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1.0 INTRODUCTION 
 
Effective October 17, 2015, the U.S. Environmental Protection Agency (EPA) 
implemented final rule, 40 CFR 257, the Coal Combustion Residuals (CCR) 
regulations. Included in the final rule is 40 CFR 257.71, the liner requirements for 
CCR surface impoundments.  
 
Cleco Power LLC (Cleco) has consulted with Providence Engineering and 
Environmental Group LLC (Providence) to determine if the bottom liner system in 
the Bottom Ash Pond CCR surface impoundment at the Brame Energy Center in 
Lena, Louisiana meets the liner requirements of the newly promulgated CCR 
regulations.  
 
A Site Location Map and a Site Plan showing the location of the Bottom Ash 
surface impoundment within the facility is provided as Figures 1 and 2.  
 

2.0 SUMMARY OF 40 CFR 257.71 LINER REQUIREMENTS 
 
No later than October 17, 2016, the owner or operator of an existing CCR 
surface impoundment must document whether or not such unit was constructed 
with any one of the following: 
 

a. A liner consisting of a minimum of two feet of compacted soil with a 
hydraulic conductivity of no more than 1 x 10-7 cm/sec 

b. A composite liner that meets the requirements of 257.70(b), or 

c. An alternative composite liner that meets the requirements of 257.70(c) 

 
The hydraulic conductivity of the compacted soil must be determined using 
recognized and generally accepted methods. 
 
An existing CCR surface impoundment is considered to be an existing unlined 
CCR surface impoundment if either: 
 

1. The owner or operator of the CCR unit is not constructed with a liner that 
meets the requirements of a, b, or c above, or 

2. The owner or operator of the CCR unit fails to document whether the CCR 
unit was constructed with a liner that meets the requirements of a, b, or c 
above. 

 
EPA defines a CCR surface impoundment in Part 257 as “a natural topographic 
depression, manmade excavation, or diked area, which is designed to hold an 
accumulation of CCR and liquids, and the unit treats, stores and disposes of 
CCR”. 
 
The owner or operator of the CCR unit must obtain a certification from a qualified 
professional engineer attesting that the documentation meets the requirements of 
257.71.   
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3.0 BOTTOM ASH POND FACTS 
 
As noted in the excerpts below from the 1981 solid waste permit application 
(Attachment 1) and the drawings within the application that were submitted to 
the Louisiana Department of Natural Resources, Solid Waste Management 
Division (LDNR), “the in situ clay in the upland terrace area that extended to 
about midway east/west of the Bottom Ash Pond met the permeability 
requirements”.  
 
A three-foot thick clay liner was placed over the exposed granular soils beyond 
the upland terrace area. The clay was placed in lifts of 8 to 10 inches and 
compacted with a “sheeps foot” roller. Laboratory permeability results on the 
recompacted samples ranged from 1.1 x 10-7 to 2.1 x 10-8 cm/sec. The liner 
permeability requirements as contained in the CCR rule were not met in all cases 
as shown with the 1.1 x 10-7 cm/sec data. No additional permeability verification 
laboratory results are available. 
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However, as shown below in the responses to the DNR, (Attachment 2), Cleco 
responded that “if it cannot be shown that these permeable soils are isolated by 
impermeable soils, they will be replaced with an impermeable liner.” Also, it 
should be noted that the boring locations D-19 and 231 are actually located in the 
Fly Ash Pond area and this was supposed to be corrected with the second phase 
of the construction of the Fly Ash Pond. 
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4.0 BOTTOM ASH POND LINER PERMEABILITIES 
 
Cleco’s 1981 Bottom Ash Pond solid waste permit application (Attachment 1) 
contains the following information: 
 
Section 6.4.3.B.4.a of permit application: 

 

 Soft to medium stiff clay is at least 12 feet thick below the Bottom Ash 
Pond  

 Laboratory coefficient of permeability for the in situ clay varies from 1.3 x 
10-8 to 3.5 x 10-8 cm/sec  

 The approximate limit of the in situ clay barrier is about midway east/west 
of the Bottom Ash Pond 

 3 foot-thick clay layer was placed over the exposed granular soils on the 
bottom of the Bottom Ash Pond 

 The extent of the clay blanket was determined in the field by ensuring that 
the in situ clay had a minimum thickness of 3 feet 

 Laboratory permeability tests on recompacted samples of the clay varied 
from 1.1x 10-7 to 2.1 x 10-8 cm/sec  

 Soils were classified as CH according to the Unified Soil Classification 
System 

 Clay liner was placed in horizontal lifts of 8 to 10 inches and was 
compacted with “sheeps foot” compaction equipment 

 
Work was certified by the engineering firm of Sargent & Lundy and the 
Professional Engineer “supervised preparation of the design, plans, and 
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specifications for the Unit 2 Bottom Ash Pond and equipment associated with 
such ponds”. And to the best of his knowledge, “the design, plans, and 
specifications of the above mentioned waste disposal facilities at Rodemacher 
Power Station, Unit 2, meet applicable requirements of the Louisiana Solid 
Waste Rules and Regulations”. 
 

5.0 CLAY LINER SAMPLING ACTIVITIES 
 

In order to verify the clay liner thickness and permeabilities in those locations that 
Cleco did not have enough verifiable information, seven Shelby tubes were 
installed in the clay liner for the collection of clay liner samples in the Bottom Ash 
Pond as shown on Figure 3. 

 
The specific methods that were followed for the collection of the clay liner 
samples are summarized in the following sections. 
 
5.1 Clay Liner Sampling 

 
Providence contracted a Louisiana licensed driller to provide personnel 
and equipment, including a drilling rig mounted on a track propelled marsh 
buggy, to collect undisturbed samples of the clay liner in the bottom of the 
Bottom Ash Pond. The marsh buggy was positioned at the sample 
locations based on survey data points.  

 
A temporary surface casing was used to compliment sampling and 
retraction grouting procedures. The materials at the mud-line were hand 
probed. If soft unconsolidated material was present, a 4” nominal diameter 
temporary surface casing was lightly pressed into place. If harder 
materials were present, they were broken up in order to place the 
temporary surface casing. For mechanical breaking of the surface 
material, the driller utilized Geoprobe “pre-probing tools”, followed by, or in 
combination with, a frost auger or other solid/hollow stem auger. The 
express intent of this action was to only break hardened sediments (and 
not significantly penetrate the clay liner) such that the surface casing could 
be installed. 

 
As stated above, Cleco collected seven (7) samples of the clay liner in the 
Bottom Ash Pond. A temporary surface casing was used at each sampling 
location. Undisturbed Shelby tubes were pushed to collect unconsolidated 
and consolidated soil matrices from the bottom of the pond, not 
impoundment sediments. Shelby tube samples were collected in 
approximately two foot intervals. 
 
All sample locations were plugged and abandoned using CETCO 3/8 
diameter coated bentonite pellets. The coated pellets are designed to “drop” 
through water and hydrate once they “fall” in-place. The pellets were 
dropped through the temporary surface casing described above. The 
amount placed was calculated based on the diameter of the soil boring and 
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depth of penetration below the sediment line. Once the pellets were in-place, 
the surface casing was removed.  
 

5.2 Sample Collection and Handling 
 

Sample Handling 
 

The Shelby tubes containing the undisturbed soil samples were capped on 
the tops and bottoms, and retained in as vertical position as possible and the 
samples were handled with care in order to minimize disturbance. The 
Shelby tubes were not opened in the field but were brought to the contract 
geotechnical laboratory where they were opened and examined for overall 
sample quality. A representative sample of the material in the Shelby tube 
was collected for the permeability testing and Atterberg limit determination. 

 
6.0 LABORATORY ANALYSES 

 
  Providence subcontracted to APS Engineering and Testing (APS) geotechnical 

testing laboratory to conduct Atterberg limit determinations for the clay liner material 
obtained from each sample from the bottom of the pond in accordance with ASTM 
D 4318 and to conduct hydraulic conductivity analysis (permeability) on the 
samples of the clay liner material obtained from the bottom of the pond in 
accordance with ASTM D 5084. The results of the Atterberg limit determinations 
and hydraulic conductivity analysis were compared to the liner requirements for 
CCR facilities contained in the recently promulgated regulations. 

 
7.0 DATA EVALUATION AND REPORTING 
 

The geotechnical data from the original application and follow-up information to 
LDNR is shown in Table 1 below for the Bottom Ash Pond. 

 
Table 1 Bottom Ash Pond Permeabilities (Historical) 

 

Boring ID 
Unified Soil 

Classification 
Liquid 
Limit 

Plastic 
Limit 

Plasticity 
Index 

Permeability 
cm/sec 

246 CH 69 22 47 1.3 x 10-8 

247 CH 87 24 63 2.3 x 10-8 

 
APS completed the Atterberg limit determinations and the permeability analysis for 
the samples obtained from the Bottom Ash Pond which are shown in Attachment 
3. Photos depicting samples of the clay liner material obtained from the bottom of 
the Bottom Ash pond are shown in Attachment 4.  All of the samples tested met 
the permeability requirements as shown in Table 2 below. Based on the sample 
specimens obtained, the liner met or exceeded the two feet of compacted clay 
required by the CCR regulations for the Bottom Ash Pond. This data reinforces the 
data from the original permit application and any follow-up information provided to 
LDNR. 
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Table 2 Bottom Ash Pond Permeabilities (Additional Data) 
 

Boring ID Clay Type 
Liquid 
Limit 

Plastic 
Limit 

Plasticity 
Index 

Permeability 
cm/sec 

AB-1 Grayish Brown Clay 64 20 44 3.4 x 10-8 

AB-2 Grayish Brown Clay 69 24 45 8.1 x 10-8 

AB-3.1 Brown Clay 71 26 45 6.5 x 10-8 

AB-4.1 Yellowish Brown Clay 51 22 29 6.6 x 10-8 

AB-5 Dark Brown Clay 81 26 55 4.5 x 10-8 

AB-6 Yellowish Brown Clay 102 37 65 8.9 x 10-8 

AB-7 Dark Brown Clay 96 36 60 8.1 x 10-8 

 
8.0 CONCLUSIONS 
 

Providence reviewed the existing information that was completed when the 
Bottom Ash Pond was constructed and noted that Cleco intended to have a 
three-foot “compacted” clay liner in place for the Bottom Ash Pond that met the 
regulatory permeability requirements at the time of construction. Available 
information for the Bottom Ash Pond is noted in Table 1. Providence could not 
locate all of the laboratory permeability results for the liner in the Bottom Ash 
Pond, therefore, additional undisturbed samples of the clay liner were obtained to 
verify the thickness of the clay liner and to verify the permeability of the bottom 
liner system. Based on the information in Table 1, along with the additional data 
in Table 2, Providence confirms that a liner consisting of a minimum of two feet 
of compacted soil with a hydraulic conductivity of no more than 1 x 10-7 cm/sec is 
in-place for the Bottom Ash Pond at Brame Energy Center. 
 
Based on the results for the liner verification, the existing clay liner for the Bottom 
Ash Pond meets the liner verification requirements of the CCR regulations at 40 
CFR 257.71. Attachment 5 contains a P.E. Certification that attests to this 
assessment.  
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FIGURE 1 
 

SITE LOCATION MAP
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FIGURE 2 
 

SITE MAP
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FIGURE 3 
 

BOTTOM ASH POND LINER VERIFICATION
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ATTACHMENT 1 
 

1981 PERMIT APPLICATION BOTTOM ASH POND SECTION 
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ATTACHMENT 2 
 

BA RESPONSE TO DNR 1981
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ATTACHMENT 3 
 

BOTTOM ASH POND PERMEABILITY TESTS



HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIAL USING A FLEXIBLE WALL 
PERMEAMETER BY ASTM D 5084 

Client: Providence 

Project Name: Bottom Ash Pond at Brame Energy Center 

Visual Description: Moist Dark Grayish Brown Clay 

Boring No.: ----- 

Sample: AB-1 

Sample Length (inches): 30.0" 

Sample Type: Intact 

Permeant Fluid: De-aired Distilled Water 

Orientation: Vertical 

Cell: 6/7 

Sample Preparation: Cut, trimmed and placed into permeameter at as received density and moisture 
content .Trimming moisture content =27.4 % 

Assumed Specific Gravity: 2.65 

Atterbergs: LL: 64    PL:20    PI: 44 

Parameter Initial Final 

Height, in 2.85 2.80 

Diameter, in 3.00 2.97 

Area, in2 7.07 6.93 

Volume, in3 20.1 19.4 

Mass, g 618 618 

Bulk Density, pcf 117 121 

Moisture Content, % 25.7 25.7 

Dry Density, pcf 92.8 96.4 

Degree of Saturation, % 87.0 95.0 

B COEFFICIENT DETERMINATION 

Cell Pressure, psi:                 97.04                Cell Pressure Increment, psi :     4.95                 Increased Cell Pressure, psi : 101.99         

Sample Pressure, psi:          87.03                Corresponding Sample Pressure, psi: 91.56      B Coefficient: 0.91           

Sample Pressure Increment, psi: 4.53        (β value did not increase with increase in pressure. Final degree of saturation > 95%) 

FLOW DATA 

Date Trial 
Pressure, psi Manometer Readings Elapsed 

Time, 
sec 

Gradient Permeability
K, cm/sec 

Temp., 
oC Rt

Permeability 
K @ 20 oC 

cm/sec Cell Sample Z1 Z2 Z1-Z2 

8/30 1 97.0 87.0 16.5 16.3 0.2 132 29.2 3.7E-08 20.2 0.995 3.6E-08 

8/30 2 97.0 87.0 16.5 16.3 0.2 139 29.2 3.5E-08 20.2 0.995 3.5E-08 

8/30 3 97.0 87.0 16.3 16.3 0.2 144 29.2 3.4E-08 20.2 0.995 3.3E-08 

8/30 4 97.0 87.0 16.3 16.3 0.2 149 29.2 3.2E-08 20.2 0.995 3.2E-08 

TEST RESULTS:        PERMEABILITY AT 20 OC:    3.4 x10-8 cm/sec    (@ 10 psi effective stress)



HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIAL USING A FLEXIBLE WALL 
PERMEAMETER BY ASTM D 5084 

Client: Providence 

Project Name: Bottom Ash Pond at Brame Energy Center 

Visual Description: Moist Very Dark Grayish Brown Clay 

Boring No.: ----- 

Sample: AB-2 

Sample Length (inches): 24.0’’ 

Sample Type: Intact 

Permeant Fluid: De-aired Distilled Water 

Orientation: Vertical 

Cell: 12/2 

Sample Preparation: Cut, trimmed and placed into permeameter at as received density and moisture 
content .Trimming moisture content =36.4 % 

Assumed Specific Gravity: 2.65 

Atterbergs: LL: 69    PL:24    PI:45  

Parameter Initial Final 

Height, in 3.16 3.07 

Diameter, in 2.90 2.86 

Area, in2 6.61 6.42 

Volume, in3 20.9 19.7 

Mass, g 598 596 

Bulk Density, pcf 109 115 

Moisture Content, % 33.5 33.0 

Dry Density, pcf 81.6 86.4 

Degree of Saturation, % 86.0 96.0 

B COEFFICIENT DETERMINATION 

Cell Pressure, psi:                 94.96                Cell Pressure Increment, psi :     5.18                 Increased Cell Pressure, psi : 100.14          

Sample Pressure, psi:          85.02                Corresponding Sample Pressure, psi: 90.03      B Coefficient: 0.97           

Sample Pressure Increment, psi: 5.01       

FLOW DATA 

Date Trial 
Pressure, psi Manometer Readings Elapsed 

Time, 
sec 

Gradient Permeability
K, cm/sec 

Temp., 
oC Rt

Permeability 
K @ 20 oC 

cm/sec Cell Sample Z1 Z2 Z1-Z2 

8/30 1 95.0 85.0 18.0 17.8 0.2 60 29.1 8.7E-08 20.2 0.995 8.7E-08 

8/30 2 95.0 85.0 18.0 17.8 0.2 62 29.1 8.5E-08 20.2 0.995 8.4E-08 

8/30 3 95.0 85.0 18.0 17.8 0.2 67 29.1 7.8E-08 20.2 0.995 7.8E-08 

8/30 4 95.0 85.0 18.0 17.8 0.2 70 29.1 7.5E-08 20.2 0.995 7.5E-08 

TEST RESULTS:        PERMEABILITY AT 20 OC:    8.1 x10-8 cm/sec    (@ 10 psi effective stress)



HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIAL USING A FLEXIBLE WALL 
PERMEAMETER BY ASTM D 5084 

Client: Providence 

Project Name: Bottom Ash Pond at Brame Energy Center 

Visual Description: Moist  Brown Clay 

Boring No.: ----- 

Sample: AB-3.1 

Sample Length (inches): 33.0" 

Sample Type: Intact 

Permeant Fluid: De-aired Distilled Water 

Orientation: Vertical 

Cell: 11/1 

Sample Preparation: Cut, trimmed and placed into permeameter at as received density and moisture 
content .Trimming moisture content =34.9 % 

Assumed Specific Gravity: 2.65 

Atterbergs: LL:71     PL:26    PI: 45 

Parameter Initial Final 

Height, in 3.00 2.94 

Diameter, in 2.88 2.87 

Area, in2 6.51 6.47 

Volume, in3 19.5 19.0 

Mass, g 579 580 

Bulk Density, pcf 113 116 

Moisture Content, % 31.9 32.1 

Dry Density, pcf 85.4 87.7 

Degree of Saturation, % 90.0 96.0 

B COEFFICIENT DETERMINATION 

Cell Pressure, psi:                 97.03                Cell Pressure Increment, psi :     4.91                Increased Cell Pressure, psi : 101.94         

Sample Pressure, psi:          87.03                Corresponding Sample Pressure, psi: 91.51      B Coefficient: 0.91           

Sample Pressure Increment, psi: 4.48        (β value did not increase with increase in pressure. Final degree of saturation > 95%) 

FLOW DATA 

Date Trial 
Pressure, psi Manometer Readings Elapsed 

Time, 
sec 

Gradient Permeability
K, cm/sec 

Temp., 
oC Rt

Permeability 
K @ 20 oC 

cm/sec Cell Sample Z1 Z2 Z1-Z2 

8/30 1 97.0 87.0 17.0 16.8 0.2 71 28.7 7.4E-08 20.2 0.995 7.4E-08 

8/30 2 97.0 87.0 17.0 16.8 0.2 80 28.7 6.6E-08 20.2 0.995 6.6E-08 

8/30 3 97.0 87.0 17.0 16.8 0.2 86 28.7 6.1E-08 20.2 0.995 6.1E-08 

8/30 4 97.0 87.0 17.0 16.8 0.2 92 28.7 5.7E-08 20.2 0.995 5.7E-08 

TEST RESULTS:        PERMEABILITY AT 20 OC:    6.5 x10-8 cm/sec    (@ 10 psi effective stress)



HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIAL USING A FLEXIBLE WALL 
PERMEAMETER BY ASTM D 5084 

Client: Providence 

Project Name: Bottom Ash Pond at Brame Energy Center 

Visual Description: Moist  Light Yellowish Brown Clay 

Boring No.: ----- 

Sample: AB-4.1 

Sample Length (inches): 37.0’’ 

Sample Type: Intact 

Permeant Fluid: De-aired Distilled Water 

Orientation: Vertical 

Cell: 1/6 

Sample Preparation: Cut, trimmed and placed into permeameter at as received density and moisture 
content .Trimming moisture content =21.4% 

Assumed Specific Gravity: 2.65 

Atterbergs: LL: 51    PL: 22   PI: 29 

Parameter Initial Final 

Height, in 3.01 3.22 

Diameter, in 2.86 2.91 

Area, in2 6.42 6.65 

Volume, in3 19.3 21.4 

Mass, g 600 699 

Bulk Density, pcf 118 124 

Moisture Content, % 6.2 23.9 

Dry Density, pcf 111.0 100.2 

Degree of Saturation, % 33.0 97.0 

B COEFFICIENT DETERMINATION 

Cell Pressure, psi:                 94.98                Cell Pressure Increment, psi :     4.96                Increased Cell Pressure, psi : 99.94         

Sample Pressure, psi:          84.98                Corresponding Sample Pressure, psi: 89.76      B Coefficient: 0.96           

Sample Pressure Increment, psi: 4.78       

FLOW DATA 

Date Trial 
Pressure, psi Manometer Readings Elapsed 

Time, 
sec 

Gradient Permeability
K, cm/sec 

Temp., 
oC Rt

Permeability 
K @ 20 oC 

cm/sec Cell Sample Z1 Z2 Z1-Z2 

8/22 1 95.0 85.0 17.5 17.3 0.2 73 27.0 7.5E-08 20.1 0.998 7.5E-08 

8/22 2 95.0 85.0 17.5 17.3 0.2 81 27.0 6.7E-08 20.1 0.998 6.7E-08 

8/22 3 95.0 85.0 17.5 17.3 0.2 88 27.0 6.2E-08 20.1 0.998 6.2E-08 

8/22 4 95.0 85.0 17.5 17.3 0.2 94 27.0 5.8E-08 20.1 0.998 5.8E-08 

TEST RESULTS:        PERMEABILITY AT 20 OC:    6.6 x10-8 cm/sec    (@ 10 psi effective stress)



HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIAL USING A FLEXIBLE WALL 
PERMEAMETER BY ASTM D 5084 

Client: Providence 

Project Name: Bottom Ash Pond at Brame Energy Center 

Visual Description: Moist  Dark Brown Clay 

Boring No.: ----- 

Sample: AB-5 

Sample Length (inches): 33.0’’ 

Sample Type: Intact 

Permeant Fluid: De-aired Distilled Water 

Orientation: Vertical 

Cell: 7/3 

Sample Preparation: Cut, trimmed and placed into permeameter at as received density and moisture 
content .Trimming moisture content =47.2% 

Assumed Specific Gravity: 2.70 

Atterbergs: LL:81     PL: 26   PI: 55 

Parameter Initial Final 

Height, in 2.75 2.73 

Diameter, in 2.97 2.89 

Area, in2 6.93 6.56 

Volume, in3 19.1 17.9 

Mass, g 533 533 

Bulk Density, pcf 106 113 

Moisture Content, % 36.2 36.1 

Dry Density, pcf 78.1 83.1 

Degree of Saturation, % 84.0 95.0 

B COEFFICIENT DETERMINATION 

Cell Pressure, psi:                 97.01                Cell Pressure Increment, psi :     4.93                Increased Cell Pressure, psi : 101.94         

Sample Pressure, psi:          87.01                Corresponding Sample Pressure, psi: 91.54      B Coefficient: 0.92           

Sample Pressure Increment, psi: 4.53        (β value did not increase with increase in pressure. Final degree of saturation > 95%) 

FLOW DATA 

Date Trial 
Pressure, psi Manometer Readings Elapsed 

Time, 
sec 

Gradient Permeability
K, cm/sec 

Temp., 
oC Rt

Permeability 
K @ 20 oC 

cm/sec Cell Sample Z1 Z2 Z1-Z2 

8/22 1 97.0 87.0 16.0 15.8 0.2 103 29.1 5.0E-08 20.1 0.998 5.0E-08 

8/22 2 97.0 87.0 16.0 15.8 0.2 111 29.1 4.6E-08 20.1 0.998 4.6E-08 

8/22 3 97.0 87.0 16.0 15.8 0.2 117 29.1 4.4E-08 20.1 0.998 4.4E-08 

8/22 4 97.0 87.0 16.0 15.8 0.2 124 29.1 4.1E-08 20.1 0.998 4.1E-08 

TEST RESULTS:        PERMEABILITY AT 20 OC:    4.5 x10-8 cm/sec    (@ 10 psi effective stress)



HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIAL USING A FLEXIBLE WALL 
PERMEAMETER BY ASTM D 5084 

Client: Providence 

Project Name: Bottom Ash Pond at Brame Energy Center 

Visual Description: Moist  Dark Yellowish Brown Clay 

Boring No.: ----- 

Sample: AB-6 

Depth: 30.0’ 

Sample Type: Intact 

Permeant Fluid: De-aired Distilled Water 

Orientation: Vertical 

Cell: 7/3 

Sample Preparation: Cut, trimmed and placed into permeameter at as received density and moisture 
content .Trimming moisture content =78.0% 

Assumed Specific Gravity: 2.65 

Atterbergs: LL: 102    PL:37    PI: 65 

Parameter Initial Final 

Height, in 3.07 3.01 

Diameter, in 2.83 2.80 

Area, in2 6.29 6.16 

Volume, in3 19.3 18.5 

Mass, g 465 460 

Bulk Density, pcf 91 94 

Moisture Content, % 74.8 73.2 

Dry Density, pcf 52.3 54.5 

Degree of Saturation, % 92.0 95.0 

B COEFFICIENT DETERMINATION 

Cell Pressure, psi:                 95.01                Cell Pressure Increment, psi :     5.11                Increased Cell Pressure, psi : 100.12         

Sample Pressure, psi:          85.01               Corresponding Sample Pressure, psi: 90.05      B Coefficient: 0.99           

Sample Pressure Increment, psi: 5.04       

FLOW DATA 

Date Trial 
Pressure, psi Manometer Readings Elapsed 

Time, 
sec 

Gradient Permeability
K, cm/sec 

Temp., 
oC Rt

Permeability 
K @ 20 oC 

cm/sec Cell Sample Z1 Z2 Z1-Z2 

8/31 1 95.0 85.0 14.0 13.8 0.2 71 23.1 9.7E-08 19.7 1.008 9.8E-08 

8/31 2 95.0 85.0 14.0 13.8 0.2 77 23.1 9.0E-08 19.7 1.008 9.0E-08 

8/31 3 95.0 85.0 14.0 13.8 0.2 80 23.1 8.6E-08 19.7 1.008 8.7E-08 

8/31 4 95.0 85.0 14.0 13.8 0.2 85 23.1 8.1E-08 19.7 1.008 8.2E-08 

TEST RESULTS:        PERMEABILITY AT 20 OC:    8.9 x10-8 cm/sec    (@ 10 psi effective stress)



HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIAL USING A FLEXIBLE WALL 
PERMEAMETER BY ASTM D 5084 

Client: Providence 

Project Name: Bottom Ash Pond at Brame Energy Center 

Visual Description: Moist  Dark Brown Clay 

Boring No.: ----- 

Sample: AB-7 

Sample Length (inches): 39.0’ 

Sample Type: Intact 

Permeant Fluid: De-aired Distilled Water 

Orientation: Vertical 

Cell: 19/2 

Sample Preparation: Cut, trimmed and placed into permeameter at as received density and moisture 
content .Trimming moisture content =56.2% 

Assumed Specific Gravity: 2.65 

Atterbergs: LL:96     PL:36    PI: 60 

Parameter Initial Final 

Height, in 2.90 2.82 

Diameter, in 2.90 2.87 

Area, in2 6.61 6.47 

Volume, in3 19.2 18.2 

Mass, g 482 476 

Bulk Density, pcf 96 99 

Moisture Content, % 61.1 59.1 

Dry Density, pcf 59.3 62.3 

Degree of Saturation, % 91.0 95.0 

B COEFFICIENT DETERMINATION 

Cell Pressure, psi:                 95.02                Cell Pressure Increment, psi :     4.92                Increased Cell Pressure, psi : 99.94         

Sample Pressure, psi:          85.01                Corresponding Sample Pressure, psi: 89.35      B Coefficient: 0.88           

Sample Pressure Increment, psi: 4.34        (β value did not increase with increase in pressure. Final degree of saturation > 95%) 

FLOW DATA 

Date Trial 
Pressure, psi Manometer Readings Elapsed 

Time, 
sec 

Gradient Permeability
K, cm/sec 

Temp., 
oC Rt

Permeability 
K @ 20 oC 

cm/sec Cell Sample Z1 Z2 Z1-Z2 

8/31 1 95.0 85.0 14.0 13.8 0.2 72 24.6 8.6E-08 19.7 1.008 8.6E-08 

8/31 2 95.0 85.0 14.0 13.8 0.2 74 24.6 8.3E-08 19.7 1.008 8.4E-08 

8/31 3 95.0 85.0 14.0 13.8 0.2 78 24.6 7.9E-08 19.7 1.008 8.0E-08 

8/31 4 95.0 85.0 14.0 13.8 0.2 82 24.6 7.5E-08 19.7 1.008 7.6E-08 

TEST RESULTS:        PERMEABILITY AT 20 OC:    8.1 x10-8 cm/sec    (@ 10 psi effective stress)
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PHOTOGRAPH 1 
Bottom Ash Pond - Typical Geotechnical Drilling Rig Setup. 

 

 
 

PHOTOGRAPH 2 
Bottom Ash Pond Undisturbed Soil Sample AB-1. 



CLECO POWER LLC 

 

002-191-002MK BEC BA Pond Liner Ver Att 4 2 PROVIDENCE 

 
 

PHOTOGRAPH 3 
Bottom Ash Pond Undisturbed Soil Sample AB–2. 

 

 
 

PHOTOGRAPH 4 
Bottom Ash Pond Undisturbed Soil Sample AB–3. 
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PHOTOGRAPH 5 
Bottom Ash Pond Undisturbed Soil Sample AB–4.  

 

 
 

PHOTOGRAPH 6 
Bottom Ash Pond Undisturbed Soil Sample AB–5. 
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PHOTOGRAPH 7 
Bottom Ash Pond Undisturbed Soil Sample AB–6. 

 

 
 

PHOTOGRAPH 8 
Bottom Ash Pond Undisturbed Soil Sample AB–7. 
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CLECO BRAME ENERGY CENTER 

BOTTOM ASH POND 

CCR LINER VERIFICATION ASSESSMENT 

 

PROFESSIONAL ENGINEER CERTIFICATION  
 
I hereby certify that I have performed a liner verification assessment for Cleco’s Brame 
Energy Center Bottom Ash Pond in accordance with the 40 CFR 257.71 CCR 
requirements. This liner verification assessment has determined that the Bottom Ash 
Pond has met the following requirement: 
 

 A liner consisting of a minimum of two feet of compacted soil with a hydraulic 
conductivity of no more than 1 x 10-7 cm/sec 

 
 
 
 
 

James C. Van Hoof 
 

 

Name  

24630  LA 
 

Registration No.  State  

  

Signature  

10/12/2016  
 

Date   (Seal) 

 
 
 
 
 
 
 
  




