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WORKSHEET TITLE: Liner Equivalency Calculation CALCULATION NO.: C-001

ISSUED DATE: 4/5/2023 REVISION: A

PERFORMED BY: A. Myers REVIEWED BY: J. Eichenberger

OBJECTIVE: Confirm liner equivalency criteria is met per CCR Rule requirements

40 CFR 257.70(c)(2) requires comparison per

Q = flow rate (cubic centimeters/second);

A = surface area of the liner (squared centimeters);

q = flow rate per unit area (cubic centimeters/second/squared centimeter);

k = hydraulic conductivity of the liner (centimeters/second);

h = hydraulic head above the liner (centimeters); and

t = thickness of the liner (centimeters).

EPA composite liner (soil component) Proposed GCL

q 6.125E-07 > q 1.65533E-07

k 1.00E-07 OK k 3.17E-10 see Attachment 1*

h 10.25 feet h 10.25 feet

h 312.42 cm h 312.42 cm

t 2 feet t 0.236 inches, see Attachment 1*

t 60.96 cm t 0.59944 cm

CONCLUSION: Flow rate of proposed GCL is less than flow rate of prescribed compacted soil component.

*As indicated in Attachment 1, the proposed GCL material was originally to be used for the Winyah Generating Station 

Landfill but was re-allocated to the Belle River retrofit project.



Attachment 1



Bentoliner CAR, 0.75 lbs/ft² - 3.66 kg/m², NW, Peel 60 

TECHNICAL DATA SHEET 

PROPERTY(1) TEST METHOD FREQUENCY UNIT 1100904-25257-5
Imperial

SPECIFICATIONS

GEOTEXTILE PROPERTY

        Cap Layer

Cap Mass per Unit area

        Carrier Layer

Carrier Mass/Unit area

-

ASTM D5261

-

ASTM D5261

-

1/200,000 ft²

1/200,000 ft²

oz/yd²

oz/yd²

Nonwoven

6

Scrim Nonwoven

6

BENTONITE PROPERTY

Swell Index (min.)

Moisture Content (max.)

Fluid Loss (max.)

ASTM D5890

ASTM D4643

ASTM D5891

-

1 / 100,000 lb

1 / 100,000 lb

1 / 100,000 lb

ml/2 g

%

ml

24

12

18

FINISHED GCL PROPERTY

Bentonite Mass (0% moisture)

Tensile Strength MD (min. avg.)

Peel Strength (min.avg.)

Peel Strength (min.avg.)

Hydraulic Conductivity (max.)

Index Flux

        Effective Confining Stress (max.)

Internal Shear Strength

        Normal Stress

ASTM D5993

ASTM D6768

ASTM D6496

ASTM D4632

ASTM D5887

ASTM D5887

ASTM D6243

-

1/40,000 ft²
1/40,000 ft²
1/40,000 ft²
1/40,000 ft²

1/200,000 ft²
1/200,000 ft²

Periodically

lbs/ft²
lbf/in

lbf/in

lbf

cm/s

m³/m²/sec

lbs/in²
lbs/ft²
lbs/ft²

0.75

50

12

60

5x10⁻y
1x10⁻x

10

500

200

  SUPPLY SPECIFICATIONS(Roll dimensions may vary ±1%)
Roll Dimension - Width - ft 15.5

Roll Dimension - Length - ft 150

Area (Surface/Roll) - ft² 2325

* The information contained herein is provided for reference purposes only and is not intended as a warranty or guarantee. Final determination of 

suitability for use contemplated is the sole responsibility of the user. SOLMAX assumes no liability in connection with the use of this information.

Solmax is not a design professional and has not performed any design services to determine if Solmax's goods comply with any project plans or 

specifications, or with the application or use of Solmax's goods to any particular system, project, purpose, installation or specification.

NOTES

30-Nov-2021Revision date:

SOLMAX.COMPage 1 of 1



544 Braddock Avenue  •  East Pittsburgh, PA  15112  •  Phone  (412) 823-7600  •  Fax (412) 823-8999  •  www.geotechnics.net 

GCL INDEX FLUX & PERMEABILITY TEST
ASTM D 6766

(SOP-G109)

Lab ID No. L21-006-001-003 Material Solmax NWL CAR GCL

Client Chesapeake Containment Systems, Inc. Roll I.D.: 135084838
Client Project Winyah Landfill Lot No.: NA
Project No. L20-006-001 Sample No. NA

AVERAGE FLUX = 8.36E-10 m/s

AVERAGE PERMEABILITY = 3.17E-10 cm/s @ 20
o
C

Checked By: JPK Date: 4/6/2021
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544 Braddock Avenue  •  East Pittsburgh, PA  15112  •  Phone  (412) 823-7600  •  Fax (412) 823-8999  •  www.geotechnics.net 

GCL INDEX FLUX & PERMEABILITY TEST
ASTM D 6766
(SOP-G109)

Lab ID No. L21-006-001-003 Tested by: JO Date: 1/15/2021
Client Chesapeake Containment Systems, Inc.
Client Project Winyah Landfill Checked by: JPK Date: 4/6/2021
Project No. L20-006-001
Material Solmax NWL CAR GCL
Roll I.D.: 135084838

Lot No.: NA
Sample No. NA

Hydration Liquid: De-ionized, De-aired Water Permeant: SC WGS SWLF Leachate

MOISTURE CONTENT: BEFORE TEST AFTER TEST

Tare Number 66 70

Wt. of Tare & GCL
2
  (gm.) 29.90 99.18

Wt. of Tare & Dry GCL 
2
  (gm.) 28.81 46.36

Wt. of Tare (gm.) 11.05 11.13

Wt. of Water (gm.) 1.09 52.82

Wt. of Dry GCL (gm.) 
2

17.76 35.23

GCL Moisture Content (%) 6.1 149.9

SPECIMEN: BEFORE TEST AFTER TEST

Wt. of GCL (gm.) 
2

41.97 98.83 (Calculated)

Clay Component Thickness 1 (in.)  
1

0.131 0.238

Clay Component Thickness 2 (in.) 
1

0.127 0.236

Clay Component Thickness 3 (in.)  
1

0.124 0.233

Average Clay Component Thickness (in.) na 0.236

Average Clay Component Thickness (mm) na 5.986

Specimen Dia. (in
 
) 4.000 4.000

Specimen Area (in.
2 
) 12.57 12.57

Specimen Area (m
2 
) 0.00811 0.00811

Mass/Unit Area of GCL(gm./m
2
 )  

2
5,175        12,186            

Mass/Unit Area of GCL(psf )  
2

1.06 2.49

Mass/Unit Area of Dry GCL(gm./m
2
 )  

2
4,876        

Mass/Unit Area of Dry GCL(psf )  
2

1.00

*NOTES: 1) Direct visual measurement of exposed clay at specimen perimeter.

2) Includes weight of the textile carriers.
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544 Braddock Avenue  •  East Pittsburgh, PA  15112  •  Phone  (412) 823-7600  •  Fax (412) 823-8999  •  www.geotechnics.net 

GCL INDEX FLUX & PERMEABILITY TEST
ASTM D 6766
(SOP-G109)

Lab ID No. L21-006-001-003
Client Chesapeake Containment Systems, Inc.
Client Project Winyah Landfill
Project No. L20-006-001
Material Solmax NWL CAR GCL
Roll I.D.: 135084838
Sample No. NA

 Final Sample Dimensions
Pressure Heads (Constant) Sample Length (cm), L 0.599
Top Cap (psi) 75.0 Sample Diameter (cm) 10.16
Bottom Cap (psi) 77.0 Sample Area (cm

2
 ), A 78.50

Cell (psi) 86.0 Inflow Burette Area (cm
2 
), a-in 0.825

Total  Head (cm) 140.6 Outflow Burette Area (cm
2 
), a-out 0.965

Pore Volume (cm
3
) 33.8 (calculated)

Bentonite Spec. Gravity 2.6 (assumed)
AVERAGE FLUX = 8.36E-10 m/s

AVERAGE PERMEABILITY = 3.17E-10 cm/s @ 20oC

DATE ELAPSED TOTAL TOTAL RATIO TOTAL TEMP.                               INCREMENTAL
TIME INFLOW OUTFLOW ∆IN HEAD FLUX PERMEABILITY

 t ∆OUT  h  @ 20
o
C  @ 20

o
C

(m-d-y) (hr) (cm
3)

(cm
3)

(3 readings) (cm) (
 o
C) (m/sec) (cm/sec)

1/22/2021 0.0 0.0 0.0 NA 168.2 21.2 NA NA

1/23/2021 25.7 0.7 0.7 NA 166.7 21.3 9.66E-10 3.27E-10

1/25/2021 72.4 1.9 1.9 1.00 164.0 21.4 9.09E-10 3.11E-10

1/27/2021 120.2 3.1 3.1 1.02 161.4 21.4 8.70E-10 3.03E-10

1/28/2021 120.2 3.1 3.1 1.04 158.8 21.3 NA NA

2/7/2021 356.4 8.8 9.6 0.88 145.4 21.4 9.14E-10 3.38E-10

2/15/2021 546.9 13.2 13.5 0.97 136.2 21.3 7.76E-10 3.13E-10

2/24/2021 763.0 18.0 17.8 1.11 126.3 21.2 7.41E-10 3.22E-10

3/5/2021 980.1 22.3 21.8 1.10 117.1 21.0 6.77E-10 3.18E-10

3/5/2021 980.1 22.3 21.8 1.10 168.2 21.0 NA NA

3/15/2021 1218.7 28.6 27.6 1.08 154.9 21.1 8.93E-10 3.16E-10

3/24/2021 1434.3 33.9 32.5 1.08 143.7 21.2 8.37E-10 3.19E-10

4/1/2021 1626.9 38.3 36.5 1.10 134.4 21.5 7.77E-10 3.16E-10

Checked By: JPK Date: 4/6/2021
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BELLE RIVER POWER PLANT

FIGURE 1

NOTES:

N

SCALE IN FEET
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PRE-CONSTRUCTION GRADES

SOUTH BASIN

2.

 

1.

IS NAVD88 (-0.965 FT FROM PLANT VERTICAL DATUM).

HORIZONTAL DATUM IS MICHIGAN SOUTH STATE PLANE NAD83 IN FT. VERTICAL DATUM 

03/14/23.

SURVEY AND AERIAL IMAGERY BY BARTON MALOW CONSTRUCTION CONDUCTED ON 



contract

project

designed

date

153316

\\bmcd.burnsmcd.com\dfs\Clients\ENR\DTEEnr\153316_BRBACCRMod-OE\2_Design\Civil\Dwgs\Sketches\BAB-South\Figure 2.dgn11/8/2023

revdwg

DTE ENERGY

580

580

580

585

5
8
5

585

590

5
9
0

590

5
8
5

585

585

585

5
8
5

585

585

590

59
0

590

5
9
0

A. MYERS A

-

4/10/23

BELLE RIVER POWER PLANT

CCR EXCAVATION GRADES

FIGURE 2

NOTES:
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1.

SEE NOTE 3

SEE NOTE 3

N

SCALE IN FEET

50' 100'0

SOUTH BASIN

COMPLETION OF DRONE SURVEY.

MATERIAL ADJACENT TO EXISTING PIPES / STRUCTURES WAS HAND DUG AFTER 

IS NAVD88 (-0.965 FT FROM PLANT VERTICAL DATUM).

HORIZONTAL DATUM IS MICHIGAN SOUTH STATE PLANE NAD83 IN FT. VERTICAL DATUM 

04/04/23.
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1.

IS NAVD88 (-0.965 FT FROM PLANT VERTICAL DATUM).

HORIZONTAL DATUM IS MICHIGAN SOUTH STATE PLANE NAD83 IN FT. VERTICAL DATUM 

04/20/23.
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1.

LINER SUBGRADE

IS NAVD88 (-0.965 FT FROM PLANT VERTICAL DATUM).

HORIZONTAL DATUM IS MICHIGAN SOUTH STATE PLANE NAD83 IN FT. VERTICAL DATUM 

05/05/23.

SURVEY AND AERIAL IMAGERY BY BARTON MALOW CONSTRUCTION CONDUCTED ON 
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54

2.318

Default

N 471075.74

E 13625841.32

Elev 585.04

55

1.121

Default

N 471065.83

E 13625831.25

Elev 579.21

57

1.423

Default

N 471065.83

E 13625841.25

Elev 579.16

58

1.074

Default

N 471065.83

E 13625821.25

Elev 579.53

60

2.631

Default

N 471085.79

E 13625861.27

Elev 590.12

61

2.079

Default

N 471075.95

E 13625851.35

Elev 584.44

62

2.187

Default

N 471075.85

E 13625811.33

Elev 585.70

65

2.107

Default

N 471075.78

E 13625821.29

Elev 585.35

66

2.170

Default

N 471075.91

E 13625831.20

Elev 585.1467

2.489

Default

N 471085.81

E 13625821.27

Elev 591.09

69

2.047

Default

N 471055.83

E 13625821.25

Elev 579.08
70

1.728

Default

N 471065.83

E 13625851.25

Elev 579.11

71

1.261

Default

N 471006.01

E 13625901.54

Elev 581.63

72

1.043

Default

N 471065.83

E 13625801.25

Elev 579.89
73

1.748

Default

N 471075.78

E 13625791.29

Elev 585.74

74

1.199

Default

N 471065.83

E 13625811.25

Elev 579.75

75

2.993

Default

N 471086.19

E 13625841.10

Elev 591.07

78

1.825

Default

N 471035.94

E 13625781.27

Elev 582.39

82

1.765

Default

N 470995.88

E 13625831.29

Elev 585.61

83

2.161

Default

N 471055.83

E 13625831.25

Elev 579.19

84

2.069

Default

N 471055.83

E 13625811.25

Elev 579.11

85

2.091

Default

N 471055.83

E 13625841.25

Elev 579.12

86

2.879

Default

N 471085.84

E 13625831.51

Elev 591.14

90

2.110

Default

N 471055.83

E 13625851.25

Elev 579.15

92

2.043

Default

N 471015.83

E 13625791.25

Elev 579.11

93

2.144

Default

N 471045.83

E 13625821.25

Elev 579.13

94

2.034

Default

N 471076.19

E 13625781.34

Elev 586.19 95

1.801

Default

N 471085.75

E 13626091.04

Elev 582.14

96

1.419

Default

N 471005.98

E 13625911.11

Elev 582.11

97

1.792

Default

N 471055.81

E 13625781.45

Elev 581.50

98

2.093

Default

N 471075.91

E 13625801.24

Elev 585.76
99

2.086

Default

N 471086.21

E 13626061.30

Elev 583.52

101

2.214

Default

N 471075.83

E 13626091.25

Elev 579.17

102

1.840

Default

N 471065.83

E 13625861.25

Elev 579.07

103

2.129

Default

N 471086.41

E 13626050.87

Elev 583.86

104

1.521

Default

N 471085.98

E 13626081.43

Elev 582.20
108

2.286

Default

N 471096.00

E 13626071.13

Elev 589.41

109

2.003

Default

N 471015.83

E 13625801.25

Elev 579.07

110

2.056

Default

N 471055.83

E 13625861.25

Elev 579.11

111

2.082

Default

N 471085.91

E 13625781.39

Elev 592.11

112

2.185

Default

N 471045.83

E 13625811.25

Elev 579.17

114

2.132

Default

N 471045.83

E 13625831.25

Elev 579.19

115

2.013

Default

N 471025.83

E 13625811.25

Elev 579.09

116

1.689

Default

N 470995.90

E 13625841.09

Elev 586.01
117

1.968

Default

N 471005.93

E 13625931.50

Elev 583.22

118

1.747

Default

N 471006.05

E 13625921.09

Elev 582.64

119

2.050

Default

N 471085.80

E 13625811.33

Elev 591.00

120

2.198

Default

N 471025.83

E 13625791.25

Elev 579.14

121

1.977

Default

N 471005.47

E 13626151.29

Elev 593.28

123

2.013

Default

N 470995.87

E 13625821.45

Elev 585.35

127

1.046

Default

N 471065.76

E 13625791.25

Elev 579.95

128

2.538

Default

N 471085.74

E 13625851.51

Elev 590.23

130

2.101

Default

N 471055.83

E 13626091.25

Elev 579.15

131

2.034

Default

N 471045.83

E 13625841.25

Elev 579.11
132

2.167

Default

N 471055.83

E 13625801.25

Elev 579.17

133

2.532

Default

N 471085.99

E 13625871.39

Elev 589.80

134

2.256

Default

N 471005.54

E 13625951.13

Elev 584.18

136

2.242

Default

N 471065.83

E 13626071.25

Elev 579.18

137

2.066

Default

N 471055.83

E 13625791.25

Elev 579.15

138

2.122

Default

N 471045.83

E 13626081.25

Elev 579.13

139

2.098

Default

N 471035.83

E 13626051.25

Elev 579.18

141

2.086

Default

N 471035.83

E 13625811.25

Elev 579.12
142

2.024

Default

N 471045.83

E 13625921.25

Elev 579.10

143

1.845

Default

N 471075.87

E 13625871.33

Elev 583.46

145

2.171

Default

N 471015.83

E 13625811.25

Elev 579.16

147

2.025

Default

N 471015.83

E 13625841.25

Elev 579.09

149

2.169

Default

N 471075.83

E 13626101.25

Elev 579.09

150

2.203

Default

N 471065.83

E 13626101.25

Elev 579.12

151

2.177

Default

N 471065.83

E 13625941.25

Elev 579.19

152

2.025

Default

N 471045.83

E 13625931.25

Elev 579.09

153

2.154

Default

N 471065.83

E 13626111.25

Elev 579.11

155

2.256

Default

N 471045.83

E 13625801.25

Elev 579.20
156

2.121

Default

N 471055.83

E 13626081.25

Elev 579.14
157

2.215

Default

N 471065.83

E 13625981.25

Elev 579.21

158

1.875

Default

N 471025.74

E 13625781.52

Elev 582.52

159

2.095

Default

N 471015.83

E 13625861.25

Elev 579.14

160

2.155

Default

N 471035.83

E 13625801.25

Elev 579.10

161

2.061

Default

N 471065.83

E 13625991.25

Elev 579.13
162

2.154

Default

N 471075.83

E 13626131.25

Elev 579.13

163

2.279

Default

N 471055.83

E 13626101.25

Elev 579.19

164

1.967

Default

N 471045.82

E 13625781.39

Elev 582.18

A. MYERS A

-

6/6/2023

BELLE RIVER POWER PLANT

FIGURE 5

NOTES:

N

SCALE IN FEET

50' 100'0

SOUTH BASIN
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1.

PROTECTIVE COVER GRADE

IS NAVD88 (-0.965 FT FROM PLANT VERTICAL DATUM).

HORIZONTAL DATUM IS MICHIGAN SOUTH STATE PLANE NAD83 IN FT. VERTICAL DATUM 

THICKNESS WAS ACHIEVED.

05/24/23. POINT CHECKS WERE CONDUCTED ON 06/06/23 TO CONFIRM ADEQUATE 

SURVEY AND AERIAL IMAGERY BY BARTON MALOW CONSTRUCTION CONDUCTED ON 
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