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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. 

 

 
OVERALL SITE (GOLDER ASSOCIATES, MAY 2015) 
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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 Soil Classes 

 
Area Distributions based on Soil Group Classification 
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Two conditions were analyzed for each of the six soils (outlined in red in the table on the previous page) in 

question, 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. 

 

 
 

Top of Pile Bench

1A 0.012 0.092

3A 0.0092 0.073

17B 0.011 0.085

172D 0.0077 0.061

172E 0.0077 0.061

172F 0.0077 0.061

Soil Loss (t/ac/yr)
Soil Type

 
 

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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 APPENDIX E  

Stability Calculations   



This appendix contains the following geotechnical calculations: 

• Veneer Stability Analysis (pages 1-24) 

• Deep Seated Stability Analysis (pages 25-32) 

• Anchor Trench Design (pages 33-40) 

• GDN Flows (pages 41-45) 

• GDN Design (pages 46-54)  
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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. GAI 
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. 

CAG 9/25/2015 1 24
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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 GAI 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. GAI 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 (φ) 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 (τ) at a normal load 

of 1,000 psf (σn). 
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Table 1: Liner System Properties 
 

Interface 
c=c' 
(psf) 

φφφφ=φφφφ’ 
(Degrees) 

Soil to non-woven geotextile 0 
26.0 (peak), 

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 

Soil 
Type 

Soil No. 
γγγγT  

(pcf) 
γγγγSat  

(pcf) 

c=c' 
(psf) 

φφφφ=φφφφ’ 
(Degrees) 

Soil Cover 1 120 125 0 25 

Liner 2 90 95 0 26 

CCRs 3 93 98 0 28 

Imperm 3(1) 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 ½ 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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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 GAI 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 

 

File Name 

Analysis 

Conditions 

Failure Plane 

Analyzed FSmin 

Target 

FS 

static-dry-peak 

dry-static 
Critical Liner 

Interface 

1.6 1.5 

static-dry-residual 1.3 1.0 

bottom-dry-static-peak 1.5 1.5 

bottom-dry-static-residual 1.3 1.0 

 

File Name 

Analysis 

Conditions 

Failure Plane 

Analyzed FSmin 

Target 

FS 

Seismic-dry-peak 

dry-seismic 
Critical Liner 

Interface 

1.3 1.0 

seismic-dry-residual 1.0 1.0 

bottom-seismic-dry-peak 1.2 1.0 

bottom-seismic-dry-residual 1.0 1.0 

 

File Name 

Analysis 

Conditions 

Failure Plane 

Analyzed FSmin 

Target 

FS 

Wet-static-peak 

Wet-static 
Critical Liner 

Interface 

1.5 1.1 

Wet-static-residual 1.2 1.0 

bottom-wet-static-peak 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. 
 

CAG 9/25/2015 4 24
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FIGURE 1 
 

PROPOSED LINER CROSS SECTION AND BENCH 
GEOMETRY 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5/24 5



6/
24

6



 

 

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\slope stability\Slope_Stability_calc.doc
 09/28/15 

ATTACHMENT 1 
 

SLOPE STABILITY OUTPUT FILES 
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Dominion Upper Pond static-dry-peak
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e 1.64
f 1.64
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0.0

Friction
Angle
(deg)
25.0
26.0
28.0

Pore
Pressure
Param.

0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
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GSTABL7 v.2  FSmin=1.63
Safety Factors Are Calculated By The Simplified Janbu Method

Ckd: CAG 9/25/2015
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Dominion Upper Pond static-dry-residual
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h 1.37
i 1.39
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GSTABL7 v.2  FSmin=1.33
Safety Factors Are Calculated By The Simplified Janbu Method

Ckd: CAG 9/25/2015
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Dominion Upper Pond seismic-dry-peak
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GSTABL7 v.2  FSmin=1.27
Safety Factors Are Calculated By The Simplified Janbu Method

Ckd: CAG 9/25/2015
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Dominion Upper Pond seismic-dry-residual
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GSTABL7 v.2  FSmin=1.17
Safety Factors Are Calculated By The Simplified Janbu Method

Ckd: CAG 9/25/2015
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Dominion Upper Pond bottom-dry-static-peak
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GSTABL7 v.2  FSmin=1.47
Safety Factors Are Calculated By The Simplified Janbu Method

Ckd: CAG 9/25/2015
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Chesterfield Upper Pond bottom-dry-static-residual
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1  

2  

3  

4  

5  

6  

7  

8  

9  

10  

11  

12  

13  

14  

15  

16  

17  

18  

1

1

1

1

1

1

2

2

2

2

2

2

3

3

3

3

3

3

bc
de
fg
hi
j
a

# FS
a 1.30
b 1.33
c 1.34
d 1.34
e 1.35
f 1.37
g 1.37
h 1.37
i 1.37
j 1.38

Soil
Desc.

Soil Cov
Liner
ash

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
120.0
90.0
93.0

Saturated
Unit Wt.

(pcf)
125.0
95.0
98.0

Cohesion
Intercept

(psf)
0.0
0.0
0.0

Friction
Angle
(deg)
25.0
17.0
28.0

Pore
Pressure
Param.

0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0

Piez.
Surface

No.
W1
W1
W1

GSTABL7 v.2  FSmin=1.30
Safety Factors Are Calculated By The Simplified Janbu Method

Ckd: CAG 9/25/2015
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Dominion Upper Pond bottom-seismic-dry-peak
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1
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2

2

2

2

2
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3

3

3

3
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bc
de
fg

hij
a

# FS
a 1.17
b 1.17
c 1.17
d 1.17
e 1.17
f 1.17
g 1.17
h 1.18
i 1.18
j 1.18

Soil
Desc.

Soil Cov
Liner
ash

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
120.0
90.0
93.0

Saturated
Unit Wt.

(pcf)
125.0
95.0
98.0

Cohesion
Intercept

(psf)
0.0
0.0
0.0

Friction
Angle
(deg)
25.0
26.0
28.0

Pore
Pressure
Param.

0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0

Piez.
Surface

No.
W1
W1
W1

Load Value
Peak(A) 0.075(g)
kh Coef. 0.075(g)<

GSTABL7 v.2  FSmin=1.17
Safety Factors Are Calculated By The Simplified Janbu Method
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Dominion Upper Pond bottom-seismic-dry-residual
z:\energy\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
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fg
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a

# FS
a 1.04
b 1.06
c 1.06
d 1.07
e 1.08
f 1.08
g 1.09
h 1.09
i 1.09
j 1.09

Soil
Desc.

Soil Cov
Liner
ash

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
120.0
90.0
93.0

Saturated
Unit Wt.

(pcf)
125.0
95.0
98.0

Cohesion
Intercept

(psf)
0.0
0.0
0.0

Friction
Angle
(deg)
25.0
17.0
28.0

Pore
Pressure
Param.

0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0

Piez.
Surface

No.
W1
W1
W1

Load Value
Peak(A) 0.075(g)
kh Coef. 0.075(g)<

GSTABL7 v.2  FSmin=1.04
Safety Factors Are Calculated By The Simplified Janbu Method
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Chesterfield Upper Pond wet-static-peak
z:\energy\2015\c150035.00 - dom-chesterfld pond closu\working docs\calculations\slope stability\closure plan runs\wet-static-peak.pl2   Run By: T. Muraoka   9/28/2015   09:04AM
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3
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3

W1

W1
W1 W1 W1

W1
W1 W1 W1

W1
W1

W1

bc
de
fgh
ij
a

# FS
a 1.49
b 1.49
c 1.49
d 1.49
e 1.49
f 1.49
g 1.50
h 1.50
i 1.50
j 1.50

Soil
Desc.

Soil Cov
Liner

imperm

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
120.0
90.0

150.0

Saturated
Unit Wt.

(pcf)
125.0
95.0

155.0

Cohesion
Intercept

(psf)
0.0
0.0
0.0

Friction
Angle
(deg)
25.0
26.0
50.0

Pore
Pressure
Param.

0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0

Piez.
Surface

No.
W1
W1
W1

GSTABL7 v.2  FSmin=1.49
Safety Factors Are Calculated By The Simplified Janbu Method
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Chesterfield Upper Pond wet-static residual
z:\energy\2015\c150035.00 - dom-chesterfld pond closu\working docs\calculations\slope stability\closure plan runs\wet-static-residual.pl2   Run By: T. Muraoka   9/28/2015   09:05AM
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W1

W1
W1 W1 W1

W1
W1 W1 W1

W1
W1

W1

bcde
fg
hi j
a

# FS
a 1.15
b 1.23
c 1.25
d 1.26
e 1.28
f 1.30
g 1.30
h 1.34
i 1.36
j 1.36

Soil
Desc.

Soil Cov
Liner

imperm

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
120.0
90.0

150.0

Saturated
Unit Wt.

(pcf)
125.0
95.0

155.0

Cohesion
Intercept

(psf)
0.0
0.0
0.0

Friction
Angle
(deg)
25.0
17.0
50.0

Pore
Pressure
Param.

0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0

Piez.
Surface

No.
W1
W1
W1

GSTABL7 v.2  FSmin=1.15
Safety Factors Are Calculated By The Simplified Janbu Method
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Chesterfield Upper Pond bottom-wet-static-peak
z:\energy\2015\c150035.00 - 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
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W1
W1

W1

bc
de
fg
hi
j
a

# FS
a 1.41
b 1.41
c 1.41
d 1.41
e 1.41
f 1.41
g 1.41
h 1.41
i 1.41
j 1.41

Soil
Desc.

Soil Cov
Liner

imperm

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
120.0
90.0

150.0

Saturated
Unit Wt.

(pcf)
125.0
95.0

155.0

Cohesion
Intercept

(psf)
0.0
0.0
0.0

Friction
Angle
(deg)
25.0
26.0
50.0

Pore
Pressure
Param.

0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0

Piez.
Surface

No.
W1
W1
W1

GSTABL7 v.2  FSmin=1.41
Safety Factors Are Calculated By The Simplified Janbu Method
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Chesterfield Upper Pond bottom-wet-static-residual
z:\energy\2015\c150035.00 - dom-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
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a

# FS
a 1.25
b 1.31
c 1.32
d 1.32
e 1.35
f 1.37
g 1.37
h 1.38
i 1.38
j 1.39

Soil
Desc.

Soil Cov
Liner

imperm

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
120.0
90.0

150.0

Saturated
Unit Wt.

(pcf)
125.0
95.0

155.0

Cohesion
Intercept

(psf)
0.0
0.0
0.0

Friction
Angle
(deg)
25.0
17.0
50.0

Pore
Pressure
Param.

0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0

Piez.
Surface

No.
W1
W1
W1

GSTABL7 v.2  FSmin=1.25
Safety Factors Are Calculated By The Simplified Janbu Method
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                                    ***  GSTABL7  ***
                 ** GSTABL7 by Dr. Garry H. Gregory, Ph.D.,P.E.,D.GE **
       ** Original Version 1.0, January 1996; Current Ver. 2.005.3, Feb. 2013 **

                   (All Rights Reserved-Unauthorized Use Prohibited)
    *********************************************************************************
                        SLOPE STABILITY ANALYSIS SYSTEM
           Modified Bishop, Simplified Janbu, or GLE Method of Slices.
           (Includes Spencer & Morgenstern-Price Type Analysis)
           Including Pier/Pile, Reinforcement, Soil Nail, Tieback,
           Nonlinear Undrained Shear Strength, Curved Phi Envelope,
           Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water
           Surfaces, Pseudo-Static & Newmark Earthquake, and Applied Forces.
    *********************************************************************************
    Analysis Run Date:        8/20/2015
    Time of Run:              03:07PM
    Run By:                   T. Muraoka
    Input Data Filename:      Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Workin
g Docs\Calculations\slope stability\closure plan runs\static-dry-peak.in
    Output Filename:          Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Workin
g Docs\Calculations\slope stability\closure plan runs\static-dry-peak.OUT
    Unit System:              English
    Plotted Output Filename:  Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Workin
g Docs\Calculations\slope stability\closure plan runs\static-dry-peak.PLT
    PROBLEM DESCRIPTION:  Chesterfield Upper Pond
                          static-dry-peak
    BOUNDARY COORDINATES
        6 Top   Boundaries

Ckd: CAG 9/25/2015
20/24
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Z:static-dry-peak.OUT  Page 2

       18 Total Boundaries
    Boundary     X-Left     Y-Left    X-Right    Y-Right    Soil Type
       No.        (ft)       (ft)       (ft)       (ft)     Below 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)
   ISOTROPIC SOIL PARAMETERS
     3 Type(s) of Soil
    Soil  Total  Saturated  Cohesion Friction   Pore   Pressure   Piez.
    Type Unit Wt. Unit Wt. Intercept   Angle  Pressure Constant Surface
     No.  (pcf)    (pcf)     (psf)     (deg)    Param.   (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
    Technique For Generating Sliding Block Surfaces, Has Been
    Specified.
     100 Trial Surfaces Have Been Generated.
    4 Boxes Specified For Generation Of Central Block Base
    Length Of Line Segments For Active And Passive Portions Of
    Sliding Block Is   1.0
    Box        X-Left     Y-Left    X-Right    Y-Right      Height
    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
    Following Are Displayed The Ten Most Critical Of The Trial
          Failure Surfaces Evaluated. They Are
          Ordered - Most Critical First.
          * * Safety Factors Are Calculated By The Simplified Janbu Method * *
          Total Number of Trial Surfaces Attempted =   100
          Number of Trial Surfaces With Valid FS =  100
          Statistical Data On All Valid FS Values:
             FS Max =   1.816   FS Min =   1.632   FS Ave =   1.709
             Standard Deviation =    0.046   Coefficient of Variation =    2.72 %
          Failure Surface Specified By 10 Coordinate Points
            Point      X-Surf      Y-Surf
             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
                ***    1.632   ***
               Individual data on the    13  slices

Ckd: CAG 9/25/2015
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                         Water  Water     Tie     Tie     Earthquake
                         Force  Force    Force   Force       Force   Surcharge
 Slice  Width   Weight    Top    Bot     Norm     Tan     Hor     Ver    Load
  No.    (ft)    (lbs)   (lbs)  (lbs)    (lbs)   (lbs)   (lbs)   (lbs)   (lbs)
   1      0.4       7.1     0.0     0.0       0.      0.     0.0     0.0      0.0
   2      0.7      54.8     0.0     0.0       0.      0.     0.0     0.0      0.0
   3      0.7     110.8     0.0     0.0       0.      0.     0.0     0.0      0.0
   4      0.1      16.3     0.0     0.0       0.      0.     0.0     0.0      0.0
   5     74.9   15573.6     0.0     0.0       0.      0.     0.0     0.0      0.0
   6      0.1      20.6     0.0     0.0       0.      0.     0.0     0.0      0.0
   7     20.0    4433.6     0.0     0.0       0.      0.     0.0     0.0      0.0
   8      0.1      14.6     0.0     0.0       0.      0.     0.0     0.0      0.0
   9     74.9   16624.5     0.0     0.0       0.      0.     0.0     0.0      0.0
  10      0.0       8.3     0.0     0.0       0.      0.     0.0     0.0      0.0
  11      0.5      82.6     0.0     0.0       0.      0.     0.0     0.0      0.0
  12      0.5      33.9     0.0     0.0       0.      0.     0.0     0.0      0.0
  13      0.1       0.4     0.0     0.0       0.      0.     0.0     0.0      0.0
          Failure Surface Specified By 10 Coordinate Points
            Point      X-Surf      Y-Surf
             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
                ***    1.632   ***
          Failure Surface Specified By 11 Coordinate Points
            Point      X-Surf      Y-Surf
             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   ***
          Failure Surface Specified By 11 Coordinate Points
            Point      X-Surf      Y-Surf
             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
            Point      X-Surf      Y-Surf
             No.        (ft)        (ft)
              1         96.251       50.835
              2         96.494       50.689
              3         97.212       49.993
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              4         97.925       49.292
              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 Coordinate Points
            Point      X-Surf      Y-Surf
             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
                ***    1.640   ***
          Failure Surface Specified By 11 Coordinate Points
            Point      X-Surf      Y-Surf
             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
                ***    1.640   ***
          Failure Surface Specified By 11 Coordinate Points
            Point      X-Surf      Y-Surf
             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   ***
          Failure Surface Specified By 11 Coordinate Points
            Point      X-Surf      Y-Surf
             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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             11        269.561      101.051
                 Factor of Safety
                ***    1.643   ***
          Failure Surface Specified By  9 Coordinate Points
            Point      X-Surf      Y-Surf
             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   ***
                    **** 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   DATE   SHEET NO.   OF   

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, GAI 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. 
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Table 1: Slope Stability Material Properties 

Soil 
Type 

Soil 
Type # 

γγγγT  

(pcf) 
γγγγSat  

(pcf) 

c=c' 
(psf) 

φφφφ=φφφφ’ 
(Degrees) 

Embankment/Road 
Fill 

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 GAI 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 
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under the desired outcome of 1.5. If a failure were to occur, GAI recommends the failure be 
addressed quickly to protect the stability of the dike. 
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3  

4  

5  

6  
7  

8  

3 3
3

3

3

3 3

3

W1 W1

bcd
e fg hij
a

# FS
a 1.48
b 1.48
c 1.50
d 1.52
e 1.53
f 1.55
g 1.59
h 1.59
i 1.60
j 1.60

Soil
Desc.

fill
SM-SP
low N

SM,SC
old mar

Soil
Type
No.
1
2
3
4
5

Total
Unit Wt.

(pcf)
120.0
125.0
120.0
135.0
90.0

Saturated
Unit Wt.

(pcf)
125.0
130.0
125.0
140.0
95.0

Cohesion
Intercept

(psf)
0.0
0.0
0.0
0.0
40.0

Friction
Angle
(deg)
32.0
35.0
27.0
40.0
9.0

Pore
Pressure
Param.

0.00
0.00
0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0
0.0
0.0

Piez.
Surface

No.
W1
W1
W1
W1
W1

GSTABL7 v.2  FSmin=1.48
Safety Factors Are Calculated By The Modified Bishop Method
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b 1.20
c 1.26
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e 1.30
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i 1.37
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Soil
Desc.

fill
SM-SP
low N

SM,SC
old mar

Soil
Type
No.
1
2
3
4
5

Total
Unit Wt.

(pcf)
120.0
125.0
120.0
135.0
90.0

Saturated
Unit Wt.

(pcf)
125.0
130.0
125.0
140.0
95.0

Cohesion
Intercept

(psf)
0.0
0.0
0.0
0.0
40.0

Friction
Angle
(deg)
32.0
35.0
27.0
40.0
9.0

Pore
Pressure
Param.

0.00
0.00
0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0
0.0
0.0

Piez.
Surface

No.
W1
W1
W1
W1
W1

Load Value
Peak(A) 0.075(g)
kh Coef. 0.075(g)<

GSTABL7 v.2  FSmin=1.19
Safety Factors Are Calculated By The Modified Bishop Method
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j 2.72
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Desc.

fill
SM-SP
marsh
SM,SC
old mar

Soil
Type
No.
1
2
3
4
5

Total
Unit Wt.

(pcf)
120.0
125.0
120.0
135.0
90.0

Saturated
Unit Wt.

(pcf)
125.0
130.0
125.0
140.0
95.0

Cohesion
Intercept

(psf)
0.0
0.0
0.0
0.0
40.0

Friction
Angle
(deg)
32.0
35.0
27.0
40.0
9.0

Pore
Pressure
Param.

0.00
0.00
0.00
0.00
0.00

Pressure
Constant

(psf)
0.0
0.0
0.0
0.0
0.0

Piez.
Surface

No.
W1
W1
W1
W1
W1

GSTABL7 v.2  FSmin=2.51
Safety Factors Are Calculated By The Modified Bishop Method
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0.0
0.0
0.0
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GSTABL7 v.2  FSmin=1.95
Safety Factors Are Calculated By The Modified Bishop Method
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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: 
  
  
 
 
 
Where   T = geomembrane tensile force per unit width, lb/ft 
   �� = Unit weight of cover and backfill soil, pcf 
   dcs = depth of cover soil, ft 
   dAT = depth of anchor trench, ft 
   LRO = runout length, ft 
   �� = interface between geomembrane and underlying soil, deg 
   �� = interface between geomembrane and backfill soil, deg 
   �� = left bottom angle of V-shaped anchor trench, measured from horizontal; 

( ) ( )[ ]
C

LFCATATCSsCROCSs
adddLd

T
δββ

δδγδγ
tansincos

tan/tantan5.0tan

−
+++=
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   Φ = friction angle between geomembrane and soil, deg 
   β = 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 (Tallow) of 42.9 lbs/linear inch of liner width.  The ultimate 
geomembrane tensile strength (Tult), based on manufacturer’s cut sheets, Attachment 3 (Sheet 8 of 8), is 
60.0 lb/in. The factor of safety against pullout is calculated as follows: 
 

�	 =
T�
�

T�����
=
60.0	��/��

42.9	��/��
= 1.4 

 
 
Dimensions of the anchor trench are listed below: 

1. Liner Runout Length  = 1.0 ft 
2. Depth   = 1.0 ft 
3. Bottom Width  = 1.0 ft 
4. Cover Soil Depth  = 2.0 ft 
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.
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ATTACHMENT 1 

 

DESIGN DETAILS 
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CALCULATIONS 
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GAI Proj No. C150035.00 DOMINION CHESTERFIELD STATION

 CLOSURE OF UPPER (EAST) POND

CHESTERFIELD COUNTY, VIRGINIA

By: TIM    Date:10-5-2015

CHK'D:_______ Date:________      

Unit weight of cover and backfill soil, γs = 120 lb/ft
3

Depth of cover soil, dCS = 2 ft

Anchor trench depth, dAT = 1 ft

Runout length, LRO = 1 ft

Anchor trench length, LAT = 1.0 ft

tan sin cos

Interface between geomembrane and underlying soil, δC = 0.454 rad = 26.0 degrees 0.488 0.438 0.899

Interface between geomembrane and backfill soil, δF = 0.454 rad = 26.0 degrees 0.488 0.438 0.899

Trench side slope angle, αL = 0.785 rad = 45.0 degrees 1.000 0.707 0.707

Side slope angle, β = 0.321 rad = 18.4 degrees 0.333 0.316 0.949
Friction angle between geomembrane and soil, f = 0.454 rad = 26.0 degrees 0.488 0.438 0.899

Allowable Geomembrane tensile force per unit width, T = 515.4 lb/ft = 42.9 lb/in

Anchor Trench Geometry:

Ref: Qian et al. "Geotechnical Aspects of Landfill Design and Construction", 2002, pp. 117

LANDFILL LINER Triangular-Shaped Anchor Trench

( ) ( )[ ]
C

LFCATATCSsCROCSs
adddLd

T
δββ

δδγδγ
tansincos

tan/tantan5.0tan

−
+++=
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ATTACHMENT 3 

 

MANUFACTURER’S CUT SHEET 
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PRODUCT DATA SHEET

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. REV09APR2012

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.

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 as in a 

landfill closure application.

Product Specifications  These product specifications meet GRI GM17

Tested Property Test Method Frequency Minimum Average Value

40 mil 60 mil 80 mil 100 mil

Thickness, mil 
Lowest individual reading

ASTM D 5994 every roll 40 
36

60
54

80
72

100
90

Density, g/cm3 (max.) ASTM D 1505 200,000 Ib 0.939 0.939 0.939 0.939

Tensile Properties (each direction) 

Strength at Break, lb/in-width 
Elongation at Break, %

ASTM D 6693, 
Type IV 

Dumbbell, 2 ipm
G.L. 2.0 in

20,000 lb

60
250

90
250

120
250

150
250

Tear Resistance, lb ASTM D 1004 45,000 lb 22 33 44 55

Puncture Resistance, lb ASTM D 4833 45,000 lb 44 66 88 110

Carbon Black Content, % 
(Range)

ASTM D 1603*/4218 20,000 lb 2.0 - 3.0 2.0 - 3.0 2.0 - 3.0 2.0 - 3.0

Carbon Black Dispersion ASTM D 5596 45,000 lb Note(1) Note(1) Note(1) Note(1)

Asperity Height, mil ASTM D 7466 second roll 18 18 18 18

Oxidative Induction Time, mins A5TM D 3895,  
200ºC; O

2
, 1 atm

200,000 lb > 100 > 100 > 100 > 100

TYPICAL ROLL DIMENSIONS

Roll Length(2), ft Double-Sided Textured
Single-Sided Textured

700 
780

520
540

400 
410

330
330

Roll Width(2), ft 22.5 22.5 22.5 22.5

Roll Area, ft2 Double-Sided Textured
Single-Sided Textured

15,750  
17,550

11,700 
12,150

9,000 
9,225

7,425 
7,425 

NOTES:

• (1)Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Category 1 or 2. No more than 1 view from  

 Category 3.

• (2)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 

GSEworld.com, call 800.435.2008 or contact your local sales office.
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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 2 = conveyance layer (GDN) 
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The results show: 

 
 
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,  
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For a 25-year 24-hour storm, precipitation = 6.31 inches: 
 

 
 
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  
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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: 
 

 
 
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 10-5 cm/sec 
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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: 
 

 
 

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 10-5 cm/sec 
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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. 

1
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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 10-3 cm/s. From a 

separate calculation, the infiltration rate into the GDN was estimated to be 7.7 x 10-5 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: 

 

θrequired )  Bsin(/* LPERC=  

 

Where, θrequired =  transmissivity (m2/sec) 

 PERC = percolation rate (mm/sec/unit width); 

 L  =  slope length (maximum undrained horizontal, m); and 

 Β =  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*RFIN*RFBC) 

 

Where, RFCR = reduction factor for creep (1.4);  

 RFCC = reduction factor for chemical clogging (1.5);  

 RFIN = reduction factor for intrusion of geotextile (1.5); and 

 RFBC = 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 θallowable. 

 

2
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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 θallowable is greater than the θrequired. The attached calculation shows 

that the θallowable is greater than the θrequired.  

 

 

 

 

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 
 

4
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ATTACHMENT 2 

 

GDN MANUFACTURERS’ PRODUCT DATA 
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Visit our Web site at www.skaps.com 

SKAPS Industries 
571 Industrial Parkway 
Commerce, GA 30529 (U.S.A.) 
Phone (706) 336-7000 Fax (706) 336-7007 
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 % 2 to 3 2 to 3 Range 
Tensile Strength ASTM D 7179 lb/in 50 50 Minimum 
Melt Flow ASTM D 12383 g/10 min. 1 1 Minimum 
Density ASTM D 1505 g/cm3 0.94 0.94 Minimum 
Transmissivity1 ASTM D 4716 m2/sec. 2.5x10-3 2.5x10-3 MARV2 
Composite 
Ply Adhesion (Minimum) ASTM D7005 lb/in 0.5 0.5 MARV 
Ply Adhesion (Average) ASTM D7005 lb/in 1 1 MARV 
Transmissivity1 ASTM D 4716 m2/sec 2x10-4 2x10-4 MARV 
Geotextile 
Fabric Weight ASTM D 5261 oz/yd2 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 lbs 65 90 MARV 
Puncture Resistance ASTM D 4833 lbs 95 130 MARV 
CBR Puncture ASTM D 6241 lbs 475 650 MARV 
Water Flow Rate ASTM D 4491 gpm/ft2 125 100 MARV 
Permittivity ASTM D 4491 sec-1 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 ± 2ºC (70 ± 4ºF) 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. 

7/9
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ATTACHMENT 3 

 

GDN CAPACITY CALCULATIONS 
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Proj. No.:C150035.00 Closure of Upper (East) Pond

Chesterfield Power Station

By: TIM   Date: 5/14/2015

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

Find percolation rate through cover to GDN:

PERC = P(1-RC), for P(1-RC) < kcs

PERC = kcs, for P(1-RC) > kcs

Kcs = permeability of cover soil

RC = Runoff Coefficient

P(1-RC) = Precipitation (PMF from KMB calc. it is 2.77 mm/hr)

Kcs = 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 Ѳ required

Ѳ required = q required / i = PERC * .001 m/mm * L/Sinβ 

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

L = Slope Length (maximum undrained horizontal)

w= unit width (1 m)

β= slope angle

L= 65.532 m

β= 18.4 = 0.3211 rad

Ѳ required = 1.6E-04 m
2
/sec

Find Ѳ allowable

Ѳ allowable = Ѳ 100 * RF

Ѳ100=

RF = Reduction Factor for Clogging = RF = (1/(RFCR*RFCC*RFBC))

Ѳ100= 1.44E-03 m
2
/sec

RF = 0.125

Ѳ allowable = 1.8E-04 m
2
/sec

The Ѳ of the selected GDN is adequate.

DLC ANALYSIS CASE

Project: Dominion Chesterfield Station

Reference #1:  The Design of Drainage Systems over Geosynthetically Lined Slopes, Te-

Yang Soong & Robert M. Koerner, June 1997.

100 hour transmissivity of GDN at a hydraulic gradient of 0.33 and a load 

of 230 psf

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

Purpose: Check capacity of Geocomposite Drainage Net (GDN) and find the Drainage 

Layer Capacity (DLC).

CHECKED JRK 12/10/2015 9/9
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Closure Combustion Residuals Closure Plan 
Upper (East) Pond Chesterfield Power Station 

 

 C150035.00 / January 2016  

 

APPENDIX F 

Hydrologic and Hydraulic Calculations  



This appendix contains the following hydrologic and hydraulic calculations for the Upper (East) Pond: 

 

• Introduction (page 1) 

• Storm Event Precipitation (pages 2-3) 

• PMP Precipitation Distributions (pages 4-10) 

• Uniform Section Mat Design Parameters (pages 11-12) 

• Center Channel (pages 13-20) 

• Perimeter Channels (pages 21-35) 

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

• Slope Drains (pages 41-43) 

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

• Toe Drain Model (pages 49-50) 
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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.  
 

1

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.
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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: 
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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  
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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 105th 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. 
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site 

site 
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site 
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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  

site 

7



 

Z:\Energy\2015\C150035.00 - DOM-Chesterfld Pond Closu\Working Docs\Calculations\H and 
H\Precipitation and PMP\UAP PMP precipitation.doc 

SUBJECT    DOMINION – CHESTERFIELD POWER STATION  
UPPER (EAST) POND -  PMP PRECIPITATION DISTRIBUTIONS 

 
BY  KMB    DATE 08/31/2015 PROJ. NO. C150035.00 
 
CHKD. BY  CRM    DATE 12/10/2015        SHEET NO.   5 OF   7  

 
 
 
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 105o 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. 
 

 
 

Time 
Ratio to 6-hour 
amount 

PMP 
(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.
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DESIGN EVENT 
 

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

 
 

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. 
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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

Duration

PMP

(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. 
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UNIFORM SECTION MAT FABRIC FORMED CONCRETE 
 
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: 
 

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

 
 
 
And from Texicon: 
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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: 
 

 
 
 
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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Time of concentration flow path is: 

 
 

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 V 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 32.9 0.00

Tc = 0.29 hr 17.1 minutes

 
Lag time = 0.6 * time of concentration = 10.3 minutes 
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The computer program HEC-HMS will be run to determine flows for a PMF event. 
 

 
 

 
 

 
 
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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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: 

Channel

Center

(min slope)

Center

(max slope)

Center

(d/s end)

Protective Lining

Uniform 

Section Mat

Uniform 

Section Mat

Uniform 

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 (lb /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 (lb/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 2.15 9.58 3.61  
 
Design depth for this case is 2.11 feet. Use 2.25 feet deep.

16



 

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

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

 
BY  KMB    DATE 08/31/2015 PROJ. NO. C150035.00 
 
CHKD. BY    CRM     DATE 12/10/2015        SHEET NO.   5 OF   8  

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

 
 

Channel

Center

(min slope)

Center

(max slope)

Center

(d/s end)

Protective Lining

Uniform 

Section Mat

Uniform 

Section Mat

Uniform 

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 (lb /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 (lb/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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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: 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

WATERSHED Center Channel, upper half

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 480 0.026 2.6 0.05

Tc = 0.25 hr 14.9 minutes
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For a 24-hour PMF, the design flow is: 
 

 
 
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. 
 

Channel

Center

(upper half)

Center

(upper half)

Protective Lining

Grass 

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 (lb /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 (lb/sf) 8.00 2.50

Hydraulic Depth (ft) 0.76 0.62

Froude Number 0.68 1.14  
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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. 
 

 

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

 

Channel

Total

Area (ac)

Road

Length (ft)

Road

Width (ft)

Road

Area (ac)

Channel

Length (ft)

Channel

Width (ft)

Channel

Area (ac)

Vegetated

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

 
 

Channel

Total

Area (sq mi)

NP1 0.0119

NP2 0.0053

NP3 0.0159  
 
 
Time of concentration is calculated on the next page. Assume flow in concrete 
channels is negligible. 
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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 NP1 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 V Tt U/S El. D/S El. Length

bench 11.5 23.2 895 0.014 0.045 2.5 0.10 52.5 40 895

from slope drain Tc = 0.16 hr 9.7 minutes

Lag time = 0.6 tc = 5.8 minutes

WATERSHED NP2 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 V Tt U/S El. D/S El. Length

bench 11.5 23.2 475 0.008 0.045 1.9 0.07 44 40 475

from slope drain Tc = 0.13 hr 7.7 minutes

Lag time = 0.6 tc = 4.6 minutes

WATERSHED NP3 Slope Calculation

Sheet Flow Surface n L Slope Tt U/S El. D/S El. Length

face dense grass 0.24 100 0.020 0.23 40 38 100

Shallow Conc. Surface L S Calc. V Tt

bench unpaved 250 0.020 2.3 0.03 38 33 250

from slope drain Tc = 0.23 hr 13.9 minutes

Lag time = 0.6 tc = 8.4 minutes
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The south perimeter channel watersheds will consist of: 
 

 
 
Curve Numbers for the watersheds are: 
 
 

Channel

Total

Area (ac)

Road

Length (ft)

Road

Width (ft)

Road

Area (ac)

Channel

Length (ft)

Channel

Width (ft)

Channel

Area (ac)

Vegetated

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) 
 

Channel

Total

Area (sq mi)

SP1 0.0153

SP2 0.0086

SP3 0.0077

SP4 0.0169  
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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 V Tt U/S El. D/S El. Length

bench 11.5 23.2 1213 0.009 0.045 2.0 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 V Tt U/S El. D/S El. Length

bench 11.5 23.2 840 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 V 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 Calc. 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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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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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: 
 

 
 
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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PMF design event: 
 
Channel North Per. 1 North Per. 2 North Per. 3

Protective Lining

Uniform 

Section Mat

Uniform 

Section Mat

Uniform 

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 24.2 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 (lb /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 (lb/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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25-year event: 
 
Channel North Per. 1 North Per. 2 North Per. 3

Protective Lining

Uniform 

Section Mat

Uniform 

Section Mat

Uniform 

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 (lb /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 (lb/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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The HEC-HMS results for the South Perimeter Channels are: 
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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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Consider the 25-year 24-hour rain event: 
 

 
 
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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PMF design event: 
 

Channel South Per. 1 South Per. 2 South Per. 3 South Per. 4

South Per. 4 

max slope

Protective Lining

Uniform 

Section Mat

Uniform 

Section Mat

Uniform 

Section Mat

Uniform 

Section Mat

Uniform 

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 (lb /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 (lb/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
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25-year event 
 
Channel South Per. 1 South Per. 2 South Per. 3 South Per. 4

Protective Lining

Uniform 

Section Mat

Uniform 

Section Mat

Uniform 

Section Mat

Uniform 

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 2.11

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 2.13 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 (lb /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 (lb/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
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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: 
 

 
- 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) 

 
 
Use Manning’s n = 0.045 for bench flow in grass 
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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: 
 

 
 
Flow capacity at full depth = 23.8 cfs 
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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 V 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 V 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

Tc = 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

Tc = 0.21 hr 12.8 minutes

Channel Area Perim L Slope n V 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 V 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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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, 
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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: 
 

 
 
The maximum 25-year bench flow will have a freeboard of 0.13 feet. This will be 
sufficient for bench flow. 

40



 

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

SUBJECT    DOMINION – CHESTERFIELD POWER STATION  
UPPER (EAST) POND -  SLOPE DRAINS 

 
BY  KMB    DATE 08/31/2015 PROJ. NO. C150035.00 
 
CHKD. BY    CRM      DATE 12/10/2015         SHEET NO.   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: 
 

 
 
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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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: 
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HYDRAULICS 
 
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. 
 

Channel

Slope Drain

max slope

Slope drain

Min slope

Protective Lining

Uniform 

Section Mat

Uniform 

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 (lb /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 (lb/sf) 18.00 18.00

Hydraulic Depth (ft) 0.35 0.63

Froude Number 8.32 2.23  
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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: 

 
And the east access road is: 

 
Design for a Curve Number = 90 for a gravel road surface, and a time of 
concentration of 5 minutes. Use the 1.6 acre design for both channels. 
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Rainfall = 6.31 inches 
 
Design flow = 14 cfs: 
 

 
 
 

45



 

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 PROJ. NO. C150035.00 
 
CHKD. BY   CRM    DATE 12/10/2015         SHEET NO.   3 OF   5  

 
 
 

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

Protective Lining

Uniform 

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 (lb /sf) 2.25

Shear Stress Factor of Safety 1.50

Design Shear Stress 3.37

Lining 4" USM

Max. Allowable Shear Stress (lb/sf) 18.00

Hydraulic Depth (ft) 0.27

Froude Number 4.36  
 
 
Use a 2-foot bottom width channel 1 foot deep. 
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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: 
 

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

Area 1 

Diversion

Area 1 

Diversion

Protective Lining

Grass with 

TRM TRM only

Channel Width at Flow Depth (ft) 7.68 6.84

Channel Side Slopes (H:V) 2 2

Channel Bottom Width (ft) 3 3

Flow Depth (ft) 1.17 0.96

Area (square feet) 6.2 4.7

Wetted Perimeter (ft) 8.2 7.3

Hydraulic Radius (ft) 0.76 0.65

Slope 0.007 0.007

Manning's n 0.045 0.031

Velocity at Flow Depth (ft/s) 2.30 3.01

Flow at Flow Depth (cfs) 14.4 14.2

Required Capacity (cfs) 14.0 14.0

Minimum Required Freeboard (ft) 0.50 0.50

Total Depth Required (ft) 1.67 1.46

Allowable Velocity (ft/s) 15.00 9.50

Actual Velocity (ft/s) 2.30 3.01

Shear Stress at Flow Depth (lb /sf) 0.51 0.42

Shear Stress Factor of Safety 1.50 1.50

Design Shear Stress 0.77 0.63

Lining TRM TRM only

Max. Allowable  Shear Stress (lb/sf) 8.00 2.50

Hydraulic Depth (ft) 0.81 0.69

Froude Number 0.45 0.64  
 
 
Channel depth will be 1.75 feet. 
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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. 
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Closure Combustion Residuals Closure Plan 
Upper (East) Pond Chesterfield Power Station 

 

 C150035.00 / January 2016  

 

APPENDIX G 

Settlement, Displacement, and Subsidence Calculations  



This appendix contains the following geotechnical calculations: 

• Settlement Analysis (pages 1-9) 

• Bearing Capacity Analysis (10-16) 
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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  SHEET NO.   OF   

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”. GAI 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: 
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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(σf / σo) 

 
Where; 

Sc = Primary (consolidation) settlement, (ft) 
Cr = Primary recompression index 

eo = Initial void ratio 

H = Thickness of layer to be evaluated, (ft) 
σf = Total effective vertical stress after loading (middle of layer), (psf) 

σo = 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. 
 

Cr= 0.02; 
eo=1.0; 

σf=5,570 psf; 

σo= 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, γ = 90-pcf 

Initial Void Ratio, eo = 1.0 

Primary Recompression Index, Cr = 0.02 
 

Soil Fill 
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Unit Weight, γ = 90-pcf 

 
Final Cover Soil 

Unit Weight, γ = 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.  
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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; 

• Geocomposite Drainage Net (GDN) consisting of an HDPE geonet core with nonwoven, needle-

punched geotextiles heat-bonded to its upper and lower surfaces; 

• 40-mil LLDPE geomembrane; 

• 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. 

 

 
 

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 
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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 Φ’ = 31.0 degrees and Φ’ = 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, γm = 93-pcf 

Saturated Unit Weight, γs = 98-pcf 
Drained Shear Strength, Φ’ = 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 0-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. 
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GAI Project No.: C150035.00 Chesterfield Power Station
Closure of Upper (East) Pond

Bearing Capacity

By: TIM 7/19/15
Ck: KLS 09-23-15

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 (qr) and the nominal bearing resistance (qult) are calculated per equations:

2.0 Methodology:

The nominal bearing resistance, qult, 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+Df, 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.

 

 

(10.6.3.1.2a-10P)

(A10.6.3.1.1-1)

Page 1 of 4
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GAI Project No.: C150035.00 Chesterfield Power Station
Closure of Upper (East) Pond

Bearing Capacity

By: TIM 7/19/15
Ck: KLS 09-23-15

3.0 Input Values

 Soil Inputs:

Moist unit weight of fill (pcf)
γm 93pcf:=

γsat 98pcf:= Saturated unit weight of fill (pcf)

ϕf 28deg:= Internal Friction Angle of fill (degrees)

c 0psi:=
Cohesion (psi)

 Footing Geometry Inputs:

Df 0ft:= Depth of the fill (ft)

B 12ft:= Width of the foundation (ft)

L 20ft:= Length of the foundation (ft)

 Water Input:

Dw 1.5ft:= Highest anticipated water table depth below the Foundation (ft)

 Strength Limit State:

φb 0.45:= 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
Closure of Upper (East) Pond

Bearing Capacity

By: TIM 7/19/15
Ck: KLS 09-23-15

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. 

γwater 62.4pcf:=

zw Dw Df− 1.5 ft⋅=:=

D 0.5 B⋅ tan 45deg
ϕf

2
+









⋅ 10 ft⋅=:= (10.6.3.1.2g-6)

γeff γm ϕf 37deg< zw B≥∧if

γsat γwater−( )
zw

B








γm γsat γwater−( )− ⋅









+








ϕf 37deg< zw B<∧if

γm ϕf 37deg≥ zw D≥∧if

2 D⋅ zw−( )
zw γm⋅

D
2

⋅
γsat γwater−

D
2

D zw−( )2⋅+








ϕf 37deg≥ zw D<∧if

γsat γwater−( ) zw 0≤if

:= (10.6.3.1.2g-1)

(10.6.3.1.2g-2)

(10.6.3.1.2g-4)

(10.6.3.1.2g-5)

(10.6.3.1.2g-7)

γeff 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
Closure of Upper (East) Pond

Bearing Capacity

By: TIM 7/19/15
Ck: KLS 09-23-15

 Bearing Capacity Factors:

The bearing capacity factors relate to the drained angle of friction (φ'). The c*Nc term is the contribution from soil

shear strength, the γ∗Df∗Nq term is the contribution from the surcharge pressure above the founding level, the

0.5*B*γeff∗Nγ term is the contribution from the self weight of the soil.

Nq tan 45deg
ϕf

2
+









2

e
π tan ϕf( )⋅

14.7=:=

Nc Nq 1−( ) cot ϕf( )⋅  ϕf 0>if

2 π+( ) ϕf 0=if

25.8=:=

Nγ 2 Nq 1+( )⋅ tan ϕf( )⋅ 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. 

sq 1 ϕf 0=if

1
B

L
tan ϕf( )⋅








+ ϕf 0>if

1.3=:=
sc 1

B

5 L⋅








+ ϕf 0=if

1
B

L









Nq

Nc









⋅+








ϕf 0>if

1.3=:=

sγ 1 ϕf 0=if

1 0.4
B

L









⋅−

0.8=:=

 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:

qn c Nc⋅ sc⋅ 0.5 γeff⋅ B⋅ Nγ⋅ sγ⋅+ γeff Df⋅ Nq⋅ sq⋅+:= (10.6.3.1.2a-1)

qn 3.3 ksf⋅=

 Bearing Capacity at the Strength Limit State:

qr φb qn⋅:=
(10.6.3.1.1-1)

ASD
qn

3
1087 psf⋅=:=

qr 1467 psf⋅=

Page 4 of 4
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Closure Combustion Residuals Closure Plan 
Upper (East) Pond Chesterfield Power Station 
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APPENDIX H 

Closure Cost Estimate Calculations  





I. Slope & Fill Calculation or Conversion

a. Area to be capped 112 acres x 4,840yd2/ac 542,080 yd2

b. Depth of soil needed for slope and fill 20 inches avg. x 1yd/36in 0.56 yd

c. Quantity of soil needed a x b 301,156 yd3

d. Percentage of soil from off-site 0%

e. Purchace unit cost for off-site material $0.00 /yd3

f. Percentage of soil from on-site (1 - d) 100%

g. Excavation unit cost (on-site material) $2.74 /yd3 0

h. Total soil unit cost (d x e) + (f x g) $2.74 /yd3

i. Hauling, Placement and Spredding unit cost $0.80 /yd3 0

j. Compaction unit cost $0.00 /yd3 Included in item I.i.

k. Total soil unit cost h + i + j $3.54 /yd3

l. Soil subtotal k x b $1,066,091

m. Percent compaction (shrinkage factor) 5%

Total Slope & Fill Cost l x (1 + m) $1,119,395

II. Infiltration Layer Soil

Infiltration Soil Cost

a. Area to be capped 112 acres x 4,840yd2/ac 542,080 yd2

b. Depth of infiltration soil needed 18 inches x 1yd/36in 0.50 yd

c. Quantity of infiltration soil needed a x b 271,040 yd3

d. Percentage of soil from off-site 0%

e. Purchace unit cost for off-site material $0.00 /yd3

f. Percentage of soil from on-site (1 - d) 100%

g. Excavation unit cost (on-site material) $0.00 /yd3 Included in item II.i.

h. Total infiltration soil unit cost (d x e) + (f x g) $0.00 /yd3

i.

Excavate, Hauling, Placement and Spredding

unit cost $10.03 /yd3

j. Compaction unit cost $1.48 /yd3

k. Total infiltration soil unit cost h + i + j $11.51 /yd3

l. Infiltration soil subtotal k x b $3,119,670

m. Percent compaction (shrinkage factor) 5%

n. Subtotal Infiltration Soil Cost . l x (1 + m) $3,275,654

Soil Admixture Cost

o. Area to be capped 112 acres x 4,840yd2/ac 542,080 yd2

p. Soil admixture unit cost $0.00 /yd2

q. Subtotal admixture cost a x b $0

Soil Testing

r. Area to be capped 112 acres

s. Testing unit cost $0.00 /acre

t. Subtotal soil testing cost a x b $0

Total Infiltration Soil Cost (soil, admixtures, and testing) n + q + t $3,275,654

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

Soil Cap Components

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

Worksheet CEW-01: Closure Cost Estimate 1



III. Erosion Control / Protective Cover Soil

a. Area to be capped 112 acres x 4,840yd2/ac 542,080 yd2

b. Depth of soil needed 0 inches x 1yd/36in 0.00 yd

c. Quantity of soil needed a x b 0 yd3

d. Percentage of soil from off-site 0%

e. Purchace unit cost for off-site material $0.00 /yd3

f. Percentage of soil from on-site (1 - d) 100%

g. Excavation unit cost (on-site material) $0.00 /yd3

h. Total erosion/protective soil unit cost (d x e) + (f x g) $0.00 /yd3

i. Hauling, Placement and Spredding unit cost $0.00 /yd3

j. Compaction unit cost $0.00 /yd3

k. Total soil unit cost h + i + j $0.00 /yd3

l. Erosion/Protective soil subtotal k x b $0

m. Percent compaction 0%

Total Erosion Control/Protective Cover Soil Cost l x (1 + m) $0

IV. Vegetative support soil (Topsoil)

a. Area to be capped 112 acres x 4,840yd2/ac 542,080 yd2

b. Depth of topsoil needed 6 inches x 1yd/36in 0.17 yd

c. Quantity of topsoil needed a x b 90,347 yd3

d. Percentage of topsoil from off-site 0%

e. Purchace unit cost for off-site material $0.00 /yd3

f. Percentage of topsoil from on-site (1 - d) 100%

g. Excavation unit cost (on-site material) $0.00 /yd3

h. Total topsoil unit cost (d x e) + (f x g) $0.00 /yd3

i.

Excavate, Hauling, Placement and Spredding

unit cost $5.16 /yd3 Includes reutilization of stripped soil

j. Total soil unit cost h + i $5.16 /yd3

Total Topsoil Cost c x j $466,189

V. Vegetative Cover

a. Area to be vegetated 112 acres

b. Vegetative cover (seeding) unit cost $3,323 /acre

c. Erosion control matting unit cost $6,098 /acre

Total Vegetative Cover Cost a x (b + c) $1,055,152

Soil Cap Component Subtotal (I + II + III + IV + V): $5,916,390

VI. Flexible Membrane Liner Calculation or Conversion

a. Quantity of FML needed 112 acres x 43,560ft2/ac 4,878,720 ft2

b. Purchase unit cost $0.31 /ft2

c. Installation unit cost $0.15 /ft2

d. Total FML unit cost b + c $0.46

Total FML cost a x d $2,244,211

VII. Geosynthetic Clay Liner

a. Quantity of GCL needed 0 acres x 43,560ft2/ac 0 ft2

b. Purchase unit cost $0.00 /ft2

c. Installation unit cost $0.00 /ft2

d. Total GCL unit cost b + c $0.00 /ft2

Total GCL Cost a x d $0

Geosynthetic Layers Subtotal (VI + VII): $2,244,211

Geosynthetic Barrier & Infiltration Layers
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VIII. Sand or Gravel Drainage Calculation or Conversion

a. Area to be capped 112 acres x 4,840yd2/ac 542,080 yd2

b. Depth of sand or gravel needed 0 inches x 1yd/36in 0.00 yd

c. Quantity of drainage material needed a x b 0 yd3

d. Percentage of media from off-site

e. Purchace unit cost for off-site material /yd3

f. Percentage of material from on-site (1 - d) 100%

g. Excavation unit cost (on-site material) /yd3

h. Total drainage material unit cost (d x e) + (f x g) $0.00 /yd3

i. Hauling, Placement and Spredding unit cost /yd3

j. Compaction unit cost /yd3

k. Total drainage material unit cost h + i + j $0.00 /yd3

l. Drainage material subtotal k x b $0.00

m. Percent compaction

Total drainage material cost l x (1 + m) $0

IX. Geotextile

a. Quantity of geotextile needed 112 acres x 43,560ft2/ac 4,878,720 ft2

b. Purchase unit cost $0.15 /ft2

c. Installation unit cost $0.00 /ft2

d. Total geotextile unit cost b + c $0.15 /ft2

Total Geotextile Cost a x d $731,808

X. Geonet Composite

a. Quantity of geonet composite needed 112 acres x 43,560ft2/ac 4,878,720 ft2

b. Purchase unit cost $0.50 /ft2

c. Installation unit cost $0.11 /ft2

d. Total geonet composite unit cost b + c $0.61 /ft2

Total Geonet Composite Cost a x d $2,976,019

XI. Cap Drains

a. Length of cap drains  needed 30,545 LF

b. Purchase unit cost $14.43 /LF

c. Trenching and backfilling cost $0.00 /LF

d. Total cap drain  unit cost b + c $14.43 /ft2

Total Cap Drain  Cost a x d $440,764

Drainage Components
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XII. Drainage Channels (Stormwater Control)

Drainage benches and berms

a. Size of drainage bench needed 0 LF

b. Drainage bench unit cost /LF

c. Subtotal drainage bench cost a x b $0

d. Size of drainage swale/berm needed 14,246 LF

e. Drainage swale/berm unit cost $110 /LF

f. Subtotal drainage swale/berm cost 0 d x e $1,568,770

Emergency Spillway System

g. Installed Cost, Emergency Spillway $797,723

h. Installed Cost, Replacement Bridge on Road $27,048

i. Total Spillway System cost g + h $824,771

Drainage and Erosion Control during Construction

j. Pumps and Water Control $250,000

k. Cleaning Channels after Construction $75,000

l. Misc. E&S items, E&S maintenance $122,680 j+k+l $447,680

Total Stormwater Control c + f + i + l $2,841,221

Drainage Component Subtotal (VIII + IX + X + XI+ XII): $6,989,812

XIII. Landfill Gas Monitoring & Control Components Calculation

Landfill Perimeter System

a. Number of probes to be installed 0 probes

b. LFG probe unit cost /probe

c. Subtotal LFG probe cost a x b $0

Landfill Control Systems

d. Area to be closed 112 acres

e. Average number of vents per acre 0 vents / acre

f. LFG vent unit cost /vent

g. Subtotal LFG vent cost d x e x f $0

h. Length of header pipe needed LF

i. Header pipe unit cost /LF

j. Header pipe installation cost /LF

k. Subtotal LFG active vent hook-up h x (i + j) $0

Total Landfill Gas Management Cost c + g + k $0

XIV. Groundwater Monitoring and Toe Drain Components

a. Hydrogeologic study cost

b. Number of wells to be installed 17 wells

c. GW Monitoring Well unit cost $11,500 /well

d. Number of wells > 50 ft length 0 wells

e. Additional well length over 50 ft 0 LF/well

f. Unit cost for additional well length $0 /LF

Total Groundwater Monitoring Well Cost a + (b x c) + (d x e x f) $195,500

g. Toe Drain Pumps to be Installed 2

h. Pump Unit Cost $19,668

i. Pipe Length to be installed 4,219

j. Pipe Unit Cost $10

k. Valves to be installed 5

l. Valve unit cost $10,142

m. Electrical Cost $512,551

Total Toe Drain Pumping and Piping Cost (g x h) + (i x j) + (k x l) + m $645,419.85

Landfill Gas & Groundwater Features Subtotal (XIII + XIV): $840,920

Landfill Gas and Groundwater Features
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XV. Calculation

a. Quantity of stripped vegetation 78,650          yd3

b. Stripping, Loading and Hauling unit cost $17.45 /yd3

d. Additional Demolition, Lump Sum $63,402.00

e. Decanting, Dewatering, and Stabilization $897,600.00

e. Total Site Preparation Cost (a x b) + c + d + e $2,333,445

XVI. Erosion/Sediment Control

a. Quantity of silt fence/filter sock/straw bales 25,950          LF

b. Silt Fence unit cost $6.07 /LF

Total Silt Fence Cost a x b $157,517

XVII. Roads

a. Size of LF access road 13,800          yd2

b. Depth of gravel needed 12 inches x 1yd/36in 0.3 yd

c. Depth of asphalt needed 0 inches x 1yd/36in 0.0 yd

d. Total material needed a x (b + c) 4,600 yd3

e. Road material unit cost $40.22 /yd3

f. Placement/Spreading unit cost $0.00 /yd3

g. Geotextile unit cost $0.54 /yd2

h. Perimeter road restoration, gravel needed 5110 Tons

i. Unit cost of gravel $20.48 /ton

j. Overflow parking area paver size 87,120          ft2

k. Overflow parking area paver unit cost $3.14 /ft2

l. Geotextile unit cost $0.12 /ft2

h. Parking area, gravel needed 3700 Tons

i. Unit cost of gravel $20.48 /ton

Total access road cost d x (e + f + g) + (h x i) + j x (k + l) + (h x i) $651,936

XVIII. Site Security

Fencing

a. Length of fencing needed 690                ft

b. Fence unit cost $54.37 /ft

c. Subtotal fencing cost a x b $37,515

Gate or Barrier

d. Number of gates required Gates are including in the fencing costs

e. Gate unit cost /gate

f. Subtotal gate cost d x e $0

Closed Sign

g. Number of signs required 2                    c + f + i

h. Sign unit cost $250.00 /gate

i. Subtotal sign cost g x h $500

Total site security cost c + f + i $38,015

XIX. Mobilization / Demobilization / General Conditions

a. Cost for mobilization/demobilization/gen. conds. $6,596,556

Total mobilization/demobilization cost $6,596,556

Miscellaneous Subtotal (XV + … + XIX): $9,777,468

Miscellaneous
Site Preparation (ncludes Demolition/Stripping of Vegetation)
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Closure Cost Subtotal (CCS): (I + … + XIX) $25,768,801

Contingency (10%): CCS x 0.10 $2,576,880

Engineering & Documentation: 
Construction QA/QC (1%) CCS x 0.01 $257,688

Closure Certification and CQA Report (1%) CCS x 0.01 $257,688

Survey and as-builts (2%) CCS x 0.02 $515,376

Cost for survey and deed notation $25,000

Total Engineering & Documentation Costs $1,055,752

Total Closure Cost: CCS + Contingency + Engineering $29,401,434
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Closure Combustion Residuals Closure Plan 
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APPENDIX I 

Geotechnical References 

 

 



This appendix contains selected portions of the following reports prepared by Schnabel Engineering, Inc.: 

 
• Upper Pond Stability Evaluation, 2014 (pages 1-19) 

• Geotechnical Engineering and Groundwater Hydrology Study, 1982 (pages 20-52) 

• 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: 
 

 Initial evaluation including the following: 
o 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. 

o Reviewing assumed and measured material properties used for design of this facility. 
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o Perform slope stability analysis of proposed and existing conditions for one cross section 
through the south slope.   

o 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 El 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.   
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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.   
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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 γ (pcf) ɸ’ (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 El 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 

Year Ash Materials Sampled 
Average SPT N Values 

(blows/foot) 

1999 
Compacted Ash in Splitter Dike 10 

Sluiced Ash 2 

2003 Compacted Ash Fill 8 

2005 Compacted Ash Fill 9 
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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 

 Classification
Moist Unit 

Weight 
(pcf) 

Percent 
Compaction 
ASTM D698 

ɸ’ 
(degrees) 

C’  
(psf) 

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 
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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 γ (pcf) ɸ’ (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 γ (pcf) ɸ’ (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 

8



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

August 15, 2014 Page 7 Schnabel Engineering Consultants, Inc. 
Project 14213000  ©2014 All Rights Reserved 

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 El 80 and 
the proposed final condition, with ash placed up to about El 130.  We considered that the final slope 
above El 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 El 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 

Analysis Condition 
Factor of Safety 

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. 
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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. 
 
 
 
Evan B. Morris, PE 
Associate 
 
 
 
Edward G. Drahos, PE 
Principal 

EBM:EGD:ms 
 
Figures: 1. Site Vicinity Map 

2. Location Plan 
  3. South Slope Cross Section BB’ 
 
Appendix A: Previous Subsurface Exploration Data  
Appendix B: Previous Soil Laboratory Test Data 
Appendix C: Slope Stability Evaluation 
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Figure 1:  Site Vicinity Map 
Figure 2:  Location Plan 
Figure 3:  Cross Section BB’ 
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SCHNABEL E:NGINEERING ASroCW"ESITEST BORING LOG 
CONSULTING ENGINEERS . 

BORING NO.: . B-5 

PROJECT: J\SII DISPC6l\L I?ONDr an;;smru;•rllli) l'CW!m S'l'll'l'ICN SHEET NO. I OF 1 
CLIENT: VF.PC..'O JOO NO .. va2ilrn 
ACRI/'K : I'CXJND/1: ' CJ:I 'f'f.:<;'f' '' ··:UIIH,, DRI : f't.fl~-1)1. ELEVATION: l!i.S! 

'WITER LEVa DATA DR! VI!_ SAMPLER CASING SIZE : ~~· 

DATE TIME DEP'TH CAVED TYPE s. s. DATE START: 11/J/02 
ENOOJNTERED 1 3 - DRY - OIA. 2 0.0. DATE FINISHED: 11/3 82 
AFTER CASING PULLED 1 3 11:03 30.0' 32.0' WT. 1401t ORI LLER: D. SPlERI:l'IOOJC 
.2.2.HR. READING 111/4 8:50 33.2' 34 .• 2' FALL ·3011 INSPECTOR: S. mPmY 

:E 

~ 
Ill ~tiD 

~ 
::> t..= IDENTIFICATION REMARKS ~ ~~~~~ "' ~LI.. 

3?.s! :;; 

- 6+19+14 s FINE SIUl"i !ii\ND 1 Pll:llli\IJLE FILL, TMCE 
]\ - 1- OIGINIC MI\'J•mR, DH.Y - D!Uo/N (SM) PIUBII!JLE ~·n.r. 

<LQ_ 

~ ~ 
18+11+13 s -FINE Sir:!'Y SI\ND, wrm MICA, TMC!l 

1- 0!1GIINIC MI\TI'Eil., /o'DIST - BJOoN (S!1) 
I--
~ 

~ 

~ 6+9+11 s de, 'l'lw::J~ SILT - I-- -
I--
1--- PLEI.sroa::NE 
I--

SEDINJ~l'S 
I-- 7+11+12 s do, TRIICE SILT 
I--2Q_ 
I--
~ 

I--c I-- 8+11+11 s do, SOoiE SILT - I-- 1-I--
I--
~ 

I--
10 ?11+11+40 s <:<o, WI'm rnru ~'0 MEDIUM GJVI.~, 1---

I--
- 1-

~ 
-~ 

f2-9-.1l 77+23/3" s FINE •ro ~U'Jllil-1 S/\ND, TWICE SUB' WlTil F'INE - 1--- 1- '!0 MI::DIUN CJUI\V£-:L, DRY - Bin-IN (SP) 
1---
1--- _I_ 
13-tJl 

I-- __Jl__ 
33+24+24 s PINE m CQI\!1SE SIL1':l' CL.\YJN SliND WI'!!! 

FINE ro MFDIUM GMVEL, /o'D!ST - TJ\N ro 
t' I-- ll!Uo/N (SC) 
~ CI1ETIICa::OS 
I-- )-

SEDIMEN'l'S 

[10 a .. _ 34+30+17 s do r.rarr crow 

I-- llO!UN:; TI!!>MINA'l'Eil 1'/r 4 0 , 0 FT caved an1 dry 
~ at 8.7 ' on 
I-- ll/10/R2 
I--
1--
I--
I--
I--
I--

- 1---
I--
1-

1---
~ 

1---
I--
I--
I--
r--

-~ 
I--
I--
I--
I--
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SCH~~:~s~TEST BORING LOG BORING NO. : 13- b 

PROJECT. 11~1·1 nT<:Pn<l11T. lln\m· nrt><:'rtmr>Tf."l'n Pr't.tr.'tl <:'l•ll'l'TrN SHEET NO. I OF 1 
CLIEI'l' : \Win') J08 NO. : Vll240: 
&ll1NG ~: rJ(JNnl\ 'TI'N 1,·~ .';RRI/T('"I' DRI : f"'Mil-~'> ELEVATION : 1" O:!: 

WAfEI ~VEl QO._IA DRive: SAMPL£R CASING SIZE : 31. 
DATE TIME DEP'Ili CAVED TYPE s. s. DATE STAfff, 11/3 a:? 

ENCXl.INTERED 113 - - - DIA. 2 0.0 DATE Fl NISHEO: l/R2 
AFTER CASING PULLED 1V4 - - - WT. 140• DRILLER: B. Sl'Tr.IU'M\Uil:; 
::_HR. READING SEE TliBW J31llil'l FALL 30" INSPfClOR: S. OOI'U~ 

:1 >" (I) ~tU) ;:) tr IDENTIFICATION REMARKS !( ~ ~~!~~ 0:: 

~ 1, ~u.tn! :;; 
,_ 112+14+17 s FINE SIL'l'Y SIIND, ProB/11.)1£ fo'ILL, Tl1/ICE 

- FlNC:: CRt\VJo.:L, 14JI SI' - ll!O-IN (SM) r--

1\ 14 0 
P!all\BU: FILL 

'---
10 4+4+5 s FINF. '10 11ffiit.H SJ\NDY SILT PIO"..J\lli£ FlU., 

f- '!'IV\Cfi OICI\NJ(; Ml\'l'I'I::H, l-OIS'!' - m~ (~1L) -- -
qJ[ ---

- - 2+3+2 s t'INE SIL'I'i SIINl), 'l'RI\CE OIG'INIC M/\'l'iER, 
VEm' foOib'T - niOI',l (SM) --

~ 1--
1- 0 11+65+15 s do, FINE '10 CO/IRSE, S<loiE SILT, Wl'nt PDm PLEIS'lo.:::r:l'IE 

c 1- '10 Mmll.H CMVEL, WET SffilMENl'S 
1-
1-
1--
1-- 7+9+11 s do, PINE 'fO Mroit.M SJ\NJ -
1~0 .3 - - ---- -1- -- ------
~ CIJ\YI-;\' SIL'l', ~ FINE SIIND, loOIS'l' -

f 1-- ll~ (MTI) CRET~ 

W35 SEDII-IJ:Nl'S ·-
E .,, ::0: -10 5+9+15 .L. FINE '!0 MEOilN SJ\NDY SILT'l CUIY, WI'l11 

1-- lFI~E '!0 l·j;;r)!IJ'1.9M~<m:,.= .. IJ_g~r.l 
1---

Clli\Y ICLl ' 

1-- DO!UNG ffi!WNI\Tru AT 25.0 FT 
1---

-1-- Water C'bsel.V.ltiOO Woll Installed to 25! ft 
1--
1--- Dilt::l Time Elev. W.L. R"tMM'ks 

1-
1- ll/4 9:05 a.m. 1.5 llt" pvc 

1- 11/5 9:30 a .m. 1.7 1 day r &adin9 

1-- 11/10 9:54 a.m. 1.8 6 day r.ellding 

1--
1-
1--

- 1--
1--
1-
1--
1-
1-
1--
1--
1--
1--

- 1--
1--
1-
1--
1-

-I-
1--
I--
1--
1--

- 1--
I--
I--
1-
1---
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SCH~~~:~s~TEST BORING LOG BORING NO.: D-7 

PROJECT. 1\SII DISl'CSIIL I'OOU; OU~.'!1{1«''1lillJ Pal'lm S'l71.1'lc:l'i SHEET NO. I OF l. 
CLIENT· VI!J.'I..V JOB NO.· VA24fl 
fiCtliNG : ro.JND/\'l'IOO 'l'fo".7r Sl':!NJCI~ DRI : CMil-55 ELEVATION: 2.n:.. 

WATER LEV£L DATA DRIV1!: SAMPLER CASING SIZE: 2J.··· 
DATE TIME DEP"ni CAVED TYPE S, S. DATE START: ll/2/82 

EN<XXJNTERED 11/3 8:00 19.0' - DIA. 2 .D. DATE Fl NISHED: ll./1/82 
'AfTER CASING PULLED 1W 8:38 DRY 20 O' WT. 140~J DRILLER: ll. SPm!tl':NllUlC 
...2..JJI\'f READING 11/5 9:2G DRY 9.3' FALL 30" INSPECTOR: s. CD!'U"" 

;I; 

~ !5i(i i ::> tt I DENTIFJCATION REMARKS :. 
I< 

~ 1f.lo! lii 

A r-- 14+17+19 s I•'INE SllJl"i SI\ND, Pll0!31\BIE FILL, TWICE 
10 1- FINE. CHI\WL, Dirt - l3JOooiN (SM) PJUWlill ~"'ILL 

f4 0 - 14+18+12 s FINE SIJJJ"i SJ\NO, miS'l' - Diu-IN (SM) 
1- 1-r--
r--
1- PU::IS'l'CCI'NE 

c 1-
5+3+2 s do, 'ffii\C'I; nNE r.MVEL 

SEDOONJ'S 
-~ 1-
~ 0 

- .lLll 
- l2+41+33 s NEDILJM 1'0 OJI\RSE SIU"i CUIYE'f SI\ND WI'lli - FINE TO COI\!lSE GHI\\IEL, 1-0isr - LIGifr - GRIIY (SC TO GC) c:JlSfJ\CEOOS - SEDIMEN!'S -

F - 21H-33+51 s do, WE:I' - TJ\N - - -- -10 

- -
25.'0 8+31+37 s do, GRI\Y 

1- OO!u:NG 'r810'-UNI\'1'!-.'0 1\T 2 5. 0 FT 
1-
1-
1-

- t--
t---
1-
1-
-
-
-
-
-
-

- --
--
-
-
----- --- . -----
·--- -
~ 

1-
r--
r--
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APPENDIX C 
 

SLOPE STABILITY EVALUATION 
 
 
 
 

Effective Stress Analysis  
Effective Stress Analysis - Seismic 
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Geotechnical Engineering and Groundwater Hydrology Study, 
1982 

  

20



21



22



23



24



25



26



27



28



29



30



31



32



33



34



35



36



37



38



39



40



41



42



43



44



45



46



47



48



49



50



51



52



Geotechnical Engineering Study Long Term Ash Storage Pond 
Dike, 1996 
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