F Ochrepts and Udults, steep\Ochrepts Sandy loam 50%
soils\Chesterfield County, Virginial1A Fluvaguents\Fluvaquents Silt loam 85%
soils\Chesterfield County, Virginia\3A Fluvaguents, ponded\Fluvaguents, ponded Fine sandy loam 85%
soils\Chesterfield County, Virginia\17B Gritney fine sandy loam, 2 to 6 percent slopes\Gritney Fine sandy loam 85%
soils\Chesterfield County, Virginia\172D Ochrepts and Udults, sloping'Cchrepts Sandy loam 45%
soils\Chesterfield County, Virginiat172E Ochrepts and Udults, strongly sloping\Ochrepts Sandy loam 45%
soils\Chesterfield County, Virginial172F Ochrepts and Udults, steep\Ochrepts Sandy loam 50%

Soil Loss (t/ac/yr)

soil Type Top of Pile| Bench
1A 0.012 0.092

3A 0.0092 0.073
178 0.011 0.085
172D 0.0077 0.061
172E 0.0077 0.061
172F 0.0077 0.061

The average expected soil loss for the final cover soil on the Upper Pond is less than 2 tons/acre/year. Overall, the
final cover is expected to withstand erosion losses.
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This appendix contains the following geotechnical calculations:

e Veneer Stability Analysis (pages 1-24)

« Deep Seated Stability Analysis (pages 25-32)
e Anchor Trench Design (pages 33-40)

e GDN Flows (pages 41-45)

« GDN Design (pages 46-54)



suBJeCT Closure of Upper (East) Pond - Veneer Stability Analyses .

By _TIM DATE 5/5/2015 PROJ. NO.___C150035.00
CHKD. BY CAG DATE 9/25/2015 SHEET NO. 1 OF 24
gai consultants
Engineers * Geologists * Planners
Environmental Specialists
OBJECTIVE:

Determine the factor of safety against failure for translational failures (veneer stability) of the cap
system for the proposed closure of the Upper (East) Pond of the Chesterfield Station located in
Chesterfield County, Virginia. The Closure will be evaluated for compliance with the EPA CCR
Rule and Virginia Solid Waste Regulations.

METHODOLOGY:

To quantify the risk of translational failures of the proposed cap system as a factor of safety (FS)
against sliding, the existing conditions and proposed top-of-liner plans were analyzed using finite
slope methods and GSTABL 7 software. Material properties (unit weights and interface shear
strength) were acquired from previous submittals, published values, or laboratory test data. The
following sections provide a detailed description of the methods used to evaluate veneer stability of
the proposed liner system.

REFERENCES:

1. Schnabel Engineering Consultants, Inc. Geotechnical Engineering Report: Upper Pond Stability
Evaluation, August 2014.

2. Petersen, Mark, et al. Seismic-Hazard Maps for the Conterminous United States. 2014.
United States Department of Interior. United States Geological Survey.
BACKGROUND:

This study provides slope stability analyses for the closure of the Upper (East) Pond. The cap will
consist of a liner system that will include from bottom to top:

-Subgrade (Existing ground, regraded CCR material, or a cushion (nonwoven) geotextile);
-40 mil low-linear density polyethylene (LLDPE) geomembrane;

- Geocomposite Drainage Net (GDN) consisting of an HDPE geonet core with nonwoven,
needle-punched geotextiles heat-bonded to its upper and lower surfaces; and

-24” of soil cover.

For stability and drainage purposes, benches on the 33% slopes of the pond will be constructed at
a regular vertical spacing of every 25 feet around the perimeter of the pond. Each bench is 20-feet
wide and will be sloped to direct runoff on the sideslopes to the slope drains.

A typical cross-section of the benches and proposed liner system are shown in Figure 1. GAl
completed a long-term stability analysis of the cap system shown.

LINER SYSTEM ANALYSIS:

To determine the minimum FS against slope failure of the liner system components, the Upper Ash
Pond Final Closure Drawing No. C150035-00-000-00-C-E1-030 was used to determine critical and
typical slopes. From this plan, sideslopes are 3:1 (H:V) with the benches having a slope of 2%. A
“typical” construction cross-section including the geosynthetic liner components was modeled.
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suBJeCT Closure of Upper (East) Pond - Veneer Stability Analyses .

By _TIM DATE 5/5/2015 PROJ.NO.__ C150035.00

CAG 9/25/2015 2 o4
CHKD. BY DATE SHEET NO. OF

gai consultants

Engineers * Geologists * Planners
Environmental Specialists

Sections were analyzed with typical conditions which assume average conditions (static-dry), as
well as a design maximum rainfall (static-wet) and earthquake (seismic-dry). The peak shear
strength was used for interface strength. As a check on the stability runs, the residual shear
strength for the liner interface was used. The target factor of safety for all conditions with residual
strength is 1.0. Target factors of safety for each analysis condition are enumerated as follows:

Condition Analyzed Minimum FS
Static-Dry (typical) 1.5 (CCR rule)
Static-Wet (design storm) 1.1
Seismic-Dry (earthquake) 1.0 (CCR rule)
Residual shear strength 1.0

The critical interfaces considered in the liner system analyses are listed below:

1) Textured-LLDPE against Geocomposite Drainage Net (GDN) consisting of HPDE
geonet core with needle-punched nonwoven geotextiles heat-bonded to its upper and
lower surfaces;

2) Geotextile to soil.

Phreatic Surfaces — Based on the subsurface investigation performed by Schnabel, groundwater
should not impact slope stability. Based on a review of the boring logs in Schnabel’s report,
groundwater elevation is approximately at sea level. The lowest elevations for the capped portions
of the Upper (East) Pond will occur at the dike (elev. 40’). To help convey runoff water off the side
slopes, benches will be sloped toward the slope drains and then perimeter channels will carry the
water to VPDES Outfall 005.

Liner System Properties — Based on previous GAIl experience and data from Agru America, it was
determined that the critical interface of the liner system would be the soil to the non-woven
geotextile.

Since interface friction is primarily derived from the normal loads placed on the materials
comprising the liner system, it was necessary to determine the phi angles and cohesion for
anticipated site conditions after construction of the liner system. Assuming protective cover
material is placed using low ground pressure equipment, a normal load of 1,000 psf is
representative of the final conditions. GAl received typical interface friction data from Agru America
for interface friction strength between the soil and the non-woven geotextile. Assuming a cohesion
(c) of zero psf, the interface friction angle (¢) for each interface was defined by the secant angle
bounded by a line connecting the origin (0,0; x,y) and the shear strength value (1) at a normal load
of 1,000 psf (on).
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suBJeCT Closure of Upper (East) Pond - Veneer Stability Analyses .

By _TIM DATE 5/5/2015 PROJ.NO.__ C150035.00

CHKD. BY CAG DATE 9/25/2015 SHEET NO. 3 OF 24

gai consultants

Engineers * Geologists * Planners
Environmental Specialists

Table 1: Liner System Properties

c=c' «=¢
I EE (psf) (Degrees)
26.0 (peak),
Soil to non-woven geotextile 0 17.0
(residual)

Based on the interface shear strength determined through laboratory tests, the interface most likely
to fail under anticipated conditions is that of the soil to the non-woven geotextile. To simplify the
model, the interface with the lowest shear strength (soil to non-woven geotextile) was used to
model the geosynthetics as a composite layer (liner). To be conservative, the shear strength of this
interface was used to represent the liner layer in this analysis.

Other Material Properties — Material properties for the CCR material were obtained from
Schnabel’s report from 2014. A summary of the shear strength parameters used in this analysis
are provided in Table 2.

Table 2: Slope Stability Material Properties

Type SoilNo. | (ot | (en | (s | (egrees)
Soil Cover 1 120 125 0 25
Liner 2 90 95 0 26
CCRs 3 93 98 0 28
Imperm 3Mm 150 155 0 50

(1)-In selected stability runs, “Imperm” layer is used instead of CCRs layer to present an accurate
model.

To evaluate stability of the liner system, unsaturated, saturated, and seismic (0.075g) loading
conditions were analyzed. Saturated conditions were developed using the capacity of the GDN.
The calculation shows that with the current geometry (3H:1V slope, 75’ long between benches) the
proposed GDN will be able to pass the flow from the Y2 PMF (Probable Maximum Flood) see Upper
East Pond — PMP Precipitation Distributions. Thus, the phreatic surface on the slopes was
modeled as if there was no water in the liner system. The same calculation was used to determine
if the GDN on the benches would be able to pass the full PMF. While the calculation shows that the
GDN on the benches should be able to pass the flow, the phreatic surface on the benches was
modeled to the top of the soil cover to be conservative. Also, for the stability runs modeling the
phreatic surface, the soil properties were edited. When a phreatic surface is entered into GSTABL,
the program then assumes that everything under the phreatic surface is saturated, which is not the
case for the cap system. Since the program showed that the slopes were stable in a static-dry
condition, the liner system and everything below it were modeled as an impermeable layer. The
unit weights and friction angles were raised to force the failure surface through the cover soil.
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suBJeCT Closure of Upper (East) Pond - Veneer Stability Analyses .
By _TIM DATE 5/5/2015 PROJ.NO.__ C150035.00

CAG 9/25/2015 4 24
CHKD. BY DATE SHEET NO. OF

gai consultants

Engineers * Geologists * Planners
Environmental Specialists

Seismic Conditions — The existing facility is located in Chesterfield County, Virginia, which is an
area of low seismic activity and risk. The peak horizontal ground acceleration at the proposed site
(using a 2 percent probability of exceedance in 50 years) is approximately 0.075g. This
acceleration was estimated using USGS mapping and prior stability runs performed by GAIl and
Schnabel and was used in GSTABL to perform a pseudo-static force evaluation of seismic stability.

RESULTS & SUMMARY:

Results of the liner system veneer stability analyses are included as Attachment 1 and are
summarized below:

Table 3: 25-Foot Vertical Spacing Between Benches

Analysis Failure Plane Target
File Name Conditions Analyzed FSmin FS
static-dry-peak 1.6 1.5
static-dry-residual . Critical Liner 1.3 1.0
- dry-static
bottom-dry-static-peak Interface 1.5 1.5
bottom-dry-static-residual 1.3 1.0
Analysis Failure Plane Target
File Name Conditions Analyzed FSmin FS
Seismic-dry-peak 1.3 1.0
seismic-dry-residual I Critical Liner 1.0 1.0
—— dry-seismic
bottom-seismic-dry-peak Interface 1.2 1.0
bottom-seismic-dry-residual 1.0 1.0
Analysis Failure Plane Target
File Name Conditions Analyzed FSmin FS
Wet-static-peak 1.5 11
Wet-static-residual ) Critical Liner 1.2 1.0
- Wet-static
bottom-wet-static-peak Interface 1.4 1.1
bottom-wet-static-residual 1.3 1.0

Based on these results, the cap system for the closure of the Upper (East) Pond cap system is stable
as designed provided benches are included as designed at vertical spacing of 25 feet or less and the
Protective Cover materials are placed as soon as practical after liner construction.
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FIGURE 1

PROPOSED LINER CROSS SECTION AND BENCH
GEOMETRY

5/24

5
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7124 4

ATTACHMENT 1

SLOPE STABILITY OUTPUT FILES
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8/24
Dominion Upper Pond static-dry-peak

17z‘:\;\energy\2015\0150035.00 - dom-chesterfld pond closu\working docs\calculations\slope stability\closure plan runs\static-dry-peak.pl2 Run By: T. Muraoka 7/30/2015 12:43PM
1 ‘ ‘ ‘ \ \ \
Ckd: CAG 9/25/2015

T T T
# FS Soail Soil Total Saturated Cohesion Friction Pore Pressure Piez.

a 1.63|| Desc. Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
b 1.63 No.  (pcf) (pcf) (psf) (deg) Param. (psf) No.
¢ 1.64| Soil Cov 1 120.0 125.0 0.0 25.0 0.00 0.0 W1
d 1.64 Liner = 2 90.0 95.0 0.0 26.0 0.00 0.0 W1
e 1.64 ash 3 93.0 98.0 0.0 28.0 0.00 0.0 W1
f 1.64
g 1.64
145 - h 164 B
i 1.64
15 a .

25 \ \ \ \ \ \ \
48 78 108 138 168 198 228 258 288

GSTABL7 v.2 FSmin=1.63
Safety Factors Are Calculated By The Simplified Janbu Method



9/24

Dominion Upper Pond static-dry-residual
1z:7\¢§nergy\2015\0150035.00 - dom-chesterfld pond closu\working docs\calculations\slope stability\closure plan runs\static-dry-residual.pl2 Run By: T. Muraoka 7/30/2015 12:45PM

I I I I ‘ ‘ ‘
Ckd: CAG 9/25/2015

T T T T
# FS Soail Soil Total Saturated Cohesion Friction Pore Pressure Piez.

a 1.33|| Desc. Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
b 1.34 No. (pcf) (pcf) (psf) (deg) Param.  (psf) No.
c 1.34] SoilCov 1 120.0 125.0 0.0 25.0 0.00 0.0 W1
d 1.34 Liner = 2 90.0 95.0 0.0 17.0 0.00 0.0 W1
e 1.35 ash 3 93.0 98.0 0.0 28.0 0.00 0.0 W1
f 1.35
g 1.37
145 | h 137 B
i 1.39
15 a .

25 \ \ \ \ \ \ \
48 78 108 138 168 198 228 258 288

GSTABL7 v.2 FSmin=1.33
Safety Factors Are Calculated By The Simplified Janbu Method



Dominion Upper Pond seismic-dry-peak

10/24

10

1z7:\§nergy\2015\c150035.00 - dom-chesterfld pond closu\working docs\calculations\slope stability\closure plan runs\seismic-dry peak.pl2 Run By: T. Muraoka 7/30/2015 12:46PM

145

115

25

#

—J0Q -~0 Q0O T

FS
1.27
1.27
1.27
1.27
1.27
1.27
1.27
1.27
1.27

T T T
Soail Soil Total Saturated Cohesion Friction Pore Pressure Piez. Load Value
Desc. Type Unit Wt. UnitWt. Intercept Angle Pressure Constant Surface|| Peak(A) 0.075(g)
No. (pcf) (pcf) (psf)  (deg) Param.  (psf) No. kh Coef. 0.075(g)<
Soil Cov 1 120.0 125.0 0.0 25.0 0.00 0.0 W1
Liner 2 90.0 95.0 0.0 26.0 0.00 0.0 W1
ash 3 93.0 98.0 0.0 28.0 0.00 0.0 W1

\
Ckd: CAG 9/25/2015

48

78 108 138 168 198 228

GSTABL7 v.2 FSmin=1.27
Safety Factors Are Calculated By The Simplified Janbu Method

258 288



Dominion Upper Pond seismic-dry-residual

11/24

11

zi\%egergy\2015\c150035.00 - dom-chesterfld pond closu\working docs\calculations\slope stability\closure plan runs\seismic-dry-resisual.pl2 Run By: T. Muraoka 7/30/2015 12:47PM

145

115

25

#

—J0Q -~0 Q0O T

FS
1.17
1.18
1.20
1.21
1.21
1.21
1.22
1.22
1.22

T T T
Soail Soil Total Saturated Cohesion Friction Pore Pressure Piez. Load Value
Desc. Type Unit Wt. UnitWt. Intercept Angle Pressure Constant Surface|| Peak(A) 0.075(g)
No. (pcf) (pcf) (psf)  (deg) Param.  (psf) No. kh Coef. 0.075(g)<
Soil Cov 1 120.0 125.0 0.0 25.0 0.00 0.0 W1
Liner 2 90.0 95.0 0.0 17.0 0.00 0.0 W1
ash 3 93.0 98.0 0.0 28.0 0.00 0.0 W1

\
Ckd: CAG 9/25/2015

48

78 108 138 168 198 228

GSTABL7 v.2 FSmin=1.17
Safety Factors Are Calculated By The Simplified Janbu Method

258

288



145

115

25

Dominion Upper Pond bottom-dry-static-peak

z:%e?grgy\Zm5\0150035.00 - dom-chesterfld pond closu\working docs\calculations\slope stability\closure plan runs\bottom-dry-static-peak.pl2

12/24 12

Run By: T. Muraoka 7/30/2015 12:55PM

#

—J0Q -~0 Q0O T

FS
1.47
1.48
1.48
1.48
1.48
1.48
1.48
1.48
1.48

Soil  Soail
Desc.  Type Unit Wt. Unit Wt.
No.  (pcf) (pcf)
Soil Cov 1 120.0 125.0
Liner 2 90.0 95.0
ash 3 93.0 98.0

T T
Total Saturated Cohesion Friction
Intercept Angle Pressure Constant Surface

(psf)  (deg)
00 250
00 260
0.0 280

T
Pore Pressure Piez.
Param. (psf) No.
0.00 0.0 W1
0.00 0.0 W1
0.00 0.0 W1

\
Ckd: CAG 9/25/2015

48

78

108

138

168
GSTABL7 v.2 FSmin=1.47

198

228

Safety Factors Are Calculated By The Simplified Janbu Method

258 288
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145

115

25

Chesterfield Upper Pond bottom-dry-static-residual

om-chesterfld pond closu\working docs\calculations\slope stability\closure plan runs\bottom-dry-static-residual.pl2

13/24 13

Run By: T. Muraoka 7/30/2015 12:56PM

#

—J0Q -~0 Q0O T

FS
1.30
1.33
1.34
1.34
1.35
1.37
1.37
1.37
1.37

Soil

Desc.  Type Unit Wt. Unit Wt.

Soil Cov
Liner
ash

T T
Soil Total Saturated Cohesion Friction

No.  (pcf) (pcf)
1 1200 1250
2 900 95.0
3 930 98.0

Intercept Angle Pressure Constant Surface

(psf)  (deg)
0.0 250
0.0 17.0
0.0 280

T
Pore Pressure Piez.
Param. (psf) No.
0.00 0.0 W1
0.00 0.0 W1
0.00 0.0 W1

\
Ckd: CAG 9/25/2015

48

78

108

138

168
GSTABL7 v.2 FSmin=1.30

198

228

Safety Factors Are Calculated By The Simplified Janbu Method

258 288
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145

115

25

Dominion Upper Pond bottom-seismic-dry-peak

dom-chesterfld pond closu\working docs\calculations\slope stabi

lity\closure plan runs\
T

bottom-seismic-dry-peak.pl2

14/24

14

Run By: T. Muraoka 7/30/2015 12:57PM

—J0Q -~0 Q0O T

Soil  Soail
Desc.  Type Unit Wt. Unit Wt.
No.  (pcf) (pcf)
Soil Cov 1 120.0 125.0
Liner 2 90.0 95.0
ash 3 93.0 98.0

T T
Total Saturated Cohesion Friction
Intercept Angle Pressure Constant Surface

(psf)  (deg)
00 250
00 260
0.0 280

Value
0.075(g)
0.075(g)<

I T
Pore Pressure Piez. Load
Peak(A)
Param.  (psf) No. kh Coef.
0.00 0.0 W1
0.00 0.0 W1
0.00 0.0 W1

\
Ckd: CAG 9/25/2015

48

78

108

138

168
GSTABL7 v.2 FSmin=1.17

198

228

Safety Factors Are Calculated By The Simplified Janbu Method

258

288



15/24
15

Dominion Upper Pond bottom-seismic-dry-residual
z:\enf;gg/\2015\c150035.00 - dom-chesterfld pond closu\working docs\calculations\slope stability\closure plan runs\bottom-seismic-dry-residual.pl2 Run By: T. Muraoka 7/30/2015 12:58PM
T

T T T T ‘
# FS Soil  Soil Total Saturated Cohesion Friction Pore Pressure Piez. Load Value .
a 1.04|| Desc. Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface|| Peak(A) 0.075(g) Ckd: CAG 9/25/2015
b 1.06 No. (pcf) (pcf) (psf)  (deg) Param.  (psf) No. kh Coef.  0.075(g)<
¢ 1.06|| Soil Cov 1 120.0 125.0 0.0 25.0 0.00 0.0 W1
d 1.07 Liner 2 90.0 95.0 0.0 17.0 0.00 0.0 W1
e 1.08 ash 3 93.0 98.0 0.0 28.0 0.00 0.0 W1
f 1.08
g 1.09
145 — § 1.09 7
i 1.09
115 — =

25 \ \ \ \ \ \ \
48 78 108 138 168 198 228 258 288

GSTABL7 v.2 FSmin=1.04
Safety Factors Are Calculated By The Simplified Janbu Method



Chesterfield Upper Pond wet-static-peak

Run By: T. Muraoka 9/28/2015 09:04AM

16/24

7zgenergy\2015\0150035.00 - dom-chesterfld pond closu\working docs\calculations\slope stability\closure plan runs\wet-static-peak.pl2

145

115

25

#

—J0Q -~0 Q0O T

FS
1.49
1.49
1.49
1.49
1.49
1.49
1.50
1.50
1.50

1 1 1 1 \ \
Soil .~ Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Desc. Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.
Soil Cov 1 120.0 125.0 0.0 25.0 0.00 0.0 W1
Liner 2 90.0 95.0 0.0 26.0 0.00 0.0 W1
imperm 3 150.0 155.0 0.0 50.0 0.00 0.0 W1

\
Ckd: CAG 9/25/2015

48

78 108 138 168 198 228

GSTABL7 v.2 FSmin=1.49
Safety Factors Are Calculated By The Simplified Janbu Method

258

288

16



1z%(i_)nergy\2015\0150035.00 - dom-chesterfld pond closu\working docs\calculations\slope stability\closure plan runs\wet-static-residual.pl2

145

115

25

Chesterfield Upper Pond wet-static residual

17/24 o

Run By: T. Muraoka 9/28/2015 09:05AM

#

—J0Q -~0 Q0O T

FS
1.15
1.23
1.25
1.26
1.28
1.30
1.30
1.34
1.36

1 1 1 1 \ \
Soil .~ Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Desc. Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.
Soil Cov 1 120.0 125.0 0.0 25.0 0.00 0.0 W1
Liner 2 90.0 95.0 0.0 17.0 0.00 0.0 W1
imperm 3 150.0 155.0 0.0 50.0 0.00 0.0 W1

\
Ckd: CAG 9/25/2015

48

78 108 138 168 198 228

GSTABL7 v.2 FSmin=1.15
Safety Factors Are Calculated By The Simplified Janbu Method

258 288



18/24 18

Chesterfield Upper Pond bottom-wet-static-peak
z:\le?grgy\2015\0150035.00 - dom-chesterfld pond closu\working docs\calculations\slope stability\closure plan runs\bottom-wet-static-peak.pl2 Run By: T. Muraoka 9/28/2015 09:06AM
1 ‘ ‘ ‘ \ \ \

T T T
# FS Soil .~ Soil Total Saturated Cohesion Friction Pore Pressure Piez.
a 1.41]| Desc. Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface Ckd: CAG 9/25/2015
b 1.41 No. (pcf) (pcf) (psf) (deg) Param.  (psf) No.
¢ 1.41| Soil Cov 1 120.0 125.0 0.0 25.0 0.00 0.0 W1
d 1.41 Liner = 2 90.0 95.0 0.0 26.0 0.00 0.0 W1
e 1.41| imperm 3  150.0 155.0 0.0 50.0 0.00 0.0 W1
f 1.41
g 1.41
145 - h 141 m
i 1.41
15 — -

25 \ \ \ \ \ \ \
48 78 108 138 168 198 228 258 288

GSTABL7 v.2 FSmin=1.41
Safety Factors Are Calculated By The Simplified Janbu Method



z:\energy\201 5\c150035.00 - d
17

145

115

25

Chesterfield Upper Pond bottom-wet-static-residual

19/24

#

—J0Q -~0 Q0O T

FS
1.25
1.31
1.32
1.32
1.35
1.37
1.37
1.38
1.38

Soil  Soail
Desc.  Type Unit Wt. Unit Wt.
No.  (pcf) (pcf)
Soil Cov 1 120.0 125.0
Liner 2 90.0 95.0
imperm 3 150.0 155.0

T T
Total Saturated Cohesion Friction
Intercept Angle Pressure Constant Surface

(psf)  (deg)
0.0 250
0.0 17.0
0.0 500

T
Pore Pressure Piez.
Param. (psf) No.
0.00 0.0 W1
0.00 0.0 W1
0.00 0.0 W1

\
Ckd: CAG 9/25/2015

48

78

108

138

168
GSTABL7 v.2 FSmin=1.25

198

228

Safety Factors Are Calculated By The Simplified Janbu Method

258 288

19

om-chesterfld pond closu\working docs\calculations\slope stability\closure plan runs\bottom-wet-static-residual.pl2 Run By: T. Muraoka 9/28/2015 09:07AM



20/24
Ckd: CAG 9/25/2015

* % % %TABL7 * % %
** GSTABL7 by Dr. Garry H Gegory, Ph.D. ,P.E , D GE **
** QOriginal Version 1.0, January 1996; Current Ver. 2.005.3, Feb. 2013 **
(Al Rights Reserved-Unauthorized Use Prohibited)
EE R I S I S S I o O S S R O O O
SLOPE STABILITY ANALYSI S SYSTEM

Modi fi ed Bi shop, Sinplified Janbu, or GLE Method of Slices.
(I'ncl udes Spencer & Mdrgenstern-Price Type Anal ysis)

Including Pier/Pile, Reinforcement, Soil Nail, Tieback,
Nonl i near Undrai ned Shear Strength, Curved Phi Envel ope,
Ani sotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water

Surfaces, Pseudo-Static & Newrark Earthquake, and Applied Forces.

R S R R O R IR o o S R R R Ik R R I kO R R S S R R o

Anal ysis Run Date: 8/ 20/ 2015

Time of Run: 03: 07PM

Run By: T. Miraoka

I nput Data Fil enane: Z:\ Ener gy\ 2015\ C150035. 00 - DOM Chesterfld Pond C osu\Wrkin
g Docs\ Cal cul ati ons\sl ope stability\closure plan runs\static-dry-peak.in

Qut put Fi |l enane: Z:\ Ener gy\ 2015\ C150035. 00 - DOM Chesterfld Pond C osu\Wrkin
g Docs\Cal cul ati ons\sl ope stability\closure plan runs\static-dry-peak. QUT

Unit System Engl i sh

Plotted Qutput Filenane: Z:\Energy\2015\C150035.00 - DOW Chesterfld Pond C osu\Wrkin
g Docs\Cal cul ati ons\sl ope stability\closure plan runs\static-dry-peak. PLT
PROBLEM DESCRI PTI ON:  Chesterfield Upper Pond
static-dry-peak
BOUNDARY COORDI NATES
6 Top Boundari es

20
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21/24
Z:static-dry-peak. QUT Page 2
18 Total Boundaries Ckd: CAG 9/25/2015
Boundary X-Left Y- Left X- Ri ght Y- Ri ght Soil Type
No. (ft) (ft) (ft) (ft) Bel ow Bnd
1 48. 00 41. 20 78.00 51. 20 1
2 78.00 51. 20 98. 00 50. 80 1
3 98. 00 50. 80 173.00 75. 80 1
4 173. 00 75. 80 193. 00 76. 20 1
5 193. 00 76. 20 268. 00 101. 20 1
6 268. 00 101. 20 280. 60 100. 00 1
7 48. 00 39. 20 78.00 49. 20 2
8 78.00 49. 20 98. 00 48. 80 2
9 98. 00 48. 80 173.00 73. 80 2
10 173.00 73. 80 193. 00 74. 20 2
11 193. 00 74. 20 268. 00 99. 20 2
12 268. 00 99. 20 280. 60 98. 00 2
13 48. 00 39.10 78.00 49. 10 3
14 78.00 49. 10 98. 00 48. 70 3
15 98. 00 48. 70 173.00 73.70 3
16 173.00 73.70 193. 00 74.10 3
17 193. 00 74.10 268. 00 99. 10 3
18 268. 00 99. 10 280. 60 97.90 3
User Specified Y-Origin = 25.00(ft)
Default X-Plus Value = 0.00(ft)
Default Y-Plus Value = 0.00(ft)
| SOTROPI C SO L PARAMETERS

3 Type(s) of Soi

Soil Total Saturated Cohesion Friction Por e Pressure Pi ez.
Type Unit W. Unit W. Intercept Angl e Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Par am (psf) No.
1 120.0 125.0 0.0 25.0 0.00 0.0 1
2 90.0 95.0 0.0 26.0 0.00 0.0 1
3 93.0 98.0 0.0 28.0 0.00 0.0 1

A Critical Failure Surface Searching Method, Using A Random
Techni que For CGenerating Sliding Block Surfaces, Has Been
Speci fi ed.

100 Trial Surfaces Have Been Generated
4 Boxes Specified For Generation OF Central Bl ock Base
Length O Line Segnents For Active And Passive Portions O
Sliding Block Is 1.0

Box X-Left Y- Left X- Ri ght Y- Ri ght Hei ght
No. (ft) (ft) (ft) (ft) (ft)
1 97.90 49. 15 98. 10 49. 15 0.50
2 172. 90 73.75 173. 10 73.75 0.50
3 192. 90 74.15 193. 10 74.15 0.50
4 267.90 99. 15 268. 10 99. 15 0.50

Fol | owi ng Are Displayed The Ten Most Critical O The Trial
Fai lure Surfaces Eval uated. They Are
Ordered - Most Critical First.
* * Safety Factors Are Calculated By The Sinplified Janbu Method * *
Total Nunber of Trial Surfaces Attenpted = 100
Number of Trial Surfaces Wth Valid FS = 100
Statistical Data On All Valid FS Val ues:

FS Max = 1.816 FS Mn = 1.632 FS Ave = 1.709

St andard Devi ation = 0. 046 Coefficient of Variation = 2.72 %
Fai lure Surface Specified By 10 Coordi nate Points

Poi nt X-Sur f Y- Sur f

No. (ft) (ft)

1 96. 065 50. 839

2 96. 474 50. 540

3 97. 207 49. 860

4 97.917 49. 155

5 172. 908 73.921

6 193. 067 74. 383

7 267. 962 99. 327

8 268. 493 100. 174

9 269. 026 101. 020

10 269. 100 101. 095

Factor of Safety
* k% 1. 632 * %k %
I ndi vi dual data on the 13 slices



0
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Water \Water Tie Tie Ear t hquake
Force Force Force Force Force  Surcharge
dth Wei ght Top Bot Nor m Tan Hor Ver Load
ft) (I bs) (I'bs) (Ibs) (1 bs) (I bs) (I bs) (I bs) (1 bs)
0.4 7.1 0.0 0.0 0. 0. 0.0 0.0
0.7 54.8 0.0 0.0 0. 0. 0.0 0.0
0.7 110.8 0.0 0.0 0. 0. 0.0 0.0
0.1 16. 3 0.0 0.0 0. 0. 0.0 0.0
4.9 15573. 6 0.0 0.0 0. 0. 0.0 0.0
0.1 20.6 0.0 0.0 0. 0. 0.0 0.0
0.0 4433. 6 0.0 0.0 0. 0. 0.0 0.0
0.1 14.6 0.0 0.0 0. 0. 0.0 0.0
4.9 16624.5 0.0 0.0 0. 0. 0.0 0.0
0.0 8.3 0.0 0.0 0. 0. 0.0 0.0
0.5 82.6 0.0 0.0 0. 0. 0.0 0.0
0.5 33.9 0.0 0.0 0. 0. 0.0 0.0
0.1 0.4 0.0 0.0 0. 0. 0.0 0.0
Fai lure Surface Specified By 10 Coordi nate Points
Poi nt X- Sur f Y- Sur f
No. (ft) (ft)
1 96. 268 50. 835
2 96.514 50. 643
3 97. 224 49. 938
4 98. 055 49. 381
5 172.912 73.912
6 192. 935 74. 287
7 267. 966 99. 229
8 268. 601 100. 002
9 269. 161 100. 830
10 269. 296 101. 077
Factor of Safety
* k% % 1. 632 * % %
Fai lure Surface Specified By 11 Coordi nate Points
Poi nt X- Sur f Y- Sur f
No. (ft) (ft)
1 94. 627 50. 867
2 95. 397 50. 408
3 96. 106 49.702
4 97. 089 49.521
5 98. 036 49. 199
6 173. 096 73.993
7 193. 064 74. 304
8 267.935 99. 228
9 268. 607 99. 969
10 269. 124 100. 825
11 269. 331 101. 073
Factor of Safety
* % % 1. 635 * % %
Fai lure Surface Specified By 11 Coordi nate Points
Poi nt X- Sur f Y- Sur f
No. (ft) (ft)
1 95. 337 50. 853
2 95.572 50. 711
3 96. 317 50. 044
4 97.278 49. 766
5 97. 985 49. 059
6 172.912 73.824
7 192. 953 74. 309
8 267.953 99. 235
9 268. 534 100. 049
10 269. 241 100. 756
11 269. 327 101. 074
Factor of Safety
* % % 1. 635 * % %
Failure Surface Specified By 9 Coordinate Points
Poi nt X- Sur f Y- Sur f
No. (ft) (ft)
1 96. 251 50. 835
2 96. 494 50. 689
3 97. 212 49. 993

22/24

22

Z:static-dry-peak. QUT Page 3
Ckd: CAG 9/25/2015
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23/24

Z:static-dry-peak. QUT Page 4
4 97. 925 49.292 Ckd: CAG 9/25/2015
5 173. 095 73.978
6 192. 930 74. 260
7 268. 074 99. 358
8 268. 426 100. 294
9 268. 758 101. 128

Factor of Safety
* % % 1. 636 * % %
Failure Surface Specified By 12 Coordi nate Points

Poi nt X-Sur f Y- Sur f
No. (ft) (ft)
1 94. 048 50. 879
2 94. 369 50. 562
3 95. 211 50. 022
4 96. 204 49. 909
5 97. 069 49. 406
6 98. 033 49. 141
7 172. 959 73.818
8 193. 018 74.324
9 268. 005 99. 256
10 268. 613 100. 050
11 269. 285 100. 790
12 269. 359 101. 071

Factor of Safety
* k% % 1. 640 * % %
Failure Surface Specified By 11 Coordi nate Points

Poi nt X-Sur f Y- Sur f
No. (ft) (ft)
1 95. 293 50. 854
2 95. 380 50. 804
3 96. 151 50. 167
4 97. 027 49. 683
5 97.970 49. 352
6 173. 029 73.765
7 193. 025 74. 358
8 268. 076 99. 291
9 268. 634 100. 121
10 269. 021 101. 043
11 269. 038 101. 101

Factor of Safety
* k% % 1. 640 * % %
Failure Surface Specified By 11 Coordi nate Points

Poi nt X-Sur f Y- Sur f
No. (ft) (ft)
1 95. 479 50. 850
2 95. 504 50. 829
3 96. 251 50. 164
4 97. 200 49. 847
5 98. 052 49. 324
6 172. 975 73. 737
7 193. 088 74. 308
8 268. 035 99. 258
9 268. 682 100. 020
10 269. 266 100. 832
11 269. 297 101. 076

Factor of Safety
* % % 1. 641 * % %
Fai lure Surface Specified By 11 Coordi nate Points

Poi nt X-Sur f Y- Sur f
No. (ft) (ft)
1 95. 055 50. 859
2 95. 492 50. 731
3 96. 380 50. 271
4 97. 217 49. 724
5 98. 010 49. 114
6 172. 969 73. 865
7 193. 047 74.186
8 268. 011 99. 364
9 268. 663 100. 123
10 269. 370 100. 830
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24/24
Z:static-dry-peak. QUT Page 5

11 269. 561 101. 051 Ckd: CAG 9/25/2015

Factor of Safety
* k% % 1. 643 * % %
Failure Surface Specified By 9 Coordinate Points

Poi nt X-Sur f Y- Sur f

No. (ft) (ft)

1 95. 906 50. 842
2 96. 468 50. 324
3 97.182 49. 623
4 97. 956 48. 991
5 173. 096 73. 956
6 193. 041 74. 336
7 268. 060 99. 166
8 268. 562 100. 030
9 268. 566 101. 146

Factor of Safety
* % % 1. 644 * % %
**%*x END OF GSTABL7 OUTPUT ****
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suBJeCT Closure of Upper (East) Pond —Deep Seated Stability Analyses .

By _TIM DATE 5/5/2015 PROJ. NO.___C150035.00
CHKD. BY CAG DATE 9/25/2015 SHEET NO. 1 OF 8
gai consultants
Engineers * Geologists * Planners
Environmental Specialists
OBJECTIVE:

Evaluate deep-seated rotational failure surfaces under static and seismic conditions for the
proposed closure of the Upper (East) Pond at the Chesterfield Power Station, located in
Chesterfield County, Virginia.

METHODOLOGY:

Stability will be evaluated under both static and seismic conditions using two-dimensional limit
equilibrium analysis with the software GSTABL 7.

REFERENCES:

1. Schnabel Engineering Consultants, Inc. Geotechnical Engineering Report: Upper Pond Stability
Evaluation, August 2014.

2. GAI Consultants, Inc. Revised Closure Plan Upper (East Pond) Chesterfield Power Station,
Chesterfield County, Virginia. September 2003.

3. Geotechnical Engineering and Groundwater Hydrology Services, Ash Disposal Pond,
Chesterfield Power Station, dated 12/20/1982. Prepared by Schnabel Engineering Associates,
Inc.

4. Geotechnical Engineering Study, Long Term Ash Storage Pond Dike, Chesterfield County,
Virginia, dated April 22, 1996. Prepared by Schnabel Associates, Inc.

5. Petersen, Mark, et al. Seismic-Hazard Maps for the Conterminous United States. 2014.
United States Department of Interior. United States Geological Survey.
BACKGROUND:

In the 2003 closure plan for the Upper (East) Pond, GAl identified sections that could be
susceptible to slope failures in the future. GAI will re-evaluate the stability analyses with the new
geometry of the impoundment, site conditions, and material properties.

ANALYSIS:

Sections were cut in locations similar to where they were cut for the 2003 closure plan. These
areas were in the southeast area of the Pond near VPDES Outfall 005 and along Henricus Access
Road in the northeast portion of the Pond. After reviewing the 2003 closure plan (Reference 2) and
the Schnabel geotechnical reports conducted in the area in 1982 and 1996 (Reference 3 and 4),
soil parameters used in this analysis were equal to the parameters referenced in the Schnabel
reports. A table of the parameters is listed below.

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\slope stability\deep seated
Stability calc.doc 09/28/15
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suBJeCT Closure of Upper (East) Pond —Deep Seated Stability Analyses .

By _TIM DATE 5/5/2015 PROJ.NO.__ C150035.00

crkp. By CAG pate 9/25/2015 SHEET NO, 2

OF 8

gai consultants

Engineers * Geologists * Planners
Environmental Specialists

Table 1: Slope Stability Material Properties

Soil Soil yr Ysat c=c' ¢
Type Type# | (pcf) (pcf) (psf) (Degrees)
Embankgltlant/Road 1 120 125 0 32
SM-SP 2 125 130 0 35
Low Blow Count 3 120 125 0 27
SM,SC 4 135 140 0 40
Old Marsh 5 90 95 40 9

The “Low Blow Count “ layer of soil referenced in the table above was added to the stability
analysis after reviewing the relevant boring logs. The 2003 closure plan identified a 40’ thick
section of “marsh soil”. The strength parameters for the soil were a contributing factor to the
calculated instability of the road. The “Low Blow Count” layer was included to model the softer soil.
A phi angle was developed based on N values corrected for field procedures and phi angle/blow
count correlation. The weaker soil layer thickness was adjusted based on the boring logs.

Information for the phreatic surface was taken from the Schnabel boring logs. The 2003 closure
plan had the phreatic surface elevation of approximately 35’. The water level should not be that
high as wet disposal of ash has been discontinued in the Pond.

Seismic Conditions — The existing facility is located in Chesterfield County, Virginia, which is an
area of low seismic activity and risk. The peak horizontal ground acceleration at the proposed site
(using a 2 percent probability of exceedance in 50 years) is approximately 0.075g. This
acceleration was estimated using USGS mapping and prior stability runs performed by GAIl and
Schnabel and was used in PCSTABL to perform a pseudo-static force evaluation of seismic
stability.

The factors of safety for the southern section under static and seismic conditions were 2.5 and 2.0,
respectively. The static and seismic factors of safety for the northern section was equal to 1.4 and
1.1. The factor of safety for the static condition is under the desired outcome of 1.5. After
evaluating the slope stability runs, the critical failure surface occurs near the top of the slope of the
road adjacent to the impoundment. The failure surface is a considerable distance (over 30’) from
the toe of the dike. If a slope failure were to occur in this area, integrity of the dike should not be
affected. The failure surface is far away from the dike that there should be enough time to address
the failure. The stability runs are included in this report as Attachment 1 (Sheets 5 to 8).

RESULTS & SUMMARY:

Stability analyses were performed on a section in the southeast area of the Pond (near VPDES
Outfall 005) and in the northeast area (along Henricus Access Road). Multiple surfaces were
generated and the most critical failure surface for each analysis was isolated to determine the
minimum factor of safety. The factor of safety for the dry condition of the northern section was
Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\slope stability\deep seated
Stability calc.doc 09/28/15
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suBJeCT Closure of Upper (East) Pond —Deep Seated Stability Analyses .

By _TIM DATE 5/5/2015 PROJ.NO.__ C150035.00

chro. sy ARG pate _9/25/2015 SHEET NO. 3 oF 8

gai consultants

Engineers * Geologists * Planners
Environmental Specialists

under the desired outcome of 1.5. If a failure were to occur, GAl recommends the failure be
addressed quickly to protect the stability of the dike.

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\slope stability\deep seated
Stability calc.doc 09/28/15
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ATTACHMENT 1

SLOPE STABILITY OUTPUT FILES

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\slope stability\deep seated
Stability calc.doc 09/28/15
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5/8
Chesterfield Station north area-dry static

z:\englr8)82015\c150035.00 - dom-chesterfld pond closu\working docs\calculations\slope stability\closure plan sections\north area-application run.pl2 Run By: T. Muraoka 1/6/2016 09:44AM
1 ‘ \ \

1 \ [
# FS Soil  Soil Total Saturated Cohesion Fricton Pore Pressure Piez. Ckd: CAG 1/6/2016
a 1.48|| Desc. Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
b 1.48 No. (pcf) (pcf) (psf) (deg) Param.  (psf) No.
c 1.50 fill 1 120.0 125.0 0.0 32.0 0.00 0.0 W1
d 1.52|| SM-SP 2 125.0 130.0 0.0 35.0 0.00 0.0 W1
e 1.53 low N 3 120.0 125.0 0.0 27.0 0.00 0.0 W1
f 155 SM,SC 4 135.0 140.0 0.0 40.0 0.00 0.0 W1
g 1.59| oldmar 5 90.0 95.0 40.0 9.0 0.00 0.0 W1
80 | h 1.59 -
i 1.60
60 — -

0 \ \ \ \ \ \
0 20 40 60 80 100 120 140

GSTABL7 v.2 FSmin=1.48
Safety Factors Are Calculated By The Modified Bishop Method
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Chesterfield Station north area-dry seismic
z:\energ%/62815\c150035.00 - dom-chesterfld pond closu\working docs\calculations\slope stability\closure plan sections\north area-seismic-application.pl2 Run By: T. Muraoka 1/6/2016 09:46AM

} T T T T ‘
# FS Soil Soil Total Saturated Cohesion Friction Pore Pressure Piez. Load Value .
a1.19 Desc. Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface|| Peak(A) 0.075(g) Ckd: CAG 1/6/2016
b 1.20 No. (pcf) (pcf) (psf)  (deg) Param. (psf) No. kh Coef. 0.075(g)<
c 1.26 fill 1 120.0 125.0 0.0 32.0 0.00 0.0 W1
d 1.29] SM-SP 2 125.0 130.0 0.0 35.0 0.00 0.0 W1
e 1.30 low N 3  120.0 125.0 0.0 27.0 0.00 0.0 W1
f 1.33]] SM,SC 4 135.0 140.0 0.0 40.0 0.00 0.0 W1
g 1.33|| oldmar 5 90.0 95.0 40.0 9.0 0.00 0.0 W1
80 - h 1.33 —
i 1.37
60 — -

0 \ \ \ \ \ \
0 20 40 60 80 100 120 140

GSTABL7 v.2 FSmin=1.19
Safety Factors Are Calculated By The Modified Bishop Method
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Chesterfield Station south area-dry static

7/8

09:28AM

a 2.51
2.52
2.54
2.58
2.61
2.66
2.67
2.69
2.69

- J0Q -0 Q0O T

1(z):(\)energy\2015\c150035.00 - dom-chesterfld pond closu\working docs\calculations\slope stability\closure plan sections\south area.pl2 Run By: T. Muraoka 7/10/2015
1 1 1 \ \ \
Soail Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Desc. Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface Ckd: CAG 9/25/2015
No. (pcf) (pcf) (psf) (deg) Param.  (psf) No.
fill 1 120.0 125.0 0.0 32.0 0.00 0.0 W1
SM-SP 2 125.0 130.0 0.0 35.0 0.00 0.0 W1
marsh 3 120.0 125.0 0.0 27.0 0.00 0.0 W1
SM,SC 4 135.0 140.0 0.0 40.0 0.00 0.0 W1
odmar 5 90.0 95.0 40.0 9.0 0.00 0.0 W1
i
5
4

GSTABL7 v.2 FSmin=2.51
Safety Factors Are Calculated By The Modified Bishop Method
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Chesterfield Station south area-dry seismic
z:\le(r;%rgy\2015\0150035.00 - dom-chesterfld pond closu\working docs\calculations\slope stability\closure plan sections\south area-seismic.pl2 Run By: T. Muraoka 7/9/2015 01:56PM

1 ‘ 1 ‘ 1 \
# FS Sail Soil Total Saturated Cohesion Friction Pore Pressure Piez. Load Value .
a 1.95 Desc. Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface|| Peak(A) 0.075(g) Ckd: CAG 9/25/2015
b 1.96 No. (pcf)  (pcf) (psf)  (deg) Param.  (psf) No. kh Coef. 0.075(g)<
c 1.96 fill 1 120.0 125.0 0.0 32.0 0.00 0.0 W1
d 1.97|| SM-SP 2 125.0 130.0 0.0 35.0 0.00 0.0 W1
e 1.99 marsh 3 120.0 125.0 0.0 27.0 0.00 0.0 W1
f 201 SM,SC 4 135.0 140.0 0.0 40.0 0.00 0.0 W1
g 2.03
80 - h 2.03 —
i 2.03
60 — —
40 - —
a .
h
?deb 3
o ® ] o)
20 — —
4 0]
5 3 o
««««««m«««««««'«m«M — 4
« 1 = - - e e e W
0 \ \ \ \ \ \
0 20 40 60 80 100 120 140

GSTABL7 v.2 FSmin=1.95
Safety Factors Are Calculated By The Modified Bishop Method
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SUBJECT CLOSURE OF UPPER (EAST) POND

O
ANCHOR TRENCH DESIGN CALCULATIONS
BY TIM DATE _10/5/2015 PROJ. NO. C150035.00
CHKD.BY __JLM DATE 10/6/2015 SHEETNO.__ 1 OF 8 gai consultants
OBJECTIVE:
Determine the adequacy of the proposed anchor trench design for the closure of the Upper (East)
Pond.
METHODOLOGY:

Use force equilibrium to estimate the factor of safety against liner pullout from the anchor trench.
REFERENCES:
1. “Geotechnical Aspects of Landfill Design and Construction”, Qian et al., 2002, pp. 117.

2. GSE Ultraflex Textured Geomembranes, GSE Lining Technology, Inc. June 14, 2011,
http://www.gseworld.com/content/documents/datasheets/membranes/North  America/U1UltraFl
ex_textured geomem english.pdf

3. “Designing With Geosynthetics Fifth Edition”, Koerner, 2005, pp. 500.

BACKGROUND:

The Upper (East) Pond will be capped with a liner system that conforms to Virginia regulations and U.S.
Environmental Protection Agency’s Coal Combustion Residual (CCR) Rule requirements. The proposed
liner system will include a 40-mil textured linear low-density polyethylene (LLDPE) geomembrane as the
liner. The liner will serve as a barrier to prevent surface water from contacting the underlying CCR
material. This geomembrane will be placed directly atop the subgrade (existing ground, regraded CCR
material, or a cushion (nonwoven) geotextile) and covered with a geocomposite drainage net (GDN). A 24”
soil cover layer will cover the GDN.

ANALYSIS:

Anchor Trench Design — An anchor trench with a frictional capacity less than the liner peak tensile
strength was developed to resist lateral movement and prohibit surface water from migrating under the
geomembrane. A one-sided V-shaped anchor trench was considered due to the high flexibility of LLDPE
liner material. Interface friction angles for the LLDPE geomembrane to nonwoven geotextile came from
data provided by Agru America. From Reference 1, the following equation was used for design:

T = VidosLlyo tan O +y, [(dcs +0.5d ;7 )dAT (tan O *tan 6F)/ tan aL]
cos S —sin Btan J,.

Where T = geomembrane tensile force per unit width, Ib/ft
Vs = Unit weight of cover and backfill soil, pcf
dcs = depth of cover soil, ft
dat = depth of anchor trench, ft
Lro = runout length, ft
o8 = interface between geomembrane and underlying soil, deg
OF = interface between geomembrane and backfill soil, deg
a = left bottom angle of V-shaped anchor trench, measured from horizontal;

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Liner System\ANCHOR
TRENCH_DSGN_CALC2.docx
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) = friction angle between geomembrane and soil, deg
B = side slope angle, deg

From the calculations included in Attachment 2 (Sheet 6 of 8), the anchor trench dimensions listed below
provide an allowable geomembrane tensile force (Taiow) Of 42.9 Ibs/linear inch of liner width. The ultimate
geomembrane tensile strength (Tut), based on manufacturer’s cut sheets, Attachment 3 (Sheet 8 of 8), is
60.0 Ib/in. The factor of safety against pullout is calculated as follows:

Tae _ 60.0lb/in

FS = = =
Tallow 42.9 lb/ln

Dimensions of the anchor trench are listed below:

1. Liner Runout Length =1.0ft
2. Depth =1.0ft
3. Bottom Width =1.0ft
4. Cover Soil Depth =20ft
5. Trench Side Slope angle = 45.0 degrees

SUMMARY:

Conditions were evaluated using conservative interface shear strength values for the proposed
construction materials to determine the loading conditions on the proposed liner system. The anchor
trench was designed to pull out of the anchor trench before the liner tears. A range of interface friction
angles were used to analyze the anchor trench. Using an interface friction angle of 26.0 degrees, the
factor of safety is equal to 1.4.

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Liner System\ANCHOR
TRENCH_DSGN_CALC2.docx



SUBJECT CLOSURE OF UPPER (EAST) POND 0

ANCHOR TRENCH DESIGN CALCULATIONS

BY TIM DATE 7/20/2015 PROJ. NO. _C150035.00

gai consultants
CHKD.BY ___JLM DATE _10/6/2015 SHEET NO. 3 OF 8

ATTACHMENT 1

DESIGN DETAILS

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Liner System\ANCHOR
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NOTES:
1.

WHERE SUBGRADE CONSISTS OF EXISTING GROUND,
STRIP EXISTING VEGETATION AND PREPARE THE
SUBGRADE SO THAT THE MATERIAL AT THE SURFACE IS
FREE OF PROTRUDING ROCKS, FRACTURED STONE,
DEBRIS, COBBLES, RUBBISH, ROOTS AND SUDDEN
CHANGES IN SLOPE. A CUSHION GEOTEXTILE CAN BE
PLACED OVER THE STRIPPED SUBGRADE IN LIEU OF
SUBGRADE PREPARATION ACTIVITIES.

2%-33%

\ CCR'S OR

SOIL

SHEET NO. 4 OF 8

GEOCOMPOSITE DRAINAGE NET

WITH NON—WOVEN, NEEDLE—PUNCHED
GEOTEXTILE HEAT BONDED TO BOTH
SIDES

40—-MIL LLDPE GEOMEMBRANE

\ CUSHION (NONWOVEN) GEOTEXTILE (SEE NOTE 1)

CAP SYSTEM DETAIL /1

N.T.S.

5,7,9,11,16,18,20,25,26,27,28,29
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ATTACHMENT 2

CALCULATIONS

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Liner System\ANCHOR
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GAI Proj No. C150035.00

DOMINION CHESTERFIELD STATION

CLOSURE OF UPPER (EAST) POND

SHEET NO. 6 OF 8

CHESTERFIELD COUNTY, VIRGINIA

LANDFILL LINER Triangular-Shaped Anchor Trench
Ref: Qian et al. "Geotechnical Aspects of Landfill Design and Construction", 2002, pp. 117

Unit weight of cover and backfill solil, y, =

Depth of cover soil, dcg
Anchor trench depth, dat

Runout length, Lgo =
Anchor trench length, Lyt =

Interface between geomembrane and underlying soil, 8¢ =
Interface between geomembrane and backfill soil, & =
Trench side slope angle, a, =

Side slope angle, 3 =
Friction angle between geomembrane and soil, ¢ =

0.454
0.454
0.785

0.321
0.454

120

2
1

1
1.0

rad =
rad =
rad =
rad =
rad =

Ib/ft®

ft
ft

ft
ft

rot

d gLy, tand,. +y |(d s +0.5d  )d ,; (tan S, +tan J,.)/ tana, |

cos S —sin ftand,

Allowable Geomembrane tensile force per unit width, T =

Anchor Trench Geometry: _\_

515.4

Ib/ft =

26.0
26.0
45.0

18.4
26.0

42.9

degrees
degrees
degrees

degrees
degrees

Ib/in

tan
0.488
0.488
1.000

0.333
0.488

By: TIM Date:10-5-2015
CHK'D:_JLM _ Date:10/6/2015

sin
0.438
0.438
0.707
0.316
0.438

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Liner System\Anchor trench analysisTriangular-Shaped Trench Design

cos
0.899
0.899
0.707

0.949
0.899

Print Date:10/6/2015
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ATTACHMENT 3

MANUFACTURER’S CUT SHEET

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Liner System\ANCHOR
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SHEET NO. 8 OF 8

GSE UltraFlex Textured Geomembrane

GSE UltraFlex Textured is a co-extruded textured linear low density polythylene (LLDPE)
geomembrane available on one or both sides. It is manufactured from the highest
quality resin specifically formulated for flexible geomembranes. This product is used

in applications that require increased frictional resistance, flexibility and elongation
properties where differential or localized subgrade settlements may occur such asin a

landfill closure application.

Pl'ﬂﬂlll}l SFEEIfIGaIIllllS These product specifications meet GRI GM17
Tested Property Test Method m Minimum Average Value
40 mil 60 mil 80 mil 100 mil

Thickness, mil ASTM D 5994 every roll 40 60 80 100
Lowest individual reading 36 54 72 90
Density, g/cm? (max.) ASTM D 1505 200,000 Ib  0.939 0.939 0.939 0.939
Tensile Properties (each direction) = ASTM D 6693, 20,000 Ib

Type IV

Strength at Break, Ib/in-width Dumbbell, 2 ipm 60 90 120 150
Elongation at Break, % G.L.20in 250 250 250 250

Tear Resistance, Ib ASTM D 1004 45,000 Ib 22 33 44 55
Puncture Resistance, Ib ASTM D 4833 45,000 Ib 44 66 88 N0
Carbon Black Content, % ASTM D 1603*/4218  20,0001b  2.0-3.0 20-30 20-30 20-30
(Range)
Carbon Black Dispersion ASTM D 5596 45,000 Ib Note® Note® Note® Note®
Asperity Height, mil ASTM D 7466 second roll 18 18 18 18
Oxidative Induction Time, mins A5TM D 3895, 200,000 b >100 >100 >100 >100

200°C; O, 1atm

TYPICAL ROLL DIMENSIONS

Roll Length®, ft Double-Sided Textured 700 520 400 330

Single-Sided Textured 780 540 410 330
Roll Width®, ft 225 225 225 225
Roll Area, ft? Double-Sided Textured 15,750 1,700 9,000 7,425

Single-Sided Textured 17,550 12,150 9,225 7,425

NOTES:

« MDispersion only applies to near spherical agglomerates. 9 of 10 views shall be Category 1or 2. No more than 1view from
Category 3.

@Roll lengths and widths have a tolerance of £1%.

GSE UltraFlex Textured is available in rolls weighing approximately 4,000 lb.

All GSE geomembranes have dimensional stability of +2% when tested according to ASTM D 1204 and LTB of <-77°C

when tested according to ASTM D 746.

*Modified.

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve
built a reputation of reliability through our dedication to providing consistency of product, price
and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow
us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution.

For more information on this product and others, please visit us at
[ I"'“un"'"v n“Ns nEEP ] GSEworld.com, call 800.435.2008 or contact your local sales office.

PRODUCT DATA SHEET

[*]

AT THE CORE:

An LLDPE geomembrane
that is used in applications

requiring increased
frictional resistance,

flexibility and elongation
properties, such as landfill

closures and mining
applications.

S

ENVIRONMENTAL™

40

This Information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this Information.
Specifications subject to change without notice. GSE and other trademarks in this document are registered trademarks of GSE lining Technology, LLC in the United States and certain

foreign countries. REVO9APR2012



SUBJECT DOMINION — CHESTERFIELD POWER STATION i
UPPER (EAST) POND - GDN FLOWS

BY KMB DATE 07/01/2015 PROJ. NO. C150035.00
gai consultants
CHKD. BY TIM DATE 09/18/2015 SHEET NO. 1 OF 5
INTRODUCTION

The GDN beneath the cover layer for the Upper (East) Pond will convey flow that
infiltrates through the cover soil. Estimate the amount of water that will need to
be conveyed.

INFILTRATION QUANTITY

A HELP model analysis for a site in southern Virginia will be used to aid in
determining infiltration volume:

Layer 1 = 24-inch vegetated soil layer.
LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE WUMEER 10
THICENESS = 24.00 INCHES
PORDSITY = 0.3980 VOL/VOL
FIELD CAPACITY 0.2440 VOL/VOL
WILTING FPOLNT - 0.1360 VOL/VOL
INITIAL S0IL WATER CONTENT 0.3116 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.119999997000E-03 CM/SEC
HOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MUOLTIPLIED BY 4.63
FOR ROOT CHAMNELS IN TOP HALF OF EVAPORATIVE ZONE.

[ ]

Layer 2 = conveyance layer (GDN)

TYPE 2 - LATERAL DEATHAGE LAYER
MATERIAL TEXTURE HUMEER 0

THICENESS ™ 0.25 INCHES

POROSITY - 0.8500 VOL/VOL
FIELD CAFACITY - C.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL

INITIAL S0OIL WATER COWTEHT 0.0129 VOL/VOL

EFFECTIVE SAT. HYD., COND, = 1.0000000G000 CM/SEC
SLOFE = 33.30 PERCENT
DEATHAGE LENGTEH - 76.0 FEET

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Liner
System\GDN design runoff.doc
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The results show:
ANNUAL TOTALS FOR YEAR 1

THCHES CU. FEET FERCENT
PRECIPITATION 4s.82 166326.609  100.00
RUNOFF 1.285 4665.616 2.81
EVAPOTRANSPIRATION 30.427 11044B.844 B6.40
DEAINAGE COLLECTED FROM LAYER 2 14.1627 51410.457 30.91

Infiltration = 46.5% of the volume that did not run off.

Estimate the runoff quantity at the Upper (East) Pond under a final cover
condition on a unit area basis.

Curve Number = 74 for final reclaimed areas (from 2003 closure package)

From TR-55,
(P—0.28)° N
U Eross) o021
5= %—w [eq. 2-4]

Q= runoff (in)
P = rainfall {in)

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Liner
System\GDN design runoff.doc
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For a 25-year 24-hour storm, precipitation = 6.31 inches:

PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)’
) Awverage recurrence interval (years)
Diuration = o = T -
[ 1 [ 2z | s [ 10 25 [ so 10 | 20 |[ so00 |[ 1ooo
. I 278 [ 3.36 4.31 I 541 | 6.3 " 733 || 845 ] 9.70 I 116 I 1341
(2.54-3.08) || {3.08-3.71) | (3.83-4.78) || (4.65-5.464) || (5.80-E.84} || (6.57-8.05) || {7.52-0.27) | (B.55-10.6} || (10.0-12.8) |[{11.3-14.4}
CN = 74
S= 3.51
P= 6.31 inches
Q= 3.45 inches

Volume not run off =
2.86 inches

Infiltration =
1.33 inches

INFILTRATED FLOW

Estimate the peak flow rate generated in the underdrain layer by using TR-55
methods. Surface runoff will be extrapolated to underdrain flow by:

- Modeling a storm event that produces the same runoff quantity (1.33
inches) as the assumed infiltration amount

- Using soil permeability to generate a time of concentration

Using a CN = 100, the full precipitation value is considered as runoff:

CN = 100
S= 0.00
P= 1.33 inches
Q= 1.33 inches

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Liner
System\GDN design runoff.doc
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If 2 feet of cover soil are used, estimate the time to infiltrate:

Assumed soil permeability 1.00E-03 cm/s
Soil depth 2 ft
60.96 cm
Infiltration duration 60,960 seconds
1016 minutes
16.9 hours

Use 16.9 hours as a time of concentration. With a 1-acre watershed, the results

are:
Hyd. No. 1
1 acre trial watershed
Hydrograph type = SCS Runoff Peak discharge = 0.08 cfs
Storm frequency = 25yrs Time interval = 6 min
Drainage area = 1.000 ac Curve number = 100
Basin Slope = 0.0% Hydraulic length = 0ft
Tc method = USER Time of conc. (Tc) = 1016.00 min
Total precip. = 1.33in Distribution = Type ll
Storm duration =24 hrs Shape factor = 484

Hydrograph Yolume = 4,834 cuft
This works out to

0.08 cfs 1 acre equals 0.0000018 ft 5.60E-05 cm
1 acre 43,560 sf sec sec

For a 25-year 24-hour storm, peak infiltrated flow is 5.60 x 10-% cm/sec

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Liner
System\GDN design runoff.doc
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PMF EVENT

Estimate infiltrated flow due to a PMF event.

The PMP (probable maximum precipitation) is 39 inches for 24-hours.

CN = 74
S= 3.51
P= 39 inches
Q= 35.08 inches

Volume not run off =

3.92 inches
Assumed infiltration =

1.82 inches

Using a 1.82-inch precipitation on a 1-acre watershed with CN = 100:

Hyd. No. 1

1 acre trial watershed

Hydrograph type = SCS Runoff Peak discharge = 0.1 cfs
Storm frequency = 2 yrs Time interval = 6 min
Drainage area = 1.000 ac Curve number = 100

Basin Slope = 0.0% Hydraulic length = 0ft

Te method = USER Time of conc. {Tc) = 1016.00 min
Total precip. = 1.821in Distribution = Type ll
Storm duration =24 hrs Shape factor = 484

Hydrograph Vielume = 6,615 cuft

0.11 cfs 1 acre equals 0.0000025 ft 7.70E-05 cm
1 acre 43,560 sf sec sec

For a PMP event, peak infiltrated flow is 7.70 x 10-°> cm/sec

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Liner
System\GDN design runoff.doc
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GEOCOMPOSITE DRAINAGE NET (GDN) DESIGN

BY TIM ____  DATE __ 5/14/2015 __ PROJ.NO. C150035.00
CHKD.BY _ JRK DATE 12/10/2015 SHEET NO. 1 OF __ 9 gal consultants
OBJECTIVE:
Determine the capacity of the proposed Geocomposite Drainage Net (GDN) for the proposed
closure of the Upper (East) Pond of the Chesterfield Station located in Chesterfield County,
Virginia.
REFERENCES:
1. Geotechnical Aspects of Landfill Design and Construction. Qian, X., Koerner, R. M., and Gray,
D. H., Prentice Hall, Upper Saddle River, New Jersey, 2002.
2. “Designer’s Forum: Landfill Drainage Layers Part 3 of 4,” Thiel, Richard, Narejo, Dhani, and
Richardson, Gregory N.
3. Lessons Learned from Failure: Developing Better Drainage Systems for Cover Side Slopes by
Studying Failed Ones, Gregory. N. Richardson and K.L. Pavlik, October/November 2004,
4. Geosynthetic Institute, GSI White Paper #4, Reduction Factors (RFs) Used in Geosynthetic
Design
BACKGROUND:

Dominion is closing the Upper (East) Pond at the Chesterfield Station in Chesterfield County,
Virginia and will install a cap and cover. The cap will consist of a liner system and will include
from bottom to top:
-Subgrade (existing ground, regraded CCR material, or a cushion (nonwoven) geotextile);
-40 mil low-linear density polyethylene (LLDPE) geomembrane; and
-Geocomposite drainage net (GDN) with non-woven, needle punched geotextile heat
bonded to both sides.
-Final cover above the cap will consists of 24” of a soil cover layer.

The GDN will collect and convey any infiltrated stormwater to cap drains. This calculation will
determine if the proposed GDN has the capacity to handle the full PMF stormwater quantity and
prevent saturation of the cover soils located on the closed sideslopes and benches.

The critical areas for the GDN are located in the 33% sideslopes of the impoundment (highest
potential for failure of the cap and/or cover). The side slopes will have a geometry of 3H:1V and a
bench every 25 in vertical height. Stability of the closed sideslopes are covered in a separate
calculation.

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Liner System\GDN Calc.Doc
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ANALYSIS:

To determine if the proposed GDN has adequate capacity, GAI determined the infiltration rate
through the cover soil to the GDN. GAI used prior Hydrologic Evaluation of Landfill Performance
(HELP) models to develop the percolation rate. The rate could be limited by the permeability of the
cover soil. The permeability of the cover soil was equal to a value of 1.0 x 10 cm/s. From a
separate calculation, the infiltration rate into the GDN was estimated to be 7.7 x 10 cm/sec (2.77
mm/hr).

The next step is to determine the required transmissivity of the GDN. The formula to determine the
required transmissivity is:

erequired = PERC*L/ Sil’l( B )

Where, Brequired = transmissivity (m?/sec)
PERC = percolation rate (mm/sec/unit width);
L = slope length (maximum undrained horizontal, m); and
B = slope angle.

The critical geometry of the side slopes will be a 3H:1V slope with a maximum undrained length of
200 feet (61.0 m). A length of 215’ is used in the analysis as this represents the longest slope to the
nearest cap drain, which will transmit any water on the bench to the closest slope drain. The
benches will have a slope of 2% and have a width of 20°.

The allowable transmissivity of the GDN is dependent on the 100-hour transmissivity test and
reduction factors (RF) for clogging in the field. Reduction factors are in accordance with Reference
3. RF is calculated on the formula below:

RF=1/(RFcr*RFcc*RFN*RFgc)

Where, RFcr = reduction factor for creep (1.4);
RFcc = reduction factor for chemical clogging (1.5);
RFiNn = reduction factor for intrusion of geotextile (1.5); and
RFgc = reduction factor for biological clogging (1.2).

According to Reference 3, the product of the relevant reduction factors will be equal to 7.56
(rounded up to 8.0), which includes a safety factor of 2.0. GAI contacted a GDN manufacturer
to obtain 100 hour transmissivities under a normal load of ~230 psf and a slope of 3H:1V.
Applying the reduction factors to the 100 hour transmissivity provides the Baiiowable.

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Liner System\GDN Calc.Doc
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Since a factor of safety is included in the calculation of the reduction factors, the design is
considered acceptable if the Baiowable is greater than the Brequired. The attached calculation shows
that the Baiowable is greater than the Brequired.

SUMMARY:

The GDN for the proposed cap system for the closure of the Upper (East) Pond will transmit
infiltrated stormwater that hits the surface to the surrounding perimeter channel. Based on the
proposed geometry of the pond and the soil and material properties listed in the above calculation,
the proposed GDN will have the capacity to handle the full PMF rainfall and prevent a condition of
saturated cover soils.
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ATTACHMENT 1

LINER SYSTEM DETAILS
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GDN MANUFACTURERS’ PRODUCT DATA
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SKAPS Industries

571 Industrial Parkway

Commerce, GA 30529 (U.S.A))

i Phone (706) 336-7000 Fax (706) 336-7007

m@ e-mail: info@skaps.com

SKAPS TRANSNET™ (TN)
HDPE GEOCOMPOSITE 250

SKAPS TRANSNET™ geocomposite consists of SKAPS GeoNet made from HDPE resin with
non-woven polypropylene geotextile fabric heat bonded on both sides of the the geonet.

Property | Test Method | Unit Required Value Qualifier
With 6 oz. | With 8 oz.
Geonet
Thickness ASTM D 5199 mil. 250+15 250+15 Range
Carbon Black ASTM D 4218 % 2to 3 2t03 Range
Tensile Strength ASTM D 7179 Ib/in 50 50 Minimum
Melt Flow ASTM D 1238° | g/10 min. 1 1 Minimum
Density ASTM D 1505 g/cm® 0.94 0.94 Minimum
Transmissivity” ASTM D 4716 m?/sec. 2.5x10°° 2.5x10°° MARV?
Composite
Ply Adhesion (Minimum) ASTM D7005 Ib/in 0.5 0.5 MARV
Ply Adhesion (Average) ASTM D7005 Ib/in 1 1 MARV
Transmissivity® ASTM D 4716 m?/sec 2x10™ 2x10™ MARV
Geotextile
Fabric Weight ASTM D 5261 oz/yd? 6 8 MARV
Grab Strength ASTM D 4632 lbs 160 225 MARV
Grab Elongation ASTM D 4632 % 50 50 MARV
Tear Strength ASTM D 4533 Ibs 65 90 MARV
Puncture Resistance ASTM D 4833 Ibs 95 130 MARV
CBR Puncture ASTM D 6241 Ibs 475 650 MARV
Water Flow Rate ASTM D 4491 gpm/ft® 125 100 MARV
Permittivity ASTM D 4491 sec™ 1.63 1.26 MARV
Permeability ASTM D 4491 cm/sec 0.3 0.3 MARV
AOS ASTM D 4751 | US Sieve 70 80 MARV
Notes:

1. Transmissivity measured using water at 21 + 2°C (70 + 4°F) with a gradient of 0.1 and a confining pressure of 10000 psf
between stainless steel plates after 15 minutes. Values may vary between individual labs.

2. MARV is statistically defined as mean minus two standard deviations and it is the value which is exceeded by 97.5% of all the
test data.

3. Condition 190/2.16

This information is provided for reference purposes only and is not intended as a warranty or guarantee. SKAPS assumes no liability
in connection with the use of this information.

Visit our Web site at www.skaps.com
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GDN CAPACITY CALCULATIONS
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Proj. No.:C150035.00 Closure of Upper (East) Pond By: TIM Date: 5/14/2015 5,4
Chesterfield Power Station CHECKED JRK 12/1072015 /o

DLC ANALYSIS CASE

Project: Dominion Chesterfield Station

Purpose: Check capacity of Geocomposite Drainage Net (GDN) and find the Drainage
Layer Capacity (DLC).

Reference #1: The Design of Drainage Systems over Geosynthetically Lined Slopes, Te-
Yang Soong & Robert M. Koerner, June 1997.

Reference #2: Lessons Learned From Failure: Developing Better Drainage Systems for Cover Side Sloj

Find percolation rate through cover to GDN:

PERC = P(1-RC), for P(1-RC) < k
PERC = k., for P(1-RC) > k

K= permeability of cover soil

RC = Runoff Coefficient

P(1-RC)=  Precipitation (PMF from KMB calc. it is 2.77 mm/hr)
K= 1.0E-03 cm/sec = 0.0100 mm/sec
P= 2.77 mm/hr

RC= 0

P(1-RC) = 7.7E-04 mm/sec

PERC = 7.7E-04 mm/sec

Find © required

© (equired = 0 required /i =PERC * .001 m/mm * L/Sinp

i= hydraulic gradient (assume continuous slope for entire length)

L= Slope Length (maximum undrained horizontal)
w= unit width (1 m)

B= slope angle

L= 65.532 m

B= 18.4 = 0.3211 rad

© required = 1.6E-04 m?/sec

Find © allowable

6 allowable = S 100 * RF

100 hour transmissivity of GDN at a hydraulic gradient of 0.33 and a load
©100= of 230 psf
RF = Reduction Factor for Clogging = RF = (1/(RFcg*RFc*RFg())

The combined reduction factor for creep, chemical and biological clogging, intrusion of
geotextile, with a FS of 2.0, is equal to 8.0, accoridng to Reference 3

B100= 1.44E-03 m’/sec
RF = 0.125

O aiowae = 1.8E-04  m’/sec
The © of the selected GDN is adequate.
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This appendix contains the following hydrologic and hydraulic calculations for the Upper (East) Pond:

e Introduction (page 1)

e  Storm Event Precipitation (pages 2-3)

e PMP Precipitation Distributions (pages 4-10)

e Uniform Section Mat Design Parameters (pages 11-12)
e Center Channel (pages 13-20)

e Perimeter Channels (pages 21-35)

e Bench Flow/Capacity Analysis (pages 36-40)

e Slope Drains (pages 41-43)

e Haul and Access Road Channels (pages 44-48)

e Toe Drain Model (pages 49-50)



UPPER (EAST) POND - HYDROLOGIC AND HYDRAULIC CALCULATIONS

SUBJECT DOMINION — CHESTERFIELD POWER STATION lJ.

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants
CHKD.BY _CRM DATE__ 12/10/2105 SHEETNO. 1 OF 1

HYDROLOGIC AND HYDRAULIC CALCULATIONS

The Upper (East) Pond at the Chesterfield Power Station is to be closed in
accordance with the U.S. Environmental Protection Agency’s CCR Rules and the
Virginia Department of Environmental Quality’s Solid Waste Regulations. In
addition, the pond is a dam regulated by the Virginia Department of Conservation
and Recreation.

The Upper (East) Pond is an impoundment that has been modified to dispose of
CCR material in a dry method rather than via slurry. The existing pond
embankment/dikes have been maintained and define the dam structure.

This calculation set will design and evaluate the hydrology and hydraulics for the
Upper (East) Pond closure. Specifically, this set of calculations includes:
- Precipitation determination, for various storm events and for the Probable
Maximum Precipitation (PMP)
- Hydrologic and hydraulic design of perimeter channels and site slope
drains

The design event for any channel along the pond perimeter will be the Probable
Maximum Flood (PMF) event, so that the PMF event can be contained within the
channel without overtopping the pond embankment.

All calculations in this set are based on UEP closure grading using the projected
CCR placement volume under current Chesterfield Power Station operating
conditions. If the projected CCR placement volume changes due to variable
Station operating conditions, the hydrologic and hydraulic calculations will be
revised and submitted to the Virginia Department of Environmental Quality.

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
H\HandH introduction.doc



SUBJECT DOMINION — CHESTERFIELD POWER STATION i
UPPER (EAST) POND - STORM EVENT PRECIPITATION

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00
gai consultants
CHKD.BY CRM_ DATE__ 12/10/2015 SHEETNO. 1 OF 2
INTRODUCTION

Tabulate the precipitation quantities at the Chesterfield Power Station for various
return intervals.

The design storm event for closure based on Virginia Department of
Environmental Quality criteria will be the 25-year 24-hour storm. The permitted
closure plan used a precipitation of 6.2 inches for this event.

Evaluate more recent rainfall data. From NOAA’s Atlas 14, at the marked
location:

PDS-based point precipitation frequency estimates with 90% confidence intervals {in inches)’

Average recurrence interval (years)

Diuration

[ 2 7 s 0w ) e | so ][ o0 ] zoo ][ s00 |[ 1000
[ aatr 278 | 336 43 | 511 | &M 733 || 845 ar0 [ 118 13.1
(2.54-3.06) || (3.06-3.71) | (3.83-4.7G) (4.85-5.64) || (5.688-6.B4) || (B.57-8.05) {7.52-8.27) | (B.55-10.6) || (10.0-12.8) |[(11.3-14.4]

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
H\Precipitation and PMP\precipitation distribution.doc
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UPPER (EAST) POND - STORM EVENT PRECIPITATION

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00
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CHKD.BY CRM  DATE__ 12/10/2015 SHEETNO. 2 OF 2

The Atlas 14 values for storm events are:

1-year precipitation = 2.78 inches
2-year precipitation = 3.36 inches
5-year precipitation = 4.31 inches
10-year precipitation = 5.11 inches
25-year precipitation = 6.31 inches
50-year precipitation = 7.33 inches
100-year precipitation = 8.45 inches
200-year precipitation = 9.70 inches
500-year precipitation = 11.6 inches
1000-year precipitation = 13.1 inches

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
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UPPER (EAST) POND - PMP PRECIPITATION DISTRIBUTIONS

SUBJECT DOMINION — CHESTERFIELD POWER STATION lJ.

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants
CHKD. BY CRM DATE 12/10/2015 SHEETNO. 1 OF 7

INTRODUCTION

The Upper (East) Pond at the Chesterfield Power Station is classified as a dam.
Using National Oceanic and Atmospheric Administration/National Weather
Service documents, this calculation will determine the Probable Maximum
Precipitation (PMP) at the site for a variety of storm durations.

PRECIPITATION

The National Weather Service’s Hydrometeorological Report No. 51, “Probable
Maximum Precipitation Estimates, United States East of the 105t Meridian”
contains charts that show the PMP for watersheds of various sizes and for
various durations. The charts for the PMP for a 10-square mile watershed are
attached on the next 3 pages, and show the PMP for a 6-hour, 12-hour, 24-hour,
48-hour, and 72-hour storm.

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
H\Precipitation and PMP\UAP PMP precipitation.doc
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UPPER (EAST) POND - PMP PRECIPITATION DISTRIBUTIONS
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Figure 19.--All-season PMP (in.) for 12 hr 10 mi® (26 kn).
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SUBJECT DOMINION — CHESTERFIELD POWER STATION 0 6
UPPER (EAST) POND - PMP PRECIPITATION DISTRIBUTIONS
BY KMB DATE 08/31/2015 PROJ. NO. C150035.00
gai consultants
12/10/2015 SHEETNO. 3 OF 7
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Figure 21.--All-season PMP (in.) for 48 hr 10 :ml‘s (26 ?aﬂgj.
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site

Figure 22.--All-season PMP (in.) for 72 hr 10 mi® (26 k).

From the above charts, the PMP for a 10 square mile watershed can be
summarized as:

6-hour PMP 28.5 inches
12-hour PMP 33.7 inches
24-hour PMP 39.0 inches
48-hour PMP 43.0 inches
72-hour PMP 45.0 inches

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
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PRECIPITATION continued

To perform hydrologic assessments of the PMP event, it is necessary to develop

a rainfall mass curve for time intervals less than the 6-hour storm documented
previously.

The 1973 edition of “Design of Small Dams” (U.S. Bureau of Reclamation)
contains the following chart to distribute precipitation for a 6-hour event. As
noted, Zone C is appropriate for areas east of the 105° meridian, which is the
Mountain Time Zone longitude near Pike’s Peak in the Rocky Mountains. The
Chesterfield Power Station is east of this location, so the use of Zone C is
appropriate.

i |7

|~
[ --"‘/-;-:Fﬁ’ =
4 = —
A
- - ZONE & -
o .-—*’f il ..-f’/?_lune A
/ mNE% ZOME € is_olso considered

2

™~

/) i
\1/4

\ i L
g | 2 3 & [ ] [
TIME N HODURS

7 applicoble to the oreo sost
/4 of the 105" Merigjan

RATID TO AMOUHT FOR 5K HOURS
B 2 3

Flgure 18, Distribulion of &hour rainfall for ares west of 105"
meridian. See figure 1F for area included within eoch rone.

18802758,
Ratio to 6-hour PMP
Time amount (inches)
15 minutes 0.15 4.28
1 hour 0.48 13.7
2 hours 0.65 18.5
3 hours 0.75 21.4
6 hours 1.00 28.5

The 12-hour and 24-hour rainfall amounts will be included as documented on sheet 4.

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
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DESIGN EVENT

The Virginia Dam Safety Regulations provide the following requirements for
spillway design flows for dams:

TABLE 1
Impounding Structure Regulations

Applicable to all impounding structures that are 25 feet or greater in height and that
create a maximum impounding capacity of 15 acre-feet or greater, and to all
impounding structures that are six feet or greater in height and that create a maximum
impounding capacity of 50 acre-feet or greater and is not otherwise exempt from
regulation by the Code of Virginia.

. . Spillway Design Flood .
Spillway Design i
Hazard Potential | — o+ o g (SDFJ for Existing | Mimimum Threshold
Flood (SDF) for . for Incremental
Class of Dam New Construction Impounding Damage Analysis
ew Construction Structures’: ©
High PMF© 0.9 PMPH 100-YR®
Significant .50 PMF .50 PMF 100-YRP
Low 100-YRP 100-YRP 50-YRE

B. The spillway design flood (SDF) represents the largest flood that need be considered in the
evaluation of the performance for a given project. The impounding structure shall perform so as to
safely pass the appropriate SDF.

C. PMF: Probable Maximum Flood is the flood that might be expected from the most severe
combination of critical meteorologic and hydrologic conditions that are reasonably possible in the
region.

D. 100-Yr: 100-year flood represents the flood magnitude expected to be equaled or exceeded on
the average of once in 100 years.

E. 50-Yr: 50-year flood represents the flood magnitude expected to be equaled or exceeded on
the average of once in 50 years.

F. For the purposes of Table 1 "Existing impounding structure" and "New construction" are
defined in 4VAC50-20-30.

G. An existing impounding structure as defined in 4VAC50-20-30, that is currently classified as
high hazard, or is subsequently found to be high hazard through reclassification, shall only be
required to pass the flood resulting from 0.6 PMP instead of the flood resulting from the 0.9 PMP
SDF if the dam owner meets the requirements set out in 4VAC50-20-53.

H. PMP: Probable maximum precipitation means the theoretically greatest depth of precipitation
for a given duration that is meteorologically possible over a given size storm area at a particular
geographical location at a particular time of year with no allowance made for future long-term
climatic trends.

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
H\Precipitation and PMP\UAP PMP precipitation.doc
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The Upper (East) Pond is currently classified as low hazard. The dam is
projected to be considered as a high hazard structure, with a PMF design event.

The PMP precipitation distribution is:

Rainfall PMP
Duration (inches)
15 minutes 4.28
1 hour 13.7
2 hours 18.5
3 hours 21.4
6 hours 28.5
12 hours 33.7
24 hours 39.0

STORM DESIGN DURATION

The Virginia Dam Safety regulations state that the 6-, 12-, and 24-hour design
storms must be evaluated and the largest peak outflow used for dam design.

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
H\Precipitation and PMP\UAP PMP precipitation.doc
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UNIFORM SECTION MAT FABRIC FORMED CONCRETE

OF 2

Uniform Section Mat (USM) will be proposed as a channel lining at the Upper
(East) Pond. Tabulate USM design parameters from manufacturer’s literature.

Manning’s roughness coefficient

From Texicon, the following is a Manning’s roughness range:

Uniform Section Linings are smooth-faced, highly impermeable concrete linings,
They reduce the leakage of water, waste products, or other fluids into or out of open
channels, landfills, ponds, basins, and containment areas. Uniform Section concrete
linings are resistant to most chemicals. The double-layer fabric is vertically connected at
closely spaced centers by interwoven drop cords of specified length to form a concrete
lining of the desired thickness and weight. With a comparatively smooth and uniform
cross section, Uniform Section concrete linings exhibit a relatively low coeflicient of
hydraulic friction (n = 0,015 to 0L02). Specially designed weep tubes may be inserted
through the fabric form, prior to filling, to relieve hydrostatic pressure.

From Armorform,

Table 1. Fabric Formed Concrete Revetment Selection Considerations

FARRIC BEDLOAD & ROHIGHNESS ALLOWS
FORM FLIVS ICE SUB-GRADE COEEE WAVE UNDERWATER SEERAGE &
TYPE VELOCITY FORMATIONS SUPPORT n” ACTION | PLACEMENT DRAINAGE
FPM Low Light Wiell 025-030 Light Y Yes
Compacted
LsM Low Light well A5 Lighit s 1f weep
Compacted 1ubes
atddedd
ABM Moderaze Light Can kelerale | .045-050 Light s ¥ies
b o mdierile ]
High Heavy defematipn Heavy

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
H\Uniform Section Mat\USM parameters.doc
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Allowable shear stress

SHEET NO. 2

OF 2

12

gai consultants

From Hydrotex, the following shear stress design limits are provided:

Table 1.0 Typical Dimensions and Weights

Uniform Section us3o00 Us400 USsSe00 UsSa00 us1000
Average Thickness, in (mm) 3.0(76) 4.0 (102) 6.0 (152) 8.0 (203) 10.0 (254)
Mass Per Unit Area, Ibif? (kg/m?) | 34 (165) 45 (220) 68 (330) a0 (440) 113 (550)
Drop Point Spacing, in {mm}) 3x3 Ixd 3x6 45x7.5 45x9
(76 x76) | (T6x102) | (76 x152) | (114 x 191) | (114 x 229)
Concrete Coverage, fitfyd® (mam?) | 100 (12.1) 75109.1) 50 {6.1) 38 (4.6) 30 (3.6)
Shear Resistance, Ibift2 (kg/m?) 14 (68) 18 (B8) 28 (137) 37 (181) 46 (224)

Maote: Values shown are lypical and will vary with weight of concrete

and field conditions.

And from Texicon:

Select a TEXICON fabric-formed concrete lining or mat style and determine the

Permissible Shear Stress? |, from Table 1.0, The permissible shear stress values presented in Table
1.0 represent stability limits derived from full scale testing of TEXICON fabric-formed concrete linings and
mats placed on the beds of steeply-sloped spillways. These values can be used to establish conservative
limits for stvle selection and design.

Table 1.0 Permissible Shear Stress,? , Ib/ft’

Average Thickness of Linin gnr Mat, in

_TEXICON Style _ 2.2 3.0 4.0 6.0 8.0 100 12.0
Filter Point 10,9 - 19.9 29.9 398 49 8 59.7
Filter Band - - 210 - 42.0 - 63.0
Uniform Section - 13.8 15.4 27.6 368 46.00 -
Articulating Block - - 25.9 38.9 51.8 4.8 77.7

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and

H\Uniform Section Mat\USM parameters.doc
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SUBJECT DOMINION — CHESTERFIELD POWER STATION i
UPPER (EAST) POND - CENTER CHANNEL

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00
gai consultants
CHKD.BY _CRM DATE__ 12/10/2015 SHEETNO. 1 OF 8
INTRODUCTION

Assess runoff and swale design along the top surface of the closed Upper (East)
Pond. Since the Upper (East) Pond is a regulated dam, design the channel to
convey flow from a potential dam design event of the Probable Maximum Flood.

CONDITIONS

The proposed top of the Upper (East) Pond will drain to the east. A channel will
be formed along the drainage path, and the channel will travel down the east
interior face until combining with the north perimeter channel:

WATERSHED OF TGP OF PILE
(CHANMEL

larea = 55.1 acres

Design for post-closure conditions for the dam design event.

- Area =55.1 acres = 0.0861 square miles
- Curve Number = 74 for reclaimed areas

Time of concentration is calculated on the next page.
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SUBJECT DOMINION — CHESTERFIELD POWER STATION 0
UPPER (EAST) POND - CENTER CHANNEL
BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants
CHKD.BY _CRM DATE__ 12/10/2015 SHEETNO. 2 OF 8

Time of concentration flow path is:

SHALLOW CONC. :
FLOW
..'.'___ = f/'/z
aﬁ‘_“nﬁﬂ*- A g z
=1 / . /
...-.-" -"flll g F /’
.._ G - :,vr ; J 7
M = ey f 7 [ / r")
e e 3 # . .-'r ! I
II} i iy / //F - - r __."I 2,
Eﬁi‘-"::}- ~ - ..-""X i /// .-"I -
~ //).r g // // z/ :_r Lt T
//// ///f .-/// *-/. T - il
< < o~ By
1 ) \ -~ y
. LOW - - - [CHANNEL FLOW
IFicri—_ =_“--:,-.-5.-_-_-,7.'_-.:-'-‘J'-'-‘-' =
Chesterfield Upper (East) Pond
Time of Concentration
This will calculate the times of concentration for the watersheds.
GIVENS: 2-yr P Factors for Shallow Concentrated Flow
3.36 unpaved 16.1345 paved 20.3282
For channel flow, assume 10' bottom width 3 ' deep, 3:1 side slopes, USM lining
Area = 57.0 sf
Perimeter = 29.0 ft
WATERSHED Center Channel
Sheet Flow Surface n L Slope Tt
covered top dense grass 0.24 100 0.030 0.20
Shallow Conc.  Surface L S Calc.V Tt
unpaved 625 0.026 2.6 0.07
Channel Area Perim L Slope n \% Tt
top of fill 57.0 29.0 1110 0.012 0.015 16.9 0.02
face 57.0 29.0 100 0.210 0.015 71.5 0.00 (average slope)
toe of fill 57.0 29.0 360 0.044 0.015 329 0.00
Tc= 0.29 hr 17.1 minutes

Lag time = 0.6 * time of concentration = 10.3 minutes
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SUBJECT DOMINION — CHESTERFIELD POWER STATION i 5
UPPER (EAST) POND - CENTER CHANNEL

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants

CHKD. BY _CRM _DATE__ 12/10/2015 SHEETNO. 3 OF 8

The computer program HEC-HMS will be run to determine flows for a PMF event.

Project: Ches UAP top  Simulation Run: Center 6hr PMF

Start of Run:  09Mar2015, 00;00
End of Run:  10Mar2015, 23:00
Compute Time: 15Jun2015, 14:27:40

Basin Model: AP Center Channel
Meteorologic Model: & hour PMP
Control Specifications: Contral 1

Show Elements: | All Elements Volume Units: @) M () ACFT Sorting: | Hydrologic
Hydrologic Drainage Area | Peak Discharge Time of Peak Volume
Element {(MI2) (CFs) {IM)
UAP Center Channel 0.0861 864.2 09Mar2015, 03:13 24.01

Start of Run:
End of Run:

Project: Ches UAP top

08Mar2015, 00:00
10Mar2015, 23:00
Compute Time: 15Jun2015, 14:29:25

Basin Model:
Meteorologic Model:
Control Spedifications: Contral 1

Simulation Run: Center 12hr PMF

AP Center Channel
12 hour PMP

Show Elements: | All Elements Volume Units: @) I () ACFT Sorting: .Hydrulogic -
Hydrolagic Drainage Area | Peak Discharge Time of Peak Volume
Element (MI12) (CF5) {IM)
AP Center Channel 0.0861 873.1 09Mar2015, 06:13 29.25

Start of Run:
End of Run:

Project: Ches UAF top

09Mar 2015, 00:00
10Mar 2015, 23:00
Compute Time: 15Jun2015, 14:30:26

Basin Model:
Meteorologic Model:
Control Spedfications: Control 1

Simulation Run: Center 24hr PMF

AP Center Channel
24 hour PMP

Show Elements: | All Elements Volume Units: @ IM () ACFT Sorting:  Hydrologic
Hydralogic Drainage Area | Peak Discharge Time of Peak Volume
Element MIZ) (CF5) (IMN)
UAP Center Channel 0.0861 379.0 09Mar 2015, 12:18 34.59

From the above, use a target design for drainage at the top of the landfill of 880

cfs for a PMF event.
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SUBJECT DOMINION — CHESTERFIELD POWER STATION i
UPPER (EAST) POND - CENTER CHANNEL

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants
CHKD.BY _CRM DATE__12/10/2015 SHEETNO. 4 OF 8

Size a concrete/uniform section mat channel for this flow.
Use Manning’s n = 0.015

Maximum slope = 0.33 (3:1 east side interior face, as the channel comes down
from the top)

Minimum slope = 0.0125 along the top

Also analyze for slope = 0.025 at the downstream end of the channel

The channel will be sized for the PMF event with no freeboard, or the 25-year
event with 0.5-foot freeboard, whichever is greater.

PMF design:
Center Center Center
Channel (min slope)| (max slope) (d/s end)
Uniform Uniform Uniform
Protective Lining Section Mat| Section Mat| Section Mat
Channel Width at Flow Depth (ft) 32.66 25.04 29.24
Channel Side Slopes (H:V) 3 3 3
Channel Bottom Width (ft) 20 20 20
Flow Depth (ft) 2.11 0.84 1.54
Area (square feet) 55.6 18.9 37.9
Wetted Perimeter (ft) 33.3 25.3 29.7
Hydraulic Radius (ft) 1.67 0.75 1.27
Slope 0.013 0.333 0.040
Manning's n 0.015 0.015 0.015
Velocity at Flow Depth (ft/s) 15.92 47.23 23.36
Flow at Flow Depth (cfs) 884.3 893.4 885.6
Required Capacity (cfs) 879.0 879.0 879.0
Minimum Required Freeboard (ft) N/A N/A N/A
Total Depth Required (ft) 2.11 0.84 1.54
Allowable Velocity (ft/s) N/A N/A N/A
Actual Velocity (ft/s) 15.92 47.23 23.36
Shear Stress at Flow Depth (Ib /sf) 1.71 17.47 3.84
Shear Stress Factor of Safety 1.50 1.50 1.50
Design Shear Stress 2.57 26.21 5.77
Required Lining 3" USM 6" USM 3" USM
Max. Allowable Shear Stress (Ib/sf) 14.00 28.00 14.00
Use Lining 6" USM 6" USM 6" USM
Hydraulic Depth (ft) 1.70 0.76 1.30
Froude Number 215 9.58 3.61

Design depth for this case is 2.11 feet. Use 2.25 feet deep.
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SUBJECT DOMINION — CHESTERFIELD POWER STATION

UPPER (EAST) POND - CENTER CHANNEL

BY KMB DATE 08/31/201

CHKD.BY _CRM _DATE

5

12/10/2015

Also evaluate the channel for a 25-year flow plus a minimum 6 inches of

freeboard.
Project: Ches UAP top
Start of Run: 09Mar2015, 00:00
End of Run:  10Mar2015, 23:00

Compute Time: 15Jun2015, 14:32:11

Basin Model;

Meteorologic Model;
Control Spedifications:Control 1

PROJ. NO. C150035.00

SHEETNO. 5§ OF 8

Simulation Run: Center 25yr

gai consultants

AP Center Channel

25-year storm

Show Elements: | All Elements Valume Units: @) I AC-FT Sorting: |Hydrologic -
Hydrologic Drainage Area | Peak Discharge Time of Peak Volume
Element (M12) (CFs) (IM)
LAP Center Channel 0.0861 233.4 08Mar2015, 12:04 3.45

Center Center Center

Channel (min slope)| (max slope) (d/s end)
Uniform Uniform Uniform

Protective Lining Section Mat| Section Mat| Section Mat
Channel Width at Flow Depth (ft) 25.94 22.34 24.32
Channel Side Slopes (H:V) 3 3 3
Channel Bottom Width (ft) 20 20 20
Flow Depth (ft) 0.99 0.39 0.72
Area (square feet) 22.7 8.3 16.0
Wetted Perimeter (ft) 26.3 22.5 24.6
Hydraulic Radius (ft) 0.87 0.37 0.65
Slope 0.013 0.333 0.040
Manning's n 0.015 0.015 0.015
Velocity at Flow Depth (ft/s) 10.29 29.42 14.90
Flow at Flow Depth (cfs) 234.0 242.9 237.8
Required Capacity (cfs) 234.0 234.0 234.0
Minimum Required Freeboard (ft) 0.50 0.50 0.50
Total Depth Required (ft) 1.49 0.89 1.22
Allowable Velocity (ft/s) N/A N/A N/A
Actual Velocity (ft/s) 10.29 29.42 14.90
Shear Stress at Flow Depth (Ib /sf) 0.80 8.11 1.80
Shear Stress Factor of Safety 1.50 1.50 1.50
Design Shear Stress 1.20 12.17 2.70
Required Lining 3" USM 3" USM 3" USM
Max. Allowable Shear Stress (Ib/sf) 14.00 14.00 14.00
Use Lining 6" USM 6" USM 6" USM
Hydraulic Depth (ft) 0.88 0.37 0.66
Froude Number 1.94 8.53 3.24

Design depth for this case is 1.50 feet.
The center channel will be 20 foot bottom width, 2.25 feet deep.

All cases show Froude Number > 1, so no hydraulic jumps are anticipated.
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SUBJECT DOMINION — CHESTERFIELD POWER STATION

UPPER (EAST) POND - CENTER CHANNEL

BY KMB DATE 08/31/2015

CHKD. BY _CRM _ DATE

PROJ. NO. C150035.00

12/10/2015 SHEETNO. 6 OF 8

18

gai consultants

Evaluate the watershed and channel design for the upper half of the Center
Channel.

Area = 17.8 acres = 0.0278 sq. miles
Tc = 14.9 minutes; lag time = 8.9 minutes:

GIVENS:

WATERSHED
Sheet Flow
covered top
Shallow Conc.

2-yr P Factors for Shallow Concentrated Flow
3.36 unpaved 16.1345 paved 20.3282
For the concrete channel, assume 5' bottom width 3 ' deep, 3:1 side slopes
Area = 42.0 sf
Perimeter = 24.0 ft
Center Channel, upper half
Surface n L Slope Tt
dense grass 0.24 100 0.030 0.20
Surface L S Cale.V Tt
unpaved 480 0.026 2.6 0.05
Tc= 0.25 hr

14.9 minutes
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UPPER (EAST) POND - CENTER CHANNEL

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants
CHKD.BY _CRM DATE__12/10/2015 SHEETNO. 7 OF 8

For a 24-hour PMF, the design flow is:

Project: Ches UAP top  Simulation Run: Center upper half 24hr

Start of Run:  09Mar2015, 00:00 Basin Model: IUAP top upper half
End of Run:  10Mar2015, 23:00 Meteorologic Model: 24 hour PMP
Compute Time: 28May2015, 18:356:04 Control Spedfications:Contraol 1
Show Elements: |all Elements Volume Units: @) ACFT Sorting: |Hydrologic
Hydrologic Drainage Area | Peak Discharge Time of Peak Volume
Element (M12) (CF5) (IN)
IJAP upper half 0.0278 286.4 09Mar2015, 12:18 34.59

Evaluate flow in the grass swale formed along the center of the grading. Use a
triangular channel with 38:1 side slopes. Use Manning’s n = 0.045 for grass, and
provide turf reinforcement mat up to the level of the flow depth. Slope of the
swale = 0.015. Parameters for the Turf Mat are shown on the next page.

Center Center
Channel (upper half)| (upper half)

Grass
Protective Lining w/TRM TRM only
Channel Width at Flow Depth (ft) 114.76 93.48
Channel Side Slopes (H:V) 38 38
Channel Bottom Width (ft) 0 0
Flow Depth (ft) 1.51 1.23
Area (square feet) 86.6 57.5
Wetted Perimeter (ft) 114.8 93.5
Hydraulic Radius (ft) 0.75 0.61
Slope 0.015 0.015
Manning's n 0.045 0.026
Velocity at Flow Depth (ft/s) 3.36 5.07
Flow at Flow Depth (cfs) 291.3 291.7
Required Capacity (cfs) 287.0 287.0
Minimum Required Freeboard (ft) 0.50 0.50
Total Depth Required (ft) 2.01 1.73
Allowable Velocity (ft/s) 15.00 9.50
Actual Velocity (ft/s) 3.36 5.07
Shear Stress at Flow Depth (Ib /sf) 1.41 1.15
Shear Stress Factor of Safety 1.50 1.50
Design Shear Stress 2.12 1.73
Max. Allowable Shear Stress (Ib/sf) 8.00 2.50
Hydraulic Depth (ft) 0.76 0.62
Froude Number 0.68 1.14

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
H\Center Channel Design\center channel.doc



20

SUBJECT DOMINION — CHESTERFIELD POWER STATION i
UPPER (EAST) POND - CENTER CHANNEL

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants
CHKD.BY _CRM DATE__ 12/10/2015 SHEETNO. 8 OF 8

Allowable velocity of 4 ft/s for grass-lined channels is from Table 3.17-A of the
Virginia E&S manual (below). Provide a TRM to provide additional reinforcement
to the vegetation to a depth of 2.0 feet above the swale invert.

TABLE 3.17-A

PERMISSIBLE VELOCITIES FOR GRASS-LINED CHANNELS

CHANNEL LINING PERMISSIBLE

SLOPE VELOCITY*
Bermudagrass 6 ft./second
Reed canarygrass

0-5% Tall fescue 5 ft./second
Kentucky bluegrass
Grass-legume mixture 4 ft./second
Red fescue
Redtop
Sericea lespedeza 2.5 ft./second

Annual lespedeza
Small grains (temporary)

* For highly erodible soils, permissible velocities should be decreased by 25%.
An erodibility factor (K) greater than 0.35 would indicate a highly erodible
soil. Erodibility factors (K-factors) for many Virginia soils are listed in
Chapter 6.

For North American Green SC-250 lining, the allowable shear stresses and
velocities are:

Design Permissible Shear Stress
Roughness Coefficients - Unveg,

Short Duration Long Duration

Flow Depth Manning's n
Phase 1: Unvegetated 3.0 psf (144 Pa) 2.5 psf (120 Pa)

= 0.50 ft {0.15 m) 0.040
Phase 2: Partially Veg. B.0 psf (383 Pa) 2.0 psf (383 Pa)

0.50 - 2.0 ft 0.040-0.012
Phase 3: Fully Veg. 10.0 psf (480 Pa) 2.0 psf (383 Pa)

=z 2.0 ft (0.60 0.on
Unvegetated Velocity 9.5 fps (2.9 m/s) { m)
Vegetated Velocity 15 fps (4.6 mfs)
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UPPER (EAST) POND - PERIMETER CHANNELS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants
CHKD.BY _CRM _ DATE _12/10/2015 SHEETNO. 1 OF 1

INTRODUCTION

Assess peak flow and channel design for the perimeter channels at the Upper
(East) Pond. The channels will be sized for the Probable Maximum Flood (PMF)
event with no freeboard or the 25-year event with 0.5-foot freeboard.

CONDITIONS

The north perimeter channel will consist of 3 segments, and the south perimeter
channel 4 segments, with the segments divided by slope drain locations. To
assess the effect of the PMF design event, assume that flow will cascade down
the interior face for areas upstream of slope drains.

The high point in the perimeter channels is currently situated in the middle of the
western edge of the site. The high point will be shifted to the western haul road,
so that a culvert will not need to be placed under the road.

The north perimeter channel watersheds will consist of:

AREA
MP3 ~ ——
f_—"'___l_--—"'_"_'__""‘“—'—-: o -
AREA = S
NP2 ~) L o
AREA : o7/ ’
NP1 » . FLI Y
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SUBJECT DOMINION — CHESTERFIELD POWER STATION i
UPPER (EAST) POND - PERIMETER CHANNELS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants

CHKD. BY _CRM DATE _12/10/2015 SHEET NO. 2 OF 15

Determine Curve Number by assuming:
- CN =74 for final reclaimed areas (from 2003 closure package)
- CN =90 for gravel roads
- CN = 90 for fabric form channels

Time of concentration is calculated on the next page. Assume flow in concrete

channels is negligible.
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Total Road Road Road Channel Channel| Channel| Vegetated
Channel Area (ac)| Length (ft)] Width (ft)] Area(ac)| Length (ft)] Width (ft)| Area (ac)] Area (ac) CN
NP1 7.6 1290 20 0.59 1150 16 0.42 6.6 76.1
NP2 3.4 500 20 0.23 500 16 0.18 3.0 75.9
NP3 10.2 1650 20 0.76 1720 16 0.63 8.8 76.2
Curve Number 90 90 74
Total
Channel | Area (sq mi)
NP1 0.0119
NP2 0.0053
NP3 0.0159




SUBJECT DOMINION — CHESTERFIELD POWER STATION

UPPER (EAST) POND - PERIMETER CHANNELS

BY KMB DATE 08/31/2015

CHKD. BY _CRM

GIVENS:

WATERSHED
Sheet Flow

face

Channel

bench

from slope drain

WATERSHED
Sheet Flow

face

Channel

bench

from slope drain

WATERSHED
Sheet Flow

face

Shallow Conc.
bench

from slope drain

PROJ. NO. C150035.00

DATE __12/10/2015 SHEET NO. 3 OF 15
2-yr P Factors for Shallow Concentrated Flow
3.36 unpaved 16.1345 paved  20.3282

Benches are 1' deep triangular channels with one 3:1 and one 20:1 side slope.

Use these as the basis for bench flow: Area = 11.5 sf
Perimeter = 232 ft
For the concrete channel, assume 2' bottom width 2 ' deep
Area = 12.0 sf
Perimeter = 10.9 ft
NP1
Surface n L Slope Tt
dense grass 0.24 75 0.333 0.06
Area Perim L Slope n v Tt
11.5 232 895 0.014 0.045 2.5 0.10
Tc= 0.16 hr
Lag time = 0.6 tc =
NP2
Surface n L Slope Tt
dense grass 0.24 75 0.333 0.06
Area Perim L Slope n v Tt
11.5 23.2 475 0.008 0.045 1.9 0.07
Te= 0.13 hr
Lag time = 0.6 tc =
NP3
Surface n L Slope Tt
dense grass 0.24 100 0.020 0.23
Surface L S Cale.V Tt
unpaved 250 0.020 23 0.03
Te= 0.23 hr

Lag time = 0.6 tc =

23

gai consultants

Slope Calculation

U/S EL D/S El
1
U/S EL D/S El
52.5
9.7 minutes
5.8 minutes

Slope Calculation

U/S EL D/S El
1
U/S EL D/S El
44
7.7 minutes
4.6 minutes

Slope Calculation
U/S EL D/S EL
40

38

13.9 minutes

8.4 minutes
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SUBJECT DOMINION — CHESTERFIELD POWER STATION
UPPER (EAST) POND - PERIMETER CHANNELS

BY KMB DATE 08/31/2015

CHKD. BY _CRM DATE

The south perimeter channel watersheds will consist of:

12/10/2015

PROJ. NO. C150035.00

SHEET NO. 4 OF 15

24

gai consultants

AREA
SP4

AREA SP3
SP2
Curve Numbers for the watersheds are:
Total Road Road Road Channel Channel[ Channel| Vegetated

Channel Area (ac)| Length (ft) Width (ft)] Area (ac)] Length (ft)] Width (ft)] Area (ac)] Area (ac) CN
SP1 9.8 2000 30 1.38 1250 16 0.46 8.0 77.0
SP2 5.5 900 20 0.41 900 16 0.33 4.8 76.2
SP3 4.9 920 20 0.42 920 16 0.34 4.1 76.5
SP4 10.8 1290 20 0.59 1650 16 0.61 9.6 75.8
Curve Number 90 90 74

(For area SP1, the haul road is 45’ wide and the perimeter road 20’ wide. Use 30’
as a typical average for the watershed)

Total
Channel | Area (sq mi)
SP1 0.0153
SP2 0.0086
SP3 0.0077
SP4 0.0169
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UPPER (EAST) POND - PERIMETER CHANNELS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants

CHKD. BY _CRM DATE __12/10/2015 SHEET NO. 5§ OF 15

Time of concentration calculations:

GIVENS: 2-yr P Factors for Shallow Concentrated Flow
3.36 unpaved 16.1345 paved  20.3282
Benches are 1' deep triangular channels with one 3:1 and one 20:1 side slope.
Use these as the basis for bench flow: Area = 11.5 sf
Perimeter = 23.2 ft
For the concrete channel, assume 2' bottom width 2 ' deep
Area = 12.0 sf
Perimeter = 10.9 ft
WATERSHED SP1 Slope Calculation
Sheet Flow Surface n L Slope Tt U/S EL D/S El Length
face dense grass 0.24 75 0.333 0.06 1 0 3
Channel Area Perim L Slope n \% Tt U/S EL D/S El Length
bench 11.5 232 1213 0.009 0.045 20 0.17 55 44 1213
from slope drain Tc= 0.23 hr 13.8 minutes
Lag time = 0.6 tc = 8.3 minutes
WATERSHED SP2 Slope Calculation
Sheet Flow Surface n L Slope Tt U/S EL D/S El Length
face dense grass 0.24 75 0.333 0.06 1 0 3
Channel Area Perim L Slope n vV Tt U/S El. D/S El Length
bench 11.5 232 840 0.011 0.045 2.1 0.11 52 43 840
from slope drain Tc= 0.17 hr 10.1 minutes
Lag time = 0.6 tc = 6.1 minutes
WATERSHED SP3 Slope Calculation
Sheet Flow Surface n L Slope Tt U/S El. D/S El Length
face dense grass 0.24 75 0.333 0.06 1 0 3
Channel Area Perim L Slope n \% Tt U/S EL D/S El Length
bench 11.5 23.2 800 0.013 0.045 2.4 0.09 64 53 840
from slope drain Tc= 0.15 hr 9.2 minutes
Lag time = 0.6 tc = 5.5 minutes
WATERSHED SP4 Slope Calculation
Sheet Flow Surface n L Slope Tt U/S EL D/S El Length
face dense grass 0.24 100 0.030 0.20 42 39 100
Shallow Conc.  Surface L S Cale.V Tt
bench unpaved 260 0.031 2.8 0.03 39 31 260
from slope drain Tc= 0.20 hr 11.8 minutes

Lag time = 0.6 tc =

7.1 minutes
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UPPER (EAST) POND - PERIMETER CHANNELS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants
CHKD.BY _CRM _ DATE _12/10/2015 ___SHEETNO. 6 OF 15

MODELING AND CHANNEL DESIGN

The computer program HEC-HMS will be run to flows for a PMF event and for a
25-year event. The PMF event will be run for a 6-hour, 12-hour, and 24-hour
duration.

The HEC-HMS summary tables for the North Perimeter channels are on the next
page.
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UPPER (EAST) POND - PERIMETER CHANNELS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants
CHKD. BY _CRM DATE _12/10/2015 SHEET NO. 7 OF 15

Project: Per Channels  Simulation Run: Morth &hr PMF

Start of Run:  09Mar2015, 00:00 Basin Model: Marth Perim

End of Run:  10Mar2015, 23:00 Meteorologic Model: & hour PMP

Compute Time: 26May2015, 15:42:21 Control Spedfications:Control 1
Show Elements: | &l Elements Volume Units: @) IN (") ACFT Sorting: H}'dm'ﬂQlﬂ .

Hydrologic Crainage Area | Peak Discharge Time of Peak Volume
Element (MI12) (CFs) {In)

Marth Perimeter Chan... 0.0119 124.4 09Mar2015, 03:16 24,38
Marth Perimeter Chan... 0.0053 56.0 09Mar2015, 03:16 24.35
Junction-1 0.0172 180.4 09Mar2015, 03:16 249,37
Marth Perimeter Chan... 0.0159 162.9 09Mar2015, 03:17 24.40
Junction-2 0.0331 3427 09Mar2015, 03:16 24,35

Project: Per Channels  Simulation Run: North 12hr PMF

Start of Run:  09Mar2015, 00:00 Basin Model: Marth Perim

End of Run:  10Mar2015, 23:00 Meteorologic Model: 12 hour PMP

Compute Time: 28May2015, 13:15:40 Control Spedfications: Control 1
Show Elements: | All Elements Volume Units: @) I () ACFT Sorting: :Hydmlngic v:

Hydrologic Drainage Area | Peak Discharge Time of Peak Valume
Element M1z (CFs) (I}

Marth Perimeter Chan... 0.0119 125.2 09Mar2015, 06:16 29.63
Marth Perimeter Chan... 0.0053 56.4 09Mar2015, 06:16 29.59
Junction-1 0.0172 181.6 09Mar2015, 06:16 29.62
Morth Perimeter Chan... 0.0159 164.2 09Mar2015, 06:17 29.65
Junction-2 0.0331 345.2 09Mar2015, 06:16 29.63

Project: Per Channels  Simulation Run: Morth 24hr PMF

Start of Run: 09Mar2015, 00:00 Basin Model: Marth Perim

End of Run:  10Mar2015, 23:00 Meteorologic Model: 24 hour PMP

Compute Time: 28May 2015, 13:16:03 Control Spedfications: Contral 1
Show Elements: | All Elements Volume Units: @) IN (7) ACFT Sorting: :Hydrulogic v:

Hydrologic Drainage Area | Peak Discharge Time of Peak Volume
Element (MIZ) (CF5) {IM)

Marth Perimeter Chan... 0.0119 125.8 09Mar2015, 12:16 34.98
Marth Perimeter Chan... 0.0053 56.6 09Mar2015, 12:16 34.95
Junction-1 0.0172 182.5 09Mar2015, 12:16 34.97
Morth Perimeter Chan... 0.0159 165.0 09Mar2015, 12:17 35.00
Junction-2 0.0331 347.0 09Mar2015, 12:16 34.99
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UPPER (EAST) POND - PERIMETER CHANNELS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants
CHKD.BY _CRM _ DATE _12/10/2015 SHEETNO. 8 OF 15

Based on the results, use the following design flows:
North Perimeter Channel 1 = 126 cfs
North Perimeter Channel 2 = 183 cfs
North Perimeter Channel 3 = 347 cfs

Consider the 25-year 24-hour rain event:

Project: Per Channels  Simulation Run: Morth 25 year

Start of Run: 039Mar2015, 00:00 Basin Model: Marth Perim

End of Run:  10Mar2015, 23:00 Meteorologic Model:  25-year SCS

Compute Time: 28May2015, 13:20:03 Control Spedfications: Contral 1
Show Elements: | All Elements Volume Units: @ M () ACFT Sorting: :Hydrnlugic v:

Hydrologic Crainage Area | Peak Discharge Time of Peak Volume
Element (MI2) (CFs) (IM)

Morth Perimeter Chan... 0.0119 41.2 0SMar2015, 11:58 3.66
Morth Perimeter Chan... 0.0053 19.2 09Mar2015, 11:58 3.64
Junction-1 0.0172 60,2 0SMar2015, 11:58 3.65
Morth Perimeter Chan... 0.0159 49.6 09Mar2015, 12:02 3.67
Junction-2 0.0331 107.5 08Mar2015, 12:00 3.66

25-year flows are:

North Perimeter Channel 1 = 41 cfs
North Perimeter Channel 2 = 60 cfs
North Perimeter Channel 3 = 108 cfs

The existing channels are constructed at 0.4% slope, and the replacement
channels at final cover will duplicate this slope. New channel locations will be at
0.5% slope. Use 0.4% for analyses.
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SUBJECT DOMINION — CHESTERFIELD POWER STATION i
UPPER (EAST) POND - PERIMETER CHANNELS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants

CHKD. BY _CRM DATE __12/10/2015 SHEET NO. 9 OF 15

PMF design event:

Channel North Per. 1] North Per. 2| North Per. 3

Uniform Uniform Uniform
Protective Lining Section Mat| Section Mat] Section Mat
Channel Width at Flow Depth (ft) 15.12 17.5 22.22
Channel Side Slopes (H:V) 3 3 3
Channel Bottom Width (ft) 3 4 5
Flow Depth (ft) 2.02 2.25 2.87
Area (square feet) 18.3 242 39.1
Wetted Perimeter (ft) 15.8 18.2 23.2
Hydraulic Radius (ft) 1.16 1.33 1.69
Slope 0.004 0.004 0.004
Manning's n 0.015 0.015 0.015
Velocity at Flow Depth (ft/s) 6.94 7.59 8.90
Flow at Flow Depth (cfs) 126.9 183.5 347.8
Required Capacity (cfs) 126.0 183.0 347.0
Minimum Required Freeboard (ft) N/A N/A N/A
Total Depth Required (ft) 2.02 2.25 2.87
Allowable Velocity (ft/s) N/A N/A N/A
Actual Velocity (ft/s) 6.94 7.59 8.90
Shear Stress at Flow Depth (Ib /sf) 0.50 0.56 0.72
Shear Stress Factor of Safety 1.50 1.50 1.50
Design Shear Stress 0.76 0.84 1.07
Lining 4" USM 4" USM 4" USM
Max. Allowable Shear Stress (Ib/sf) 18.00 18.00 18.00
Hydraulic Depth (ft) 1.21 1.38 1.76
Froude Number 1.11 1.14 1.18
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SUBJECT DOMINION — CHESTERFIELD POWER STATION i
UPPER (EAST) POND - PERIMETER CHANNELS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants

CHKD. BY _CRM DATE __12/10/2015 SHEET NO. 10 OF 1

25-year event:

Channel North Per. 1] North Per. 2| North Per. 3
Uniform Uniform Uniform
Protective Lining Section Mat| Section Mat] Section Mat
Channel Width at Flow Depth (ft) 10.2 11.98 14.96
Channel Side Slopes (H:V) 3 3 3
Channel Bottom Width (ft) 3 4 5
Flow Depth (ft) 1.2 1.33 1.66
Area (square feet) 7.9 10.6 16.6
Wetted Perimeter (ft) 10.6 12.4 15.5
Hydraulic Radius (ft) 0.75 0.86 1.07
Slope 0.004 0.004 0.004
Manning's n 0.015 0.015 0.015
Velocity at Flow Depth (ft/s) 5.18 5.66 6.57
Flow at Flow Depth (cfs) 41.0 60.2 108.8
Required Capacity (cfs) 41.0 60.0 108.0
Minimum Required Freeboard (ft) 0.50 0.50 0.50
Total Depth Required (ft) 1.70 1.83 2.16
Allowable Velocity (ft/s) N/A N/A N/A
Actual Velocity (ft/s) 5.18 5.66 6.57
Shear Stress at Flow Depth (Ib /sf) 0.30 0.33 0.41
Shear Stress Factor of Safety 1.50 1.50 1.50
Design Shear Stress 0.45 0.50 0.62
Lining 4" USM 4" USM 4" USM
Max. Allowable Shear Stress (Ib/sf) 18.00 18.00 18.00
Hydraulic Depth (ft) 0.78 0.89 1.11
Froude Number 1.04 1.06 1.10
Comparing the results, use the following:
Channel North Per. 1| North Per. 2[ North Per. 3
Bottom width 3 4 5
Side Slopes 3 3 3
PMF required depth 2.02 2.25 2.87
25-year required depth 1.70 1.83 2.16
USE DEPTH = 2.25 2.50 3.25
USE LINING = 4" USM 4" USM 4" USM
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UPPER (EAST) POND - PERIMETER CHANNELS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants
CHKD. BY _CRM DATE _12/10/2015 SHEET NO. 11 OF 1

The HEC-HMS results for the South Perimeter Channels are:

Project: Per Channels  Simulation Run: South & hr PMF

Start of Run:  09Mar2015, 00:00 Basin Model: South Perim

End of Rum:  10Mar2015, 23:00 Meteorologic Model: & hour PMP

Compute Time: 28May 2015, 13:59:47 Control Spedfications: Contral 1
Show Elements: | all Elements Volume Units: @ IN () ACFT Sorting: :Hydmlugic ..:

Hydrologic Drainage Area | Peak Discharge Time of Peak Valume
Element (MI2) (CF3) (IM)

South Perimeter Chan... 0.0153 157.3 09Mar2015, 03:17 29.54
South Perimeter Chan... 0.0086 89.7 09Mar2015, 03:17 24.40
Junction-1 0.0239 296.9 09Mar2015, 03:17 24.49
South Perimeter Chan... 0.0077 80.8 09Mar2015, 03:16 24.45
Junction-2 0.0316 327.5 09Mar2015, 03:17 24.43
South Perimeter Chan... 00189 174.7 09Mar2015, 03:17 24.33
Junction-3 0.0435 502.2 09Mar2015, 03:17 24.43

Project: Per Channels  Simulation Run: South 12hr PMF

Start of Run:  09Mar 2015, 00:00 Basin Model: South Perim

End of Run:  10Mar2015, 23:00 Meteorologic Model: 12 hour PMP

Compute Time: 28May2015, 14:09:40 Control Spedifications: Control 1
Show Elements: | All Elements Volume Units: @ ¥ () ACFT Sorting: :Hydrulogi:: -

Hydrologic Drainage Area | Peak Discharge Time of Peak Volume
Element (MIZ) (CF5) {IM)

South Perimeter Chan... 0.0153 158.4 09Mar2015, 06:17 29.79
South Perimeter Chan... 0.0036 90.3 09Mar2015, 06:16 29.65
Junction-1 0.0239 2498.6 09Mar 2015, 06: 17 29.74
South Perimeter Chan... 0.0077 813 09Mar2015, 06: 16 29.70
Junction-2 0.0316 329.7 09Mar2015, 06:17 29.73
South Perimeter Chan... 0.0169 175.0 09Mar2015, 06:17 29.57
Junction-3 0.0435 505.7 09Mar2015, 06:17 29.67
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UPPER (EAST) POND - PERIMETER CHANNELS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants
CHKD. BY _CRM DATE _12/10/2015 SHEET NO. 12 OF 1

Project: Per Channels  Simulation Run: South 24hr PMF

Start of Run: 09Mar2015, 00:00 Basin Model: South Perim

End of Run:  10Mar2015, 23:00 Meteorologic Model: 24 hour PMP

Compute Time: 28May 2015, 14:11:25 Control Spedfications:Contral 1
Show Elements: | All Elements Volume Units: @ M () ACFT Sorting: .Hydrulogic -

Hydrologic Drainage Area | Peak Discharge Time of Peak Volume
Element (MIZ) (CFs) {IM])

South Perimeter Chan... 0.0153 159.2 09Mar2015, 12:17 35.14
South Perimeter Chan... 0.0086 a0.7 09Mar2015, 12:16 35.00
Junction-1 0.0239 299.8 09Mar2015, 12:17 35.09
South Perimeter Chan... 0.0077 aL7 09Mar2015, 12:16 35.06
Junction-2 0.0315 331.3 08Mar2015, 12:17 35.08
South Perimeter Chan... 0.0189 176.9 09Mar2015, 12:17 34.83
Junction-3 0.0435 508.2 09Mar2015, 12:17 35.03

Based on the results, use the following design flows:

South Perimeter Channel 1 = 160 cfs
South Perimeter Channel 2 = 250 cfs
South Perimeter Channel 3 = 332 cfs
South Perimeter Channel 3 = 509 cfs
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SUBJECT DOMINION — CHESTERFIELD POWER STATION

UPPER (EAST) POND - PERIMETER CHANNELS

BY KMB DATE 08/31/2015

CHKD. BY _CRM DATE

12/10/2015

PROJ. NO. C150035.00

SHEET NO. 13 OF

Consider the 25-year 24-hour rain event:

Project: Per Channels

Start of Run:
End of Run:

059Mar2015, 00:00
10Mar2015, 23:00

Simulation Run: South 25 yr

Compute Time: 28May2015, 14:13:25

Show Elements: | All Elements

Basin Model:
Meteorologic Model:

1

33

gai consultants

South Perim
25-year 5C5

Control Spedifications: Control 1

Volume Units: @ N () ACFT

Sorting: :Hydmlogic -

Hydrologic Drainage Area | Peak Discharge Time of Peak Vaolume
Element (MIZ) (CFs) {IM)
South Perimeter Chan... 0.0153 43.9 09Mar2015, 12:02 3.75
South Perimeter Chan... 0.0086 29.5 09Mar2015, 12:00 3.67
Junction-1 0.0239 7B 09Mar2015, 12:01 3.72
South Perimeter Chan... 0.0077 27.3 09Mar2015, 11:59 3.70
Junction-2 0.0316 104.1 09Mar2015, 12:00 3.72
South Perimeter Chan... 0.0169 55.0 09Mar2015, 12:01 3.63
Junction-3 0.0435 159.0 09Mar2015, 12:00 3.69

25-year flows are:

South Perimeter Channel 1 = 49 cfs
South Perimeter Channel 2 = 78 cfs
South Perimeter Channel 3 = 105 cfs
South Perimeter Channel 3 = 159 cfs

The existing channels are constructed at 0.4% slope, and the replacement
channels at final cover will duplicate this slope. New channel locations will be at
0.5% slope. Use 0.4% for analyses. At the very downstream end, the south
channel will be at 2.7% (check for lining stability under the PMF event).
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UPPER (EAST) POND - PERIMETER CHANNELS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

CHKD. BY _CRM DATE _12/10/2015 SHEET NO. 14 OF 1

PMF design event:

34

gai consultants

South Per. 4

Channel South Per. 1| South Per. 2| South Per. 3| South Per. 4 max slope
Uniform Uniform Uniform Uniform Uniform

Protective Lining Section Mat| Section Mat| Section Mat| Section Mat| Section Mat
Channel Width at Flow Depth (ft) 16.44 19.32 21.48 25.24 17.92
Channel Side Slopes (H:V) 3 3 3 3 3
Channel Bottom Width (ft) 3 3 3 4 4
Flow Depth (ft) 2.24 2.72 3.08 3.54 2.32
Area (square feet) 21.8 30.4 37.7 51.8 25.4
Wetted Perimeter (ft) 17.2 20.2 22.5 26.4 18.7
Hydraulic Radius (ft) 1.27 1.50 1.68 1.96 1.36
Slope 0.004 0.004 0.004 0.004 0.027
Manning's n 0.015 0.015 0.015 0.015 0.015
Velocity at Flow Depth (ft/s) 7.36 8.24 8.87 9.84 20.05
Flow at Flow Depth (cfs) 160.3 250.2 334.3 509.4 509.9
Required Capacity (cfs) 160.0 250.0 332.0 509.0 509.0
Minimum Required Freeboard (ft) N/A N/A N/A N/A N/A
Total Depth Required (ft) 2.24 2.72 3.08 3.54 2.32
Allowable Velocity (ft/s) N/A N/A N/A N/A N/A
Actual Velocity (ft/s) 7.36 8.24 8.87 9.84 20.05
Shear Stress at Flow Depth (Ib /sf) 0.56 0.68 0.77 0.88 3.91
Shear Stress Factor of Safety 1.50 1.50 1.50 1.50 1.50
Design Shear Stress 0.84 1.02 1.15 1.33 5.86
Lining 4" USM 4" USM 4" USM 4" USM 4" USM
Max. Allowable Shear Stress (Ib/sf) 18.00 18.00 18.00 18.00 18.00
Hydraulic Depth (ft) 1.32 1.57 1.76 2.05 1.42
Froude Number 1.13 1.16 1.18 1.21 2.97

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
H\Perimeter channels\perimeter channels.doc




35

SUBJECT DOMINION — CHESTERFIELD POWER STATION i
UPPER (EAST) POND - PERIMETER CHANNELS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants

CHKD. BY _CRM DATE _12/10/2015 SHEET NO. 15 OF 1

25-year event

Channel South Per. 1| South Per. 2| South Per. 3] South Per. 4
Uniform Uniform Uniform Uniform
Protective Lining Section Mat] Section Mat| Section Mat| Section Mat
Channel Width at Flow Depth (ft) 10.86 12.78 14.16 16.66
Channel Side Slopes (H:V) 3 3 3 3
Channel Bottom Width (ft) 3 3 3 4
Flow Depth (ft) 1.31 1.63 1.86 2.1
Area (square feet) 9.1 12.9 16.0 21.8
Wetted Perimeter (ft) 11.3 13.3 14.8 17.3
Hydraulic Radius (ft) 0.80 0.97 1.08 1.26
Slope 0.004 0.004 0.004 0.004
Manning's n 0.015 0.015 0.015 0.015
Velocity at Flow Depth (ft/s) 5.43 6.14 6.62 7.32
Flow at Flow Depth (cfs) 49.3 79.0 105.6 159.5
Required Capacity (cfs) 49.0 78.0 105.0 159.0
Minimum Required Freeboard (ft) 0.50 0.50 0.50 0.50
Total Depth Required (ft) 1.81 213 2.36 2.61
Allowable Velocity (ft/s) N/A N/A N/A N/A
Actual Velocity (ft/s) 5.43 6.14 6.62 7.32
Shear Stress at Flow Depth (Ib /sf) 0.33 0.41 0.46 0.53
Shear Stress Factor of Safety 1.50 1.50 1.50 1.50
Design Shear Stress 0.49 0.61 0.70 0.79
Lining 4" USM 4" USM 4" USM 4" USM
Max. Allowable Shear Stress (Ib/sf) 18.00 18.00 18.00 18.00
Hydraulic Depth (ft) 0.84 1.01 1.13 1.31
Froude Number 1.05 1.08 1.10 1.13
Comparing the results, use the following:
Channel South Per. 1| South Per. 2| South Per. 3] South Per. 4
Bottom width 3 3 3 4
Side Slopes 3 3 3 3
PMF required depth 2.24 2.72 3.08 3.54
25-year required depth 1.81 2.13 2.36 2.61
USE DEPTH = 2.50 3.00 3.25 3.75
USE LINING = 4" USM 4" USM 4" USM 4" USM

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
H\Perimeter channels\perimeter channels.doc




SUBJECT DOMINION — CHESTERFIELD POWER STATION o
UPPER (EAST) POND - BENCH FLOW / CAPACITY ASSESSMENT
BY KMB DATE 08/31/2015 PROJ. NO. C150035.00
gai consultants
CHKD. BY _CRM DATE__ 12/10/2015 SHEETNO. 1 OF 5
INTRODUCTION

Benches are located in the dry disposal area of the Upper (East) Pond. Evaluate
the bench capacity under closed conditions so that slope drain locations can be
verified.

CONDITIONS

Benches are located every 25 feet vertically, and are 20 feet wide with a 1 foot
vertical drop:

@ T‘if"ml bench Sfame.fnj

- Reference, 2003 Closure Plan

Minimum longitudinal bench slope = 1%
The Upper (East) Pond will be capped and closed. Evaluate bench flow with a
vegetated cover, mowed up to 4 times a year.

Runoff Curve Number = 74 (from TR-55; use vegetation > 75% and C soil, as a
drainage medium will be placed below the cover soil)

Curve numbers for
Cover description —————————eos ] hydrologic soil group ————
Average percent
Cover type and hydrologic condition impervious area & A B C I

Fully developed urban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries, ete. )4

Poor condition {grass cover < DU .o, (i3 ™ 26 B
Fair condition (grass cover 50% 1o TH%) 49 69 Fi:) 84
Good condition (grass cover = THH] .. 30 [} 74 80

Use Manning’s n = 0.045 for bench flow in grass
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SUBJECT DOMINION — CHESTERFIELD POWER STATION i 37
UPPER (EAST) POND - BENCH FLOW / CAPACITY ASSESSMENT

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00
gai consultants
CHKD.BY _CRM  DATE__ 12/10/2015 SHEETNO. 2 OF 5
HYDRAULICS

Bench configuration is as shown on sheet 1. There is 1 foot of flow depth
available, with a 20:1 slope on the bench and 3:1 slope on the landfill face.

Estimate the flow capacity of a bench at a 1% slope. Use Manning’s n of 0.045
for grassed channels.

Use the computer program VT-PSHUM (Virginia Tech/Penn State Urban
Hydrology Model), version 6.0 to estimate the full flow capacity of a bench:

System of Units *} Englizh 5.1

{*} Flow From Hormal Depth
) Hormal Depth From Flow

Hormal Depth |:| Feet Flow (23.858 cls
Bed .

Side Slopes:

Left Bank -1ft/ft  Right Bank -1 FL/ft

Calculate

Flow capacity at full depth = 23.8 cfs
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SUBJECT DOMINION — CHESTERFIELD POWER STATION i
UPPER (EAST) POND - BENCH FLOW / CAPACITY ASSESSMENT
BY KMB DATE 08/31/2015 PROJ. NO. C150035.00
gai consultants
CHKD.BY _CRM  DATE__ 12/10/2015 SHEETNO. 3 OF 5
HYDROLOGY

Benches are located as shown in the sketch on sheet 1. There is 98 feet of width
(26 vertical feet at 3:1 slopes, plus 20 feet of bench) for every longitudinal foot of
bench. (Area = 98 sf per foot)

Determine appropriate times of concentration for different bench lengths. The 2-
year precipitation is 3.36 inches. Use n = 0.24 (dense grass) for sheet flow
conditions. Assume a 2% bench slope for time of concentration purposes.

Chesterfield Upper Ash Pond

Time of Concentration - Bench Flow

This will calculate the times of concentration for the watersheds.
GIVENS: 2-yr P Factors for Shallow Concentrated Flow
3.36 unpaved 16.1345 paved 20.3282
Benches are 1' deep triangular channels with one 3:1 and one 20:1 side slope.
Use these as the basis for bench flow: Area = 11.5 sf
Perimeter = 23.2 ft

WATERSHED Typical face

Sheet Flow Surface n L Slope Tt
face grass 0.24 78 0.333 0.06
Channel Area Perim L Slope n A% Tt
bench 11.5 23.2 1000 0.020 0.045 2.9 0.09

Tc= 0.16 hr 9.4 minutes
Channel Area Perim L Slope n A% Tt
bench 11.5 23.2 1200 0.020 0.045 2.9 0.11

Tc= 0.18 hr 10.5 minutes
Channel Area Perim L Slope n v Tt
bench 11.5 23.2 1400 0.020 0.045 2.9 0.13

Te= 0.19 hr 11.7 minutes
Channel Area Perim L Slope n v Tt
bench 11.5 23.2 1600 0.020 0.045 2.9 0.15

Te= 0.21 hr 12.8 minutes
Channel Area Perim L Slope n A" Tt
bench 11.5 23.2 1800 0.020 0.045 2.9 0.17

Tc= 0.23 hr 13.9 minutes
Channel Area Perim L Slope n A% Tt
bench 11.5 23.2 2000 0.020 0.045 2.9 0.19

Tc= 0.25 hr 15.1 minutes
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SUBJECT DOMINION — CHESTERFIELD POWER STATION o
UPPER (EAST) POND - BENCH FLOW / CAPACITY ASSESSMENT
BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants
CHKD. BY _CRM DATE__ 12/10/2015 SHEETNO. 4 OF 5

Summarizing the hydrology:

Bench Length (feet) Area (sf) Area (ac) tc (minutes)
1000 98,000 2.25 9.4
1200 117,600 2.70 10.5
1400 137,200 3.15 11.7
1600 156,800 3.60 12.8
1800 176,400 4.05 13.9
2000 196,000 4.50 15.1

Using the above parameters,

Hydrograph Summary Report

Hyd. | Hydrograph Peak Time Time to Volume Inflow Maximum Maximum Hydrograph
Mo, type flow interval peak hyd(s) elevation storage description
{origin} (cfs) (min) {min) [cuft) (ft) (cuft)
1 3C3 Runoff 1241 1 714 28,155 - e - 1000 foot bench
2 SCS Runaff 14.20 1 720 34,390 - e - 1200 foot bench
3 SCS Runaff 16.57 1 720 40,122 - e - 1400 foot bench
4 SCS Runaff 17.54 1 721 44,345 - e - 1600 foot bench
8 SCS Runaff 18,84 1 722 50,680 - e - 1800 foot bench
[ SCS Runaff 20.94 1 722 56,311 - e - 2000 foot bench
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UPPER (EAST) POND - BENCH FLOW / CAPACITY ASSESSMENT

SUBJECT DOMINION — CHESTERFIELD POWER STATION [J..

BY KMB DATE 08/31/2015 PROJ. NO. €150035.00

gai consultants
CHKD. BY _CRM _ DATE__ 12/10/2015 SHEETNO. 5 OF 5

The longest run of bench in the closure configuration is approximately 1250 feet,
as shown below:

Using the flow for a 1400-foot bench, the flow depth is:

Swale Design

The maximum 25-year bench flow will have a freeboard of 0.13 feet. This will be
sufficient for bench flow.
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UPPER (EAST) POND - SLOPE DRAINS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00
gai consultants
CHKD. BY _CRM DATE__12/10/2015 SHEETNO. 1 OF 3
INTRODUCTION

Slope drains intercept the flow along benches in the dry disposal area of the
Upper (East) Pond. Design the slope drains for a 25-year storm event based on
the maximum area draining to any slope drain.

CONDITIONS

The upstream-most slope drain on the south side of the Upper (East) Pond will
receive the most watershed of all slope drains:

- _[watemémepto |
" _~_—|SLOPE DRAIN S
/ _|9.7 acres \

Since the design flow for bench capacity is the 25-year flow, size the slope drains
for a 25-year flow. Higher storm events will bypass the benches and slope drain
and will flow over the landfill face.
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UPPER (EAST) POND - SLOPE DRAINS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants
CHKD.BY _CRM  DATE__12/10/2015 SHEETNO. 2 OF 3

Since the flow to the slope drains will be directed along benches, use the same
time of concentration as developed for a 1200-foot bench length.

tc = 10.5 minutes
Runoff Curve Number = 74 for closed conditions
Rainfall = 6.31 inches

Design flow = 51 cfs:

Hydraflow Hydrographs by Intelisolve Sunday, May 31 2015, 11:9 AM
Hyd. No. 1

Slope drain design

Hydrograph type = SCS Runoff Peak discharge = 51.01 cfs
Storm frequency = 25yrs Time interval = 1 min
Drainage area = 9.700 ac Curve number = 74

Basin Slope = 0.0 % Hydraulic length = 0 ft

Tc method = USER Time of conc. (Te) = 10.50 min
Total precip. = B6.31in Distribution = Type Il

Storm duration =24 hrs Shape factor = 484

Hydrograph Valume = 123,549 cuft

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
H\Bench flow and slope drains\slope drains.doc
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SUBJECT DOMINION — CHESTERFIELD POWER STATION i
UPPER (EAST) POND - SLOPE DRAINS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants

CHKD.BY _CRM  DATE__12/10/2015

HYDRAULICS

SHEETNO. 3 OF 3

Current slope drains are concrete channels with 2-foot bottom width and 1.5-foot
depth. These will be replaced with fabric form channels having 3:1 side slopes.
The channels will have a 3:1 slope on the landfill face and a 2% slope across

benches.
Slope Drain| Slope drain
Channel max slope Min slope
Uniform Uniform
Protective Lining Section Mat| Section Mat
Channel Width at Flow Depth (ft) 5.19 8.19
Channel Side Slopes (H:V) 3 3
Channel Bottom Width (ft) 2.25 2.25
Flow Depth (ft) 0.49 0.99
Area (square feet) 1.8 5.2
Wetted Perimeter (ft) 5.3 8.5
Hydraulic Radius (ft) 0.34 0.61
Slope 0.333 0.020
Manning's n 0.015 0.015
Velocity at Flow Depth (ft/s) 27.97 10.07
Flow at Flow Depth (cfs) 51.0 52.1
Required Capacity (cfs) 51.0 51.0
Minimum Required Freeboard (ft) 0.50 0.50
Total Depth Required (ft) 0.99 1.49
Allowable Velocity (ft/s) N/A N/A
Actual Velocity (ft/s) 27.97 10.07
Shear Stress at Flow Depth (Ib /sf) 10.18 1.24
Shear Stress Factor of Safety 1.50 1.50
Design Shear Stress 15.27 1.85
Lining 4" USM 4" USM
Max. Allowable Shear Stress (Ib/sf) 18.00 18.00
Hydraulic Depth (ft) 0.35 0.63
Froude Number 8.32 2.23

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
H\Bench flow and slope drains\slope drains.doc
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SUBJECT DOMINION — CHESTERFIELD POWER STATION i
UPPER (EAST) POND - HAUL AND ACCESS ROAD CHANNELS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00
gai consultants
CHKD. BY _CRM DATE 12/10/2015 SHEETNO. 1 OF 5
INTRODUCTION

Size the channels along the west haul road and east access road at the Upper
(East) Pond. Design the channels for a 25-year storm event.

CONDITIONS

The west haul road watershed is:

HAUL ROAD CHANMEL
Watershed = 1.6 acres

And the east access road is:

ACCESS ROAD CHANNEL
Watershed = 1.25 acres

Design for a Curve Numbe} =90 fbr a grével road sur;face’, anc] a tfme of i
concentration of 5 minutes. Use the 1.6 acre design for both channels.

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
H\Bench flow and slope drains\haul road.doc
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SUBJECT DOMINION — CHESTERFIELD POWER STATION o
UPPER (EAST) POND - HAUL AND ACCESS ROAD CHANNELS
BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants
CHKD. BY _CRM DATE 12/10/2015 SHEETNO. 2 OF 5

Rainfall = 6.31 inches

Design flow = 14 cfs:

Hydrograph Plot

Hydraflow Hydrographs by Intellsolve Wednesday, Jun 3 2015, 7212 PM
Hyd. No. 1

haul road channel

Hydrograph type = SCS Runoff Peak discharge = 13.96 cfs
Storm frequency = 25 yrs Time interval = 1 min
Drainage area = 1.600 ac Curve number = 90

Basin Slope = 00% Hydraulic length = O ft

Tc method = USER Time of conc. (Te) = 5.00 min

Total precip. = 6.31in Distribution = Type ll

Storm duration =24 hrs Shape factor = 484

Hydrograph Violume = 30,835 cuft

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
H\Bench flow and slope drains\haul road.doc
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SUBJECT DOMINION — CHESTERFIELD POWER STATION i
UPPER (EAST) POND - HAUL AND ACCESS ROAD CHANNELS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants

CHKD. BY _CRM _DATE 12/10/2015 SHEETNO. 3 OF 5

HYDRAULICS

Use a fabric form channels having 3:1 side slopes. Slope of the road = 10%

Channel Haul Road

Uniform
Protective Lining Section Mat
Channel Width at Flow Depth (ft) 4.16
Channel Side Slopes (H:V) 3
Channel Bottom Width (ft) 2
Flow Depth (ft) 0.36
Area (square feet) 1.1
Wetted Perimeter (ft) 4.3
Hydraulic Radius (ft) 0.26
Slope 0.100
Manning's n 0.015
Velocity at Flow Depth (ft/s) 12.77
Flow at Flow Depth (cfs) 14.2
Required Capacity (cfs) 14.0
Minimum Required Freeboard (ft) 0.50
Total Depth Required (ft) 0.86
Allowable Velocity (ft/s) N/A
Actual Velocity (ft/s) 12.77
Shear Stress at Flow Depth (Ib /sf) 2.25
Shear Stress Factor of Safety 1.50
Design Shear Stress 3.37
Lining 4" USM
Max. Allowable Shear Stress (Ib/sf) 18.00
Hydraulic Depth (ft) 0.27
Froude Number 4.36

Use a 2-foot bottom width channel 1 foot deep.

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
H\Bench flow and slope drains\haul road.doc
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UPPER (EAST) POND - HAUL AND ACCESS ROAD CHANNELS

BY KMB DATE 08/31/2015 PROJ. NO. C150035.00

gai consultants
CHKD. BY _CRM DATE 12/10/2015 SHEETNO. 4 OF 5

During construction of cap and cover of Area 1 adjacent to the sediment pond, a
diversion will be installed at the toe of the eastern access road channel:

AREA 1 DIVERSION

CHANNEL
-i
g

'\ N

45
St

]

EXISTING

,.4_ DRAINAGE PATH L %
// ﬁ 3

K

Slope of the diversion channel will be 2 feet in 300 = 0.007

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
H\Bench flow and slope drains\haul road.doc



SUBJECT DOMINION — CHESTERFIELD POWER STATION

UPPER (EAST) POND - HAUL AND ACCESS ROAD CHANNELS

BY KMB DATE 08/31/2015

CHKD. BY _CRM _DATE 12/10/2015

Channel

Protective Lining

Channel Width at Flow Depth (ft)
Channel Side Slopes (H:V)
Channel Bottom Width (ft)

Flow Depth (ft)

Area (square feet)

Wetted Perimeter (ft)

Hydraulic Radius (ft)

Slope

Manning's n

Velocity at Flow Depth (ft/s)

Flow at Flow Depth (cfs)
Required Capacity (cfs)

Minimum Required Freeboard (ft)
Total Depth Required (ft)
Allowable Velocity (ft/s)

Actual Velocity (ft/s)

Shear Stress at Flow Depth (Ib /sf)
Shear Stress Factor of Safety
Design Shear Stress

Lining

Max. Allowable Shear Stress (Ib/sf)
Hydraulic Depth (ft)

Froude Number

Channel depth will be 1.75 feet.

PROJ. NO. C150035.00

SHEETNO. 5§ OF 5

Area 1 Area 1
Diversion Diversion
Grass with
TRM| TRM only
7.68 6.84
2 2
3 3
1.17 0.96
6.2 4.7
8.2 7.3
0.76 0.65
0.007 0.007
0.045 0.031
2.30 3.01
14.4 14.2
14.0 14.0
0.50 0.50
1.67 1.46
15.00 9.50
2.30 3.01
0.51 0.42
1.50 1.50
0.77 0.63
TRM| TRM only
8.00 2.50
0.81 0.69
0.45 0.64

48
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SUBJECT DOMINION — CHESTERFIELD POWER STATION i
UPPER (EAST) POND - TOE DRAIN MODEL

BY MAB DATE 08/31/2015 PROJ. NO. C150035.00
gai consultants
CHKD. BY DATE SHEET NO. 1 OF 2
INTRODUCTION

A toe drain pumping and conveyance system will be constructed at the Upper
(East) Pond. Model the proposed system.

MODEL

The next page depicts the modeled toe drain pumps and force main conveyance.

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and
H\Toe Drain\toe drain cover sheet.doc
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AFT Fathom Model
C:\Users\BergeMA\Desktop\DominionChesterfield\Chesterfield_N&S_Combination.fth
Base Scenario

CHESTERFIELD UPPER ASH POND

TOE DRAIN PUMPS AND FORCE MAIN MODEL
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Closure Combustion Residuals Closure Plan
Upper (East) Pond Chesterfield Power Station

APPENDIX G
Settlement, Displacement, and Subsidence Calculations

® gaiconsultants
C150035.00 / January 2016 o -



This appendix contains the following geotechnical calculations:

e Settlement Analysis (pages 1-9)
e Bearing Capacity Analysis (10-16)



SUBJECT: DOMINION CHESTERFIELD POWER STATION — UPPER EAST POND

CLOSURE - SETTLEMENT ANALYSIS ®
BY TIM DATE__ 10/26/2015 _ PROJ.NO.__C150035.00
CHKD. BY _MEZ DATE _ 11/10/2015  SHEETNO. 1 oF 9 gai consultants
OBJECTIVE:

This calculation was completed to estimate settlement within the existing CCR material of the Upper (East)
Pond and evaluate potential impacts on the engineered final cover system for the proposed closure of the
Upper (East) Pond at the Chesterfield Power Station.

BACKGROUND:

Dominion is proposing the closure of the Upper (East) Pond located at the Chesterfield Power Station in
Chesterfield County, Virginia. The Upper (East) Pond will include an approximate 113 acre geosynthetic cap
area.

The proposed closure will include placing fly ash to modify the existing grades to facilitate surface water runoff
and reduce ponding. Fly ash will generally be placed in relatively thin lifts spread out over large areas where
it will be able to consolidate during placement. Therefore, the calculation presented here will estimate
settlement within the existing ash material as it is not anticipated that significant settlement will occur within
the fill material.

Reviewing the attached Existing Conditions Plan, the top of the Pond elevations range from 78’ on the east
end of the Pond to 92’ on the west end. Based on the attached proposed subgrade plan, the final elevations
of ash will range from ~100’ on the west end to ~65’ on the east end. 2’ of cover will be placed on CCR
material bringing final elevations to ~102’ on the west and ~67’. The bottom of ash is assumed to be
approximately 1.5". Groundwater elevation is taken to be approximately 1.5’, according to the 2014 Schnabel
report (Reference 3).

METHODOLOGY:

Settlement within the existing ash material was estimated using conventional geotechnical engineering methods
along with as-built drawings and proposed grading plans to model bottom of existing ash, top of existing ash,
and proposed top of subgrade surfaces. The thicknesses of existing ash, proposed ash, and final cover system
were estimated to determine the estimated settlement.

The settlement calculations presented here evaluated total settlement in the form of primary and secondary

consolidation. After estimating total settlement, differential settlement was examined by evaluating pre-
settlement and post-settlement liner slopes.

REFERENCES:

1. “Revised Closure Plan Upper (East) Pond, Chesterfield Power Station”. GAl Consultants, September
2003.

2. X.Qian, R.M. Koerner, D.H.Gray. Geotechnical Aspects of Landfill Design and Construction. Prentice Hall,
2002.

3. “Geotechnical Engineering Report: Upper Pond Stability Evaluation, Chesterfield Power Station.”
Schnabel Engineering Consultants, Inc., August 15, 2014.

CALCULATION:

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Settlement\Chesterfield-Settlement.docx



SUBJECT: DOMINION CHESTERFIELD POWER STATION — UPPER EAST POND

CLOSURE - SETTLEMENT ANALYSIS ®
BY TIM DATE__ 10/26/2015  PROJ.NO. _ C150035.00
CHKD.BY__MEZ DATE _ 11/10/2015  SHEETNO. 2 ofF 9 gai consultants

Primary and secondary settlements were evaluated for the in place ash material using the following
conventional geotechnical engineering equations for consolidation.

Primary Settlement:
The primary settlement will be treated as a consolidation settlement in soil and is estimated as follows.

Sc=Cr/ (1 + eo) * (H) * log(or / 0o)

Where;
Sc = Primary (consolidation) settlement, (ft)
Cr = Primary recompression index
€ = Initial void ratio
H = Thickness of layer to be evaluated, (ft)
or = Total effective vertical stress after loading (middle of layer), (psf)
0o = Effective vertical stress before loading (middle of layer), (psf)

Layer thicknesses and effective stresses were calculated using the attached drawings, along with unit
weights obtained from laboratory test data of the ash material and typical values for cover material. The
recompression index and void ratio used in the primary settlement equation were estimated from one-
dimensional laboratory test results included in Attachment 2 and summarized below.

C= 002,

eo=1.0;

0r=5,570 psf;

0o= 3,530 psf; and
H= 78.5'.

Sc = 0.02 / (1 + 1.0) * (78.5) * log(5,570 / 3,530) = 1.9 inches.

Secondary Settlement:

The total primary settlement estimated using the primary consolidation methods described above resulted in
minimal primary settlement with the maximum estimated to be up to 2-inches. Therefore, any settlement
which may result from secondary consolidation would not have a significant impact on the performance of
the proposed final cover system.

Material Properties:

The material properties used in the settlement analysis for the in-place ash material included void ratio, unit
weight, and recompression index were obtained from laboratory test results presented in Attachment 2. Unit
weights used for the ash / soil fill and final cover soil were estimated as typical unit weights for
representative material. The following material properties were used in the settlement equations presented
above are summarized as follows:

In-Place Ash

Unit Weight, y = 90-pcf

Initial Void Ratio, eo = 1.0

Primary Recompression Index, Cr = 0.02

Soil Fill

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Settlement\Chesterfield-Settlement.docx



SUBJECT: DOMINION CHESTERFIELD POWER STATION — UPPER EAST POND

CLOSURE - SETTLEMENT ANALYSIS ®
BY TIM DATE__ 10/26/2015 _ PROJ.NO.__C150035.00
CHKD. BY _MEZ DATE _ 11/10/2015  SHEETNO. 3  oF 9 gai consultants

Unit Weight, y = 90-pcf
Final Cover Soil
Unit Weight, y = 120-pcf

SUMMARY:
This calculation was completed to estimate settlement within the existing in-place ash material resulting
from the grading included as part of the proposed Upper (East) Pond Closure. The anticipated settlement of
the existing ash is expected to be no more than 2 inches. Based on the amount of anticipated settlement, it

is expected that differential settlement should not affect the slopes of the cap system.

Based upon the results of the estimated total settlement, it is not anticipated that settlement of the in-place
ash material will significantly impact the proposed final cover system.

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Settlement\Chesterfield-Settlement.docx
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ATTACHMENT 1

DRAWINGS
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SUBJECT: DOMINION CHESTERFIELD POWER STATION — UPPER (EAST) POND
CLOSURE - BEARING CAPACITY ANALYSIS ©
BY __ TIM DATE___ 7/17/2015 PROJ. NO.__C1500035.00
7 =
chkp. gy LS pate 9/25/2015  oicerno. L OF gai consultants
OBJECTIVE:

This calculation was performed to evaluate the bearing capacity of the in-place CCR material within the
Upper (East) Pond at the Chesterfield Power Station.

BACKGROUND:

Dominion is proposing the closure of Upper (East) Pond located at the Chesterfield Power Station located in
Chesterfield County, Virginia. The Upper (East) Pond will include an approximate 113 acre geosynthetic cap
area.

The proposed closure will include placing CCR material to modify the existing grades to facilitate surface water
runoff and reduce ponding.

In addition to the soil and CCR fill material the geosynthetic and soil components of the proposed final cover
system above the subgrade consist of the following layers (from top to bottom):

» 24 Inches of Cover Soil;

e Geocomposite Drainage Net (GDN) consisting of an HDPE geonet core with nonwoven, needle-
punched geotextiles heat-bonded to its upper and lower surfaces;

e 40-mil LLDPE geomembrane;

e Subgrade (Existing ground, regraded CCR material, or a cushion (nonwoven) geotextile;

The existing or in-place CCR material will support the fill required to bring the existing surface to proposed
subgrade and the final cover system.

METHODOLOGY:

The bearing resistance of the regraded in-place CCR material was evaluated using a Mathcad calculation
developed from methods presented in AASHTO LRFD Bridge Design Specification (2010), Section 10.6.3.1.
The nominal bearing resistance will be representative of the estimated shear strength of CCR material
underlying the bearing surface.

REFERENCES:

1. AASHTO LRFD Bridge Design Specification (2010), Section 10.6.3.1.
2. Geotechnical Engineering Report, Upper Pond Stability Evaluation, Chesterfield Power Station by
Schnabel Engineering. Dated August 15, 2014.

CALCULATION:

The bearing resistance of the in-place CCR material was evaluated using the following equation.

Q= cNgsi, + 05y B g Nﬂr Sy iy + Veff Df'Hq'sq iq

The soil parameters utilized in the analysis were selected to represent the in-place CCR material and were
estimated from laboratory results of on-site samples obtained from historical field investigations monitored

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Bearing Capacity\Chesterfield-Bearing_Capacity.docx
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SUBJECT: DOMINION CHESTERFIELD POWER STATION — UPPER (EAST) POND
CLOSURE - BEARING CAPACITY ANALYSIS ®
BY _ TIM DATE___ 7/17/2015 PROJ. NO.__ C1500035.00
7 .
cHkp. By KLS pate 9/25/2015  gheeTno. 2 OF gai consultants

by Schnabel. Based upon two consolidated undrained triaxial tests performed on the CCR material in 2003
(Reference 2), the total or drained shear strengths were estimated to be @’ = 31.0 degrees and &’ = 30.0
degrees. For this analysis a lower than tested value was selected to account for uncertainties that may
exist. The following material parameters were used as input into the Mathcad calculation.

In-place CCR Material

Moist Unit Weight, ym = 93-pcf
Saturated Unit Weight, ys = 98-pcf
Drained Shear Strength, ®’ = 28 degrees

As shown in the bearing capacity equation above, foundation (or fill) geometry input including depth, width
and length are required. For this analysis, the bearing resistance was estimated considering initial fill
placement over the in-place CCR material using a dozer pushing material outward in lifts. The fill width and
length was taken to be approximately 12-ft by 20-ft and the depth was taken as O-ft as it will be at the
ground surface. This scenario is considered to be a “worst-case” scenario where as the fill area increases
and additional lifts are placed, the bearing resistance will increase.

A water surface or depth to water, Dw, was taken to be 1.5-ft to represent the approximate groundwater
elevation based on the information in Schnabel’s 2014 report, in the southeast area of the Upper (East) Pond
near the spillway approach channel and baffled chute spillway.

A detailed summary of all equations and inputs utilized in the analysis are shown in the Mathcad calculation
included here as Attachment 1.

SUMMARY:

This calculation was completed to estimate the bearing resistance of the in-place CCR material that will
support additional fill and final cover system as part of the proposed Chesterfield Upper (East) Pond closure.
The ultimate bearing resistance has been estimated to be 3,300-psf representing the regraded CCR material
during initial placement of the material. It is anticipated that during placement of the material in lifts, the
bearing resistance near finished grade would be higher because of the increased distance to the water
elevation. Applying a factor of safety of 3, the allowable bearing capacity is equal to approximately 1,090
psf, the proposed cover system will have 2’ of soil on top of the liner. With the estimated unit weight of the
cover soil being 120 pounds per cubic foot (pcf), the stress on the liner is estimated to be 240 psf.

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\Bearing Capacity\Chesterfield-Bearing_Capacity.docx
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MATHCAD BEARING RESISTANCE CALCULATION
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GAI Project No.: C150035.00 Chesterfield Power Station By: TIM 7/19/15
Closure of Upper (East) Pond Ck: KLS 09-23-15
Bearing Capacity a4/7

Reduced Bearing Resistance Following AASHTO (2010)

1.0 Purpose:

The purpose of this calculation is to estimate the bearing resistance of supporting material under the fill at the strength
limit state for the Dominion's Chesterfield Power Station. This calculation follows the theoretical method given in
AASHTO LRFD Bridge Design Specification (2010), Section 10.6.3.1.

The factored bearing resistance (q,) and the nominal bearing resistance (q,) are calculated per equations:

G = S M 8i, + Dj'""eff"Beff"N"r'sﬂr'lﬂf + ""ePf"Df'Nq'sq'iq (10.6.3.1.22-10P)

G = Py U (A10.6.3.1.1-1)

2.0 Methodology:

The nominal bearing resistance, q, is based on estimated soil parameters and should be representative of the soil

shear strength under the considered loading and subsurface conditions. The bearing resistance should also be
determined based on the highest anticipated position of groundwater level at the fill location or at 1.5B+Dy, whichever is

greater.

The bearing resistance of fill supported on granular soils should be evaluated for both permanent dead loading
conditions and short-duration live loading conditions using effective stress methods of analysis and drained soil shear
strength parameters.

Refer to section 5.0 for final estimated bearing capacity.

Page 1 of 4




GAI Project No.: C150035.00
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Chesterfield Power Station By: TIM 7/19/15
Closure of Upper (East) Pond Ck: KLS 09-23-15
Bearing Capacity 517

3.0 Input Values

Soil Inputs:
Ym = 93pef
Ysat := 98pef
Op = 28deg

£.:= Opsi

Footing Geometry Inputs:

Df = Oft
B = 12ft
L= 20ft

Water Input:
D, = 1.5ft

Strength Limit State:
(.Pb =045

Moist unit weight of fill (pcf)

Saturated unit weight of fill (pcf)

Internal Friction Angle of fill (degrees)

Cohesion (psi)

Depth of the fill (ft)
Width of the foundation (ft)

Length of the foundation (ft)

Highest anticipated water table depth below the Foundation (ft)

Bearing Resistance factor specified in (Table 10.5.5.2.2-1)

Page 2 of 4
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GAI Project No.: C150035.00 Chesterfield Power Station By: TIM 7/19/15
Closure of Upper (East) Pond Ck: KLS 09-23-15
Bearing Capacity 6/7

4.0 Calculation

Effects of Water Table

Nominal bearing resistance shall be determined using the highest anticipated groundwater level at the footing
location or 1.5B+Df, whichever is greater.The effect of ground water level on the ultimate bearing resistance shall
be considered by using a weighted average soil unit weight.

Figure 10.6.3.1 2g-1 - Defimtion Sketch for Influence of
Groundwater Table on Beanng Capacity

Ywater = 62.4pef

2y, = Dy, — Dy = 1500

bf
D:= 0.5|]B|Ibn[45deg +— | =100 (10.6.3.1.2g-6)
Notf = | if & < 37deg Dz, = B (10.6.3.1.2g-1)
_ - |
(Wsat - F\fwater) + B [Ewm - (Wsat - ﬁfwater)] if ¢p < 37deglz,, < B (10.6.3.1.2g-2)
Ny if &p 2 37deg Oz, 2 D (10.6.3.1.2g-4)
i ZwBm  Vsat ™ Ywater 21 .
(2EID - zW)D —t ; [QD - zw) } if g 2 37deg Oz, < D (10.6.3.1.2g-5)
i D D
(“!sat ‘“fwater) if z,, <0 (10.6.3.1.29-7)
Yeff = 42.8[pcf Effective unit weight of soil (pcf)

Page 3 of 4
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GAI Project No.: C150035.00 Chesterfield Power Station By: TIM 7/19/15
Closure of Upper (East) Pond Ck: KLS 09-23-15
Bearing Capacity 7/7

Bearing Capacity Factors:

The bearing capacity factors relate to the drained angle of friction (¢). The ¢*N, term is the contribution from soil
shear strength, the y'D¢N, term is the contribution from the surcharge pressure above the founding level, the
0.5"B"yeft[N  term is the contribution from the self weight of the soil.

2
bp) mlian(dy)
Nq ‘= tan| 45deg + 7 e =147

No = |[(Ng -~ 1)@ot(bg) ] if &g >0 =258
Q+m) if op=0

Ny = 20Ny + 1) Ean () = 16.7

Shape Factors Table 10.6.3.1.2a-3:

The shape factors are semi-empirical factors based on load tests of footings with various shapes.Equations shown
in A Table 10.6.3.1.2a-3 should be used to calculate these factors.

sqg = |1 if ¢p=0 =13 B .
CRIES 1+5E 1f(1)f=0 =13

(0f)

1+ (%&bn(q)f)j if ¢p >0

syi= [1if op=0 =08
- 0.4[@
L
5.0 Results

Theoretical Solution for Bearing Capacity of Spread Footings:

The modified form of the general bearing capacity equation accounts for the effects of footing shape, ground surface
slope and inclined loading as follows:

dn = CENCIEC + OSB{eff[BEN,\{E,\{ + ’\{effDDfDNqIEq (1 0.6.3.1.2a-1 )
qy = 3.30sf

Bearing Capacity at the Strength Limit State:

qr = Ppldy
(10.6.3.1.1-1)

In
q; = 14670psf ASD := ? = 10870psf

Page 4 of 4
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Solid Waste Disposal Facility
Cost Estimate Form

VIRGINIA DEPARTMENT OF
ENVIRONMENTAL QUALITY

Facility Name: | Chesterfield Power Station, Upper (East) Pond I Permit No. SWP |
Address: [ 451 Coxendale Road

City: | Chester | state: | virginia | zip: | 23836
FA Holder: Virginia Electric and Power Company

Estimate Prepared By: | Kevin M. Bortz, GAI Consultants, Inc.

Indicate the plan versions for which this cost estimate was prepared, identifying the following information for each plan:

Closure Plan Post-Closure Care Plan
Title: CCR Closure Plan Title: Post-Closure Care Plan, UEP CCR Closure
Plan Date: | January 2016 | Approved: T Plan Date: January 2016 Approved:
Consultant: | GAI Consultants, Inc. Consultant: GAI Consultants, Inc.
Corrective Action Plan Corrective Action Monitoring Plan
Title: N/A Title: N/A
Plan Date: Approved: l Plan Date: Approved:
Consultant: Consultant:
Cost Estimate Summary
Total Closure Cost: $29,401,434
Total Post-Closure Cost: $11,066,023
Total Corrective Action Cost: SN/A

TOTAL: $40,467,457
References

Please indicate references used to develop this cost estimate:
CCR Closure Drawings from the CCR Closure Plan

Unit Costs from Remedial Construction Services, L.P., Bid Estimate
RSMeans Site Work and Landscape Cost Data, 2014, 33rd Edition
Treatment Costs developed by Geosyntec Consultants, Inc

Certification by Preparer:

This is to certify that the cost estimates pertaining to the engineering features and monitoring requirements of this solid
waste management facility have been prepared by me and are representative of the design specified in the facility’s
approved Closure, Post-Closure and Corrective Action Plans. The estimate is based on the cost of hiring a third party and
does not incorporate any salvage value that may be realized by the sale of wastes, facility structures, or equipment, land
or other facility assets at the time of partial or final closure. In my professional judgment, the cost estimates are a true,
correct, and complete representation of the financial liabilities for closure, post-closure care, and corrective action of
the facility and comply with the requirements of 9 VAC 20-70 and all other DEQ rules and statutes of the\Commonwealth

of Virginia. 2.,
Name: | Kevin M. Bortz Signature: %@4/» /,
Title: | Assistant Engineering Manager Date: 1/7/2016 7

Acknowledgement by Owner/Operator :

Name: Mbeavves B . CraMener, Signature: :ZG—MC 2 _
Title: U P Qawtr Gy Sysen. Cpeslui Date: Ll e T
7 7

DEQ Form CE SWDF V. lJuly 5, 2012



Worksheet CEW-01: FORMAT FOR THE ESTIMATION OF CLOSURE COSTS

*FILL IN THE BOXES. THE REST WILL BE CALCULATED FOR YOU*

Soil Cap Components

L

@ ™0 an oo

3—7r‘— bl

IL

Slope & Fill

Area to be capped

Depth of soil needed for slope and fill
Quantity of soil needed

Percentage of soil from off-site
Purchace unit cost for off-site material
Percentage of soil from on-site
Excavation unit cost (on-site material)
Total soil unit cost

Hauling, Placement and Spredding unit cost
Compaction unit cost

Total soil unit cost

Soil subtotal

Percent compaction (shrinkage factor)
Total Slope & Fill Cost

Infiltration Layer Soil

Infiltration Soil Cost

a.

Sm 0o o

53T~

Area to be capped

Depth of infiltration soil needed
Quantity of infiltration soil needed
Percentage of soil from off-site
Purchace unit cost for off-site material
Percentage of soil from on-site
Excavation unit cost (on-site material)
Total infiltration soil unit cost
Excavate, Hauling, Placement and Spredding
unit cost

Compaction unit cost

Total infiltration soil unit cost
Infiltration soil subtotal

Percent compaction (shrinkage factor)
Subtotal Infiltration Soil Cost

Soil Admixture Cost

0. Areato be capped

p. Soil admixture unit cost

q. Subtotal admixture cost
Soil Testing

r. Area to be capped

s.  Testing unit cost

t.  Subtotal soil testing cost

112| acres
20| inches avg.
0%

$0.00]|/yd3
/yd3

$0.80)/yd3
$0.00]|/yd3

112| acres
18| inches
O%l
$0.00| /yd3
——

510.03| /yd3

$1.48]|/yd3

1 12||acres
S0.00"/de

112| acres
S0.00l /acre

Total Infiltration Soil Cost (soil, admixtures, and testing)

Worksheet CEW-01: Closure Cost Estimate

Calculation or Conversion

x 4,840yd2/ac
x 1yd/36in
axb
(1-4d)
(dxe)+(fxg)
Included in item L.i.
h+i+j

kxb

Ix(1+m)

x 4,840yd2/ac
x 1yd/36in
axb

(1-4d)
Included in item IL.i.
(dxe)+(fxg)

h+i+j
kx b

Ix(1+m)

x 4,840yd2/ac

axb

axb

n+q+t

542,080 yd2
0.56 yd
301,156 yd3

100%
0
$2.74 [yd3
0

$3.54 /yd3
$1,066,091

$1,119,395

542,080 yd2
0.50 yd
271,040 yd3

100%

$0.00 /yd3

$11.51 /yd3
$3,119,670

$3,275,654

542,080 yd2

S0

S0

$3,275,654
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Erosion Control / Protective Cover Soil
Area to be capped

Depth of soil needed

Quantity of soil needed

Percentage of soil from off-site

Purchace unit cost for off-site material
Percentage of soil from on-site

Excavation unit cost (on-site material)

Total erosion/protective soil unit cost
Hauling, Placement and Spredding unit cost
Compaction unit cost

Total soil unit cost

Erosion/Protective soil subtotal

Percent compaction

112| acres
0| inches
O%l
$0.00| /yd3

—

$0.00]|/yd3
$0.00]|/yd3

Total Erosion Control/Protective Cover Soil Cost

Vegetative support soil (Topsoil)
Area to be capped

Depth of topsoil needed

Quantity of topsoil needed
Percentage of topsoil from off-site
Purchace unit cost for off-site material
Percentage of topsoil from on-site
Excavation unit cost (on-site material)
Total topsoil unit cost

Excavate, Hauling, Placement and Spredding
unit cost

Total soil unit cost

Total Topsoil Cost

Vegetative Cover

Area to be vegetated

Vegetative cover (seeding) unit cost
Erosion control matting unit cost
Total Vegetative Cover Cost

Geosynthetic Barrier & Infiltration Layers

112| acres
6| inches
O%"
$0.00||/yd3

T

$5.16(|/yd3

112| acres
$3,323| /acre
$6,098|

/acre

Soil Cap Component Subtotal (I +II + III + IV +V):

x 4,840yd2/ac
x 1yd/36in
axb
(1-d)
(dxe)+(fxg)

h+i+j
kxb

Ix(1+m)

x 4,840yd2/ac
x 1yd/36in
axb

(1-d)

(dxe)+(fxg)

542,080 yd2
0.00 yd
0 yd3
100%
$0.00 /yd3
$0.00 /yd3
S0
S0
542,080 yd2
0.17 yd
90,347 yd3
100%

$0.00 /yd3

Includes reutilization of stripped soil

h+i
cXj

ax(b+c)

$5.16 /yd3
$466,189

$1,055,152

$5,916,390

VI

o 0 T o

VIL

o 0 T W

Flexible Membrane Liner
Quantity of FML needed
Purchase unit cost
Installation unit cost

Total FML unit cost

Total FML cost

Geosynthetic Clay Liner
Quantity of GCL needed
Purchase unit cost
Installation unit cost

Total GCL unit cost
Total GCL Cost

Worksheet CEW-01: Closure Cost Estimate

= o

112|facres
$0.31f|/ft2
$0.15(|/ft2

0| acres
$0.00| /ft2
$0.00| /ft2

Calculation or Conversion

x 43,560ft2/ac

b+c
axd

x 43,560ft2/ac

b+c
axd

Geosynthetic Layers Subtotal (VI + VII):

4,878,720 ft2

$0.46
52,244,211

0 ft2

$0.00 /ft2
S0

$2,244,211



Drainage Components

VIIL

a.

Sm 0o o

o 0 T W

o 0 T o

XI.

o 0 T W

Sand or Gravel Drainage

Area to be capped

Depth of sand or gravel needed
Quantity of drainage material needed
Percentage of media from off-site
Purchace unit cost for off-site material
Percentage of material from on-site
Excavation unit cost (on-site material)
Total drainage material unit cost
Hauling, Placement and Spredding unit cost
Compaction unit cost

Total drainage material unit cost
Drainage material subtotal

Percent compaction

Total drainage material cost

Geotextile

Quantity of geotextile needed
Purchase unit cost
Installation unit cost

Total geotextile unit cost
Total Geotextile Cost

Geonet Composite

Quantity of geonet composite needed
Purchase unit cost

Installation unit cost

Total geonet composite unit cost
Total Geonet Composite Cost

Cap Drains

Length of cap drains needed
Purchase unit cost

Trenching and backfilling cost

Total cap drain unit cost
Total Cap Drain Cost

Worksheet CEW-01: Closure Cost Estimate

112| acres
O| inches
/yd3

—

/yd3
/yd3

[—

112|facres
$0.15(|/ft2
$0.00[|/ft2

112| acres
$0.50| /ft2
$0.11| /ft2

30,545

$l4.43|
S0.00l

LF
/LF
/LF

Calculation or Conversion

x 4,840yd2/ac
x 1yd/36in
axb

(1-d)

(dxe)+(fxg)

h+i+j
kxb

Ix(1+m)

x 43,560ft2/ac

b+c
axd

x 43,560ft2/ac

b+c
axd

b+c
axd

542,080 yd2
0.00 yd
0 yd3

100%

$0.00 /yd3

$0.00 /yd3
$0.00

S0

4,878,720 ft2

$0.15 /ft2
$731,808

4,878,720 ft2

$0.61 /ft2
52,976,019

$14.43 /ft2
$440,764



XII. Drainage Channels (Stormwater Control)
Drainage benches and berms
a. Size of drainage bench needed :l LF
b. Drainage bench unit cost :l/LF
c. Subtotal drainage bench cost axb S0
d. Size of drainage swale/berm needed 14,246||LF
e. Drainage swale/berm unit cost E /LF
f.  Subtotal drainage swale/berm cost 0 dxe 51,568,770
Emergency Spillway System
g. Installed Cost, Emergency Spillway El
h. Installed Cost, Replacement Bridge on Road @l
i.  Total Spillway System cost g+h 5824,771
Drainage and Erosion Control during Construction
j. Pumps and Water Control $250,000|
k.  Cleaning Channels after Construction @l
. Misc. E&S items, E&S maintenance [ 5122,680] jrk $447,680
Total Stormwater Control c+f+i+l $2,841,221
Drainage Component Subtotal (VIII + IX + X + XI+ XII): $6,989,812
Landfill Gas and Groundwater Features
XIII. Landfill Gas Monitoring & Control Components Calculation
Landfill Perimeter System
a.  Number of probes to be installed :l probes
b. LFG probe unit cost :l/probe
c. Subtotal LFG probe cost axb S0
Landfill Control Systems
d. Area to be closed jl acres
e. Average number of vents per acre —0||vents / acre
f.  LFG vent unit cost ||/vent
g. Subtotal LFG vent cost dxexf S0
h. Length of header pipe needed T r
i.  Header pipe unit cost /LF
j.  Header pipe installation cost /LF
k.  Subtotal LFG active vent hook-up hx(i+j) S0
Total Landfill Gas Management Cost c+g+k S0
XIV. Groundwater Monitoring and Toe Drain Components
a. Hydrogeologic study cost
b. Number of wells to be installed 17(fwells
c. GW Monitoring Well unit cost $11,500}|/well
d.  Number of wells > 50 ft length :lwells
e. Additional well length over 50 ft jl LF/well
f.  Unit cost for additional well length jl/LF
Total Groundwater Monitoring Well Cost a+(bxc)+(dxexf) $195,500
g. Toe Drain Pumps to be Installed :l
h.  Pump Unit Cost @l
i.  Pipe Length to be installed E
j.  Pipe Unit Cost —$10
k. Valves to be installed 5
I.  Valve unit cost $10,142
m. Electrical Cost $512,551
Total Toe Drain Pumping and Piping Cost (gxh)+(ixj)+(kxl)+m $645,419.85
Landfill Gas & Groundwater Features Subtotal (XIII + XIV): $840,920

Worksheet CEW-01: Closure Cost Estimate



Miscellaneous

XV.

P o oo o

XVL

XVIL

m e o0 T

Site Preparation (ncludes Demolition/Stripping of Vege!

Quantity of stripped vegetation
Stripping, Loading and Hauling unit cost
Additional Demolition, Lump Sum
Decanting, Dewatering, and Stabilization

Total Site Preparation Cost

Erosion/Sediment Control

Quantity of silt fence/filter sock/straw bales
Silt Fence unit cost

Total Silt Fence Cost

Roads

Size of LF access road

Depth of gravel needed

Depth of asphalt needed

Total material needed

Road material unit cost
Placement/Spreading unit cost
Geotextile unit cost

Perimeter road restoration, gravel needed
Unit cost of gravel

Overflow parking area paver size
Overflow parking area paver unit cost
Geotextile unit cost

Parking area, gravel needed

Unit cost of gravel

Total access road cost

XVIII. Site Security

Fencing
a. Length of fencing needed
b. Fence unit cost
c. Subtotal fencing cost

Gate or Barrier

Calculation
78,650 [lyd3

$17.45]|/yd3

$63,402.00

$897,600.00||

25,950 ||LF
$6.07]|/LF

13,800 |yd2
12| inches
0| inches

$40.22]|/yd3

$0.00]|/yd3

(axb)+c+d+e

axb

x 1yd/36in
x 1yd/36in
ax(b+c)

$0.54||/yd2

5110|[Tons

$20.48|/ton

87,120 ||ft2

$3.14)/ft2

$0.12]|/ft2

3700|[Tons

$20.48|/ton

dx(e+f+g)+(hxi)+jx(k+1)+(hxi)

690 [|ft
$54.37| /ft

axb

52,333,445

$157,517

0.3 yd

0.0 yd
4,600 yd3

$651,936

537,515

S0

S500
$38,015

d.  Number of gates required Gates are including in the fencing costs
e. Gate unit cost /gate
f.  Subtotal gate cost dxe
Closed Sign
g. Number of signs required 2| c+f+i
h.  Sign unit cost $250.00| /gate
i.  Subtotal sign cost gxh
Total site security cost c+f+i
XIX. Mobilization / Demobilization / General Conditions
a. Cost for mobilization/demobilization/gen. conds

Total mobilization/demobilization cost

Miscellaneous Subtotal (XV + ... + XIX):

56,596,556

$9,777,468

Worksheet CEW-01: Closure Cost Estimate



Closure Cost Subtotal (CCS): (I+ ... + XIX) $25,768,801
Contingency (10%): CCSx0.10 $2,576,880

Engineering & Documentation:

Construction QA/QC (1%) CCS x 0.01 $257,688
Closure Certification and CQA Report (1%) CCSx0.01 $257,688
Survey and as-builts (2%) CCS x 0.02 $515,376
Cost for survey and deed notation
Total Engineering & Documentation Costs $1,055,752
Total Closure Cost: CCS + Contingency + Engineering $29,401,434

Worksheet CEW-01: Closure Cost Estimate
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This appendix contains selected portions of the following reports prepared by Schnabel Engineering, Inc.:

e Upper Pond Stability Evaluation, 2014 (pages 1-19)
e Geotechnical Engineering and Groundwater Hydrology Study, 1982 (pages 20-52)
e Geotechnical Engineering Study Long Term Ash Storage Pond Dike, 1996 (pages 53-119)

Portions of the reports that are applicable to the closure of the Upper (East) Pond have been included.
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August 15, 2014

Mr. Chris Gee, PE

Dominion Resources Services, Inc.
5000 Dominion Boulevard

Glen Allen, VA 23060

Subject: Project 14213000, Geotechnical Engineering Report, Upper Ash Pond Stability
Evaluation, Chesterfield Power Station, Coxendale Road, Chesterfield County,
Virginia

Dear Mr. Gee:

SCHNABEL ENGINEERING CONSULTANTS, INC. (Schnabel) is pleased to submit our geotechnical
engineering report summarizing our stability evaluation. This document includes tables, figures and
appendices with relevant data utilized for this study. This study was performed in accordance with our
revised proposal dated June 26, 2014. This work was authorized by Purchase Order No. 70273893, and
the email from Dominion on July 11, 2014. This report presents the results of our geotechnical
engineering analysis for the slope on the south side of the lower ash pond at Chesterfield Power Station
in Chesterfield, Virginia.

SCOPE OF SERVICES

Our original scope was presented in our proposal dated April 9, 2014 and included drilling, laboratory
testing and evaluation of the slopes on the east and south sides of the lower ash pond. At Dominion’s
request, we revised our scope to include evaluation of only the south slope.

Additionally, our work would be divided into two phases. Our evaluation during the first phase would be
based on subsurface data and laboratory test results from our previous work at the upper and lower ash
ponds. If the evaluation performed during the first phase indicates the south slope exhibits marginal
stability, then we will perform a second phase including additional subsurface exploration, laboratory
testing and evaluation. This modified scope was included in our revised proposal dated June 26, 2014.

The scope of services for the first phase includes the following:

B [nitial evaluation including the following:

0 Reviewing density and classification information obtained during our earthwork
observation and testing performed over the past 12 years as the ash was placed as fill
and compacted. A total of 58 ash fill compaction summary reports have been issued
over this time.

0 Reviewing assumed and measured material properties used for design of this facility.

schnabel-eng.com
T/ 804-649-7035 F/ 804-264-3244

9800 JEB Stuart Parkway, Suite 100 / Glen Allen, VA / 23059 —



Dominion Resources Services, Inc.
Upper Pond Stability Evaluation, Chesterfield Power Station

o0 Perform slope stability analysis of proposed and existing conditions for one cross section
through the south slope.
0 This report summarizing our analyses and results.

SITE DESCRIPTION
Site Description

The site is located at the upper ash pond, south of Chesterfield Power Station. A vicinity map is included
as Figure 1. As requested, our evaluation focused on the slope on the south side of the ash pond. The
ash pond and the section we evaluated are shown on the Location Plan included as Figure 2.

The original construction included an earth berm around the ash pond to contain the wet ash as it was
sluiced into the containment area. The berm was constructed using soil fill. The top of the berm is at
about El 42. After the berm was completed, ash was sluiced into the containment area. Around 2002, a
stormwater basin was constructed within the sluiced ash at the east end of the upper ash pond so that
stormwater could be contained within the upper ash pond. A splitter dike was then built with compacted
ash just west of the basin so that ash could continue to be sluiced into the upper ash pond.

Once the sluiced material was placed to within a few feet from the top of the berm, it was allowed to drain
and gain enough strength to support additional ash. After the sluiced material was strong enough, ash
material that had been partially dried at the lower ash pond was transported by truck to the upper ash
pond and placed as fill above the sluiced ash.

Ash placement is currently ongoing. Compacted ash has been placed up to about El 80, and the
proposed final condition will include ash placed up to about EI 130, as shown on Figure 3. The existing
slope grades are slightly different than the grades originally proposed in the closure plan. The originally
proposed grades and the existing grades are both shown on Figure 3. The toe of the existing compacted
ash slope is about 10 ft closer to the crest of the containment berm than the toe of the compacted ash
slope included in the closure plan.

The ash material placed above the level of the top of the containment berm was moisture conditioned and
compacted to meet the project density requirements. Ash material within 50 ft of the face of the slope is
dried to within about +4 percent to -6 percent of optimum moisture content and compacted to at least 95
percent of maximum dry density according to ASTM D698. Ash material more than 50 ft from the face of
the slope can be up to 8 percent wet of its optimum moisture content and compacted to at least 92
percent of its maximum dry density.

The ash above the berm has been filled about 10 ft, laterally, past the planned stockpile limits. The face
of the slope is graded at the planned angles, but the toe of the ash slope is about 10 ft closer to the paved
drainage ditch along the crest of the berm than originally planned. Plans provided to us show the top of
the ash on the south side of the pond is at about El 78 to El 80, and a bench about 25 ft wide at about El
57. The existing ash slope is graded at about 3H:1V. Including the benches, the slope has an average
slope of about 4H:1V.

August 15, 2014 Page 2 Schnabel Engineering Consultants, Inc.
Project 14213000 ©2014 All Rights Reserved



Dominion Resources Services, Inc.
Upper Pond Stability Evaluation, Chesterfield Power Station

Based on our review of classification and density data, the ash consists of sandy silt, silty sand and
clayey sand ASH FILL. The underlying natural soils consist of recent alluvial and terrace sands, silts and
clays and Cretaceous age sands and gravels.

We obtained the site information from the isopach plan by Golder Associates titled “Remaining Capacity
as of 12/11/13 Areal Survey” dated February 14, 2014, the electronic topographic plan provided to us by
your office, information in our files and communication with Dominion personnel.

PREVIOUS SUBSURFACE EXPLORATION AND LABORATORY TESTING

We have conducted subsurface exploration and field testing programs on several occasions over the past
30+ years. The locations of the borings drilled in the area of the upper ash pond are shown on Figure 2.
Logs for these borings are included in Appendix A. The results of laboratory testing performed as part of
our previous work are included in Appendix B.

Subsurface Exploration Methods

Test Borings

The test borings were performed under our observation between 1982 and 2005. The Standard
Penetration Test (SPT) was conducted at selected depths in the borings. Appendix A includes remarks,
and logs for the borings; classification criteria; drilling methods; and sampling protocols. Figure 2
(included at the end of this report) indicates the approximate test boring locations.

Many correlations with SPT N values are used in the development of our geotechnical engineering
recommendations. These correlations are usually based on SPT N values obtained using a Safety
Hammer. Some of the SPTs for this project were performed using an Automatic Trip Hammer (ATH), and
some were performed using a standard Safety Hammer. The energy applied to the split-spoon sampler
using the ATH is about 33 percent greater than that applied using the Safety Hammer. The hammer
blows shown on the boring logs are uncorrected for the higher energy. However, where appropriate, we
corrected SPT N values for the higher energy when using N values with correlations in our analyses.

Previous Soil Laboratory Testing

Our laboratory performed tests on selected samples collected during the subsurface exploration. The
testing aided in the classification of materials encountered in the subsurface exploration and provided
data that we used to develop our recommendations over the years. The results of the laboratory tests
performed on samples collected during drilling in the upper ash pond over the past three decades are
included in Appendix B. Selected test results are also shown on the boring logs in Appendix A.

EARTHWORK OBSERVATION AND TESTING FOR THE UPPPER ASH POND

We have reviewed our “Earthwork Observation and Testing, Upper (East) Pond, Phase 1” Reports No. 1
through No. 58 (Schnabel Reference No. 02131106301) and other correspondence and data in our files.
Based on this review, we believe the existing ash tested has been placed in general accordance with the
project requirements for compaction and moisture content.

August 15, 2014 Page 3 Schnabel Engineering Consultants, Inc.
Project 14213000 ©2014 All Rights Reserved



Dominion Resources Services, Inc.
Upper Pond Stability Evaluation, Chesterfield Power Station

SITE GEOLOGY AND SUBSURFACE CONDITIONS

Based on the borings and laboratory testing performed over the past 30+ years and our work with the
ongoing ash placement operations, we characterized the following generalized subsurface stratigraphy:

Containment Berm Fill

The containment berm consists of soil fill. Generally, the fill materials within the containment berm
include lean clay, clayey sand, silty sand and poorly graded sand. Borings B-8 and B-9 drilled in 1982
and Borings B-501 through B-505 drilled in 2004 were drilled in the area of the south ash pond slope.
Logs for the borings drilled in this area indicate that the berm consists of clayey sand, silty sand and
poorly graded sand with silt FILL.

The laboratory test results in our files for samples of soils to be used as embankment fill are summarized
in the table below.

Table 1: Embankment Fill Laboratory Test Results and Design Values

Classification Y (pcf) ¢’ (degrees) C’ (psi)
1982 CU Triaxial Test SM 132.0 36 0
1982 CU Triaxial Test SC 129.4 34 0
1983 CU Triaxial Test CL 129.3 28 1.0
1983 Design Values - 130.0 32 0
2014 Design Values - 130.0 32 0

While the 1983 design values consider the test results for the sands and the clays, these values are likely
conservative for our current evaluation, considering only sandy materials were encountered in the borings
drilled in the area of the south slope. However, due to the potential for variability in fill materials, we
conservatively used the 1983 values in our current evaluation.

Ash Fill

The ash that was sluiced into the pond and consolidated in place is below the level of the top of the soil
containment berm. Topographic maps in our files indicate the top of the sluiced ash was at about EI 35
including about 6 inches of soil cover. Ash that has been trucked in from the lower ash pond has been
placed as compacted fill above the sluiced ash since about 2002. We sampled and tested these
materials in borings drilled from 1999 to 2005. Average SPT N values are provided below.

Table 2: Average SPT N Values from Borings Drilled in Ash

. Average SPT N Values
Year Ash Materials Sampled (blows/foot)
1999 Compacted Ash in Splitter Dike 10
Sluiced Ash 2
2003 Compacted Ash Fill 8
2005 Compacted Ash Fill 9
August 15, 2014 Page 4 Schnabel Engineering Consultants, Inc.
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Dominion Resources Services, Inc.
Upper Pond Stability Evaluation, Chesterfield Power Station

The compacted ash was generally loose to firm with average SPT N values of about 8 to 10 bpf. The
sluiced as was very loose with an average SPT N value of 2 bpf. The ash generally classified as silt, silty
sand and clayey sand FILL. The ash tested in our laboratory generally classified as silt (ML).

We have not performed strength testing on any undisturbed sluiced or compacted ash samples, but in
2002 and 2003 we performed strength testing on reconstituted ash samples. We tested ash samples
compacted with varying compaction effort to evaluate the relationship between density and shear
strength. We recommended that the ash within 50 ft of the slope face be compacted to 95% of its
maximum dry density (MDD) according to ASTM D698, Standard Proctor, and the ash more than 50 ft
from the face of the slope be compacted to at least 92% of MDD according to the same standard. Since
then, spot field density testing has confirmed that the ash was placed in general accordance with these
requirements.

Previous laboratory test results and the design values considered in our current evaluation are presented
in the table below.

Table 3: Ash Fill Laboratory Test Results and Design Values

Moist Unit Percent , c’
Classification Weight Compaction (degrees) (psf)
(pcf) ASTM D698 g P

2002 Direct Shear Test
(Sample #3) ML 103 88 32 0
2002 Direct Shear Test
(Sample #3) ML 105 92 32 0
2002 Direct Shear Test
(Sample #4) ML 91 92 39 1.5
2003 CU Triaxial Test ML (visual) 94 85 — 90 (est) 31 0
2003 CU Triaxial Test ML (visual) 93 85— 90 (est) 30 0
Compacted Ash )
2014 Design Values ML 100 92-95 31 0
Compacted Ash
2014 Design Values ML 105 >95 32 0
Sluiced Ash
2014 Design Values ML 95 <88 (est) 24 0

The strength testing summarized in the table above was performed on materials sampled from various
stockpiles of ash, before it was placed and compacted in the pond. For our stability evaluation, we
considered the results to represent the strength of the compacted ash.

The strength testing performed on reconstituted ash samples at less than 92% relative compaction
generally resulted in friction angle values of about 31° to 32°. For our stability evaluation, we
conservatively disregarded the sample with a friction angle of 39°. We conservatively considered a
friction angle for the compacted ash at the low end of the range.

The sluiced ash material has been consolidating for decades under its own weight and for the past 10+
years under the weight of the compacted ash placed above the sluiced ash. For this evaluation, we

August 15, 2014
Project 14213000
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Dominion Resources Services, Inc.
Upper Pond Stability Evaluation, Chesterfield Power Station

considered a lower friction angle for the sluiced ash to reflect a lower estimated density based on the SPT
N values in Table 2.

Alluvial and Terrace Soils

Alluvial and terrace soils associated with the James River were encountered below the ash and the
containment berm. Generally, the alluvial materials consist of a mixture of sand, silt and clay. However,
borings drilled in the area of the south slope indicate the alluvial materials in this area of the site consist of
sands and gravels classifying as CLAYEY SAND (SC), SILTY SAND (SM), POORLY GRADED SAND
WITH SILT (SP-SM), POORLY GRADED SAND (SP) and SILTY GRAVEL (GM). Recommended design
values considered in our current evaluation are presented in the table below.

Table 4: Alluvium and Terrace Design Values

Classification Y (pcf) ¢’ (degrees) C’ (psf)
2014 Design Values | Course-grained 120 30 0

Fine grained alluvial and terrace soils were encountered in several of the previous borings, but not in the
area of the current stability evaluation.

Cretaceous Age Soils

The Cretaceous age soils of the Patuxent Formation were encountered below the alluvial and terrace
deposits to the maximum depth of exploration in most of the deep borings. SPT N-values indicate these
soils are generally dense to very dense sands and gravels classifying as CLAYEY SAND (SC), SILTY
SAND (SM), CLAYEY GRAVEL (GC), and SILTY GRAVEL (GM). Previous design values and the design
values considered in our current evaluation are presented in the table below.

Table 5: Cretaceous Sediments Design Values

Classification Y (pcf) ¢’ (degrees) C’ (psi)
1983 Design Values Coarse-grained 140 40 0
2014 Design Values Coarse-grained 140 40 0

Generally, both fine-grained and coarse-grained soils were encountered on this site. However, the
cretaceous age materials in the area of the south slope are coarse-grained. Accordingly, we only
considered a unit weight, friction angle and cohesion that reflect the coarse-grained soils encountered.
We believe the values used in 1983 are still suitable.

Groundwater

We considered the groundwater level to be at about the level of the top of the sluiced ash fill, approximate
El 35. Over the life of the embankment, water has been observed seeping from the toe of the
containment embankment. However, we are unaware of any current seepage issues. Accordingly, we

August 15, 2014 Page 6 Schnabel Engineering Consultants, Inc.
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Upper Pond Stability Evaluation, Chesterfield Power Station

considered the groundwater level is near the toe of the embankment, but not seeping from the toe.
Design ground water levels were obtained from Borings B-501 through B-505 that were drilled in 2004.

Peak Ground Acceleration for Seismic Evaluation

We considered the peak ground acceleration (PGA) for this site according to the interactive seismic
hazard app based on the International Building Code (IBC) Section 1615 (2008 and 2012) available on
the United States Geological Survey website (http://earthquake.usgs.gov/hazards/apps/map/). We
adjusted the peak ground acceleration (PGA) based on the site class (D) and the structure in the
evaluation (earthen embankment). We considered a peak ground acceleration of 0.0725g for our seismic
stability evaluation.

SLOPE STABILITY EVALUATION

We based our geotechnical engineering analysis on the information developed from our previous
subsurface exploration and soil laboratory testing, along with the topographic plans furnished to our
office. We evaluated the existing condition of the south slope with the ash placed up to about EI 80 and
the proposed final condition, with ash placed up to about EI 130. We considered that the final slope
above EI 80 will extend up from the current slope face, instead of considering that it will be stepped back
10 ft to match the final slope face included in the closure plan. The slope geometry we considered in our
evaluation is shown in Figure 3.

We analyzed the global stability of the existing slope using the software program Slope/W 2007 for both
the current condition with the top of the ash fill at about El 80 and the final condition with the top of the
ash fill at about EI 130. We considered the soil properties discussed above for both conditions. The most
probable failure surfaces for the existing and final conditions were the same. The results of our
evaluation for the final condition are summarized in the table below. We included the printout of our
analysis of the final condition in Appendix C.

Table 6: Computed Factors of Safety

Factor of Safety
Analysis Condition Existing and Final
Conditions
Effective Stress 1.9
Effective Stress - Seismic 1.5

The results of our evaluation indicate the slope is stable in its current condition. The factors of safety for
the effective stress conditions exceed the values generally recommended for new embankments of 1.5
for the condition without seismic forces and 1.1 for the condition where seismic forces are included.

Confidence in shear strength parameter selection and water level assumptions can influence the factor of
safety. We are not aware of any observed movement of the slope on the south side of the upper ash
pond, and we believe the shear strength parameters and the water levels considered in our evaluation
are appropriately conservative. Accordingly, we believe the factors of safety in our analysis indicate
adequate slope stability.

August 15, 2014 Page 7 Schnabel Engineering Consultants, Inc.
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Upper Pond Stability Evaluation, Chesterfield Power Station
RECOMMENDATIONS FOR ADDITIONAL STUDIES

The results of our evaluation indicate the slope is stable in its current condition. However, we have based
this analysis on existing data that do not include recent ground water levels, shear strength of the sluiced
ash, or data needed for a liquefaction analysis. We recommend implementing the second phase of our
proposal in order to obtain parameters to confirm our slope stability analyses and to perform a
liquefaction analysis.

LIMITATIONS

This report has been prepared to aid in the evaluation of the slope on the south side of the upper ash
pond and is intended for use concerning this specific area of the site. We based the analyses and
recommendations submitted in this report on topographic information provided to us and on subsurface
and laboratory test data already in our files. Any changes to the future grades from what is included in
our evaluation should be brought to our attention so we can review our recommendations as needed. We
attempted to provide for normal contingencies, but the possibility remains that differing conditions may be
present.

We have endeavored to complete the services identified herein in a manner consistent with that level of
care and skill ordinarily exercised by members of the profession currently practicing in the same locality
and under similar conditions as this project. No other representation, express or implied, is included or
intended, and no warranty or guarantee is included or intended in this report, or other instrument of
service.

We appreciate the opportunity to be of service for this project. Please call us if you have any questions
regarding this report.

Sincerely,

SCHNABEL ENGINEERING CONSULTANTS, INC.

(LR Ai_,

Evan B. Morris, PE © EVAN B. MORRIS
Associate

E diarelt S . D/wfé/)f

Edward G. Drahos, PE

Lic. No. 037983

Principal
EBM:EGD:ms
Figures: 1. Site Vicinity Map . Lic. No. 015605 .
: 2 &
2. Location Plan %, C,x“\&

3. South Slope Cross Section BB’ BSIONAL B3
Appendix A: Previous Subsurface Exploration Data

Appendix B: Previous Soil Laboratory Test Data

Appendix C: Slope Stability Evaluation
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FIGURES

Figure 1: Site Vicinity Map
Figure 2: Location Plan
Figure 3: Cross Section BB’
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APPENDIX C

SLOPE STABILITY EVALUATION

Effective Stress Analysis
Effective Stress Analysis - Seismic
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SCHNABEL ENGINEERING ASSOCIATES
P.C.

CONSULTING CEOTECHNICAL ENGINEERS

December™20, 1982

JAMES. ). SCHNABEL P. E. ONE WEST CARY 5TREET

RAY E. MARTIN PH. D, P. E.
RAYMOND A DESTEPHEN P E. 804 649-7035
Virginia Electric and Power Company
700 East Franklin Street

P. 0. Box 564

Richmond, Virginia 23204

Attn: Mr. R. W. Olney

Subject: Contract V82481, Geotechnical Engineering
and Groundwater Hydrology Services, Ash
Disposal Pond, Chesterfield Power Station

Gentlemen:

Submitted herewith are six copies of our gectechnical engineering
report for the above referenced project. This study was conducted under
our agreement for MPPA-1026, Task Item 23, W. O. No. 18100476.

The study included: (2) Subsurface Investigation and Sampling, (B)
Logging of Test Borings, {(C) Soil Laboratory Testing, and (D) a Geotechnical
Engineering and Groundwater Hvdrology Study. The engineering analysis
included evaluation of test borings, geological and soil test data to develop
the following:

1. Estimated subsurface profiles along the proposed
dike and within the pond, and subsurface conditions
within the bottom ash recovery area.

2. Develomment of regional geology and assessment of
groundwater flow direction and gradient within the
study area.

3. Recammendations regarding dike configuration including
practical limitations of pond base grade, dike side
slopes, etc.

4. Development of soil strength parameters and slope
stability analysis for the proposed dike, including
natural and f£ill slopes.

5. Assessment of groundwater contamination potential
and determination of liner requirements if necessary.

RICHMOND, VIRGINIA 23220
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Virginia Electric and Power Company

‘December. 20, 1982

Page Two

We appreciate the opportunity to be of service for this project.
Please do not hesitate to contact us if clarification is needed for
any asp=ct of this report.

Very truly vours,
SCHNABETL, ENGINEERTNG ASSOCIATES, P.C.

James J. Seli
Senior Staff Engineer

S L2

nd A. DeStephen, P.E.
Commonwealth of Virginia
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1. CONCLUSIONS AND RECOMMENDATIONS

Based on the information contained in this report, the following
SUmTArY <;f conclusions and recommendations is presented:

a. The site consists of sandy Pleistocene age surface soils (Stratim C)
which have been partially mined. These soils will be excavated for
construction of the pond and are wnderlain by much older pre-
consolidated soils of Cretaceous age, as shown on the soil profiles of
Sheets 1 through 3. The Cretaceous soils are lowto very low permeable silty
clays and clayey sands desigﬁéted" Strata E and-F, respectively.

b. A large excess of excavated material is anticipated at the site. We
recomrend that this material be stockpiled north of and adjacent to the site
either for future use at the site, as borrow fill, or to reclaimthis area,
Consideration should be given to compaction and placement regquirements if
the filled area is to be used for future construction of facilities.

c. Groundwater flow at t‘t}e site is east to southeast, with discharge
to the old river channel whlch borders the site. Present seepage is -slow,
moving under. a very low gradient of about 0.01 ft/ft.

d. Contamination potential for water supply systems in the area due to
| leaching from the new facility is remote. However, if no envirommental
controls are incorporated in the design, there is some potential for elevated
contaminant levels within the seepage discharging to the James River.

e. Seepage beneath and within the new pond embankment under the
imposed head conditions can be adequately controlledby useof a slurry cutoff
wall around the perimeter dike. Comparative budget costs indicate this to
be a less expensive envirommental control than a pond liner as described.

herein, and will prevent any significant seepage flow to the James River.

SCHNABEL ENGINEERING ASSOCIATES
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f.  Background water quality samples should be obtained prior to con-
struction inmonitoringwells B-1 and B—4, within the 0ld James River
Channel and in proposed monitoring wells..

' g. The new dike will be partially comprised of the existing natural

river banks and roadway embankments. These will be regraded and new fill

added as necessary to reach design crest grade, Fl 24%. Crest width will be -
20 ft with 2.5H:1V side slopes. A small toe berm will be necessary along

the north dike extending into the abandoned river channel. Stability
analyses were performed for various situations under steady seepage conditions
with results shown on Sheets 4 and 5.

h. Bottom ash may be stockpiled within the general bottam ash recovery
area, but should not be placed within 200 ft of the existing river bank to
ensure stability along the channel. Stability analysis of the river channel
was beyond the scope of this study. Conveyor foundations may be supported
on spread footings sized for a design allowable soil bearing pressure of
2000 psf.

i. Compacted embankment fill, pipe backfill, subgrades, and slurry wall
placement should be inspected by the Geotechnical Engineer to verify that
the materiais and installation meet the requirements described herein.

This study may be made av'aiiable to prospective bidders for informational
purposes. We would recommend that the project specifications contain the

following statement:

"A geotechnical engineering report has been prepared for this
project by Schnabel Engineering Associates. This report is for
informational purposes only and should not be considered part of
the contract docurents. The opinions expressed in this report ,
are those of the Geotechnical Engineer and represent his interpre-
tation of the subsoil conditions, tests, and the results of
analyses which he has conducted. Should the data contained in
this report not be adequate for the contractor's purposes, the
contractor may make, prior to bidding, his own investigation,
tests, and analyses. The report may be examined by bidders

at the VEPQO office.”

The test boring légs and location plan included in Appendix B should be

SCHNABEL" ENCINEERING ASSOCIATES
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2. SITE DESCRIPTION, PROPOSED CONSTRUCTION AND SUBSURFACE CONDITIONS

Site Description

The proposed ash disposal pond is to be located within an abandoned_
sand and gravel excavation located on Farrar Island in Chesterfield County,
Virginia. | The site is enclosed by a former meander bend of the James
River, immediately south of VEPCO's Chesterfield Power Station at Dutch Gapl.
Access to the site is by an abandoned haul road, which crosses the old
river channel that bounds the north side of the site. The ash disposal
pond currently in use is located adjacent to the northwest corner of fhe site.

The site proper is approximately 4000 x 1800 ft in areal extent,
elongated in an east-west direction as indicated on Sheet 6. The
majority of the site ranges from open to densely wooded andan unpaved road
encircles the portion of the site contemplated for the ash pond. A lake
created by past sand and .gravel mining operétions by Ione .Star Industries,
approximately 2400 x 700 ft 1.1'1 overall plan dimensions, cccupies the western.
part of the site, Surface grades at the site are very irregular due to
the previous mining, but one of the steepest grades occurs along the
bank of the old river chanmnel bounding the north side of the site. To—
pographic relief along. the crest of the bank ranges fram El 25 to El 3.5.5,
with‘ water surface elevations in the adjacent lake and abandoned river
channel at approximately El 3 and 2, respectively. Topographic relief -
along the south side of the site is less pronounced but surface grades.
typically vary fram El 8 to 23.

Information related to past use of the site was given to us by personnel
from Lone Star Industries. The extreme northeast end of the site, once
called Henricopolis, was settled in 1608. During the Civil War the original

river meander enclosing the site was cut off by the Dutch Gap Chamnel
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in oxder to shorten the navigation route up river to Richmond. Prior to
beginning sand and g-ravél mining operations in approximately 1946, Farrar
Island was "plateau—lﬂcé"' in appearance. Sand and gravel operations
conducted by Lone Star Industries over a 10 to 11 year period extended to
maximm depths of 30 to 35 ft, reportedly terminating below the water table
on silts and clays of the Patuxent Formation. Iake soundings conducted
during this study indicate water depths range from 3 to 12 ft or E1 0 to -9,
as- shown on Sheet 6.

. Propqseci Oo_nstruction

The consi;ruction of an ash disposal facility for the Chesterfield Power
Station is plamned on this site. The proposed facility is to consist of |
an ash pond contained by an earthen embankment, which will correspond to
the road which encircles the area. The crest'height will be limited since
the ash transmission and discharge facilities in existance will not allow
for inflow above E1 20%f. The proposed embankment will incorporate the
existing river banks and road embankment where possible. The balance of
the embankment will be constructed of materials excavated within the
proposed pond interior.

Subsurface Conditions

The subsurface exploration brogram for this project consisted of
drilling 16 test borings, mstallation of five groundwater observation
wells and two monitoring wells, drilling of six hand auger probes and
perférmance of 22 lake bottom soundings. .'I‘his work was campleted in
November, 1982. Test borings weré.'drilled by Foundation Test Sexvice,
Bethesda, Maryland under our inspection. Hand augers and lake soundings
were completed by engineering and geologist personnel from our office.
All test boring and hand auger logs are included in Appendix B. Iocations and

sounding data are presented on the Test Boring ILocation Plans, Sheets 6 and 7,
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also included in Appendix B.

Qf the 14 borings drilled in the propcsed ash disposal area, 11 were
drilled along the proposed embankment crest and three within the disposal
area. Six hand augers were also drilled along the south edge of the lake.
Two bulk samples were taken in Borings B-13 and B-14 to evaluate representa-
tive near surface material for use as borrow in construction of the embank-
ments. One bulk sample of ash was also taken from the existing dispcsal area.

Borings B-15 and B-16 were drilled north of the proposed disposal area
for the purpose of evaluating subsurface conditions in the vicinity of
the bottom ash recovery area.

Bstimated subsurface profiles are included on Sheets 1 through 3

at the end of this section. Based upon the test boring data, the following

generalized strata underlie the site to the dépths investigated:
Stratum A: From the ground surface Brown to gray fine to coarse
to depths of 2 to 14 ft silty to clayey siity sand and
sandy silt,FILLand PROBRABLE FILL,
trace gravel, with organic matter
(SM to ML); loose to compact
{N =6 to 55)
Stratum B: Below Stratum A in 'Borjng Brown to gray fine sandy SILT
B-1 to a depth of 54 ft to silty SAND with clay lenses
(ML to SM); fine to medium SAND,
trace silt (SP); loose to firm
(N =4 to 10) andCIAYW:Lthsand
lenses (CH); soft consistency

(N = 2)

- SCHNABEL ENGINEERING ASSOCIATES
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Stratum C;

Stratum D:

Stratum E:

Stratum F:

The above N values indicate the low and high Standard Fenetration Test (SPT)

resistances encountered in a particular layer as determined fram the number
foot or fraction thereof, using a 140 pound hammer falling 30 inches. This

hole according to ASTM D-1586.

inches of drive exceeded 30, this value was used to determine the N value

and was not considered a seating penetration.

- SCHNABE:, ENGINEERING ASSOCIATES

Below Stratum A to depths

of 7.5 to M4 ft

Interbedded with and below
Stratum C in Borings B-3
and B-10 to depths of 20
to 29 ft

Below Strata C and D and
interbedded with Stratum F

to depths of 18.5 to 58.5 ft

Below Strata B and C and
interbedded with Stratum
E to d’eptl"_xs, of 18.5 ft

to 60 £t, maximmm depth of

penetration

of blows réquired to drive a 2 inch 0.D. 1-3/8 inch I.D. sampling spoon one

- test is conducted after seating the sanmpler six inches in the bottom of the

-6~

‘trace organic matter (SC, SM and

If the number of blows in the first six

Brown to gray fine to coarse SAND.
with variable amounts of silt,

clayey silt, silty clay andgravel]

SP) : loose to very compact

(N = 4 to 100+)

Brown to gray fine sandy SILTY
CIAY and CLAYEY SILT, tracegravel
(CL to ML} ; medium consistency

(N =4 to 6) |
Brown, gray'td green SILTY CLAY,
CIAYEY SILT and CLaY, with organic
matter and mica (CL, ML and CH);
medium to hard consistency

(N =5 to 40)

Brown, gray to tan, fine to
coarse SAND with variable
amounts of silt, clayey silt,
silty clay and gravel (SM, SC); .
loose to very compact (N = '

4 to 100+)
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3. GEOLOGIC CONDITIONS

" Redional Geology

Subsurface conditions in the area just east of the Fall Line, which
traverses Richimond, consist basically of unconsolidated sediments of variable
thicknesses resting on the Petersburg Granite. These sediments range from
Cretaceous age (135 to 65F million years old) té Recent age, and were derived
from source areas west of Richmond. Consequently, they are thinnest or
absent along the Fall Line and thicken in an eastward direction, reaching
thicknesses in excess of 3000 ft along the coast. These sediments consist'
of sand, silt, clay and gravel materials deposited in a variety of environ-
ments ranging from deltaic, beach, estuarine to shallow marine. The type
of depositicnal environment has been influenced by the repeated trans-
gression and regression of the Atlantic Ocean since Cretacecus time.

This repetitious process has resulted in the erosion and reworking of existing
sediments and deposition of new sediments.

The stratigraphic sequence along the James River in southeastern
Chesterfield County generally consists of Cretaceous sediments (Patuxent
Fomnation) resting on the Pej:ersburg Granite. The Petersburg Granite is not
exposed in the vici.riity of the Chesterfield Power Station. The Patuxent
Formation of Cretaceous age in turn is overlain by Pleistocene sand and
gravel sediments and Recent James River alluvial deposits. We were unable
to obtain information on the approximate thic}mess of the Patuxent Formation
in the study area; however, we estimate it to be several hundred feet thick.
Pleistocene Sediments are generaily less than 80 ft thick in the Ri chrond
area. The Mattaponi Fommation, Marlboro Clay, Nanjemoy Formation and
Calvert Formation often separate the Patuxent from the overlying Pleistocene
sediments in areas east of the James River. These formations were not

encountered in the test borings, as they have been eroded away in the
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geologic past. Thus the Patuxent Formation of Cretaceous age is highly
precensolidated with respect to the present overburden, and this accounts
for the very si*:iff consistency of the clay facies and very campact nature
of the gravelly sands. Both the Cretaceous and Pleistocene deposits have
been eroded by the James River and its tributaries. Recent alluvial sediments
occur as channel fillings in existing and forz:;se_r river channels and as
floodplain deposits. We understand that up to approximately 160 ft of channel
sediments have been encountered in studies conducted in eastern Henrico
County for the southeast portion of the Interstate 295 Beltway.

Both the Cretacecus and Pleistocene formations were deposited in
deltaic environments., In such enviroménts, granular materials are confined
to stream channels and adjacent flood plains, while silt and clays settle
out in the deeper water (bays) at the mouth of streams, in swamps and lakes.
These deposits were initially homogeneous; however, with time these river
systems changed their courses. The ultimate result was the deposition of
sand, silt, clay and gravel materials of .variable thickness and areal extent

due to mumerous cutting and filling processes.

Site Geology

Test borings and hand augers drilled at the site encountered f£ill,
Recent James River deposits, and Pleistocene and Cretaceous sediments.
Descriptions of the various strata encountered are presented below.

The soils designated Stratum A consist of fill and probable Vfill materials
placed during sand and gravel mnlng operations on Farrar Island. Materials
encountered in Boring B-1 represent fill soils placed during the mmﬁuction
of a roadway across the abandoned James River channel. Most of the remaining
Stratum A soils described as Probable Fill, occur along the existing roadway
and lock very similar to the underlying Pleistocene soils of Straté C ard D.

However, based upon conversations with Lone Star Industries personnel, fill

SCHNABEL ENGINEERING ASSOCIATES
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“was placed periodically on the haul road to control rutting, etc." Conse-

quently, we suspect that the upper three to four feet of the roads consist
of fill.

Stratum B includes poorly sorted sequences of Recent James River
sédirrents typically ranglng fraom sands to-clays: with organic matter. StratumB
was encountered only in Boring B-1, which was drilled along the old river
channel.  This stratum extended to a dépth of 54 ft below the existing
ground surface. |

Strata C and D represent the coarse—grained and fine—grained portiohs,
respectively, of the Pleistocene age river terrace deposits. Although
throughout the Richmond area these sediments have been known to be hetero-
geneous in composition, varying considerably in thickness and areal extent,
the test borings indicate that thev are relatively uniform in camposition
and occurrence within the site limits.

Soils of Strata E and F belong to the Patuxent Formation of Lower
Cretaceocus age. The fine—grained soils are designated Stratum E. The
Patuxent consists of fine to coarse-grained feldspar-rich sands and gravels
with interbedded silty clays and clays. The granular portion of the
formation typically ranges from gray to tan in color, while the clays range
from yellow, tan, light gray to- green in color. Plant fragments ocour
locally within the Patuxent clays. 'Ihe sediments of .the Patuxent Formation
were deposited in a deltaic enviromment consisting of prograding deltas
with streams emptying into shallow bodies of water. The test borings indicate
the Cretaceous sediments.vary in camposition, thickness and areal extént:,
as expected. The top of the Cretaceous age gravelly sands and clajrs range

from E1 7.6 to -12.
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4. GROUNDWATER REGIME

' 'Regional GCroundwater Flow

East of the Fall Line, there are two major groundwater aquifers which
occur stratigraphically above the Petersburg Granite. The uppermost aquifer
consists of the water bearing strata present within the Pleistocene sediments,
often termed the Water Table Aquifer. Groundwater flow within this aquifer
generally conforms in a subdued manner to ground surface grades, and recharge
occurs by the infiltration of precipitation and surface water. This aquifer
is in general a dependable source of domestic groundwater supplies.

Groundwater within the uhderlying, Patuxent Formation of Cretacecus age
is the prinﬁxy source of industrial and municipal groundwater supplies in
the Coastal Plain region of Virginia. The highest yielding wells in the
Richmond area generally occur within this Cretaceous aquifer. Groundwater
is developed from the various sand and gravel strata present within the
formation. WNatural flow within the aguifer is east to southeastwith avery low
gmadieht of less than 1%. Recharge to the agquifer is by the lezkage of
groundwater from the overlying strata, and the direct infiltration of pre-
cipitation and surface water where the Patuxent is exposed at the ground
surface.

"~ ‘Bite Groundwater Corditions
Groundwater was encountered in all of the test borings during drilling.

Observation wells consisting of slotted 1%" pvc pipe were installed in
Borings B-2, B-6, B~8, B-12 and B-13 upon completion of drilling for the
purpose of obtaining long-term water level readings. Two inch mnitofing‘
wells were installed in B-1 and B-4 for obtaining water samples, if reguired,

as well as water level readings.
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Long-term water level readings inéicate‘ variations in the water table
between E1 1 and El 5 within the study area. The highest water level was
measured in Boring. B-1 located along the access road within the old river
channel. This reading is probably influenced by the increased head con-—
ditions of the existing ash pond. Typically water levels were between El 2
and 3. Based on the water level measurcments, groundwater £iow beneath the
site is in a southeastward direction. In the absence of any effects of the

existing ash pond a very low gradient of approximately 0.01 f£t/ft occurs.

As a result of the intense river meandering and enclosure of Farrar
Island by the James River, groundwater ievels as @{pécted are essentially
the same level as the river. The slightly higher water levels are probably
the result of the inability of surface water to infiltrate and stabilize
with the suxroun&ing. river level. Topographic data taken from an areal
photograph indicated the water level of the interior dredged lake at
El 3 at the time the photograph was taken. In the study area, the James
River does experience daily changes in water level of approximately three
feet as a result of tidal fluctuations. These tidal fluctuations also
influence local groundwater levels; however, variations are estimated to
be less than one foot. The prdject site is considered to be in a discharge
area, with groundwater flow discharging to the James. River. Under the
increased head conditions associated with the proposed pond, seepage flow
should discharge to the old river chamnnel around the south and east perimeter
of the site. No underflow and migration of pond water beyond this |
bourdary is expected. The nearest possible downgradient domestic wells are

about 1.5 miles away, along Route 10, and thus will not be effected by the

new facility.
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5. SOIL LABORATORY TESTING

Three bulk samples, one undisturbed tube sample, and numerous jar sanples
were tested in the soils laboratory with results included in the suanary
and graphs of Appendix A. All classifications are in accordance with |
ASTM D-2487.

Stratum A: Fine to medium sandy silt, fill (ML)

One jar sample of this stratum was tested. This sample contained 53%
material by weight passing the No. 200 sieve. This soil had a Plasticity
Index of 5 indicatirig a low plasticity soil. This material is derived from
the on-site Pleistocene soils, Strata C and. D.

Stratum C: Fine to medium sand, trace silt (SM-SP)

This coarse—grained material varies in the percentage of fines passing
the No. 200 sieve with values of 10 to 35% recorded. These values effect
the natural permeability as does the soil plasticity and in situ density. The
plasticity of this stratum varied from non-plastic to a low plasticity of 8.
We estimate natural pem*eabiiities. of this stratum based on the above data
to be medium to high at about 10~4 to 1073 ‘an/sec (0.3 to 3 ft/day).

Bulk samples of this material were campacted according to ASTM D-698,
Standard Proétor , to determine its suitability as embankment and liner
material. Relatively high maximm dry densities of 120.1 to 126.1 pcf were
recorded for this material. A campacted permeability of 0.75 x 1075 cm/sec
(0.02 ft/day} was obtained. As expected, this compacted permeability
is lower than the soil in situ, however, horizontal permeabilities afe
anticipated to be an order of magnitude higher. Thus, the Stratum C soils
which camprise the majority of material to be excavated, are not considered

suitable as liner material but may be used as embankment fill.
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Shear -strength parameters representative of these materials were obtained
from triaxial shear tests performed on samples compacted to aboc_lt 95% of

maximum dry density per ASTM D-698. Drained angle of internal friction values

of 349 and 360 resulted from these tests. An average value of #'= 35° was |

assumed in our analysis for compacted on site soils.

Stratum D: Clayey silt, sare fine sand (MH)

Stratum D représents the discontinuous fine—grained portion of the
Pleistocene sediments encountered at the site. The sample tested contained
80% material by weight passing the No. 200 sieve, with a Plasticity Index
of 12 indicating medium plasticity. In situ permeabilities of this stratum
are estimated to be less than 10~© can/sec (0.0038 'ft/day)' based on the grain
size analvses.

Stratum E: Clay (CH), clayey silt (MH) and silty clayey sand (SC)

The predominately fine-grained soils of Stratum E contained between 46
and 21% material by weight passing the No. 200 sieve. Medium to high
Plasticity Indices of 9 to 32 were recorded for the samples tested. A low
natural dry density of 73.3 pcf was obtained for this stratum. A permeability
test performed in the laboratory on an undisturbed sample resulted in a
very low permeability of 9 x 1077 cm/sec (0.0025.ft/day). This is typical
for this highly' preconsolidated clayey stratum. _

One triaxial shear test was performed on Stratum E soils. Although
the results of this oné test, which are included in Appendix A, is in-
sufficient data to establish strength parameters, a usable drained angle
of internal friction may be obtaiﬁed by corbining this data with available
correlations and previous expe_rienqe in this type of soil. Angles of
internal friction of between 27° and 32° were obtained in this manner. The

lower bound of this range was assumed in this analysis.
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Stratun F: Fine to coarse sand, some silt to silty clay (SM, SC)

The sample tested fram this stratum contained 13% material passing the
No. 200 sieve with a low Plasticity Index of 3. This soil is highly pre—
consolidated and its high density is illustrated by the very high standard
penetration test values obtained during drilling, usually in excess of
100 blows/ft. This high density and the percentage of fines gives this
material a very low natural permeability. Based on the grain size curve
we have estimated the permeability of this stratum to be on the order of -
1070 cm/sec (0.0038 ft/day). This can be further verified by in situ
permeability testing. Previous pressuremeter testing within this stratum
indicated an angle of internal frictioﬁ g =43 to 460. A conservative value
of @ = 40° was used in our analysis.

Fly Ash

Fly ash was sampled from the existing ash pond. This sample contained
only 32% material by weight passing the No. 200 sieve and thus probably
contains same bottom ash. The sample was slurried in the lab and poured
into the permeability mold. After ashort waiting period, a constant head test
was performed resulting in a moderate permeability of 3 x 10~4 an/sec
(1.0 ft/day). This permeability is considered slightly high and is

probably the result of the short settling time used prior to testing.
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6. | GEOTECHNICAL AND GROUNIWATER HYDROLOGY ANATYSES

Several factors were considered in determining the most eoononucal
design for the proposed ash disposal facility. These included envirommental
controls, volumes of suitable and excess materials on site and stability

considerations. The most significant cost factors will be disposal and

- use of excess material, and installation of any envirormental controls

necessary.

Farthwork Volgmes

Although detailed quantity and cost estimates were beyond the scope
of this study, we have made a preliminary estimate of the volume of
materials within the site area to determine their order of magnitude.

As such, the available material within the proposed pond area to EL +4

is on the order of 1,000,000 cj, while the esﬁmted volume of fill needed
for dike construction is approximately 75,000 cy. The estimated volume.
within the existing lake is about 600,000 cy. The sandy Pleistocene

soils of Stratum C within the site are suitable for dike construction.
Since the dike embankment volume is only a fraction of the material to be
excavated, it is clear that dike geometry is not critical in terms of
overall cost. .

Considerable cost savings n;ay be realized by disposing of the excess
material on site within a one mile haul distance. This material oould
then be sold as fill material or used for the same purpose at the station.
We estimate the cost of on site disposal to be about $2/cy compared to
$4/cy for off site disposal using truck hauling. These values were
obtained from a local contractor. We recommend that consideration be
given to disposal of material at the station north of and adjacent to
the site. Station planning should oo.nsid‘er the possible reclaiming of

this area and its future uses so that an assessment of the type of placement
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and compaction of the fill can be made. Material stockpiled should be

kept free of organic matter.

Environmental Controls

In order to determiné the ehviromnental controls necessary on this
project, the contamination potential of the ash leachate.was assessed.
This entailed an evaluation of the rate of the leachate migration under
the imposed head conditions, its migration through the existing geologic
materials, and impact on groundwater aﬁd surface water in the area.

Results of U. 5. EPA extraction procedure toxicity tests carried out
on the Chesterfield Station fly ash and bottom ash during a previous study
by others are shown in Table I. These results indicate that the ash
leachate is not considered a hazardous material. However, several para-
meters will have concentrations above state drmkmg water standards.

Groundwater flow will be east to southeast towards the old James River
chamnel, which is considered the discharge point for the site. No flow
from the ash pond is expected beyond this boundary and thus, the contamina-
tion-potential of the area groundwater supply is ramote. Seepage flow
to the river with elevated levels of constituents is possible, however,
siﬁce attenuation of contaminents will not be significaht m.thJ_n the
Stratum C soils which underlie 'the ash pond and form portions of the
natural embankments. Moderate seepage velocities of 0.5 ft/day are possible
through the more highly permeable Stratum C soils under the imposed head
conditions.

This seepage velocity will p@ide an estimated discharge of 0.15 mgd
to the river. This is considered an upper limit since as the hydraulic
head conditions within the pond became greater, layering of ash will take
place tending to inhibit flow. 'This ability to inhibit flow is very

dependent, however, on the manner in which the rornd is filled, and should
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.. .RESULTS OF U...S.. EPA EXTRACTION PROCEDURE TOXICITY TEST

TARLE T

U. S. EPA EP Toxicity Test U. 8. EPA Hazardous

. m Chesterfield Power Station Waste EP Toxicity |
= Parameter Unit Bottom Ash Fly Ash Standards - Max. lLevel
| '3 Filterable Residue |
] @ 180°C mg/8 144 799 -
Chloride mg/ % 2.0 18 -
'l Fluoride mg/k 0.30 © 0.44 -
" Nitrate mg/s N 0.1 0.3 | -
1 Sulfate : mg/% -1 430 -
“' Hardness mg/8 CaCO3 110 340 -
" Metals:
L Alumimm /8 1.4 46 -
Antimony ng/s <0.001 0.084 -
.} Arsenic g/ <0.001 0.057 5.0
_ Barium /8 0.46 | 0.24 100.0
| Beryllium mg/e 0.003 0.030 -
Boron mg/ % <0.1 2.0 -
Cadmium mg/z <0.01 <0.01 1.0
~ Calcium mg/L 28 90 -
Chramivm mg/% <0.0L <0.01L 5.0
-1 copper mg/% 0.12 0.40 -
- TIron mg/2 2.8 0.9 -
] Lead g/ <0.01 ' <0.01 5.0
_ Magnesium mg/% 1.3 11 -
Manganese ma/ L 0.7 0.7 : -
 Mercury /% <0.0005 <0.0064 0.2
. Nickel mg/ 0.2 0.4 _ -
~ Potassium mg/% 1.1 23 ~
Selenium ' my/e <0.001 0.019 1.0
silver g8 <0.001 <0.001 5.0
Sodium mi/e 0.8 9.9 -
Thallium /% <0.001 0.006 -
. Vanadium g/2 <0.01 0.02 . -
- Zinc mg/2 0.38 1.9 - -
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not be counted on entirely as a deterent to leachate migration from
the site. Based on the above considerations, we believe it would be
prudent to provide an envirommental control limiting migration from the
facility. ’i‘his control will be necessary to inhibit seepage through
the natural Stratum C soils.

Two types of controls were considered in detail, a liner and a slurry
wall cutoff. Liners considered were bentonite, synthetic, and compacted
clay. Synthetic liners were not considered in detail due to their higher
relative cost. The great ﬁmajority of the on site soils to be excavated
consist of the sandy Stratum C soils which are not of adeguate quality to
be used as an effective liner. Thus, a compacted clay liner would require
the use of off site borrow. At an estimated uni£ price of $6/cy, a
minimum 1.0 ££ thick liner would have a mative cost of $12,980/ac.

A two inch bentonite liner applied at the rate of about 2 ]_b/ft2 could
also be used, but would also be expensive. Assuming a beni;_onite cost of
$275/ton, the comparative cost for a bentonite liner is $11,980/ac. Other
drawbacks to providing a liner include limiting the base grade of the
pond to about El 4, thus losing the volume within the existing lake since
filling above'thé watertable would be required in order to place liner
materials. For these reasons, .we believe a liner will not be the most
economical envirommental control on this project.

In general, as pond size becomes larger, cutoffs: around the pond
perimeter to low-permeable strata became increasingly cost conpetithr_e
when compared to liners. We beliéve a slurry wall cutoff will cost about.
_$3/ft2 and will be the most economical and effective environmental control
for this project for the following reasons: |

(1) Actual installation costs wiil be less than for a liner. We hg;fe

estimated a comparative cost of $8820/ac of pond.
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(2) The present dredge lake volume can be utilized as Fond volume.

{3) The pond base grade can be lowered to E1-10, which will afford
several additional years of pond service, depending on the
ash generation ra{:e. |

{4) The cost of other seepage controls such as toe drains along the

length of the pond dike will not be necessary.
| The slurry cutoff may consist of either soil bentonite or cement
bentonite, and should extend to E1-15. Since the slurry cutoff will be
formed from the top of the surrounding dike at El 24, ‘the slurry wall
depth will be abbut 40 ft. The slurry wall should at all times extend
into the very low permeable campact sands of Stratum F and silty clays of
Stratum E.

Installation of the slurry wall will effe.ctively reduce the seepage
velocity from the site by several:oxders of magnitude, to:an. gstimatéd
0.01 ft/day (3.7 f£t/yr). The slurry wall may be constructed by excavating
with a clamshell, conveyor-type ditcher, or vibrated beam. We recommend
the latter of these methods due to the ease ‘of installation at this site.
Slurry wall permeabilities of about 1 x 10~7 m/sec are expected.

Stability Considerations

The proposed embankments aJ;e to be constructed by cutting existing
ground surfaces as required, and placing compacted embankment £ill to
design grades. Rubankment slopes of 2.5H:1V were assumed in this analysis.
Two cross sections described below as Sections A and B are believed to
be representative of proposed enbaﬂumnt configurations. These were
analysed for stability. _

Section A represents the north embankment, as aetaileé on Shéet 4.

’i‘his embankment is to be constructed ]c;y gradipg the existing exterior

slope and filling the interior slope to the design 2.5H:1V slopes. The
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crest will be 20 ft wide and is assumed to be cut to El 24 where higher river
bank grades exist, - The existing lake on the'interior slope is to be

filled to above the water level (El 4) .a distance of 50 ft from the

proposed toe, and then should be sloped at 2.5H:1V to the base graae.

This material is assumed to be placed end dumped below the existing water

level, and surface compacted with a 10 ton vibratory roller above water
level. A 10 ft wave bemm should be placed around the interior of the
pond at normal podl for erosion prétection.

Section B represents the proposed east, south, and west ash pond
enbankments. Construction of these embankments will require varying arounts
of cut and fill to achieve the desired cross section. Crest elevation and
width and slope grades are the same as for Section A. Representative
details are indicated on Sheet 5. Thig secti.on é-iffers from that of
Section A in that we assumed the presence of the clays of Strata D and E
within the enbmt.

The following soil parameters were developed for use in these

analyses:
Total Unit Weight Effective Strength Parameters
Stratum (pct) c{pst) #' (degrees)
A 125 0 32
B 100 100 0
cC 130 0 35
D 110 0 20
E 110 0 27
F 140 0 40
Erbarkment Fill 130 0 35
Iake Fill 110 0 30
Toe Berm Fill 110 0 25
—
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These parameters were developed based on test boring and laboratory test

data.

The maximum water surface elevation for the proposed facility is E1 20.

- Seepage control was assumed to be provided by a slurry cutoff wall installed

- through the center of the embankment. In this analysis, a head loss of

10 ft was assumed across the cutoff wall, resulting in assumed phreatic
seepage surfaces as indicated on the representétive sections. Stability
analyses were performed using the Simplified Bishop method of slices.

Steady state seepage was considered in all analyses. This assumption
is based on our understanding that rapid drawdown conditions are not possible
in the proposed pond, and our belief that significant excess construction
case pore pressures will not result since there are limited depths
of additional fill required to reach design crest grade.

Stability analyses performed on the exterior slope of Section A
resulted in a minimm factor of safety of 1.21. The assumed failure |
surface is indicated as Case I on Sheet 4. This factor of safety is
less than the 1.5 ﬁlue recommended by the U. S£. Army Corps of Engineers,
"Engineering and Design: Stability of Earth and Rock Fill Dams", EM 1110-2-
1902. For steady seepade ;:onditions, the stability of the proposed north
arbankment was considered marg.ual and required modification to meet
the above criteria.

The modification will involve the constructionof anexterior toe bermonthe.
existing river deposits located north of the proposed embankment, depicted
as Case IT on Sheet 4. A toe berm‘was considered over further flattening
of slopes since fill material is readily available and the berm placed
on the exterior slope will result in no loss of pond volume. The toe berm
may be constructed of on site materials excavated from the pond interior.

Because of the weak nature of the river deposits, it will be necessary to
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place this material loosely in a very thick lift, followed by surface
compaction. A low strength value has, therefore, been assumed for this
berm material. Top of berm elevation is assumed at EL 10 and filling
should be made to El 12 or 5 ft aboﬁe existing ground surface to account
for settlement of the underlying river deposits. The toe berm should
extend horizor;tally 25 ft beyvond the present slope, as shown on Sheet 4.
This berm should also have a exterior slope of 2,5H:1V. The top of the
berm should slope towards the old river channel at about a 2% grade.

Stability analyses performed on this modified section resulted in a
minimm factor of safety of 1.67, nﬁﬁting the above referenced criteria.
The critical failure surface for this analysis is shown as Case II oh
Sheet 4.

A stability analysis was also performed oﬁ the proposed interior
slope of Section A assuming a maximm water surface at El 20 and steady
state seepage conditions. Material is assumed to remain in place below
El 4 a distance of 50 ft inboard of the interior toe of slope. A
factor of safety of 1.49 results, as indicated by Case III on Sheet 4.
This factor of safety is considered adequate based on the above mentioned
criteria, -

Stability amalyses performe;d on both the interior and exterior slopes
of Section B resulted in minimm factors of safety of 1.56 and 1.75,
reépectively. The critical failure surfaces are shown as Cases IV and V
on Sheet 5. These results also meet- the Corp of Engineers requirements.

Based upon these results, we récomnend that the ash pond embankments
be constructed at 2.5H:1V slopes with 20 ft wide crest at El 24. Data
in our files indicate that the underlying Cretaceous soils are highly

preconsolidated. Based on the relatively small amounts of new embankment

~£ill planned for this project, settlements of the embankment are expected
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to be very minor.

A slurry cutoff wall constructed through the embankment, extending
into the very compact soils of the Patuxent Formation, Strata E and F, is
recomnended for controliing seepage. Should a pond liner be chosen for
control of seepage, additional stability analyses should be performed.

The choice of a liner over a slurry cutoff wall will result in a higher
phreatic surface within the embankment, reducing embankment stability and
resulting in the need for additional modifications, most notably the
installation of exterior embankment toe drains.

Compacted £ill for use in embankment construction should classify
SC, SM, SP, or SW in accordance with the Unified Soil System, ASTM D-2487.
This fill should be placed in loose lifts not exceeding 12 inches and
be campacted to 95% of maximm dry density in accordance with ASTM D-698.
On-site Stratum C and F soils excavated from the pond interior are expected
to meet these criteria and maiy be used as compacted f£ill. The topsoil
and organic matter should be stripped prior to fill placement and benching
of existing slopes should be required as necessary to provide a level
surface on which to compact new £ill.

Inlet-/Outlet Cohstruc‘tion

Because inlet and outlet facilities require placement of pipes through
the pond embankments, and because such construction réqujres a breach in the
slurry wall, considerations pertaining to this installation are included.
Based upon our experience with.slurry construction, we reccommend
the pipes be installed after the cutoff wall, but prior to the slurry
contractors departure from the site. This construction sequence would
permit the contractor to pump slurry around the pipe during backfilling
operations, and to reinstall the wall in the areas immediately above and
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EXECUTIVE SUMMARY

Between Stations 70+70 and 74+20 along the north dike, slope movements occurred
during pond filling in 1992-93 and 1996. Movements are attributable to excess pore
pressures and seepage forces associated with the increasing pond levels during
dredging/filling.

We believe three different types of slope movements occurred in 1996: (1) a mud flow in
the abutment at Sta 74+30, (2) a block movement of the geogrid-reinforced section from
Sta 73+10 to 74+20 and, (3) a classical rotational displacement between about Sta 71+70
and Sta 73+10. These movements occurred when the pond level reached El 30 and

above,

Pumping from relief wells was recommended during the 1996 dredge (which is still in
progress) to arrest all three slope movements. Four relief wells were installed by _
Chesterfield County along the Henricus Access Road, and eight by Virginia Power along
the crest of dike. To date relief well pumping has been successful in keeping the north -
dike embankment stable.

We considered long term remedial measures for the north dike embankment, that is for
possible future dredges. We performed a back analyses for the stability under the failed

- conditions, and adjusted steady state strength parameters in the recent alluvial soils

(Stratum B), accordingly. Future dredge conditions with pond at EI 40 were analyzed

OuS Ssepage controls. Seepage controls consisted of various seepage cutoffs

~ along thg vest, g horizontal drain along the toe berm using directional drilling or one-step

trenching, ahd use of existing relief wells together with placement of an interior

compacted ash berm.

All of the long term remedial alternatives have various advantages and disadvantages as
described herein. They all provide factors of safety of 1.3 or greater for the steady state
case with pond at E1 40. A slurry wall or grout curtain are the least expensive cutoffs,
and are slightly higher in cost than the installation of a horizontal well. Installation of a
compacted ash berm and use of existing recovery wells is expected to be the least
expensive remedial measure, with most of the cost associated with construction of the ash

berm.

Project 953432A / Apr 22, 1996 Schnabel Engineering Associates




* 56

ﬁ%z’éﬁ%

f Project 953432A / Apr 22, 1996 Schnabel Engineering Associates




57

TABLE OF CONTENTS

Page

L INTRODUCTION ... e 1-1
L1 8copeofServices ..... ..o i i 1-1

L2 Site Description . ......ouo. i 1-1

1.3 1992-93 Dredging and Slope Movements ...............oouoeeonnron. .. 1-2
141993 Schnabel Study ........ ... ... . . 1-3

1.5 1994 Road Re-Construction . ... .. ......vouuinesne 1-3

1.6 1996 Dredging and Slope Movements . . ...........oouuoonn o . 1-3

2. DATA COLLECTION AND ANALYSIS .. ..o 2-1
2.8 Geology ... 2-1
2.2 Relief Wells and Test Borings . ..................ouuuovioi... 24

2.3 Generalized Subsurface Stratigraphy ... ............c. oo 2-2
24 WaterLevels ... o 2-3

2.5 8lope Inclinometer . ... ... 24

2.6 Laboratory Testing and Soil Parameters ................oovorrnnnn. .. 24

3. GEOTECHNICAL RECOMMENDATIONS .. ... 3-1
3DISCUSSION ..o 3-1
3.2 Long-Term Remedial Alternative ............... ... . .. ... ... . ... . . .. 3-2

3.3 SlopeInclinometers . ....... ... ... ... . . 3-7
3.4 Stability Evaluation .................... .. ... .. 3-7

4. REMEDIAL CONSTRUCTION OBSERVATION ANDDESIGN . . ... ... ... 4-1
5. LIMITATIONS ..o e i 5-1

Appendices:
Appendix A: Subsurface Exploration Data
Appendix B: Soil Laboratory Test Results
Appendix C: Stability Calculations

Project 953432A / Apr 22, 1996 _ ' Schnabel Engineering Associates




58

LIST OF TABLES AND FIGURES
' : Follows Page

Table 1. Henricus Road Slope Movements . ................... e 1-5
Table 2. Monitoring PointData ............... e e 1-5
Table 3. 1996 Ground Water Elevations . .. ............ouvvm o 2-3
Table 3A. 1996 Ground Water Elevations ................... e, 2-3
Table 4. Soil Parameters ................. e 2-5
Table 5. Long-Term Remedial Alternatives .. ............c0.0oeonono.. . 3-2
Figure I. LocationPlan.................. e e e 1-5
Figure 2, Drainége Blanket/Subdrain and Geogrid Slope Location Plan . . . ... .. 1-5
Figure 3. Profile Along North Embankment Crest ..............0o'ooonot. .. 2-5
Figure 4. Cross Section, Sta 72+50 ... ... ... . i 2-5
- Figure 5. Cross Section, Sta73+50 . .. ............. ... ... ... e 2-5
Figure 6. Phreatic Surface WithPondatEI33 ............00ooonvnon . 2-5
Figure 7. Approximate Ground Water With Pumps Operating ............... 2-5
] Figure 8. Slope Inclinometer Deflections .......................... 25
- Figure 9. Modeled Phreatic Surfaces .......................cooooooo .. 3-8
8 Figure 10. New Dike Section ................ e e 3-8
] Figure 11. Block Failure, Sta73+50 ........ ... ... .. .. .. DU 3-8
Figure 12. Rotational Failure, Sta T2450 3-8

Project 953432A / Apr 22, 1996 Schnabel Engineering Associates




T

!
LY——,

1.1

1.2

59

INTRODUCTION

The long term ash pond at the Chesterfield Power Station is filled by periodically
hydraulically‘ dredging ash at high volumes from the two year pond nearer the power
plant. During the first dredging in the winter of 1992-93 and again this past winter
(1996), slope movement occurred at the east end of the north dike embankment where it
transitions into the natural abutment. This embankment includes a toe berm on which the
Henricus Park Access Road was constructed. The road continues up a constructed
reinforced slope at the abutment to the park.

Scope of Services

This project was divided into two task items. Task 1, Implementation of Short Term
Remediation, includes the installation of relief wells and pumps in the area of instability,
and field monitoring. Task 2, Long Term Remediation, includes the geotechnical
engineering evaluation of the data recorded in Task 1, available creotechnical' data, and
slope stability to develop remedial alternatives for the long term stability of the ash pond
dike slope. This Geotechnical Engineering Study includes:

+ The evaluation of long term remedial measures and budget cost
estimates for feasible alternatives,

» Discussion of construction considerations related to the
implementation of the alternatives.

Site Description

The long term ash stbrage pond, construéted in the early 1980's, is located south of
Coxendale Road and west of the James River at the Chesterfield Power Station complex

. in Chesterfield County, Virginia. This pond consists of a long dike enclosing an area

previously quarried for sand and gravel. The ground surface in the quarry area was
variable prior to being graded to El 2.5 for the ash pond. Crest grades for the constructed
dike are about E1 40 to 42. A toe berm with ground surface grades between about El 14
and 16 was constructed along the north dike. The toe berm includes a 3 ft wide toe drain
to Sta 69+00, constructed with invert at about E} +2. The toe drain runs to a deep sump
where water is pumped back into the ash pond.
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The north dike east abutment has a steeply eroded natural slope along the old river
channel. This steep slope has continued to erode into the natural abutment. The old river
channel area has silted in and is now designated as Aiken Swamp. Chesterfield County
constructed a 3,600 ft two lane paved public access road from Coxendale Road to
Henricus Park along the existing toe berm and up the abutment area from 1992 to 1994.
A reinforced slope was constructed in the abutment area where the natural slope had
previously eroded into the proposed right-of-way.

We obtained the information for this study from available topographic site plans,
prepared by Resource Planners, Inc., previous geotechnical engineering reports prepared’
by Virginia Power and Schnabel Engineering Associates, Inc. and through our site visits.

1992-93 Dredging and Slope Movements

Hydraulic dredging of ash from a two-year pond into the long term pond was performed
in the winter of 1992. Water levels in the long term ash pond were as high as about El 29
to 30 during the dredging. Chesterfield County began construction of the Henricus Park

access road at that time.

In December, 1992, seepage through the north dike slope, above the Access road, was
observed by Chesterfield County personnel and representatives from Virginia Power.
This seepage generally occurred between stations 72+00 and 73+00. Seepage flow was
clear, and estimated as less than about 20 gpm. Drainage trenches were excavated to the
existing toe drain by Vii‘ginia Power Site Services so that seepage would discharge to the
toe drain sump, from where it is pumped back into the ash pond, preventing unpermitted

discharge into Aiken swamp.

In the general vicinity of the seepage, sloughing and cracking of both the roadway fill,
and the dike slope in the roadway ditch had also occurred. Vertical displacements of up
to 6 inches were observed in early December, 1992, The area of éloughing was where a 3
to 4 1t high cut was made into the dike by the County that was subsequently regraded. In
late December, 1992, additional sloughing was observed in an area east of the initial
slough. In this area, fill had been placed to grade the road up to the abutment. Vertical
displacement of about 3 to 4 ft was observed, with no observed soil bulging at the toe of
the slope. The approximate area of the 1992 escarpment is between station 71+50 and

73+50 as illustrated on Figure 1.
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Sloughing of the natural abutment had gradually migrated into the park road alignment.
This sloughing had created near vertical slopes about 12 to 15 ft high. The sloughing had
increased due to the seepage from the ash pond through the abutment area. Seepage was
observed in April and May, 1993 and had stopped by June 1993. The area of steeply
eroded natural slopes is also illustrated on Figure 1. |

1.4 1993 Schnabel Study

Work on the Access road was stopped between June and September, 1993. A
geotechnical engineering study was performed by Schnabel Engineering to provide
recommendations for reconstruction of the road along the transition section from the toe
: ~berm to the natural abutment. The recommendations included limiting grade changes to
- less than 2 ft during reconstruction of the road on the toe berm. Along the transition
3 section from the toe berm to the abutment, a subdrain was required under the road.
Lastly, geogrid-reinforced slope was recommended to replace the natural abutment area
that had sloughed due to seepage from the pond.

-
- 1.5 1994 Read Re-Construction

- | In June 1994, work commenced in the area east of Station 69+00 and continued through
- the end of October, 1994. The water level in the pond was believed to be between about
5 El 15 to 20 at the time this work proceeded.

i A drainage blanket and subdrain were installed under the road from about Sta 69+00 to

- Sta 73+00, and the reinforced slope was completed from about Sta 72+50 to Sta 74+20 as
] shown on Figure 2. No additional sloughing or slope movement was observed during the

- road construction.

Following completion of the road reconstruction, a slope inclinometer was installed
B below the failure escarpment, and control readings were obtained in QOctober, 1994 as
, _ well as October through November, 1995. The slope inclinometer data is discussed in

Section 2.5
1.6 1996 Dredging and Slope Movements
Dredging of ash into the long term storage pond from the 2-year pond began in January

1996. On January 22, personnel from Chesterfield County Parks and Recreation notified
Schnabel that a crack approximately 135 ft long and 1 to 2 inches wide had formed down
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the centerline of the road, west of about Sta 74+20. This crack formed just upslope of the
geogrid-reinforced embankment section and is shown approximately on Figure 1.
Vertical displacement along the crack was about 2 inches.

By January 25, the crack had lengthened to about 150 ft and settlement had increased to-
about 6 inches. The crack was filled with asphalt and covered with plastic. Snow and
subfreezing temperatures occurred for the next two weeks. The water level in the pond
had risen to about El 30 on January 22 and to El 31 by January 25. Siope inclinometer
readings from January 22 to 25, 1996 indicated horizonal displacements of about 0.8 to
2.3 inches at 19 to 30 ft below ground surface (about E1 -10 to -20). Schnabel determined
that slope displacements were due to high excess pore pressures within the slope caused
by seepage from the ash pond, and to a lesser extent, a high water level in Aiken swamp.
We recommended relief wells to control the phreatic surface within the slope. Four relief
wells (RW-1 through RW-4) and two pumps were installed on January 26 and 27 as
shown on Figure 1. This work was authorized by Chesterfield County. The night of
January 31, the pump discharge lines froze and service of the pumps was lost. Significant
movement of the slope was observed on February 1 during the installation of two
additional pumps. The crack width increased to at least 12 inches and settlement of at

: least 18 inches was observed. Movements of 2.3 to 3.7 inches were recorded between
El-10 and -20 in the slope inclinometer casing from January 25 through February 1.
Two additional pumps were installed on February 1 and continued in service until
February 8. Snow and ice had covered the road through February 7. Between February 1
and February 8, no significant movement was observed in the slope either in the length,
width or settlement of the crack. The water level in the pond was continuing to rise and
was at about El 34.5 on February 8.

During our site visit on February 8, we observed that the valves on the middle two pumps
(RW-2 and RW-3) had been turned off. Again, we observed significant movement of the
crack, widening to 24 to 26 inches, and settlement, increasing to about 24 to 46 inches.
From the existing crack, an escarpment appeared westerly another 100 to 150 ft to about
Sta 70+70. This escarpment crack continued on the dike above and west of the road as
shown in Figure 1. In addition, seepage was observed upslope of the road (about El 26)
near retief well RW-3. On February 11, a mud flow occurred at the steep slope of the
natural abutment near Sta 74+30. This occurred at about El 13.

Eight additional relief wells (RW-5 through RW-12) were installed between February 15
and 19 at the approximate locations shown on Figure 1. These additional wells were
authorized by Virginia Power following a meeting on February 12, 1996. In addition,
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Virginia Power began recirculating dredge water and discharging from the pond outlet
structure to maintain or decrease the ash pond water level.

Since the installation of the additional relief wells and continued service of all 12 wells
on February 19, we observed little to no additional movement of the distressed slope
through mid-March. Sloughing at the area of the mud flow also stabilized by mid-March.
However, seepage above the road behind RW-3, and from the toe of the reinforced slope,

£ continues to flow.

Sometime prior to April 8, additional movement occurred. The escarpment extended
westward and up the embankment slope to just below well RW-5 as shown on F igure 1.

Virginia Power is continuing to dredge ash into the pond. They are also pumping
dredged water back to the two-year pond and discharging water from the outlet structure -
to the river. However, during this dredge, the pond level could rise again, possibly to a
o level above the previously recorded high, about El 35, as this is a function of the level the
i' ash attains within the pond. If the current dredge schedule is maintained, dredging
operations could be complete as early as mid-July. |

Table 1-provides a summary of the crack development for the Henricus Road slope from
- January 22 through February 11. After February 11, monitoring points located on the

| embankment dike and the road slopes were established. Table 2 provides a summary of
the data recorded from these points. The approximate locations of the monitoring points
are indicated on Figure 1.

o
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DATA COLLECTION AND ANALYSIS

Geology

The lowest geologic unit of interest in the ash pond area consists of Cretaceous age
sediments occurring below about El 5. To the north of the ash pond, and into Aiken
swamp, these sediments are believed to have been eroded by the old river channel. The
Cretaceous age sediments consist of sand, silt, clay and gravel materials deposited in a
variety of environments ranging from deltaic, beach, and estuarine to shallow marine.
These sediments are highly preconsolidated with respect to the present overburden,
accounting for the very stiff consistency of the clays and very compact densities of the
gravelly sands. The Cretaceous sediments are overlain by Pleistocene age sediments.
The Pleistocene age sediments are alluvial soils typically consisting of a poorly-sorted
mixture of sand, clay and gravel exhibiting moderate strength and compressibility. These

soils generally contain greater amounts of gravel with depth. Recent geologic age James

River sediments typically overly the Pleistocene age sediments. The Recent James River
sediments consist of sands, silts and clays with organic matter and exhibit relatively

lower strengths and higher compressibilities.

In the immediate vicinity of the ash pond dike and north abutment, fill soils consisting of
mixtures of sands, clays and gravels generally overlie the Pleistocene and Recent
sediments. These fill soils were placed during sand and gravel excavation to maintain
haul roads, for construction of the existing ash pond dike and toe berm, and for
construction of the Henricus Park Road.

Relief Wells and Test Borings

Four relief wells were installed for Chesterfield County Parks and eight relief wells were
installed for Virginia Power in January and February, 1996, respectively. These wells

~were installed under our observation and logs for the wells were recorded based on visual

observations of the soils cuttings. Additional test borings were not performed for this
study. However, previous Borings B-4 and B-5, and B-12 and B-13 performed under our
observation during 1982 and 1988 studies, respectively, were used as reference for this
study. In addition, Borings TW-B1, and B-2 through B-9 drilled at this site for the
March 1993 Virginia Power study were also used. Logs for the relief wells and test
borings are included in Appendix A. Approximate relief well and test boring locations

are shown on Figure 2.
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Generalized Subsurface Stratigraphy

We have characterized the following generalized subsurface soil stratigraphy for the ash
pond dike and north abutment area based on available test boring and relief well data
presented in Appendix A. Profiles along the dike crest and two cross-sections through

- the dike are illustrated on Figures 3, 4 and 5.

Stratum A: Stratum A consists of generally loose to compact density silty sand and
clayey sand DIKE EMBANKMENT FILL containing varying amounts of gravel as well
as lean clay lenses and layers. This occurs from the top of dike to depths of about 2.0 to

17.0 fi.

S.tratum B: The Recent James River sediments are identified as Stratum B. These soils
consist of very soft consistency SANDY SILT (ML) or loose density CLAYEY SAND
(SC), SILTY SAND (SM) and POORLY GRADED SAND (SP) encountered below

Stratum A to depths of about 14 to 19 ft.

Stratum C: Pleistocene age terrace deposits have been identified as Stratum C. The
upper portion of this stratum consists of loose to very compact density SILTY SAND
(SM), and CLAYEY SAND (SC) containing clay layers. The lower portion consists of
POORLY GRADED SAND (SP) containing varying amounts of gravel and clay layers.
These soils generally become more gravelly with depth and are therefore expected to
exhibit higher permeabilities. Stratum C was encountered below Strata A and B to depths

of about 22 to 52 ft.

Stratum D: These fine-grained Pleistocene geologic age soils were only encountered at

the abutment in Boring B-13. These soils, encountered below Stratum A to a depth of 6
ft, consist of hard consistency SANDY LEAN CLAY (CL).

Stratum E and F: The Cretaceous age sediments are identified by these strata. Stratum
E consists of generally firm to very compact density SILTY, CLAYEY and POORLY

GRADED SANDS (SM, SC, SP) with varying amounts of gravel. Stratum F consists of
generally stiff consistency SILT (ML) and FAT and LEAN CLAY (CH, CL) with
varying amounts of sand and gravel. These strata were encountered below Stratum C to

60 ft, the maximum depth of penetration.
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1 2.4 Water Levels

J : Water level readings which were obtained in the borings and relief wells during and after
completion are noted on the logs. These levels show estimated hydrostatic water levels in

} the embankment at the time the borings and relief wells were drilled. A summary of the

water level readings from January 22 through March 29, 1996 for the relief wells, slope

r - inclinometer and monitoring well are provided on Tables 3 and 3A. Their locations are

] ) shown on Figure 1 at the end of Section 1.

ﬁ} " Prior to installing pumps in Relief Wells RW-1 through RW-4 (January 25 to 27) along

~ the Henricus Access road water levels in the wells were between El 19.7 and 22.3. Water
”l levels representing the phreatic surface at the dike crest as recorded in RW-5 through

- RW-12 were E1 25.6 to 29.4. The water level in the ash pond was between E131 and 33

when these readings were recorded.

Throughout the pumping of relief wells, F&R-TW-BI was used as a monitoring point for
- changes in the phreatic surface. As indicated by Tables 3 and 3A, even though pumping
| from relief wells has continued from February 9 through March the water level in F&R-
x B1 continued to vary in a subdued manner with the water level in the pond. The highest
| water level was recorded on February 14, 1996 at about EI 28.1 in F&R-TW-B1 as the
pond water level was at El 35. After this date, Virginia Power began pumping water

¥ back to the two-year pond and releasing water through the outlet structure to the river.
The water level in F&R-TW-B1 has dropped to about El 25.6 and the pond water level

] -~ has dropped to about the same elevation. These water levels were recorded on March 29,

. 1996.

Prior to the installation of relief wells, the phreatic surface was very high within the
embankment. Excess pore pressure was demonstrated by the water level recorded in the
slope inclinometer, which was about 1.9 ft above the ground surface at the toe of slope.
The water level in the slope inclinometer reduced to about the ground surface grade
& . following pumping from relief wells. This was similar for four shallow piezometers,
: installed at the toe of slope. All of the readings in the piezometers indicated water levels
at or below the ground surface, indicating no excess seepage pressures in the shallow

soils.

The phreatic surface through the embankment as measured in the slope inclinometer and
relief wells (without pumping) is shown on Figure 6. The effects of relief well pumping

Project 953432A / Apr 22,1996 2-3 Schnabel Engineering Associates
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are shown by Figure 7. The “drawn down™ phreatic surface could only be estimated
between pumping wells.

Based on the lack of draw down in well F&R-TW-B1, located between relief well RW-8
and -9, the radius of influence of the wells was assumed to be fairly small, This is

reflected in Figure 7.

Slope Inclinemeter

The slope inclinometer installed in August, 1994, indicated no movement in 1994 and
1995. When the crack in the road was reported on January 22, 1996, slope inclinometer
readings were obtained that day and daily for the next two weeks.

Movements indicated by the inclinometer were generally in the lower 20 to 30 ft, from
about El -10 to El -20. Horizontal movements steadily increased from about 1.0 inch to
about 3.7 inches on February 1, 1996. The movement in the last 2 ft of the inclinometer
casing restricted the travel of the inclinometer probe below the 29 ft depth after the
February 1, 1996 reading. Due to the excessive deflection in the casing at the bottom of
the slope inclinometer, movements recorded after February 1 may not represent actual
deflections of the slope. Graphs of selected slope inclinometer readings up to February 1
are presented on Figure 8 at the end of this section. '

Laboratory Testing and Soil Parameters

We conducted tests on selected samples of cuttings obtained in the relief wells, results are
included in Appendix B. Previous testing of samples obtained in the earlier test borings
aided in the classification of soils encountered, and provided data for use in the stability

~ evaluations. The results of previous testing were provided in the earlier reports

referenced in Section 2.2.

Gradation tests were performed on one sample of Stratum A and two samples of Stratum
C soils obtained from auger cuttings. The sample tested from Stratum A classified as a
clayey sand (SC) with about 41 percent material by weight finer than the No. 200 sieve.
This sample is believed to represent the upper Pleistocene sands, with estimated
permeability of 10 to 10 cm/sec. The two samples tested from Stratum C classified as
silty sands (SM) with between 28.7 and 32.6 percent material by weight finer than the
No. 200 sieve. Low to high permeabilities (10~ to 10" cm/sec), are estimated for this
stratum, and depend on the gravel and siit content.

Project 953432A / Apr 22, 1996 24 Schnabel Engineering Associates
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The classification testing performed for this study, and strength testing performed for
previous studies, were used for both stability analyses and modeling of flow through the
embankment.

The soil parameters used for stability, assuming the steady state seepage case, are
tabulated below. The strength parametcfs were generally the same as those we developed
and used in previous analyses. However, based on a back analysis of the failed section of
slope, we reduced, the strength parameters for the Stratum B, recent alluvium.

Table 4 - Soil Parameters

A Embankment | 125 130 0 32 2x10* 1x10*
Fill ' 7

B Alluvium 100 110 0 23 5x10°¢ 5x10°¢
I c Upper 130 135 0 35 5x10% | 5x10%

' Pleistocene '
Lower 1x107? 5% 107

Pleistocene _
E/F Cretaceous 140 140 0 40 1x10¢ 5% 107
- Compacted - - - - 5x10° 1x10°
‘]_ Ash

Project 953432A / Apr 22, 1996 2-5 Schnabel Engineering Associates
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FIGURE 8

LONG TERM ASH STORAGE POND DIKE
NORTH EMBANKMENT
CHESTERFIELD COUNTY, VIRGINIA

SLOPE INCLINOMETER DEFLECTIONS

TOWARD | TOWARD
~- ASH POND " AIKEN SWAMP >
EL O — n/
(FT) Hl
- 5
- 104
-15 ﬁ\\
-20-

-k
N
94

-1 0
DEFLECTION IN INGCHES

LEGEND

- CONTROL READ[NG OCT. 5, 1994
—_— CONTROL READING OCT. 5, 1994
e CRACK FIRST OBSEﬁVED JAN., 22, 1895
—_— CRACK OBSERVED JAN. 25, 1995

"""""""" CRACK OBSERVED FEB. +, 1496

NOTE: GROUND SURFACE AT ELEVATION +8.9.
953432A
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 GEOTECHNICAL ANALYSIS AND RECOMMENDATIONS

Discussion

The embankment and natural abutment soils contain mterbedded layers of hlgh
permeability sands and low permeability clays. High permeability sands comprise the
lower portion of the Pleistocene terrace soils at the dike and abutment generally from
about E1 15 to E1 0. The old James River Channel probably existed in Aiken Swamp
parallel to the north dike embankment.

Seepage exiting high on the embankment slope (El 24 to 26) while relief wells are
pumping, supports the assumption that the embankment and natural abutment soils
contain interbedded layers of low and high permeability soils.

Prior to pumping, high seepage pressures were present in the underlying Strata B and C
soils when the pond level approached El 30. The slope inclinometer indicated an excess
hydrostatic head of 1.9 ft above ground surface at the toe of slope (El 10.7). The phreatic
surface represented by this reading was not cons:dered in the orxglnal des10n of the north

We believe that three different types of slope movements have occurred. Ali three have
been mobilized as a direct result of excess pore water pressure and seepage forces within
the embankment and abutment. These include: 1) a mud flow in the abutment at about
Sta 74+20 to 74+40, 2) a block movement of the geogrid-reinforced section from about
73+10 to 74+20, 3) a rotational movement of the embankment dike slope above the road
from about Sta 71+70 to 73+10, passing through the slope inclinometer at about

E1-10 to -20, and an extension up this slide area to about Sta 70+70.

During the present hydraulic filling of the ash pond, relief wells are being used to control
the phreatic surface and maintain stability. For future dredge filling operations, long-term
remedial alternatives that would be effective in reducing or cutting off the amount of
seepage through the embankment dike have been considered. We evaluated these
alternatives based on seepage control, stability, cost, construction duration, disturbance to
the embankment dike, future maintenance, and risk. The alternatives considered include:

*  Pumping from relief wells and installing an internal ash berm,

Project 953432A / Apr 22, 1996 3-1 . . .Schnabel Engineering Associates
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+ Installing a cutoff along the crest of dike (stee!l sheet pile, HDPE waIl.,
slurry wall or grout curtain),

* Installing a horizontal drain that ties into the toe drain.

* Creating a new dike within the ash pond followed by excavating to ash
adjacent to the existing embankment and pumping seepage back to the ash
pond.

We have evaluated two sections of the embankment dike using a computer flow model to
evaluate phreatic surfaces and stability. The modeling was performed to assist in
_ E evaluating the effectiveness of several of the remedlal measures bemo considered for

stabilizing the slope.

The existing slope inclinometer is not suitable for monitoring future slope movements
due to the excessive deflections at the bottom of the inclinometer casing and the unknown

response to the casing above the bottom.

N 3.2  Long-Term Remedial Alternatives

_ We have considered that another dredge of the ash pond will be forthcoming several
years from now. However, we understand that Virginia Power has about 2.4 million
cubic yards of space left in the ash pond. It is possible that they could move about 2

KB o million cy during this dredging, which would preclude the need for another major

— : dredging. However, they are also looking for markets to sell the ash. If successful, they

. would likely excavate dry ash from the long-term pond and at some point dredge again
and sluice into this pond. This could happen more than once in the years to come. Any
future dredges will llkely result in pond water level of about El 40.

Long-term remedial alternatives that would be effective in reducing or cutting off the
amount of seepage through the embankment dike are discussed below. Table 5

- | summarizes the advantages and disadvantages of the long-term alternatives. It should be
noted that, depending on the current dredge schedule, it may be necessary to implement
the remedial alternative during this dredge to reduce seepage if water levels exceed those
previously attained during this dredge.

e maan
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3.2.1 Relief Wells/Interior Ash Berm

The installation of an interior ash berm and use of the current relief well system for long-
term stability of the embankment dike is considered feasible. The relief well system
demonstrated its effectiveness for pond levels up to about El 35 until the recent slope
movement in April. It generally does not disturb the embankment and it is in-place.
Since it is in-place, the cost is low except that it will require maintenance and regular
monitoring and additional evaluation will be required to assess the most recent
movement. The system is flexible in that new wells can be added where or when
necessary‘ and this may be the solution to offset the most recent movement. It should
remain in place after dredging has ceased until water levels in the pond are below about
E ~ E120. This system poses the most risk in that it depends on mechanical equipment that
. will require maintenance. It also depends on an uninterrupted power supply.

If the relief well system is maintained as the long-term alternative, a horizontal
compacted ash berm at least 60 ft wide, graded on a 2.5 Hto 1.0 V slope into the pond
should be placed on the inside of the embankment between Station 70+50 and 76+00.
The berm should be constructed after the current dredging has been completed and the
[ water level in the pond is at the lowest level.

We recommend that the ash berm be placed in 1 ft lifts and compacted with vibrating
equipment. Field permeability or ‘slug’ tests should be performed on the underlying
dredged ash prior to construction of the ash berm to evaluate the permeability of the in-
‘ place ash. In addition, we recommend that ash permeabilities be evaluated in the |,
. laboratory for various densities of compacted ash to develop material and compaction
B requirérnents for the ash to be placed in the compacted ash berm.

A typical embankment section was modeled using Visual MODFLOW Version 1.5
- (1995) by Waterloo Hydrogeologic Software. We modeled a water level in the pond at El
40 and a 60 ft compacted ash berm with no relief wells operating. Horizontal and vertical
i permeabilities of 5 x 107 and 1 x 10 cm/sec were assumed for the ash. The
- permeabilities for the soil strata are provided in Table 4, Section 2.6.

The ash berm is shown to be effective in reducing the resulting phrenetic surface to levels
commensurate of those with a pond water level at about El 20. For this condition, the
. embankment is considered stable. The estimated phrenetic surface using the ash berm is
{llustrated on Figure 9 as Case 1. In comparison, the observed phrenetic surface for pond

level El 20 is shown as Case 3.

Project 953432A / Apr 22, 1996 _ 3-3 - Schnabel Engineering Associates
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The relative cost of this alternative is low. Except for the ash berm, this remedial
alternative is in place. Construction of an ash berm is estimated to cost $85,000 to

$90,000.
Steel or HDPE Sheet Pile Cutoff

A seepage cutoff made by installing steel sheet piles or HDPE panels is considered as a
long-term alternative. This alternative would consist of installing sheet piles to the
Cretaceous clays and sands of Strata E or F or to an estimated depth of 40 to 50 ft with
the deeper zone between RW-5 to RW-9. The cutoff would extend from Sta 71+50 to
75+00. Some effects of these methods to cut off seepage would be observable shortly
after their installation within the relief wells. The steel sheet pile cutoff would provide a
rigid structural section in the embankment, however, some leakage would be expected
between the sheets. The HDPE cutoff would have essentially no leakage between panels,
but would introduce a potential shear plain in the embankment. The construction time for
installation of the steel sheet piles would be on the order of 1 to 2 weeks. However,
success of a fully penetrating cutoff into the Stratum E or F soils is questionable due to

likely refusal in the dense sands and gravels of Stratum C. Therefore, it should be

assumed that the relief wells must remain operational as a backup to the steel sheetpile
alternative. Vibrations during driving may also adversely impact the slope.

Construction time for the HDPE cutoff would depend on the method of installation.
Installation of the HDPE cutoff below about 40 ft would require slurry wall type
construction, which would be cost prohibitive. Estimated cost of the steel sheet pile
cutoff would be in the range of $250,000 to $300,000. The estimated cost of the HDPE
panel wall would be in the range of $315,000 to $350,000 or'higher, if slurry construction

is necessary.

To evaluate the effects of the cutoffs, a typical embankment section was modeled using
Visual MODFLOW. We considered the water level in the pond at El 40 and a fully
penetrating cutoff wall to the Strata E and F soils. Horizontal and vertical permeabilities -
used were presented in Table 4 Section 2.6. The resulting phrenetic surface is illustrated
on Figure 9 as Case 2. Again, it is about the same as that for a pond water level at E] 20,
at which point the embankment is stable,
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3.2.3 Grout Curtain

Pressure grouting consists of injecting a cement grout under pressure from grout pipes as
they are withdrawn from their jetted or driven depth ( estimated about El 0). The grout is
injected in an alternating pattern of widely spaced holes with intermediate holes grouted
as needed. We estimate that about 350 linear ft of embankment section would be grouted
to a depth of about 40 fi. The grouting would be performed along the crest of the

embankment dike.

AR

B L

A

Chemical grouts, having a shorter gel time, may be needed in areas where high
permeability soils are encountered. The use of chemical grouts would be on an as
necessary basis as they are more expensive. Pressure grouting will provide a seepage
= cutoff and an increase in the embankment strength in the grouted zone. A fully

™  penetrating grout curtain should be possible through the dense Stratum C sands.

The effects of the grouting would be observed during and shortly after the program is
completed. The existing relief wells would provide monitoring points for evaluating the
effectiveness of the grouting program. However, relief wells along the top of the dike
may be damaged and need to be replaced following the grouting program. The estimated
b _ time for performing the pressure grouting program is about 6 to 8 weeks with an
estimated cost of $130,000 to $150,000.

h
3 i
Bttty

The effects of the grout curtain alternative are considered the same as for a sheet pile-
cutoff. Because the likelihood of leakage through the grout curtain is higher, we
recommend that the relief wells be maintained to provide a backup system.

‘ Lowcanmis

. 3.2.4 Slurry Cutoff Wall

| A soil-bentonite or cement-bentonite sturry cutoff wall may be installed as a long-term

_ alternative. The wall could be excavated to the desired cutoff, about El -2 to-8, through

. { the dense soils of Stratum C. The wall length would be about 350 ft. The cost of the

K slurry.wall would be moderate and slightly higher than the pressure grouting. Like the
HDPE cutoff, the soil-bentonite slurry cutoff wall would introduce a potential shear plain
in the embankment. However, the cement-bentonite cutoff would not reduce the overall
strength. Modeling the slurry cutoff wall alternative was considered the same as
modeling other cutoff alternatives, with about the same effect in lowering the phreatic
surface. Costs of the soil-bentonite and cement-bentonite slurry cutoffs are estimated to
be about $200,000 and $275,000, respectively.
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3.2.5 Horizontal Drain

3.2.6

This type of drain may be installed by directional drilling methods or by using narrow
width trenching. It would consist of a horizontal, slotted, 6-inch diameter HDPE pipe
surrounded with a graded sand filter, Where trenching is used, a one- step process is
employed that allows the entire trench to be backfilled with sand or gravel while
excavating. This method provides a vertical interceptor to control seepage through the
embankment above the drain. '

The horizontal drain would connect to the existing embankment toe drain at about Sta

- 69+00. We estimate a horizontal drain installed by the trench method would be located

along the Park access road so it could be tied to the existing toe drain. The horizontal

- drain would be installed to a depth of about 15 to 20 ft in the abutment area and 5 ft

where it intercepts the toe drain. Assuming a drain length of about 600 ft, the estimated
cost for this alternative would be about $100,000 to $110,000.

Trenching may have some depth limitations but this would depend somewhat on the
location of the horizontal drain. This alternative could be used indefinitely as it would be
tied to the existing toe drain. However, this alternative would depend on mechanical
systems to continuously remove seepage. The capacity of the toe drain pumps may also
have to be increased to handle the additional flow. We would expect the existing relief
wells would be maintained as a backup for the horizontal drain.

If the directional drilling technology is used to install the drain, its effectiveness would be
limited to the permeable zones intersected during drilling. This alternative should only
be considered as a supplement to the existing relief well system. A moderate cost of
about $120,000 for drilling the horizontal well would be expected.

New Dike within the Ash Pond

A new dike could be constructed on top of the ash presently in the pond adjacent to the
embankment. The steps would involve 1) lowering the water in the pond to the top of the
present ash, 2) constructing a fly ash embankment to El 42 with an internal drainage
system consisting of a bottom ash drainage system and 3) mstructmg a sump and pump to
collect seepage and return it to the pond.

The advantage of the internal berm is the seepage head would be reduced to about El 15

to 20 on the upstream side of the existing embankment. A more stable condition would
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most likely exist in the area of concern based on the stability evaluations discussed
below, since the phreatic surface through the area would be lower than with other cutoff

alternatives.

The disadvantage is the loss of ash pond storage and long term pumping costs. We
estimate the embankment construction cost at about $500,000. This assumes a 800 ft
long structure and material obtained from the present pond.

The dike should be constructed with the center line about 100 ft from the existing
embankment ash toe at about El 15 with side slopes of about 3.5H or 4.0Hto 1V. A

N typical section is shown on Figure 10.
= 3.3 .Slope Inclinometer
= . Four slope inclinometers should be instalied along the toe of the ash pond embankment as

soon as possible. They should be installed with the lower section of casing into the Strata
E or F Cretaceous soils (estimated El -30 to -40). The inclinometers should be installed
at Stations 69+50, 71+00, 72+50, and Sta 74+00. Initial readings should be obtained

| after installation. A monitoring program should be determined based on present and

-

future dredging activjty and water levels in the ash pond.

= 3.4  Stability Evaluation

A block movement of the geogrid-reinforced slope, from about Sta 73+10 to 74-+20 was
‘evaluated. Basically the geogrid-reinforced section experienced a shear displacement
more akin to a bearing capacity failure. This is suggested by the observed movement of
the failed section relative to the toe of slope (see Figure 11). Furthermore, the magnitude
of the displacement (3.5 ft horizontal and 4.5 ft vertical) is not compatible with the strains
| observed for the deeper soils in the slope inclinometer. A sketch of this failed section is
L shown on Figure 11. The computer generated surface is included in Appendix C. The

‘ slope movement in this section was a failure resulting from a loss of supporting strength
in the underlying soils due to excess seepage pressures.

Considering the relationship of the escarpment west of the geogrid-reinforced section of
the slope and the depth of greatest displacement in the inclinometer, a traditional
rotational displacement was modeled for this area. Lower factors of safety for shallower
failures, generally representative of sloughing, were indicated but not considered since
the primary failure surface, as indicated by the slope inclinometer was deeper. A sketch
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of this section is shown on Figure 12 and the computer generated surfaces are shown in
Appendix C.

Taking the observed pond level and phignetiersurface at the time of failure, and assuming
a factor of safety of 1.0, we performed a back analysis and adjusted the strength
parameters of Stratum B accordingly. Using the modified Stratum B parameters (c=0,
2=23°), we performed stability evaluations on embankment sections at Sta 72+50 and
73+50 using PCSTABLG6H.

Stability was evaluated for a future pond water level at E1 40, Two scenarios were
considered, a seepage cutoff wall and the addition of an ash berm. The renetigisurface
resulting from these engineering controls as estimated from two- dxmensmnal computer
modeling, were used in the analyses., The results of these stability analyses are tabiilated

below.
Alternative Pond Water Surface EL Factors of Safety
Seepage Cutoff Wall EL 40 | 1213
Ash Berm EL 40 1.3-14

A stability evaluation of the slope was performed using the modified Stratum B

parameters and a pond water level at E120. This elevation represents the highest verified
pond level where the north dike transition area was stable. A factor of safety of 1.35 was
'estlmated Based on thls evaluation, we believe that éhEthen elow

Long-term Alternatives

For any of the remedial alternatives, we believe the ash pond embankment dike would
remain stable assuming a maximum pond water level at El 40. The factors of safety are
lower than 1.5 which would typically be considered for steady state seepage conditions.
Therefore, it is important that the slope inclinometers be instaHed and monitored
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1) 8" dia. PVC relief well installed to 42 ft. Screen from €I

+10 to ~10, Pump installed at E) -8,

2) Soil classitication based on observation of cuttings and soil

on augers.

SCHNABEL ENGINEERING ASSOCIATES Pfu)edt: Slope Contract Number: 053432
CONSULTING GEOTECHNICAL ENSINEERS Henricus Park Road Boring Number: RW-1
AUGER PROBE LOG Chesterfield County, Virginia Sheet: 1 of 1
Boring Contractor . Fishburne Drilling, Inc, . Groundwater Observations
- Chesapeake, Virginia Date | Time | Depth | Casing Caved
Boring Foreman: M, Young - Encountered 1726 | 10:30 3.5 - -
Drilling Method 10" Hollow Stem Auger Comol -
Orlling Equipment: CME-55 ompletion 1726 | 12:38 13.5 - -
SEA Representative: D. Snyder Casing Pulled /28 - -- - -
Dates Started !/26/96  Finished 1/26/96 y/2T T 12.0 T __
Location: See Boring Location Plan, Figure Al .
1/28 - 12.7 - -
Ground Surface Elevation: 32.4:
DEPTH CLASS. |ELEV.5TRA~ SAMPLING W REMARKS
(FT) STRATA DESCRIPTION (FTJ] TUM | DEPTH|  DATA (%)
- Asphalt /- FILL L EMBANKMENT
11 Basecourse /— " FILL
-3 Fine to medium clayey sand FILL, : - -
6.0 l__moist — brown 26,4 — 5 .
"® I Fine to medium sitty sand FILL, moist ~ FIL 15% a [ 3 Hard driling
- brown L .
— 10 —
13.0 - Clayey sand, moist = brown SC 9.4 L ] PLEISTOCEI\;E
—] — 15 —
1.0 7 Fine to coarse silty sand, wet - brown SM 16.4 C ]
J " 55 ]
N C L 7
] [ o5 ]
29.0 —  Fat clay with sand, moist — dark gray . CH 3.4 L5301
- E _—-35-—5 Cretaceous
. 40 !
. - . ard dritling
42.0 -9,
Auger probe terminated at 42.0 ft 98
' Comrhents:
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SCHNABEL ENGINEERING ASSOCIATES
CONSULTING GEOTECHNICAL ENGINEERS

Project: Slope

Henricus Park Road

Coentract Nﬁmber. 653432
Boring Number: RW-2

1} 8" dia, PVC relief well installed to 40 ft. Screen from £!

+iG to -10. Pump installed at El -8,

2} Soil classification based on observation of cuttings and soit

on augers.

3) Note: No cuttings during drilling of Calvert soils.

AUGER PROBE LOG Chesterfield County, Virginia Sheet: 1 of 1
Boring Contractor:  Fishburne Drifling, Inc. Groundwater Observations
Chesapeake, Virginia Date | Time | Depth | Casing Cavad
Boring Foreman: G. Richards Encountered | 1/26 | 1245 | 7.9 -- -
Driling Methodt 10" Hollow Stem Auger
Oriling Equipment: ATV~45 Completion | 1/26 | -- | 7.9 § - -
SEA Representative: D. Snyder Casing Pulled 1/28 —— —-— - -—
Dates Started 1/26/96  Fipished 1/26/96
Location: See Boring Location Plan, Figure Al
Ground Surface Elevation: 30.2:
DEPTH CLASS. [ELEV.STRA SAMPLING L] REMARKS
(FT. STRATA DESCRIPTION (FTJ[ TUM | DEPTH|  DATA (%
-_Asphait /A FILL [ ] EMBANKMENT
1| Basecourse /_ -] FILL
4 Fine to coarse sifty sand FILL, moist - - —
7 brown - 5 —
] AL
] do, wet - tan - 10_: Hard drilling
120 - _ -
. Fine to coarse clayey sand, moist - sSC 18.2 = .
- brown and tan L .
] — 15—
- c :—20—: PLEISTOCENE
] [ o5
- do, wet = -
28.0 .
-4 Fat clay with gravel, meist — dark CH 2.2 L i
T\ gray L. 30—
1 % do, no gravel A :
N £ - ] Cretaceous
-] 35
40.0 - C 40—
Auger probe terminated at 40.0 ft o8 40
Comments;
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SCHNABEL ENGINEERING ASSOCIATES | Project: Siope Contract Number: 953432

CONSULTING GEQTECHNICAL ENGINEERS Henricus Park Road Boring Number: RW-3
AUGER PROBE LOG Chesterfield County, Virginia Sheet: t of 1~
Boring Contractor:  Fishburne Drillii)g.'_l.nc. - Broundwater Observations
Chesapeake, Virginia Date | Time | Depth | Casing | Caved
Boring Foremar: G. Richards Encountered | 1/26 | 10:30 | 3.8 -- --
Driing Method 10" Hollow Stem Auger Comble 726 -
Driling Equipment; ATV-45 ompletion ! T 34 T T
SEA Representative: 0. Snyder Casing Pulled 1/26 - - - —_—
{Dates Started 1/26/98  Fipished 1/26/96 1721 832 42 — —
Locatlon: See Boring Location Plan, Figure Al :
Ground Surface Elevatlon: 25.9:
E DEPTH ' - 1 CLASS. ELEV.STRA- SAMPLING ] REMARKS
| FT) STRATA DESCRIPTION (FT.J| TUM | DEPTH |  DATA x)
T\ Asphait /] L] EMBANKMENT
a0 ] Basecourse so ! 1 FILL
K “ .| Fine to medium clayey sand FILL, FILL ) [ 5 ]
~ moist — brown R ]
i AL ]
‘ - 10—
-~ . =]
: — — 15 —
o 7.0 - i i
4 Fine to coarse clayey sand, wet ~ {an SC 89 L4
7] - 1 PLEISTOCENE
- L. 2()—
] c [ 1
— o5
- do, gravel - - Hard drilling
B ] -] '
' 30.0 - -41 30
"~ - Fat clay with sand, moist — dark gray CH L 30 _
7 - ~ - Cretaceous
S— I F B 7
36.0 1 0.1 35
) Auger probe terminated at 36.0 ft ’
Comments:
1} 8" dia. PVC relief well installed to 42 ft. Screen from El
+{0 to -10. Pump installed at EI -8.
2} Soil ciassification based on observation of cuttings and soil
on augers, :
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CONSULTING BEOTECHNICAL ENGINEERS | | o Henrious Park Road | Coniract Number, 653432

AUGER PROBE LOG Chesterfield County, Virginia Sheet: t of |
Boring Contractor. Fishbyrne Driling, Inc. . Groundwater Observations

Chesapeake, Virginia . Daie | Time ; Depth | Casing Caved

Boring Foreman: M. Young Encountered 1726 - 0.5 - -
Driting Methogd 10" Hollow Stem Auger .
Driling Equipment: CME-55 Completion /27 - 7.9 - -
SEA Representative: D. Snyder Casing Pulled 1727 - 73 - -

Dates Started 1/26/58 Finished 1/27/96

Location See Boring Location Plan, Figure Al
_ Ground Surface Elevation: 21.7:
DEPTH . CLASS. |ELEV.STRAH SAMPLING W REMARKS
E (FT) STRATA DESCRIPTION (FTJ[ TUM | DEPTH| DATA | (%) |
- Asphalt /_ FILL - - ) EMBANKMENT
i 1| Basecourse [ ] FILL
i <4  Fine to medium clayey sand FILL, A F .
e 1 moist - brown — 5 —
£ 8.0 i N ]
g 4 Fine to medium sandy lean clay, wet - CcL 3.7 L . ALLUVIUM
- - brown L. 10 —
] ' B L
140 e 7.7 H
] Fine to medium clayey sand, wet - tan SC 15 —
- 3 ]
- " o0 PLEISTOCENE
FI: : C - -
. 7 25
- 7 do, gravel - - Augers hitting
- - N gravel
[~ 30.0 Auger probe terminated at 30.0 fi 83 30
3

Comments:
f) 8" dia. PVC relief well installed to 30 ft. Screen from El

+10 to —10. Pump installed at El -4.3.
2) Soil classification based on observation of cuttings and soil
- On AUgers.
3) Rods/hammer hung up on augers after contractor knocked out
plug: augers were removed from hole and redrilled back into

hole. : .
4} Contracior required several attempts to instali well casing.
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SCHNABEL ENGINEERING ASSOCIATES | Projech: Long Term Ash Storage Pond Dike Contract Number: 9534324
CONSULTING GEOTECHNICAL ENGINEERS North Embankment Boring Number: RW-5
AUGER PROBE LOG Chesterfield County, Virginia Sheet: | of 1
Boring Contractor: Fishburne Orilling, Inc. Groundwater Observations
Chesapeake, Virginia Date | Tine | Depth | Casing Caved
Boring Foreman: 6. Richards Encountered 2/15 - 14.5 e -
DOrilling Method 10" Hollow Stem Auger : "
Driling Equipment; CME~55 7 ompletion 2/15 - 13.0 - -
SEA Representatives D. Snyder Casing Pulled C—= - - - — )
Dates. Sterted 2/15/98  Finished 2/17/96 RW-5 2T __ 14.4 __ ___
Logation: See Boring Location Plan, Figure Al
Ground Surface Elevatlon: 42.0t
.,, DEPTH | CLASS. |ELEV.STRAH SAMPLING W REMARKS
i (FT) STRATA DESCRIPTION (FTJ[ TUM | DEPTH| DATA | (%)
- Fine to medium silty sand FILL, moist - FILL B _
& ] brown - ] Hard drilling
k . - 5 - EMBANKMENT
] AR
¥ 4 do, with gravel — FILL
(e 10.0 10
= -+  Fine to medium clayey sand FILL with | FILL 320 . 10 i Hard driling
12.0 - gravel ) & 30.0 -
- 1  Fine to coarse sandy lean clay with N ]
— gravel, moist ~ dark brown - I 15— PLEISTOCENE
] - L -
R ] F ] Soft
- ] _ H_25_:
i ' %?8 Fine {o medium clayey sand, wet - SC }?8 Cr ]
L ) —_\ brown ] ' /_ SM ’ - ]
- -1 Fine to coarse silty sand, wet - tan 30 Hitting gravel
- — 35— Hard driling
- 40.0 . 40
. 0.0 = Fat ciay with gravel CH 20 L 0-:
- . f s CRETACEOUS
- do, trace gravei N ]
- v 50—
52.0 =10.
Auger probe terminated at 52.0 ft 0.0 |
{ . :
Comments:
1) 6 dia. PVC relief well installed to Et -10. Screen from El
30 to -10. Pump installed at EI -8.
2) Soil classification based on observation of auger cutting and
soll on augers. :
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SCHNABEL ENGINEERING ASSOCIATES | Project: Long Term Ash Storage Pond Dike Contract Number: 953432A
CONSULTING GEOTECHNICAL ENGINEERS North Embankment Boring Number: RW-8
T AUGER PROBE LOG Chesterfield County, Virginia Sheet: { of |
Boring Contractor: Fishburne Dritling, Inc. Groundwater Obaervations
Chesapeake, Virginia Date | Time | Depth | Casing | Caved
~ Boring Foreman: M. Scott Encountered | 2/14 | -- | 220 | -- -
B Driling Method 10" Hollow Stem Auger
Driiling Equipment: CME-55 Completion 214 —am 18.0 - -
- SEA Representative: 0. Snyder _ Casing Pulled 2/17 - 15.4 - -
Dates Staried 2/14/98  Flnished 2/14/96 .
Location: See Boring Location Plan, Figure Al
“ Ground Surface Elevation: 42.0t
DEPTH | CLASS. ELEV.ETRA— SAMPLING W REMARKS
| (FT.J STRATA DESCRIPTION (FT)[ TUM | DEPTH | DATA (%)
g 26
" 4 Fine to coarse clayey sand with FILL L EMBANKMENT
- 4  gravel FILL, moist - brown - :
. - . FILL
- = A =5 Hard drilling
10.0 — [ 10
- -1 Fine to coarse sandy lean clay with CL 320 B 10 |
- gravel, moist — brown L . PLEISTOCENE
] F ]
15.0 A - 15—
] s . Fine to medium silty sand, moist - SM 21.0 L 1 _
8.0 JDrOM" ' -] o
" Fine to medium clayey sand, moist - sc ] 240 ] Easier drilling
—  brown ‘ —20—
- 5.0 - o5
25.0 - Fine to medium sandy lean clay, moist cL 17'0, ¢ N 2 -
] b - brown - -
30.0 30—
. Fine to coarse silty sand with gravel, SM 2.0 B 30 _
- wet - brown - .
) = 35—
40.0 -] . [ 40
i 0.0 - Gravel with fat clay pockets GC 2.0 L 0—..
- c [-45-] CRETACEQUS
.0 - I——
52 Auger probe terminated at 52.0 ft 10.0
Comments: :
1} 6" dia. PVC relief wall installed to E] -9. Screen from Ei
.30 to —9. Pump installed at E} -7.
2} Soil classification based on observation of auger cutting and
- s0il on augers.
3) Contractor had problems with running sand during well
installation.
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SCHNABEL ENGINEERING ASSOCIATES | Project: Long Term Ash Storage Pond Dike ' Contract Number: 9534324
CONSULTING GEQTECHNICAL ENGINEERS North Embankment Boring Number: RW-7
AUGER PROBE LOG Chesterfield County, Virginia Sheet: 1 of |
Boring Contractor.  Fishburne Orilling, Inc. Groundwater Observations
Chesapeake, Virginia Dale | Time | Depth | Casing | Caved
Boring Foreman: M. Scott Encounterad 2/14 -— 16.0 —-— —
Briling Method 10" Hollow Stem Auger o
Driling Equipment: CME-55 mpletion 2/14 -— 18.0 - -
SEA Representative: D. Snyder Casing Pulled - - -— - -—
Dales Started 2/13/96 Finlshed 2/14/96 RH-7 /17 — 5.7 - —
Locationr See Boring Location Plan, Figure At
Ground Surface Elevation: 42.0t
DEPTH CLASS. |[ELEV,STRA- SAMPLING L] REMARKS
FT) STRATA DESCRIPTION (FT.J| TUM | DEPTH |  DATA %
-+ Root mat ~ FILL - - EMBANKMENT
1 Fine to coarse silty sand with gravel - 7] FILL
- FILL, moist - brown ]
— — 5 ]
N - Hard drilling
p A - -
9.0 I
-  Fine to coarse clayey-sand FILL with FILL 33.0 |10
- gravel, moist - brown - -
180 4—— . 26.0 ]
- Fine to coarse clayey sand, moist —- sC - o PLEISTOCENE |
- brown L i
8 R N Soft
“— 20—
23.0 ; I
4 Fine to medium sandy lean clay, moist CL 100 n .
- to wet ~ brown . — 25—
J 30—
] c [ 1
- 35
37.0 : L] -
- Fine to medium silty sand with gravel, SM 50 N .. Hard driling
- wet - brown to gray = -
— — 40—
" [ 45
= " 5]
52. -10.
0 Auger probe terminated at 52.0 ft 10.0
Comments:

1} 8" dia. PYC relief well installed to E! 7. Screen from El 33

to 7. Pump Installed at Ei 5.

2) Soll classification based on observation of auger cutting and

soil on augers.
3) No auger cuttings from 36 to 42 ft.

4) Wooden plug broken in augers. Contractor had to pull augers

before installing welf,
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CONSULTING GEOTECHNICAL ENGINEERS
AUGER PROBE LOG

North Embankment

SCHNABEL ENGINEERING ASSOCIATES | Project: Long Term Ash Storage Pond Dike

Chesterfield County, Virginia

Contract Number. 8534324
Boring Number: RW-3 :
Sheet: 1 of 1

Boring Contractor:  Fishburne Drilling, Inc,

Broundwater Observations

Chesapeake, Virginia Date | Time | Depth | Casing Caved
Boring Foreman: M. Scott Encountered 2/15 — 18.0 _ —_—
Driling Methodt 10" Hollow Stem Auger
Driling Equipment: CME-55 Completion 2/18 - 18.0 - ~-—
SEA Representative: D. Snyder Casing Pulled - - T - —
Dates Started 2/15/96  Flnished 2/17/98 . o | — 1 sa | — —
Ltocatlon: See Boring Location Plan, Figure Al
Ground Surface Elevation: 42.0:
DEPTH i CLASS, [ELEV.STRA- SAMPLING W REMARKS
(FT) STRATA DESCRIPTION | FTI[ TUM | DEPTH|  DATA (%)
- F oW al
~ 1 Fine to medium clayey sand with FILL | L
1 gravel FILL, moist = brown R ]
] [ 5] EMBANKMENT
; AT FILL
- L] Hard drilling
pu L. 10 — .
0 ] Fine to mediym silty sand, trace I |
< gravel, moist — brown - s .
18.0 : 1 26 I
e - Fine to medium clayey sand, wet — sC 26.0 L N
19.0 <4 brown 23.0 - .
" | Fine to coarse silty sand, wet ~ tan S ’ 20 PLEISTOCENE
- L o5
] Cr
._f 30
] [ 35
40.0 - _ " 40
0 -1 Gravel with fat clay, moist - gray GC 20 - 0—..
i EL 7
45.0 — , _ -30 45 :
4 Fat clay with gravel, moist - dark CH - N CRETACEOQUS
4 gray - -
= F - -
5.0 9.0 207
’ Auger probe terminated at 51.0 ft )
Comments:

1) 8" dia. PVC relief well installed to Ei <9, Screen from EJ

34 to -8. Pump installed at €1 ~4.

2) Soif classification based on observation of auger cutting and -

soil on augers.
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CONSULTING GEOTECHNICAL ENGINEERS
AUGER PROBE LOG -

North Embankment
Chesterfield County, Virginia

SCHNABEL ENGINEERING ASSOCIATES | Project: Long Term Ash Storage Pond Dike

Sheet: ! of

Contract Number: ©53432A
Boring Number: RW-8

1

"}Boring Contractor:  Fishburne Orifling, Inc.

Groundwater Observatlons

Chesapeake, Virginia Date | Time | Depth | Casing Caved
Boring Foreman: G. Richards Encountered 2/15 - -19.0 - —
Drilfling Method 10" Hellow Stem Auger -
Driling Equipment: CME-55 Completion | 2/8 | - | —~ | — "
SEA Representative: D. Snyder . Casing Puiled a7 - -15.5 - --
Dates Started 2/15/98  Finished 2/17/98 i
Location See Boring Location Plan, Figure Al
Ground Surface Elevation: 42.0t
DEPTH CLASS. |ELEV.STRA SAMPLING W REMARKS
(FT) - STRATA DESCRIPTION (FTJ{ TUM | DEPTH| DATA | (%) :
4 Fine to coarse clayey sand with FILL L EMBANKMENT
- gravel FILL, moist — brown . L - FILL
7 ' S Hard drilling
- 10—
1.0 . R
- Fine o coarse clayey sand with sC 310 L .
-  gravel, moist.~ brown - PLEISTOCENE
] [ 15—
8.0 - -
- Fine to coarse clayey sand, moist - sC 24.0 | i
— brown — 20—
- :..25_:
] c L ]
20.0 - ) A
—  Fine to medium siity sand, wet -~ tan SH R.0 - 30}t
] 35 ]
= [ 40—
42.0 ) L
-1 Fat clay with gravel, moist — dark €H 0 B -
-4 gray o -
7] ——
; N
50.0 —] : -8 " c0]
62.0 i Fat clay with sand, moist - dark gray CH 8.0 L 50 - CRETACEQUS
’ Auger probe terminated at 52.0 ft ~10.0
Comments:

1} 8" dia. PVC relief well installed to EI -9.5. Screen from £l

30 to ~9.5. Pump installed at EI -7.5.

2) Soil classification based on observation of auger cutting and

soil on augers.
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SCHNABEL ENGINEERING ASSOCIATES | Project: Long Term Ash Storage Pond Dike Contract Number: 953432A
CONSULTING GEOTECHNICAL ENGINEERS Narth Embankment Borlng Number: . RW-10
AUGER PROEBE LOB Chesterfi_eld County, Virginia Sheet: 1 of 1
Boring Contractor. Fishburne Drilling, Inc. Groundwater Observations
Chesapeake, Virginia Date | Time | Depth | Casing Caved
Boring Foreman: G. Richards Encouniered 2/10 —_— -235 - -
Driling Method 10" Hollow Stem Auger c
Driling Equipment: CME~55 ompletion | 2/10 § -~ | - | — -
SEA Representallve: D. Snyder Casing Pulled -— - -- - -
Dates Started 2/19/96 . Flnlshect. 2/19/96 RW-10 2/18 L 23.0 __ __
Location: See Boring Location Plan, Figure Al
Ground Surface Elevation: 40.0t
DEPTH CLASS, |ELEV.STRA- SAMPLING W REMARKS
(FT) STRATA DESCRIPTION VUFTI| TUM | DEPTH|  DATA 3
- Fine to coarse siity sand FILL with FILL | u EMBANKMENT
- gravel, meist ~ brown : - -
i Fine to coarse sandy lean clay FILL AL i FILL
—  wWith gravel, moist -~ brown |5
7.0 C ] »
. Fine to coarse siity sand, trace SM 3.0 2 - Hard driling
- gravel, moist — brown - -
1 : — 10—
- - 15—
T B ] PLEISTOCENE
18.0 L ]
. Fine to medium sandy lean clay, moist cL 2.0 L .
— - brown . —20—
] N
24.0 - ) [ ]
—|  Fine to coarse silty sand, trace SM 6.0 |55
- gravel, wet — brown - -
. 309
35.0 - 5.0 35
Auger probe terminated at 35.0 ft
Comments:

1) 8" dia. PVC relief well installed to EI 5.5. Screen from Ei
29 to 6.5. Pump installed at EI 7.
2) Socil classification based on observation of auger cutiing and
soil on augers.
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SCHNABEL ENGINEERING ASSOCIATES | Project: Long Term Ash Storage Pond Dike ] .Contract Number: 9534324
CONSULTING GEOTECHNICAL ENGINEERS North Embankment Boring Number: RW-11 .
AUGER PROBE LOG Chesterfield County, Virginia Sheet: 1 of |
Boring Contractor: Fishburne Drilling, Inc. Groundwater Observations
Chesapeake, Virginia Date | Time | Depth | Casing.| Caved
Boring Foreman: G. Richards Encounterad 2/15 - 8.0 - _—
Driling Method 10" Hollow Stem Auger
Driling Equipment CME-55 Compietion 215 - 12.0 - --
SEA Representativer D. Snyder Casing Pulled - - - _— -
Dates Started 2/15/98  Finished 2/15/96 -1 Py oo __ —
{.ocation: See Boring Location Plan, Figure Al
Ground Surface Elevation: 37.0t
DEPTH ' CLASS. ELEV.{STRA— SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FTJ] TUM | DEPTH|  DATA %)
. Fine to medium sandy lean clay FILL, FILL L , EMBANKMENT
- trace gravel, moist — brown IR
i - B FILL
- sk N
] — 5
8.0 ]
<4  Fine to coarse clayey sand, trace scC 290 n -
-4 gravel, moist - brown 10—
- do, wet X ]
_ {5 —]
“ - N PLEISTOCENE
20.0 Fine to coarse silty sand, wet — brown SM ol c 20
--\- and tan L i
1 Y do, with gravel -]
- 25—
3 " a0
32. [
20 Auger probe terminated at 32.0 ft 50
Comments:

1} 8" dia. PVC relief well installed to.El 8. Screen from El

26 to 8. Pump installed at Et 8,

2) Soil classification based on observalion of auger cutting and

soil on augers.
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SCHNABEL ENGINEERING ASSOCIATES | Project: Long Term Ash Storage Pond Dike Coniract Number. 953432A
CONSULTING GEOTECHNICAL ENGINEERS North Embankment Boring Number: RW-12
AUGER PROBE LOG Chesterfield County, Virginia Sheet: 1 of 1
Boring Contractor:  Fishburne Drilling, Inc. Groundwater Obse_ryations
Chesapeake, Virginia Date | Time | Depth | Casing | Caved
Boﬂnﬂ Foreman G. Richards Encountered 2/!5 I 14.0 —_— : —_—
Drilling Method 10" Hollow Stem Auger Complet] o
Driiing Equipment: CME-55 ompieton
SEA Representative: D. Snyder Casing Pulled - - - - -
Dates Started¢ 2/15/96  Finished 2/17/96 RW-12 217 _ 12.4 . __
Location See Boring Location Plan, Figure Al .
Ground Surface Elevatlon 38.0¢
DEPTH CLASS. |ELEV.STRA SAMPLING W REMARKS
(FT) STRATA DESCRIPTION (FTJ[ TUM | DEPTH| DATA (%)
- Fine to medium silty sand FILL, trace FILL At - EMBANKMENT
25 graved, moist ~ brown ) 35.5 - - FILL
1 Fine to coarse clayey sand, maist - sC ]
—{ brown 5
_ L~
] ER
_ " 0]
B3 - Fine to medium sandy lean clay, moist cL 25.0 ]
— - brown bes 15—
_‘ L 20-]
] cro
30 7 Fine to coarse silty sand, wet — tan v ] ®0 -]
- 26t
] 30 PLEISTOCENE
= do, with gravet |35 ]
. - - B a " . g
400 - Gravel with fat clay pockets, moist — GC 2.0 - _'O't Hard driling
- dark gray : e f -
450 4  Fat clay, trace gravel with sand, moist CH ~7.0 L 45__ CRETACEQUS
4 - dark gray F [ 7
s0.0 Auger probe terminated at 50.0 fi -12.0 S0
Comments:
) 8" dia. PVC relief welt installed to E{ —H. Screen from E}

=11 to 29. Pump installed at B ~9.

2) Wood plug broke in augers, contractor flushed augers before

installing well. :

. 3) Soll classification based on observation of auger cutting and

soil on augers. :
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SCHMABEL. ENGNEERING ASSOQATES :© a-
CONSLLTING ENGINEERS TEST BORING LOG BORING NO.. 2-3

PROECT. ASH DESPCSAL FOND; CHESTERCISID POWER STATION SHEET NO. | OF 1

CLIENT  VERCD ) JOB NC._ - V82481 -
BCEING CONTRACTLR - FOUNDATION TEST SERVICE CRILL OE-55 ELEVATION 25.2%
WATER LEVEL DATA CAIVE SAMFLER | CASING SIZE: 24"

— JOATE | TIME | DEPTH] CAVED § TYPE 5.5 DATE START. 1L/3/82

ENCONTERED 11/3112:310 29.0° - D1A. 2 0D BATE FINISHED: 11/3/82
WT. 40 = DRILLER: B. SPIEREMBURG

AFTER CASING PULLED :
—=HR. READING { == TABLE BELOW FLL | 30" THSPECTOR: 5. COPLEY
x 1s .
= > | JZe
ZHEE| O g%@.z g IDENTIFICATION REMARKS
-3
£ 8 oot |4 EAE | §
11117+18| S |FDE TO MEDILM SILTY SAMD, PRCBABLE FILL,
A ] WITH SILTY CLAY LENSES, TRYE FDE PSCRABIE FILL
GRAVEL, MGIST - BROWN {SM) -
; 4.0
o 2 5i5+6 | 5 |FINE SILTY S WEITH SILTY CTAY LINSES,
] MOLST - BRCBN {SM)
] Jrici_ ] S
¢ v T3 T i, Gamy SITY PLEISTOCRE
e P— : SEDDVMENTS
2373 | S |do, WITH GRAY LENSES, TRACE ORGANIC MATTES
- . A 4
33,0 .
- 0 [l=323 18 f CLAYEY SILT, TRACY FDNE SAD AND Pube prassad 24¢
- OECANTC MATTER, MOIST - GRAY (ML) alrarmace hola
= Revoveny=24"
_p9.0 CRETATEUS
78:34/757 S |FIMNE TO COASSE SaMD, TRAE SILT, Wit © GmpBs
) [—FTNE T MEDILM GRAVEL, WET - 3RCW =
- - (<t 0 G
- 3.5
55.6 Tis1T+10 ] 5_FDNE TO CCARSE SaD, SOE SILTY CAY
WITH FINE GRAVEL mporcaic [oses, |
L MOTST = CRAY {87
BORDNG TERMIMATER AT 33.0 FT ' .
Water Cbservation Well Imszalled to 35.21 iz
et Care Tire El=v, W.L. Pemarks
113 - - 2 pve
11/3 7:39 2am. 1.6 -
11710 9:1% a.m. 2.1 7 day reading
|
1
i
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SCHMABEL EMGINEERING ASSOCIATES TEST BORING L G ING .
.. .8-5
CONSULTING ENGINEERS BORING LO BORING NO.. .8-s.
PROCECT ASH DISPCSAL POMD; CHESTERFIEID POWER STATTCH SHEET NO. | OF 1
CLIENT _ VEPCD JCB NO. V8233l
[BrrRNG _CONIRS @;q%ré\ﬂm TFST SERYIE B Ll (VE-55 ELEVATION. 35.5%
[ LEVEL DATA : cAt SAMPLER | CASING SIZE: I"
DATE | TIME] DEPTH] CAVED J TYPE 55, | DATE START. 1173/82
ENCOUNTERED 173§ =~ DAY - _jolA Z 00 BATE FINISHED: 11/3/82
SFTER CASING PULLEDDL/3 111:03] 30.07) 32.0°fWT. 1 140 DRILLER: B. SPLEFENBURG
37 HR, READING ni/a | 8:50] 33.2'] 3.2 frul [ 30 INSPECTCR: 5. COPLEY
x w7 .
- » |2 hZe
2l Er] o ggggx g IDENTIFICATION REMARKS
= .
A M [ g
FEr15+13 | & | FINE SILTY SAND, PRCBASIE FILL, TRME'
A |o—] QFCANTIC MATTER, DRY - BROWRN {SM) PSCEARLE FILL
| 1«
o BE3 ]S TOE SILTY SO0, WITH MICA, TRACE
! oroaNIC ¥RTTER, MOIST - BRORA (SM)
Z+a+ll |5 |do, TRAE SILT
PLELSTOCRE
SEDDMENTS
N SIGERE &, TRACT STIT
c
BII+IL 15 o, SOME SIET
4.1 20=11+2013 | do, WD FLE TO MEDIM &AL
23 M
7533737 |5 |FOE 1O MDY G, TRAE SILT WITH FE
[~ 1m0 sEDTUM GRAVEL, CRY - BROW (SP)
Y_
H 1]
. J3+24+23 ToraE SiiTY oY=y SAD WiTH
0 MEDTLM GRAVEL, MOIST - TAM TO
d * (59) CRERACLS
I SEDDMENTS
__dinn 33+30+1718 da, LIGT GEAY
EORDG TESMIMATED AT 43.0 7T Caved and dry
ar 8.7 en
11/10,32
I

103
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HNABEL ENGINEERING ASSOCIATES .
ii CONSULTING ENGINEERS TEST BORING LOG BORING NO. B-12
&OJECT HENRICUS HISTORICAL PARK ACCESS RD., CHESTERFIELD CO., VA | SHEET NO : 1 OF 1
SLIENT.  COUNTY OF CHESTERFIELD, VIRGINIA JOB NO; V830894
3{ RING_CONTRACTOR AYERS AND AYERS, INC. ORILL. _CME-45 | ELEVATION. 15.C*

WATER LEVEL DATA DRIVE SAMPLER_ | CASING SIZE: 2-1/4"
DATE | TIME |DEPTH| CAVED]{TYPE S. 8. DATE START. 9-16-88

IPCOUNTERED 9-16 - DRY | - {DIA 2°0.0. DATE FINISHED: 9-16-88 @
\| FER CASING PULLED;9-16 [.0:03 | DRY 3.5 |wT 140% DRILLER; F. ELGIN ;
_—"HR. READING BACKFILLED UPON COMPLETION JFALL 30" INSPECTOR. R, HARRIS

lx > |lo Y20 i '

SR ME IDENTIFICATION - REMARKS

5 12 5.0 2 w2 | & 77 Topsoin
T 12+13+23 [ [FINE TO MEDIUM SILTY SAND FILL, CONTAINS ROOT
| _ TRAGMENTS, MOIST ~ BROWN
18+19+16 S ‘

[ 10 374:Z4 5 Ho, CONTAINS MICA FILL

,_ .

5+4+5 B
1+2+43 S
1 A
E IFINE TO MEDIUM SANDY LEAN CLAY (CL), CONTAINS
13.5 MICA, MOIST - GRAY .

UF, 114.0 FINE TO MEDIUM SILTY SAND (SM), CONTAINS MICA\]

:( 15.0] 0 1+2+11 S MOIST - GRAY CRETACEQUS
= \AGS SEDIMENTS /

e e 8 e e e e
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CINABEL. ENGINEERING ASSOCIATES o 1
CONSULTING ENGINEERS TEST BORING LOG BORING NO. B. 13 i

ROJECT HENRICUS HISTORICAL PARK ACCESS RD., CHESTERFIELD CO., VA | SHEET NQ . L OoF 1L i
JLIENT . COUNTY OF CHESTEREIELD, VIRGINIA JOB NO: vea0s9d il
SORING CONTRACTOR AYERS AD AYERS, INC. DRILL.  CME-45 | ELEVATION: 36.0= i
WATER LEVEL DATA DRIVE SAMPLER | CASING SIZE. 2-1/4"
1B ‘ DATE | TIME |DEPTH] CAVED|TYPE S.S. DATE START. _9-19-88
ENCOUNTERED 9-19 - DRY - 1DIA 2 0.0. DATE FINISHED. 9-19-83 1
AFTER CASING PULLED|9-19 | 9:35 |DRY 6.0 |WT. 140% DRILLER. _ F. ELGIN :

—_HR. READIN BACKFILLED UPON COMPLETION JFALL 30" INSPECTOR. J. ANDERSON i
= - = o Ll-lzf-w ot - .

BBl 8 | 22288 IDENTIFICATION REMARKS |

e |13 IR} i q 5] >_ .- :
iE|° pso ] @ »”%|® g7 ROOT MAT AND TORSOIL - ‘

3715119 8 FINE TO MEDIUM SILTY SAMD FILL, TRACE GRAVEL, FILL

“ A | 2.0 NTAINS CRUSHED STONE, DRY - BROWM

] 4751732 © [FINE TO MEDIUM SANDY LEAN CLAY (CL), MOIST -

D BROVAN

. TE158+34 £ Ho, TRACE GRAVEL, DRY TERRACE

%.0 ] 30 ' DEPOSITS
i )
=117715 B FINE TO MEDIUM SILTY SAND (Stf), DRY — BROWN
c 7¥I1+12 B
2
5.0 1+14+19 8
BORING TERMINATED AT 15.0 ET
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BORING LOG

SINCE

R

12812

Report No.: T-55-166

FROEHLING & ROBERTSON,.dNC.

FULL SERVICE LABORATORIES - ENGINEERS & CHEMISTS
"OVER ONE HUNDRED YEARS OF SERVICE"

DATE: March 19, 1993

!t Cliens:

Virginia Power

Prajec' Chesterfield Ash Pond - North Dike

Total -

[ Location: N380851.062, E2329947:570

: Baring No.: B-1 (1 of2) | Depth 60.0° ' Elev: 42.03°
! Type of Boring: Hotlow Stem Auger ! Started: 1/25/93  Completed: 1/25/93 l Drilier: England
! DESCRIPTION OF MATERIALS *Sample | 3Pl i
‘ ! Elevation | Depth (Classification) j B::Fs. ]()Fe:ftl; REMARKS !
: Medium Dense, Reddish Brown Clayey 77127121 0.0
i Fine SAND, Trace Gravel and Crushed 1.5 Groundwater was
;_ Stone - Moist 14/12/15 3.0 Encountered at 398"
' (DIKE FILL) 3710710 During Drilling E
3703 4.5 !
f 2SS 6.0 Groundwater was
: Medium Dense, Brown to Reddish Brown {[10/10/9 . gg:;::?:; :\igert}poni
i | Clayey to Silty Fine to Medium SAND, 7.5 |
: % Trace Fine to Medium Gravel - Moist - 3.5 Groundwater was
|3 !
{DIKE FILL) 12713712 100' O;served at:
: - 18°6" on 1/26/93 f;
- ; 176" on 1/27/93
P 3005 £ 18°3" on 1/28/93 '
, -3 ?ti _ 135 19'5" on 2/4/93
, _JEZ Medium Dense to Loose, Brown Silty €75/8 ’ .
i _:i [ Very Fine SAND, Liule Clay, Trace Mica 15.0 Set Piezometer at 35°0" |
| il - Wet ' ;
i 4 (SM) SEE ATTACHED
| i PIEZOMETER |
THi 185 DIAGRAM B-1 :
il 57575
L 200
% -
! T
_:& ]
i | 235¢
i 27373
__..t 25.0
i 28.5
= 2/3/5 _
= 33 i
3.03 | 34.0 7l T3] ‘:
il Very Dense, Brown Fine to Medium | 350 NOTE (1) o
il SAND with Fine Gravel - Wet Medium Dense, Light
i (SM) Gray Clayey Fine to
103 | 38.0 i Medium SAND - Wet |
1 _7/ SEE NOTE (1) 383 o
- 5/10/15
% 40.0

“noroer of blous required for a l

& increments. The sum of the last

%0 Lb hammer dropping 30 to drive 2 0.0,
two increments of penetratica is termed the standard pe-ne:ranon resistance, N. .

1.3754 1.0. sampler a total of 13 inches in tnres




SINCE

BORING LOG | FROEHLING & ROBERTSON, INC.

FULL SERVICE LABORATORIES - ENGINEERS & CHEMISTS
“OVER ONE HUNDRED YEARS OF SERVICE"

1881®
Report No.: T-35-166 DATE: March 19, 1993

Client: Yirginia Power
Projecs: Chesterfield Ash Pond ~ North Dike

Boring No.; B-1 (2 0of2) ]g‘:;‘;’h 60.0° I Elev: 42.03’ l Location: N380851.062, E2329947.570
Type of Boring: Hollow Stem Auger | Started: 1/25/93  Completed: 1/25/93 IDﬁﬂr.r: England

R DESCRIPTION OF MATERIALS " Sample |Sample
Elevasion | Depth (Classification). Bloms | Deped | - REMARKS

71 Medium Dense, Light Gray Clayey Fine
to Medium SAND - Wet

0.03 | 42.0 - 50
:Ij' 43.5
‘) 31745/ *50/0.3"
_j' Very Dense, Tan and Gray Clayey and 143/ 44.3 . *50/03
—?" Silty Fine Coarse SAND and GRAVYEL -
T (SC-SM)
-5.97 43.0{&
7 : EEH 485
i _— 207779
_j_:ﬁ Medium Dense to Dease, Gray Silty Fine 50.0
}Eﬂ SAND - Dry
i (Preconsolidatad)
| _:EE% (SM)
ol 53.5
i - T6715718
—-Eb:!- 55.0 5
jtﬁ 58.5
CHE . : 10/12/18
-17.97 | 60.0 :Eg: : | /2 600

Boring Terminated at 60.0°

THroer of blows required for a 140 b hammer dropping 30 to drive 2" O.D., 1.3754 1.D. sampler a total of 13 inches in tnres

. &% increments. The sum of the last tuo increments of penetration is termed the standard penatration resistance, N.
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PIEZOMETER DIAGRAM

PIEZOMETER B-1

PVC CAP
STICK-UP
GROUND SURFACE
27 1.D. PVC RISER PIPE BACKFILL
BENTONITE SEAL
2'1.D. PVC
0.010 SLOTTED SCREEN
SAND
PVC PLUG
BACKFILL 12.0 ft. CASING TOP EL 45.03 -
BENTONITE 2.0ft CASING 25.0 ft.
SAND 21.01t SCREEN 10.0fL.
TOTAL DEPTH  35.01t STICK-UP - 3.0ft
X! FROEHLING & ROBERTSON, INC. |  pare: March, 1993
GEOTECHNICAL ¢ ENVIRONMENTAL + MATEAIALS ' .
ENGINEERS « LABORATORIES I SCALE: NONFE
> “QVER ONE HUNDRED YEARS OF SERVICE™ 1 pRwN: DAK I T-55-166

PIEZOMETER DIAGRAM
CHESTERFIELD ASH POND - NORTH DIKE
CHESTERFIELD COUNTY, VA VIRGINIAPOWER ‘

rg
. DWG. NO.

B-1

< Fgrm Ng "C3




SINCE

~ BORING LOG FROEHLING & ROBERTSON, INC.
FULL SERVICE LABORATORIES » ENGINEERS & CHEMISTS
® “OVER ONE HUNDRED YEARS OF SERVICE"
4 Report No: T-55-166 1881 ‘ DATE: March 19, 1993
-4 Glient: Virginia Power
¢ project: Chesterfield Ash Pond - North Dike J
orogNox B2 (1of2) | bopn 60.0" | Blev: 41.83° [ Location: N380860.614, E2330043.740
Y Type of Boring: Hollow Stem Auger | Started: 1/26/93  Completed: 1/26/93 1 Dritler: England
3 . DESCRIPTION OF MATERIALS ~ 1 ® Sample |Sample i
~1 Elevation Dept-h . (Clmiﬁcaaion) Bla::::e a-‘:::)‘ REMARKS
3 j B Medium Dense, Reddish Brown Fine 10/10/13] 0.0 .
40.33 | 1.5 8 Sandy CLAY, Trace Gravel and Crushed s Groundwater was
- 55} \Stone - Moist 12/14/18 30 Encountered at 40'2°
, 3 (DIKE FILL) 35 During Drilling
} - 7/10/15 ’
53 Dense to Meadium Dense, Reddish Brown 30
- 24 Clayey Fine SAND, Trace Gravel - Moist 6.0 ggz:fviga;:rzggf Upon
-+ (DIKE FILL) |7978/10 .5 Removal of Auger
13383 | 8.0— . !
Very SGff, Reddish Brown Fine Sandy  [§/10/12] Groundwater Was
CLAY, Trace Mica - Moist 10.0 ‘138‘3;“;“’:4 lat;{
DIKE FILL at +1 ¥
- ( ) : 120°1" on 1/27/93
29.83 § 12.0 == 20'11" on 1/28/93
—{i ! 135 18'0" on 2/4/93
] 8 Medium Dense to Loose, Brown Very 376/9 ’
:EE Silty to Silty Fine SAND, Trace Clay, 15.0 Cavé-in Depth 2t 25°0°
—Efaa Trace Mica - Moist to Wet
3&5 (SM)
g@ _ ‘ 18.5
;{EE-J’ 37375
15 20.0
%
?E
EE : 23.5
: 3/4/6
_—:g 25.0
3
3338
B 28.5
it 27477
E 30.0
9.83 | 32.0 —i
= l} Very Dense to Medium Dense, Brown 33.5
Tl Silty Fine to Medium SAND and Fine 14/29/33 _
<+l GRAVEL - Wer 35.0 !
~! SM) |
-t 38.5 1
—! 871375 |
- 1 40-0 1
0.5., 1.375" 1.0, sampler a total of 18 inches in thres

wyunber of blows reﬁuired For a 140 Lb hammer dropping 30" to drive 2
& increments. The sum of the last two increments of penetration is termed the standard penetration resistance, K.




SINCE

gh BORING LOG @ FROEHLING & ROBERTSON,"INC.

FULL SERVICE LABORATORIES - ENGINEERS & CHEMISTS
"OVER ONE HUNDRED YEARS OF SERVICE"

E ' 12810 :

.1 Raport No. T-55-166 DATE: March 19, 1993
, Cliens: Yirginia Power

1 | Project: Chesterfield Ash Pond - North Dike |

i} [ Borng Mo B-2____(307) |53t 60.0" | Eiev: 41.83" " [ Locstion: N380860.614, E2330043.740

. | Type of Boring: Hollow Stem Auger [ Started: 1/26/93  Completed: 1/26/93 I Driller: England

Very Dense to Medium Dense, Brown
Silty Fine to Medium SAND and Fine
GRAVEL - Wet 43.5

(SM) [9/15/23

T

45.0

SEREEERENEEY

=317 | 470

48.5

Dense, Dark Gray Silty Fine SAND - Dry 15}13/19-
{Preconsolidated) 50.0
(SM)

i)

535

8/14/18
550

™
i

58.5

16/20/21
60.0

Aecdeaddedeeterbrebrdbeecbedededed

-18.17 | 60.0

é Boring Terminated at 60.0°

"Numcer of blows required for a 140 tb hammer gropping 30* to drive 2% 0.D., 1.375" 1.D, sampler a total of 18 inches in tares
iv increments. The sum of the last two increments of penetration is termed the standard penetration resistance, .




SINCE

BORING LOG @ FROEHLING & ROBERTSON, TNC.

FULL SERVICE LABORATORIES « ENGINEERS & CHEMISTS
~OVER ONE HUNDRED YEARS OF SERVICE"

®
DATE: March 19, 1993

Report No.: T-55-166 1881

Client: Yirginia Power

Projecs: Chesterfield Ash Pond -~ North Dike

[

S

modncton B-3 (1of1) | Do 40.0° | Elev: 21.86° [ Location: N380921.943, E2330002.470 |
Type of Boring: Hollow Stem Auger ' Started: 1/27/93  Completed: 1/27/93 [ Driller: England
. ' DESCRIPTION OF MATERLALS. " Sample | Jample
Elevation { Depth (Classification) | Do Deptt REMARKS
] 5/5/6 0.0
23 Medium Dense to Yery Loose, Reddish 1.5 ' Groundwater was
£ Brown Clayey Fine SAND, Trace Mica 4/4/3 Encountered at 26'3"
&3 and Roots to 4.5° - Moist 3.0 During Drilling
- ~ (ROAD FILL) 37374~ > '
- 5.0 Groundwater was
_ 6.0 Observed at 13'3" Upon
3/3/1 25 Removal of Auger
=75 8.5 Groundwater was
/2/1 10.0 Observed at:
) 7'6" on 1/28/93
8'2" on 2/4/93
9.86 |
13.5 Set Piezometer at 35°C°
Very Loose to Medium Dense, Brown 27271 '
Very Silty Fine SAND, Trace Mica - Wet 15.0
(SM} _ SEE ATTACHED
PIEZOMETER
DIAGRAM B-3
18.3
2/5/5
13/ 20.0 NOTE:
Undisturbed Samples
0.36 i i Taken at Offset Boring
’ Medium Dense, Tan and Gray Clayey at ‘
Fine to Medium SAND - Wet 23.5 4.0' 10 6.0
(SC) 47377 6.5" to 8.5
25.0
-3.14 |
Very Dense, Brown Silty Fine to Medium 28.5
SAND and GRAVEL - Wet 27/42/23
(SM} 300
-9.64 |
Dense to Medium Dense, Dark Gray Silty _
Fine SAND - Dry 33.5
(SM) [10/16/23
350
38.5
] _ 10711714
-18.14 | 40.0 Boring Terminated at 40.0° 40.0
1.375% 1.0, sampler a total of 13 inches in thre:

"Numoer of blows required for a 140 b hammer dropping 30" to drive 2" C.0.,
4n immramencs. The sum of the last two increments of penetration is termed the standard penetration resistance, M.




1.3

449
TIZ

PIEZOMETER DIAGRAM

PIEZOMETER B-3 -

PVC CAP
STICK-UP
GROUND SURFACE
' 1.D. PVC RISER PIPE BACKFILL
BENTONITE SEAL
2'1.D. PVC 1
0.040 SLOTTED SCREEN N
SAND
PVC PLUG
BACKFILL 2351, CASING TOP EL 2286 . .
BENTONITE o5 - CASING 29.0 ft. -
SAND 13.0ft SCREEN 10.0 &,
TOTAL DEPTH  39.01t STICK-UP  ~ -1.0ft

jimgt
FROEHLING & ROBERTSON, INC.
GECTECHNICAL * ENVIROKMENTAL « MATERIALS
@ ENGINEERS » LABORATORIES
z “OVER ONE HUNDRED YEARS OF SERVICE™

DATE: March, 1993

SCALE: NONE

PIEZOMETER DIAGRAM

CHESTERFIELD ASH POND - NORTH DIKE

prwn: DAK | T-55-166
o [ DWG. NO.
: B-3

CHESTERF!ELD COUNTY, VA VIRGINIA POWER

fzrm g W01
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SINCE

BORING LOG @ FROEHLING & ROBERTSON,"fNC.

FULL SERVICE LABORATORIES » ENGINEERS & CHEMISTS
"OVER ONE HUNDRED YEARS OF SERVICE™

1281
Report No.: T-55-166 DATE: March 19, 1993
Client: Yirginia Power
Project: Chesterfield Ash Pond - North Dike
sorng Mo B-4  (Lof1) | boh 35.0° [Bievi 17.922 [ Location: N380923.428, E2329932.520
Type of Boring: Hollow Stem Auger | Started: 1/27/93  Completed: 1/27/93 [ Driller: England
] DESCRIPTION OF MATERIALS * Sample | Sample
Elevation | Pepth {Classification) B;;m";:e ?;&?)l REMARKS
7/6/8 0.0
Medium Dense to Loose, Reddish Brown 1.5 . Groundwater was
Silty Fine SAND, Trace Mica - Moist 6/8/9 10 Encountered at 13'6"
(ROAD FILL) — 7373 ’ During Dr’ixlling
4.5
Groundwater was
. 6.0 Observed at 6'0” Upon
- 4/2/4 | .3 Removal of Auger
- 5 8.5 Groundwater was
i 2/3/4 10.0 Observed at
7 ’ 5'6" on 1/28/93
- 5'11" on 2/4/93
592 | 12.0 |
-:é 13.5 Cave-in Depth at 26'0"
Y| Firm to Siiff, Brown Fine Sandy Silty 27273
_:g CLAY - Wet 15.0 -
-«;« (CL-ML) NOTE:
:?‘ Undisturbed Samples
_:é _ Taken at Offset Boring
7z 18.5 jae . .
7 37678 6.0 to 8.0' - No Rec.
7 ~ | 200 8.0' to 10.0°
m7 11.0' to 13.0°
-4.08 | 220 ._.% 15.0' to 17.07
—:é _ | 23.5
_ﬁ Medium Dense, Gray to Tan and Gray 13713712
] Cilayey Fine to Medium SAND with Fine ° 25.0
—g Gravel at 28.0" - Wet
:,% - - (SC)
-
:g 28.5
¥ 23/18/12
_-_g 30.0
:
.
E
=
4 33.5
-16.08 | 34.0 7 _T37TEIT
-17.08 | 350 il Medium Dense, Dark Gray Silty Fine _ 35.0
SAND - Dry '
(SM)
Boring Terminated at 35.0°

THurer of blows recuired for a 120 15 hamner dropping 30" fo drive 2* 0.0., 1.373" 1.D. sampler a total of 18 inchea n three

&4 increments. The sum of the lasc two increments of penetration is termed the standard penetration resistance, N.




SINCE

E BORING LOG - @ FROEHLING & ROBERTSON;"INC.

FULL SERVICE LABORATORIES « ENGINEERS & CHEMISTS
"OVER ONE HUNDRED YEARS OF SERVICE™

18810 :
Report No.: T-55-166 DATE: March 19, 1993
F ve s s
| Client: Yirginia Power
Project: Chesterfield Ash Pond - North Dike :
Boring No.: B-5  (1o1) | Dasth 30.0' | Elev: 16.10° | Location: N380928.258, E2329817.690 |

Type of Boring: Hollow Stem Auger [s=med: 1/26/93  Completed: 1/26/93 [Dﬁnm England

RIPTION O * Sample | Pl ‘ |

{ |Elevation | Depth l DESC (cl,jlﬁ::::)mm le‘:i" ?}?ﬁ{ REMARKS' |

y Z | 57676 | 0.0 i

& Mediom Dense to Very Loose, Reddish - 1.5 Groundwater was i

L i _ 5 Brown Clayey Fim:. SAND 4/6/6 30 Encountered at 17°3* |
: _% Trace Rc_:ots at 1.5 _.'5 During Drilling

e _/ Trace Mica at 4.5° : 57577 2.2, i

i 4 Trace Roots at 7.5° 5.0 Groundwater was

7 Dry to Wet 6.0 | Observed at 33" Upon |

-:é (3C) 757473 75 Removal of Auger f

- % 8.5 Groundwater was :

' 172/2 10.0 Observed at |

1'0" on 1/27/93
1'0" on 1/28/93

4.10 | 12.0 -é 1'8* on 2/4/93 |
[3.5
. % Soft, Gray Fine Sandy CLAY - Wet © 17271 Cave-in Depth at 22'4" ¢
L) ' 15.0 ‘o :
.
7 NOTE: |
. _ Undisturbed Samples |
18.5 Taken at Offset Boriag|
| -290 190 77 575713 ar |
= 200 113.0 10 15.0° |
__é Medium Dease to Dense, Tan and Gray 18.0" to0 20.0° :
% Clayey Fine to Medium SAND and f
- 74 GRAVEL - Wet
_ _/:é (8C) 1235
-% : 9/21/16
- ZR 250
-10.90 | 27.0 &%
7_ i Dense, Dark Gray S:Ity Fine SAND - Dry 28.5
-EE - (8M) pa/is/mT
. 1-13.90 | 30.0 % 30.0
Boring Terminated at 30.0°

“Number of blows required for a 140 tb hammer drapping 30 to drive 2* 0.0., 1.373% 1.D. sampler a total of 18 inchesz in tnree
4" ;ncrem_en:s The sum of the last twe increments of penetrar.mn is termed :he standard penetration resistance, M.




SINCE

BORING LOG @ FROEHLING & ROBERTSON, INC.

FULL SERVICE LABORATORIES - ENGINEERS & CHEMISTS
"OVER ONE HUNDRED YEARS OF SERVICE"

12012
Report No.: T-55-166 DATE: March 19, 1993
Cliens: Yirginia Power '
Project: Chesterfield Ash Pond - North Dike
Boring Now B-6  (1o01) | borah 35.0° [ Elev: 19.01° [ Location: N380927.585, E2329879.450
Type of Boring: Hollow Stem Auger I Started: 1/26/93  Complesed: 1/26/93 | Driite England
] DESCRIPTION OF MATERIALS *s Sample
Elevahon Depth (Classification) _Bl.::?. FFG“E:J:)! REMARKS
7 - 47577 | 0.0
:% Medium Dense to Yery Loose, Reddish 1.3 Groundwater was
_—% Brown Clayey Fine SAND, Trace Mica - 3/4/6 30 Encountered at 83"
:/f/ Wet . During Drilling
_% SO emm |
- 3.0 Ground
— / roundwater was
:% 6.0 Observed at 16'4" Upon
:g 3/6/10 75 ' Removal of Auger
E 8.5
_,ﬁ 57573 : Groundwater was
:’f/ 12/ 10.0 Observed at Ground
—:é ’ Surface
—% on 1/28/93 and
7.01 | 12,0 -/,/g on 2/4/93
:E . ) 13.5
it Very Loose to Medium Dense, Gray Silty 1/171 Set Piezometer at 34°0°
i SAND with Gravel - Wet 150 .
= (SM)
-3 NOTE:
. Undisturbed Samples
T [8.5 Taken at Offset Boring
- 3/6/6 ' at
= 20.0 2.5 10 4.5’
-+ 10.0' to 12.0°
-2.99 | 22.0 < 13.0' 10 15.0°
= _ 23.5
4 Very Loose to Medium Dense, Brown to 27172
] Tan and Gray Silty 10 Clayey Fine to : 25.0
oy Medmm SAND with Fine Gravel - Wet
- (SM/SC)
-
: -28.5
- 5/1/11
. _ 30.0
-1499 | 340 | S EVPITATS 335
-15.99 | 350 ¢ i Dense, Dark Gray Silty Fine SAND - Dry 35.0
\ (SM)
Boring Terminated at 35.0°

"Nuther of blows required for a 140 L hammer dropp\ng 30" 1o drive 2" 0.0., 1.375" 1.0. sampler a totat of 18 inches in three
& ipcrements. The sum of the last two increments of penetration is termed the standard penetration rtSIstance, N,




BORING LOG

Report No.: T~55-166

SINCE

FULL SERVICE LABORATORIES « ENGINEERS & CHEMISTS
*OVER ONE HUNDRED YEARS OF SERVICE"

1881®

DATE: _M.ur.-h 19, 1993

@ FROEHLING & ROBERTSON, INC.

Client: Yirginia Power

Project: Chesterfield Ash Pond - North Dike

Boring Now B-7  (1of1) | boh 30.0° | Elev: 16.93' [ Location: N380946.652, £2330012.270
‘Type of Bodng: Hollow Stem Auger [ Started: 2/2/93 Completed: 2/2/93 Driller: England
. DESCRIPTION OF MATERIALS * Sample |>3MmPple
Elevation | Depth (Classification) Bl‘::l: ]éf&ttl; REMARKS
= 2/3/4 0.0
] Firm to Soft, Brown Sandy CLAY with 1.5 Groundwater was
83 Roots and Organics - Moist 4/3/3 1.0 Encountered at 16'3"
3 (FILL) ) During Drilling
3.5
- 17171 |
1193 } 50 ; 22 Groundwater was
. ) . Observed at 3'4" Upoen
He Very Loose to Loose, Brown Silty Clayey 27272 :
_:j_ SAND with Organics - Wet ' - /2 1.5 Removal of Auger
i : SC-
i (SC-SM) 57573 8.5 Groundwater was
3 12/ 10.0 QObserved at
1 ) 1’2" on 2/4/93
493 | 12.0 : Cave-in Depth at 18'3"
Ha : 13.5 '
HY Loose to Medium Dense, Tan and Gray 3/4/4
8 silty to Clayey SAND and Fine GRAVEL 15.0 NOTE:
H7 - Wet Undisturbed Samples
T (SM/SC) Taken at Offset Boring
. at
H 4.0 10 6.0°
5 18.5 , )
...."1 7/12/12 6.0 0 8.0
—H 20.0
-5.57 | 225 %
i : - 23.5
Tt Dense to Medium Dense, Dark Gray Silty  [10/14/17
-t Fine SAND - Dry 25.0
: (SM)
. 28.5
~$iH 9/12/16
-13.07 | 30.0 ¢ 30.0
Boring Terminated at 30.0°
1.375" 1.D. satpler a total of 18 inches ip three

“Ninber of Dlows required for a 140 (b hammer dropping 30% to drive 2" 0.0.,
Ihe sum of the last two incraments of penetration is termed the standard penetration resistance,

4" increments.




SINCE

FULL SERVICE LABORATORIES - ENGINEERS & CHEMISTS

BORING LOG @ FROEHLING & ROBERTSON, INC.

*OVER ONE HUNDRED YEARS OF SERVICE"

®
Report No.: T-55-164 1881

DATE: March 19, 1993

Client: Yirginia Power

.

G

ol

Project: Chesterfield Ash Pond - North Dike _
Boring No: B8 (10f1) | bopt 25.0" | Elev: 14.82" [ Location: N380947.557, E2329970.970
Type of Boring: Hollow Stem Auger [ Started: 2/2/93 Completed: 2/2/93 I Driller: England
Elevation | Depth Dmcm}}gﬁg&;immm 'gﬁ‘:" %;%%‘ REMARKS
B Firm to suff, Clayey SILT with Roots, 2/3/4 0.0 .
=4 Organics, and Wood - Moist 10 Wet 1.5 Groundwater was
11.82 3.0 :_ - (FILL) 5/6/6 3.0 Encountered at 4’3" _
. —+ o During Drilling
- 8/8/8 3.3 -
B£#A Medium Dense to Loose, Reddish Brown 5.0 '
—H h . ’ Groundwater was
3 Silty to Clayey Fine SAND - Wet /s 6.0 Observed at 0'6” Upon
i ‘ (SM/SC) [72/7474 - Removal of Auger
. 8.5 Groundwater was
. 4/3/3 10.0 Observed at
- : 21" on 2/4/93
282 | 12.0 :~ Cave-in Depth at 16'4"
+4 ' _ 13.5
ZE Loose, Brown to Gray Silty Fine to 3/3/8
5! Medium SAND, Trace Gravel - Wet 15.0 NOTE: '
3 (SM) Undisturbed Sample
e Taken at Offset Boring
1 ac
: 18.5 7.0" to 9.0
- 3/2/6 |
T 20.0
-6.18 | 21.0 %
‘35 Medium Dense, Dark Gray Silty Fine
_fH SAND - Dry ‘ 23.5
oD (SM) 797677
-10.18 |} 25.0 25.0 L
Boring Terminated at 25.0°
0¥ to drive 2" 0.0., 1.375% [.0. sampler a total of 18 inches in thres _

=Rumoer of blows required for a 140 \b hammer dropping 3
&% increments. The sum of the last two increments of pene

tration is termed the stacdard penetration resistance, K.




SINCE

BORING LOG | @ FROEHLING & ROBERTSON INC.

FULL SERVICE LABORATORIES - ENGINEERS & CHEMISTS
"OVER ONE HUNDRED YEARS OF SERVICE"

18810
Report No.: T~55-166 DATE: March 19, 1993
Client: Yirginia Power
Project: Chesterfield Ash Pond - North Dike P
Boring No: B-9  (1of1) | bowh 35.0' | Eler: 13.68’ [ Location: N380948.077, E2329922.570
Type of Boring: Hollow Stem Auger [ Started: 2/2/93  Completed: 2/2/93 | Driller; England ?
. DESCRIPTION OF MATERIALS * Sample |Sample <
Elevation | Depth {Classification) B;::: (Drf&t‘l]l - REMARKS
N 2/3/5 0.0 :
B& Loose to Medium Dense, Reddish Brown ‘ 1.5 Groundwater was 1
22 Clayey Fine SAND, Trace Mica - Wet 4/7/13 Encountered at 126" |
-5 (Trace Wopd at 7.5°} gg During Drilling :
. (FILL) [§78/6 ’ _ |
- 5.0 Groundwater was “.
I 6.0 Observed at Ground !
. 6/18/4 25 Surface Upon Removali |
568 | 8.0— 25 of Auger
-l Loose, Brown Very Silty Fine SAND, 37373 ' : }
-fifl Trace Mica - Wet ‘ 10.0 Groundwater was ;
268 | 11.0 = (SM) Observed at Ground
- — Surface on 2/4/93 ;
_*/ Stiff, Brown Silty CLAY, Trace Mica - :
:%/ Wet 13.5 Cave-in Depth at 140" :
.ﬂ% (CL) 171712 k
_-% : 15.0 .-
' Z% NOTE:
-3.32 | 17.0 "é Undisturbed Sample
1 _..// Taken at Offset Boring
o 18.5 at
_///f; Medium Dense, Brown to Tan and Gray 37773 17.0' 10 19.0°
:? Clayey Fine to Medium SAND and Fine 20.0
"] GRAVEL - Wet
1
_/,é (8C)
-:%
- 23.5
—-é 9/8/8
_—g 25.0
.
E
7 28.5
"é 7/12/10
__"g 30.0
=
:///(/ 33.5
-20.32 | 34.0 . 573710
-21.32 | 35.0 Fjl Medium Dense, Dark Gray Silty Fine 35.0
SAND - Dry
(SM)
Boring Terminated at 35.0°
TvomDer of Blows required for a 140 (b hammer dropping 30" o drive 2 0.D., 1.375" 1.D. sampler a total of 18 inches in thres
&% increments. The sum of the last two increments of penetration is termed the standard penetration resistance, N.
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SCENABEL ENGINEERING ASSQCIATES |Praject: HENRICUS PARK ACCESS ROAD Contract Number: 33234
CONSULTING GEOTECHNICAL ENGINEERS COXENDALE ROAD . Boring Number: 5I-1
TEST BORING LOG CHESTERFIELD COUNTY, VIRGINIA Sheet: 1 of 1
Boring Contractor: AYERS AND AYERS, INC. Groundwater Observations
: POWHATAN, VIRGINIA Date | Time Depth | Casing Caved
Boring Foreman: F. ELGIN
britling Method: 3%" HOLLOW STEM AUGER Encountered 8-19 | 9:32 2.0 - -
Orilling Equipment: CME-458 (ATV)
Completion 8-19 [ 10:45 - - -
SEA Representative: T. WOODALL
Casing Pulled (8-19 | 11:3D - - -
Dates Started: 08/19/94 Completed: 0B/19/94
Location: SEE TEST BORING LOCATION PLAN,
FIGURE A%
Ground Surface Elevation: 9.3 3
DEPTH STRATA CLASS. [ELEV.|STRA- SAMPL ING W REMARKS
{FT.) DESCRIPTION (FT.)| TUM { DEPTH DATA %)
-~ FINE TO MEDIUM POORLY GRADED SAND SP-5M —_— - 2+2+3
2.0 - WITH SILT FILL, MOIST - BROWN 7.3 — FILL
J 1 —— r | — (Riz3e2
— FINE TO MEDIUM SILTY SAND FILL, SH —_— )
— CONTAINS ROOT FRAGMENTS, MOIST - -5 - l 1+3+1
- BROWN —
7.0 — 2.3 -
- FINE TO MEDIUM SILTY SAND, CONTAINS SM —— . T+1+1
— WOOD FRAGMENTS, MOIST - GRAY —
—] do, WET BELOW 9.0 FT B [-10 - . i+1+1 RECENT ALLUVIUM
- do, TRACE GRAVEL BELOW 14.0 fT —_—
14.0 -~ -4.7 —_
— FINE TO MEDIUM SILTY SAND, TRACE SM =15 - l 2+4+3
- GRAVEL, WET - BROWN AND GRAY —_—
— —_— PLEISTOCENE
— -20 - . 1+1+1
— [ ———
-— -5 ~ I WOH+2+3
29.0 — ~19.7 —-— CRETACEQUS
29.5— FINE TO MEDIUM CLAYEY SAND, HMOIST - s5C -20.2H E H-30 —-I-4+?+8
30.5 _I GRAY r -21.2 L]
L 1fr
_l FINE SANDY LEAN CLAY, MOIST - GRAY gL '>
BOTTOM OF BORING @ 30.5 FT.

Comments:

1) SLOPE INCLEINOMETER INSTALLED TO 30.5 FT




