November 10, 1995

Cheri Miller

Tennessee Valley Authority

Fossil Fuels Group

1101 Market Street

Chattanooga, Tennessee 37402-2801

Subject: FINAL REPORT TRANSMITTAL
Fly Ash, Bottom Ash and Scrubber Gypsum Study
Contract No. TV-92657V, Phase 1
Law Engineering - Knoxville Project No. 50385-5-0400 (Phase 1)
Law Engineering - Atlanta Project No. 5810860101

Dear Cherti:

I've sent a special messenger (courier) to deliver this final report. The package consists of five
final report letters (for distribution to all who received the five sets I brought up last month) and
the original test reports for all the work performed in this test phase. I've also copied the Excel
spreadsheet files that you may find helpful. They are: Prgrm.xls - contains all the information
you see in the 11x17 fold-out sheets; and 29 additional .xIs files which contain a summary of
results for each individual material/source tested, which are shown in each of the sections
following a colored sheet of paper.

In speaking with Don Armour, he made a lot of sense when describing why the gypsums, a water
soluble material, behaved the way they did. Essentially, the air-dry method of achieving an air-
dried condition most certainly chemically altered the material. Additionally, because of the
water soluble nature of the material, he recommends using gypsum saturated water when
performing the saturation steps for the majority of the geotechnical tests performed. There is
apparently some literature available in the Electric Power Research Institute (EPRI). I suggest
that if we research the gypsum materials further, we retain Mr. Armour as a technical consultant
to help us understand what is going on.

Thank you for the opportunity to be of service to you on this project. If you have any questions
or require any additional information, please contact me.

Sincerely,
LAW ENGINEERING, INC.

Richard L. Boudreau, P.E.
Senior Materials Engineer
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Tennessee Valley Authority

Fossil Fuels Group

1101 Market Street

Chattanooga, Tennessee 37402-2801

Subject: FINAL REPORT
Fly Ash, Bottom Ash and Scrubber Gypsum Study
Contract No. TV-92657V, Phase 1
Law Engineering - Knoxville Project No. 50385-5-0400 (Phase 1)
Law Engineering - Atlanta Project No. 5810860101

Dear Sir/Madam:

Law Engineering has completed the testing program outlined in the Scope of Work - Phase 1 of
Contract TV-92657V. This letter provides a brief background of the test program. In addition, a
descriptive summary of the test procedures used is presented. The summary provides discussion
pertaining to clarifications or deviations from the procedures. Finally, general observations
made while preparing samples or performing tests that are not represented on the test reports are
discussed, and the results of the test program are presented.

BACKGROUND

The purpose of this laboratory testing program was to provide classification and engineering
properties characterization of several of the Tennessee Valley Authority’s (TVA) sources of fly
ash, bottom ash, boiler slag and scrubber gypsum. Twenty-nine materials from eleven coal
burning power generation steam plants were included in this study. The materials received were
tested through a broad range of test procedures outlined by the American Society for Testing and
Materials (ASTM), the American Association of State Highway and Transportation Officials
(AASHTO), the Strategic Highway Research Program (SHRP), and Law Engineering. Each test
in the program was chosen to illustrate the engineering properties of each material to determine
their suitability for structural embankment fill in highway construction.

In all, thirteen sources of fly ash, nine sources of bottom ash, two sources of boiler slag and three
sources of scrubber gypsum (FGD - flue gas desulfurization) were received for testing. In
addition, a Spent Bed Material and Char material were received from the single unit atmospheric
fluidized bed boiler at Shawnee. Each source material was provided to us in six 5-gallon plastic
buckets, labeled A through F.

LAW ENGINEERING, INC.

396 PLASTERS AVENUE, N.E. ® ATLANTA, GA 30324
(404) 873-4761 » FAX (404) 881-0508

ONE OF THE Law Companies @
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TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study
Law Engineering Project No. 5810860101 November 7, 1995

Soils Classification System (USCS) symbol are provided based on the Particle-Size Analysis and
Atterberg Limits results. Similarly, an AASHTO classification is provided based on guidelines
set forth in The Classification of Soils and Soil-Aggregate Mixtures for Highway Consiruction
Purposes, AASHTO M145.

Volumetric Testing

Several tests were performed to provide the general volumetric properties of each material. The
tests outlined below were performed on one composite sample from each of the twenty-seven fly
ash, bottom ash, boiler slag and scrubber gypsum sources.

Test Method for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400
Jr-Ibflft) (600 kN-m/m3), ASTM D 698. This method defines the moisture content versus dry
density relationship of the material using the standard specified level of energy. The method is
commonly referred to as the Standard Proctor.

Test Method for Laboratory Compaction Characteristics of Soil Using Modified Effort (56,000

Si-Ibfift) (2,700 kN-m/m’), ASTM D 1557. This method defines the moisture content versus dry
density relationship of the material using the standard specified level of energy. The method is
commonly referred to as the Modified Proctor.

Test Method for Maximum Index Density and Unit Weight of Soils Using a Vibratory Table.
ASTM D 4253 and Test Method for Minimum Index Density and Unit Weight of Soils and
Calculation of Relative Density, ASTM D 4254. Because the Standard and Modified Proctors do
not necessarily define a good relationship between dry density and moisture content (typically
because of the free draining nature of granular materials), the minimum and maximum index
densities were determined for the nine bottom ash samples.

Test Method for One-Dimensional Consolidation Properties of Soils, ASTM D 2435. Samples of
the fly ash, boiler slag and scrubber gypsum were remolded in nominal 2.5-inch diameter by 1.0-
inch high rings to approximately 95 percent of the maximum dry density at the optimum
moisture content as determined by the Standard Proctor. Nominal load increments of 0.5, 1.0,
2.0, 4.0, 8.0 and 16.0 ksf were applied. Moist porous stones were used; however, samples were
not inundated for the test. "

Hydraulic Conductivity and Static Strength Testing

Test Method for Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall
Permeameter, ASTM D 5084. The fly ash, boiler slag and scrubber gypsum materials were
remolded to approximately 95 percent of the maximum dry density at the optimum moisture
content as determined by the Standard Proctor and tested for hydraulic conductivity. An
effective confining pressure of 14 psi was used as the standard for all tests. The samples were
remolded to a nominal 2.88-inch diameter by 6.0-in high specimen.

Test Method for Permeability of Granular Soils (Constant Head), ASTM D 2434. The bottom ash
materials were remolded to approximately 95 percent of the maximum dry density as determined

TVA-00012384



TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study
Law Engineering Project No. 5810860101 November 7, 1995

Electro-Chemical Testing

Determining the Minimum Laboratory Soil Resistivity, AASHTO T 288. A supersaturated slurry
was prepared for each of the fly ash, bottom ash, boiler slag and gypsum/spent bed/char
materials (fraction passing the #10 sieve) and the minimum resistivity value was measured.

Determining pH of Soil for Use in Corrosion Testing, AASHTO T 289. Each of the fly ash,
bottom ash, boiler slag and gypsum/spent bed/char materials (fraction passing the #10 sieve) was
prepared and the pH value was measured.

Determining Water Soluble Sulfate Ion Content in Soil, AASHTO T 290. Each of the fly ash.
bottom ash, boiler slag and gypsum/spent bed/char materials (fraction passing the #10 sieve) was
prepared and the water soluble sulfate ion content was measured using the Turbidimetric Method
(Method B).

Determining Water Soluble Chloride Ion Content in Soil, AdSHTO T 291. Each of the fly ash,

bottom ash, boiler slag and gypsum/spent bed/char materials (fraction passing the #10 sieve) was .

prepared and the water soluble chloride ion content was measured using the pH/mV Meter
Method (Method B).

PECULIARITIES AND TEST RESULTS

Based on our years of experience with the testing of geotechnical materials and our experience
derived from this test program, we have highlighted some instances in which these materials
behaved differently than others, either visually or by test results that varied significantly from
results calculated for similar materials.

. Both the spent bed material (Shawnee) and the char (Shawnee) were observed to
react upon treatment with water. This phenomenon created complications with all
the geotechnical tests (classification, volumetric, and strength test). Only the
electro-chemical tests were performed on these materials. Because of the highly
reactive nature of the spent bed material, the resistivity test was unable to be
performed.

. The scrubber gypsum materials were observed to react upon treatment with water
following the air dry preparation of these materials. The samples were air-dried
overnight in a temperature controlled room set at 140 °F. This phenomenon created
complications with the successful completion of the classification tests, aithough we
were able to perform a specific gravity test on a composite sample of each source.
We note that the scrubber gypsum materials exhibit relatively more strength than
the other materials tested in this program when tested under dynamic conditions at
low appiied strains (Resilient Modubus). This may indicate that a weak chemical
bond is created between particles.

. Beside the noticeable color difference of the Cumberland Dry Fly Ash (tan/brown
as opposed to gray for all other fly ashes in this program) that was sampled from
Units 1 and 2 on April 17, 18 and 19, 1995, several of the observations and test
results are worth noting:

TVA-00012385
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November 7, 1995

Tennessee Valley Authority

Fossil Fuels Group

1101 Market Street

Chattanooga, Tennessee 37402-2801

Subject: FINAL REPORT
Fly Ash, Bottom Ash and Scrubber Gypsum Study
Contract No. TV-92657V, Phase 1
Law Engineering - Knoxville Project No. 50385-5-0400 (Phase 1)
Law Engineering - Atlanta Project No. 5810860101

Dear Sir/Madam:

Law Engineering has completed the testing program outlined in the Scope of Work - Phase 1 of
Contract TV-92657V. This letter provides a brief background of the test program. In addition, a
descriptive summary of the test procedures used is presented. The summary provides discussion
pertaining to clarifications or deviations from the procedures. Finally, general observations
made while preparing samples or performing tests that are not represented on the test reports are
discussed, and the results of the test program are presented.

BACKGROUND

The purpose of this laboratory testing program was to provide classification and engineering
properties characterization of several of the Tennessee Valley Authority’s (TVA) sources of fly
ash, bottom ash, boiler slag and scrubber gypsum. Twenty-nine materials from eleven coal
burning power generation steam plants were included in this study. The materials received were
tested through a broad range of test procedures outlined by the American Society for Testing and
Materials (ASTM), the American Association of State Highway and Transportation Officials
(AASHTO), the Strategic Highway Research Program (SHRP), and Law Engineering. Each test
in the program was chosen to illustrate the engineering properties of each material to determine
their suitability for structural embankment fill in highway construction.

In all, thirteen sources of fly ash, nine sources of bottom ash, two sources of boiler slag and three
sources of scrubber gypsum (FGD - flue gas desulfurization) were received for testing. In
addition, a Spent Bed Material and Char material were received from the single unit atmospheric
fluidized bed boiler at Shawnee. Each source material was provided to us in six 5-gallon plastic
buckets, labeled A through F.

LAW ENGINEERING, INC.

396 PLASTERS AVENUE, N.E.  ATLANTA, GA 30324
(404) 873-4761 » FAX (404) 881-0508

ONE OF THE LAW COMPANIES @
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TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study
Law Engineering Project No. 5810860101 November 7, 1995

Soils Classification System (USCS) symbol are provided based on the Particle-Size Analysis and
Atterberg Limits results. Similarly, an AASHTO classification is provided based on guidelines
set forth in The Classification of Soils and Soil-Aggregate Mixtures for Highway Construction
Purposes, AASHTO M145.

Volumetric Testing

Several tests were performed to provide the general volumetric properties of each material. The
tests outlined below were performed on one composite sample from each of the twenty-seven fly
ash, bottom ash, boiler slag and scrubber gypsum sources.

Test Method Jor Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400
fi- lbfﬁ) (600 kN-m/m’), ASTM D 698. This method defines the moisture content versus dry
density relationship of the material using the standard specified level of energy. The method is
commonly referred to as the Standard Proctor.

Test Method Sfor Laboratorjy Compaction Characteristics of Soil Using Modified Effort (56,000
St-1b) ft ) (2,700 kN-m/m’ ), ASTM D 1557. This method defines the moisture content versus dry
density relationship of the material using the standard specified level of energy. The method is
commonly referred to as the Modified Proctor.

Test Method for Maximum Index Density and Unit Weight of Soils Using a Vibratory Table,
ASTM D 4253 and Test Method for Minimum Index Density and Unit Weight of Soils and
Calculation of Relative Density, ASTM D 4254. Because the Standard and Modified Proctors do
not necessarily define a good relationship between dry density and moisture content (typically
because of the free draining nature of granular materials), the minimum and maximum index
densities were determined for the nine bottom ash samples.

Test Method for One-Dimensional Consolidation Properties of Soils, ASTM D 2435. Samples of
the fly ash, boiler slag and scrubber gypsum were remolded in nominal 2.5-inch diameter by 1.0-
inch high rings to approximately 95 percent of the maximum dry density at the optimum
moisture content as determined by the Standard Proctor. Nominal load increments of 0.5, 1.0,
2.0, 4.0, 8.0 and 16.0 ksf were applied. Moist porous stones were used; however, samples were
not inundated for the test.

draulic ductivi nd Static Strength Testi

Test Method for Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall
Permeameter, ASTM D 5084. The fly ash, boiler slag and scrubber gypsum materials were
remolded to approximately 95 percent of the maximum dry density at the optimum moisture
content as determined by the Standard Proctor and tested for hydraulic conductivity. An
effective confining pressure of 14 psi was used as the standard for all tests. The samples were
remolded to a nominal 2.88-inch diameter by 6.0-in high specimen.

Test Method for Permeability of Granular Soils (Constant Head), ASTM D 2434. The bottom ash
materials were remolded to approximately 95 percent of the maximum dry density as determined

TVA-00012387



TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study
Law Engineering Project No. 5810860101 November 7, 1995

Electro-Chemical Testin

Determining the Minimum Laboratory Soil Resistivity, AASHTO T 288. A supersaturated slurry
was prepared for each of the fly ash, bottom ash, boiler slag and gypsum/spent bed/char
materials (fraction passing the #10 sieve) and the minimum resistivity value was measured.

Determining pH of Soil for Use in Corrosion Testing, AASHTO T 289. Each of the fly ash,
bottom ash, boiler slag and gypsum/spent bed/char materials (fraction passing the #10 sieve) was
prepared and the pH value was measured. '

Determining Water Soluble Sulfate Ion Content in Soil, AASHTO T 290. Each of the fly ash,
bottom ash, boiler slag and gypsum/spent bed/char materials (fraction passing the #10 sieve) was
prepared and the water soluble sulfate ion content was measured using the Turbidimetric Method
(Method B). :

Determining Water Soluble Chloride Ion Content in Soil, AASHTO T 291. Each of the fly ash,
bottom ash, boiler slag and gypsum/spent bed/char materials (fraction passing the #10 sieve) was
prepared and the water soluble chloride ion content was measured using the pH/mV Meter
Method (Method B).

PECULIARITIES AND TEST RESULTS

Based on our years of experience with the testing of geotechnical materials and our experience
derived from this test program, we have highlighted some instances in which these materials
behaved differently than others, either visually or by test results that varied significantly from
results calculated for similar materials.

. Both the spent bed material (Shawnee) and the char (Shawnee) were observed to
react upon treatment with water. This phenomenon created complications with all
the geotechnical tests (classification, volumetric, and strength test). Only the
electro-chemical tests were performed on these materials. Because of the highly
reactive nature of the spent bed material, the resistivity test was unable to be
performed.

. The scrubber gypsum materials were observed to react upon treatment with water
following the air dry preparation of these materials. The samples were air-dried
overnight in a temperature controlled room set at 140 °F. This phenomenon created
complications with the successful completion of the classification tests, although we
were able to perform a specific gravity test on a composite sample of each source.
We note that the scrubber gypsum materials exhibit relatively more strength than
the other materials tested in this program when tested under dynamic conditions at
low applied strains (Resilient Modulus). This may indicate that a weak chemical
bond is created between particles.

. Beside the noticeable color difference of the Cumberland Dry Fly Ash (tan/brown
as opposed to gray for all other fly ashes in this program) that was sampled from
Units 1 and 2 on April 17, 18 and 19, 1995, several of the observations and test
results are worth noting: :

TVA-00012388
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November 7, 1995

Tennessee Valley Authority

Fossil Fuels Group

1101 Market Street

Chattanooga, Tennessee 37402-2801

Subject: FINAL REPORT
Fly Ash, Bottom Ash and Scrubber Gypsum Study
Contract No. TV-92657V, Phase 1
Law Engineering - Knoxville Project No. 50385-5-0400 (Phase 1)
Law Engineering - Atlanta Project No. 5810860101

Dear Sir/Madam:

Law Engineering has completed the testing program outlined in the Scope of Work - Phase 1 of
Contract TV-92657V. This letter provides a brief background of the test program. In addition, a
descriptive summary of the test procedures used is presented. The summary provides discussion
pertaining to clarifications or deviations from the procedures. Finally, general observations
made while preparing samples or performing tests that are not represented on the test reports are
discussed, and the results of the test program are presented.

BACKGROUND

The purpose of this laboratory testing program was to provide classification and engineering
properties characterization of several of the Tennessee Valley Authority’s (TVA) sources of fly
ash, bottom ash, boiler slag and scrubber gypsum. Twenty-nine materials from eleven coal
burning power generation steam plants were included in this study. The materials received were
tested through a broad range of test procedures outlined by the American Society for Testing and
Materials (ASTM), the American Association of State Highway and Transportation Officials
(AASHTO), the Strategic Highway Research Program (SHRP), and Law Engineering. Each test
in the program was chosen to illustrate the engineering properties of each material to determine
their suitability for structural embankment fill in highway construction.

In all, thirteen sources of fly ash, nine sources of bottom ash, two sources of boiler slag and three
sources of scrubber gypsum (FGD - flue gas desulfurization) were received for testing. In
addition, a Spent Bed Material and Char material were received from the single unit atmospheric
fluidized bed boiler at Shawnee. Each source material was provided to us in six 5-gallon plastic
buckets, labeled A through F.

LAW ENGINEERING, INC.

396 PLASTERS AVENUE, N.E. « ATLANTA, GA 30324
(404) 873-4761 « FAX (404) 881-0508

ONE OF THE LAW COMPANIES @
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TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study
Law Engineering Project No. 3810860101 November 7, 1995

Soils Classification System (USCS) symbol are provided based on the Particle-Size Analysis and
Atterberg Limits results. Similarly, an AASHTO classification is provided based on guidelines
set forth in The Classification of Soils and Soil-Aggregate Mixtures for Highway Construction
Purposes, AASHTO M145.

Volumetric Testing

Several tests were performed to provide the general volumetric properties of each material. The
tests outlined below were performed on one composite sample from each of the twenty-seven fly
ash, bottom ash, boiler slag and scrubber gypsum sources.

Test Method for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400

Si-1bf/; ft ) (600 kN-m/m’ ), ASTM D 698. This method defines the moisture content versus dry
density relationship of the material using the standard specified level of energy. The method is
commonly referred to as the Standard Proctor.

Test Method Sfor Laboratory Compaction Characteristics of Soil Using Modified Effort (56,000
fi-1bf), ft ') (2,700 kN-m/m’), ASTM D 1557. This method defines the moisture content versus dry
density relationship of the material using the standard specified level of energy. The method is
commonly referred to as the Modified Proctor. :

Test Method for Maximum Index Density and Unit Weight of Soils Using a Vibrarory Table,
ASTM D 4253 and Test Method for Minimum Index Density and Unit Weight of Soils and
Calculation of Relative Density, ASTM D 4254. Because the Standard and Modified Proctors do
not necessarily define a good relationship between dry density and moisture content (typically
because of the free draining nature of granular materials), the minimum and maximum index
densities were determined for the nine bottom ash samples.

Test Method for One-Dimensional Consolidation Properties of Soils, ASTM D 2435. Samples of
the fly ash, boiler slag and scrubber gypsum were remolded in nominal 2.5-inch diameter by 1.0-
inch high rings to approximately 95 percent of the maximum dry density at the optimum
moisture content as determined by the Standard Proctor. Nominal load increments of 0.5, 1.0,
2.0, 4.0, 8.0 and 16.0 ksf were applied. Moist porous stones were used; however, samples were
not inundated for the test.

Hyvdrauli ductivi n tic Strength Testi

Test Method for Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall
Permeameter, ASTM D 5084. The fly ash, boiler slag and scrubber gypsum materials were
remolded to approximately 95 percent of the maximum dry density at the optimum moisture
content as determined by the Standard Proctor and tested for hydraulic conductivity. An
effective confining pressure of 14 psi was used as the standard for all tests. The samples were
remolded to a nominal 2.88-inch diameter by 6.0-in high specimen.

Test Method for Permeability of Granular Soils (Constant Head), ASTM D 2434. The bottom ash
materials were remolded to approximately 95 percent of the maximum dry density as determined

TVA-00012390



TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study
Law Engineering Project No. 5810860101 November 7, 1993

Electro-Chemical Testing

Determining the Minimum Laboratory Soil Resistivity, AASHTO T 288. A supersaturated slurry
was prepared for each of the fly ash, bottom ash, boiler slag and gypsum/spent bed/char
materials (fraction passing the #10 sieve) and the minimum resistivity value was measured.

Determining pH of Soil for Use in Corrosion Testing, AASHTO T 289. Each of the fly ash,
bottom ash, boiler slag and gypsum/spent bed/char materials (fraction passing the #10 sieve) was
prepared and the pH value was measured.

Determining Water Soluble Sulfate Ion Content in Soil, AASHTO T 290. Each of the fly ash,
bottom ash, boiler slag and gypsum/spent bed/char materials (fraction passing the #10 sieve) was
prepared and the water soluble sulfate ion content was measured using the Turbidimetric Method
(Method B). '

Determining Water Soluble Chloride Ion Content in Soil, AASHTO T 291. Each of the fly ash,
bottom ash, boiler slag and gypsum/spent bed/char materials (fraction passing the #10 sieve) was
prepared and the water soluble chloride ion content was measured using the pH/mV Meter
Method (Method B).

PECULIARITIES AND TEST RESULTS

Based on our years of experience with the testing of geotechnical materials and our experience
derived from this test program, we have highlighted some instances in which these materials
behaved differently than others, either visually or by test results that varied significantly from
resulits calculated for similar materials.

. Both the spent bed material (Shawnee) and the char (Shawnee) were observed to
react upon treatment with water. This phenomenon created complications with all
the geotechnical tests (classification, volumetric, and strength test). Only the
electro-chemical tests were performed on these materials. Because of the highly
reactive nature of the spent bed material, the resistivity test was unable to be
performed.

] The scrubber gypsum materials were observed to react upon treatment with water
following the air dry preparation of these materials. The samples were air-dried
overnight in a temperature controlled room set at 140 °F. This phenomenon created
complications with the successful completion of the classification tests, although we
were able to perform a specific gravity test on a composite sample of each source.
We note that the scrubber gypsum materials exhibit relatively more strength than
the other materials tested in this program when tested under dynamic conditions at
low applied strains (Resilient Modulus). This may indicate that a weak chemical
bond is created between particles.

. Beside the noticeable color difference of the Cumberland Dry Fly Ash (tan/brown
as opposed to gray for all other fly ashes in this program) that was sampled from
Units 1 and 2 on April 17, 18 and 19, 1995, several of the observations and test
results are worth noting:

TVA-00012391
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November 7, 1995

Tennessee Valley Authority

Fossil Fuels Group

1101 Market Street

Chattanooga, Tennessee 37402-2801

Subject: FINAL REPORT
Fly Ash, Bottom Ash and Scrubber Gypsum Study
Contract No. TV-92657V, Phase 1
Law Engineering - Knoxville Project No. 50385-5-0400 (Phase 1)
Law Engineering - Atlanta Project No. 5810860101

Dear Sir/Madam:

Law Engineering has completed the testing program outlined in the Scope of Work - Phase 1 of
Contract TV-92657V. This letter provides a brief background of the test program. In addition, a
descriptive summary of the test procedures used is presented. The summary provides discussion
pertaining to clarifications or deviations from the procedures. Finally, general observations
made while preparing samples or performing tests that are not represented on the test reports are
discussed, and the results of the test program are presented.

BACKGROUND

The purpose of this laboratory testing program was to provide classification and engineering
properties characterization of several of the Tennessee Valley Authority’s (TVA) sources of fly
ash, bottom ash, boiler slag and scrubber gypsum. Twenty-nine materials from eleven coal
burning power generation steam plants were included in this study. The materials received were
tested through a broad range of test procedures outlined by the American Society for Testing and
Materials (ASTM), the American Association of State Highway and Transportation Officials
(AASHTO), the Strategic Highway Research Program (SHRP), and Law Engineering. Each test
in the program was chosen to illustrate the engineering properties of each material to determine
their suitability for structural embankment fill in highway construction.

In all, thirteen sources of fly ash, nine sources of bottom ash, two sources of boiler slag and three
sources of scrubber gypsum (FGD - flue gas desulfurization) were received for testing. In
addition, a Spent Bed Material and Char material were received from the single unit atmospheric
fluidized bed boiler at Shawnee. Each source material was provided to us in six 5-gallon plastic
buckets, labeled A through F.

LAW ENGINEERING, INC.

396 PLASTERS AVENUE, N.E.  ATLANTA, GA 30324
(404) 873-4761 « FAX (404) 881-0508

ONE OF THE LAW COMPANIES @
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TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study
Law Engineering Project No. 5810860101 November 7, 1995

Soils Classification System (USCS) symbol are provided based on the Particle-Size Analysis and
Atterberg Limits results. Similarly, an AASHTO classification is provided based on guidelines
set forth in The Classification of Soils and Soil-Aggregate Mixtures for Highway Construction
Purposes, AASHTO MI145.

YVolumetric Testing

Several tests were performed to provide the general volumetric properties of each material. The
tests outlined below were performed on one composite sample from each of the twenty-seven fly
ash, bottom ash, boiler slag and scrubber gypsum sources.

Test Method Jor Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400
fi-1bf/) ft (600 kN-m/m’ ), ASTM D 698. This method defines the moisture content versus dry
density relationship of the material using the standard specified level of energy. The method is
commonly referred to as the Standard Proctor.

Test Method Jor Laboralory Compaction Characteristics of Soil Using Modified Effort (56,000

Si-Ibf, ft ') (2,700 kN-m/m’), ASTM D 1557. This method defines the moisture content versus dry
density relationship of the material using the standard specified level of energy. The method is
commonly referred to as the Modified Proctor.

Test Method for Maximum Index Density and Unit Weight of Soils Using a Vibratory Table.
ASTM D 4253 and Test Method for Minimum Index Density and Unit Weight of Soils and
Calculation of Relative Density, ASTM D 4254. Because the Standard and Modified Proctors do
not necessarily define a good relationship between dry density and moisture content (typically
because of the free draining nature of granular materials), the minimum and maximum index
densities were determined for the nine bottom ash samples.

Test Method for One-Dimensional Consolidation Properties of Soils, ASTM D 2435. Samples of
the fly ash, boiler slag and scrubber gypsum were remolded in nominal 2.5-inch diameter by 1.0-
inch high rings to approximately 95 percent of the maximum dry density at the optimum
moisture content as determined by the Standard Proctor. Nominal load increments of 0.5, 1.0,
2.0, 4.0, 8.0 and 16.0 ksf were applied. Moist porous stones were used; however, samples were
not inundated for the test.

raulic Conductivi ic_ Strength Testin

Test Method for Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall
Permeameter, ASTM D 5084. The fly ash, boiler slag and scrubber gypsum materials were
remolded to approximately 95 percent of the maximum dry density at the optimum moisture
content as determined by the Standard Proctor and tested for hydraulic conductivity. An
effective confining pressure of 14 psi was used as the standard for all tests. The samples were
remolded to a nominal 2.88-inch diameter by 6.0-in high specimen.

Test Method for Permeability of Granular Soils (Constant Head), ASTM D 2434. The bottom ash
materials were remolded to approximately 95 percent of the maximum dry density as determined
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TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study
Law Engineering Project No. 5810860101 November 7, 1995

Electro-Chemical Testing

Determining the Minimum Laboratory Soil Resistivity, AASHTO T 288. A supersaturated slurry
was prepared for each of the fly ash, bottom ash, boiler slag and gypsum/spent bed/char
materials (fraction passing the #10 sieve) and the minimum resistivity value was measured.

Determining pH of Soil for Use in Corrosion Testing, AASHTO T 289. Each of the fly ash,
bottom ash, boiler slag and gypsum/spent bed/char materials (fraction passing the #10 sieve) was
prepared and the pH value was measured.

Determining Water Soluble Sulfate Ion Content in Soil, AASHTO T 290. Each of the fly ash,
bottom ash, boiler slag and gypsum/spent bed/char materials (fraction passing the #10 sieve) was
prepared and the water soluble sulfate ion content was measured using the Turbidimetric Method
(Method B). ’

Determining Water Soluble Chloride Ion Content in Soil, AASHTO T 291. Each of the fly ash,
bottom ash, boiler slag and gypsum/spent bed/char materials (fraction passing the #10 sieve) was
prepared and the water soluble chloride ion content was measured using the pH/mV Meter
Method (Method B). '

PECULIARITIES AND TEST RESULTS

Based on our years of experience with the testing of geotechnical materials and our experience
derived from this test program, we have highlighted some instances in which these materials
behaved differently than others, either visually or by test results that varied significantly from
results calculated for similar materials.

. Both the spent bed material (Shawnee) and the char (Shawnee) were observed to
react upon treatment with water. This phenomenon created complications with all
the geotechnical tests (classification, volumetric, and strength test). Only the
electro-chemical tests were performed on these materials. Because of the highly
reactive nature of the spent bed material, the resistivity test was unable to be
performed.

. The scrubber gypsum materials were observed to react upon treatment with water
following the air dry preparation of these materials. The samples were air-dried
overnight in a temperature controlled room set at 140 °F. This phenomenon created
complications with the successful completion of the classification tests, although we
were able to perform a specific gravity test on a composite sample of each source.
We note that the scrubber gypsum materials exhibit relatively more strength than
the other materials tested in this program when tested under dynamic conditions at
low applied strains (Resilient Modulus). This may indicate that a weak chemical
bond is created between particles.

o Beside the noticeable color difference of the Cumberland Dry Fly Ash (tan/brown
as opposed to gray for all other fly ashes in this program) that was sampled from
Units 1 and 2 on April 17, 18 and 19, 1995, several of the observations and test
results are worth noting;:
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4 1Law
/Ai ENGINEERING AND ENVIRONMENTAL SERVICES

November 7, 1995

Tennessee Valley Authority

Fossil Fuels Group

1101 Market Street

Chattanooga, Tennessee 37402-2801

Subject: FINAL REPORT
Fly Ash, Bottom Ash and Scrubber Gypsum Study
Contract No. TV-92657V, Phase 1
Law Engineering - Knoxville Project No. 50385-5-0400 (Phase 1)
Law Engineering - Atlanta Project No. 5810860101

Dear Sir/Madam:

Law Engineering has completed the testing program outlined in the Scope of Work - Phase 1 of
Contract TV-92657V. This letter provides a brief background of the test program. In addition, a
descriptive summary of the test procedures used is presented. The summary provides discussion
pertaining to clarifications or deviations from the procedures. Finally, general observations
made while preparing samples or performing tests that are not represented on the test reports are
discussed, and the results of the test program are presented.

BACKGROUND

The purpose of this laboratory testing program was to provide classification and engineering
properties characterization of several of the Tennessee Valley Authority’s (TVA) sources of fly
ash, bottom ash, boiler slag and scrubber gypsum. Twenty-nine materials from eleven coal
burning power generation steam plants were included in this study. The materials received were
tested through a broad range of test procedures outlined by the American Society for Testing and
Materials (ASTM), the American Association of State Highway and Transportation Officials
(AASHTO), the Strategic Highway Research Program (SHRP), and Law Engineering. Each test

in the program was chosen to illustrate the engineering properties of each material to determine ‘

their suitability for structural embankment fill in highway construction.

In all, thirteen sources of fly ash, nine sources of bottom ash, two sources of boiler slag and three
sources of scrubber gypsum (FGD - flue gas desulfurization) were received for testing. In
addition, a Spent Bed Material and Char material were received from the single unit atmospheric
fluidized bed boiler at Shawnee. Each source material was provided to us in six 5-gallon plastic
buckets, labeled A through F.

LAW ENGINEERING, INC.

396 PLASTERS AVENUE, N.E. » ATLANTA, GA 30324
(404) 873-4761 « FAX (404) 881-0508

ONE OF THE LAw Companies @
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TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study
Law Engineering Project No. 5810860101 November 7, 1995

Soils Classification System (USCS) symbol are provided based on the Particle-Size Analysis and
Atterberg Limits results. Similarly, an AASHTO classification is provided based on guidelines
set forth in The Classification of Soils and Soil-Aggregate Mixtures for Highway Construction
Purposes, AASHTO M145.

Volumetric Testing

Several tests were performed to provide the general volumetric properties of each material. The
tests outlined below were performed on one composite sample from each of the twenty-seven fly
ash, bottom ash, boiler slag and scrubber gypsum sources.

Test Method for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400

fz-lbﬂft3) (600 kN-m/m3), ASTM D 698. This method defines the moisture content versus dry
density relationship of the material using the standard specified level of energy. The method is
commonly referred to as the Standard Proctor.

Test Method for Laboratory Compaction Characteristics of Soil Using Modified Effort (56,000

Si-Ibfift) (2,700 kN-m/m’), ASTM D 1557. This method defines the moisture content versus dry
density relationship of the material using the standard specified level of energy. The method is
commonly referred to as the Modified Proctor.

Test Method for Maximum Index Density and Unit Weight of Soils Using a Vibratory Table.
ASTM D 4253 and Test Method for Minimum Index Density and Unit Weight of Soils and
Calculation of Relative Density, ASTM D 4254. Because the Standard and Modified Proctors do
not necessarily define a good relationship between dry density and moisture content (typically
because of the free draining nature of granular materials), the minimum and maximum index
densities were determined for the nine bottom ash samples.

Test Method for One-Dimensional Consolidation Properties of Soils, ASTM D 2435. Samples of
the fly ash, boiler slag and scrubber gypsum were remolded in nominal 2.5-inch diameter by 1.0-
inch high rings to approximately 95 percent of the maximum dry density at the optimum
moisture content as determined by the Standard Proctor. Nominal load increments of 0.5, 1.0,
2.0, 4.0, 8.0 and 16.0 ksf were applied. Moist porous stones were used; however, samples were
not inundated for the test.

draulic Conductivity and Static Strength Testi

Test Method for Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall
Permeameter, ASTM D 5084. The fly ash, boiler slag and scrubber gypsum materials were
remolded to approximately 95 percent of the maximum dry density at the optimum moisture
content as determined by the Standard Proctor and tested for hydraulic conductivity. An
effective confining pressure of 14 psi was used as the standard for all tests. The samples were
remolded to a nominal 2.88-inch diameter by 6.0-in high specimen.

Test Method for Permeability of Granular Soils (Constant Head), ASTM D 2434. The bottom ash
materials were remolded to approximately 95 percent of the maximum dry density as determined

TVA-00012396



TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study
Law Engineering Project No. 5810860101 November 7, 1995

Electro-Chemical Testing

Determining the Minimum Laboratory Soil Resistivity, AASHTO T 288. A supersaturated slurry
was prepared for each of the fly ash, bottom ash, boiler slag and gypsum/spent bed/char
materials (fraction passing the #10 sieve) and the minimum resistivity value was measured.

Determining pH of Soil for Use in Corrosion Testing, AASHTO T 289. Each of the fly ash,
bottom ash, boiler slag and gypsum/spent bed/char materials (fraction passing the #10 sieve) was
prepared and the pH value was measured.

Determining Water Soluble Sulfate Ion Content in Soil, AASHTO T 290. Each of the fly ash,
bottom ash, boiler slag and gypsum/spent bed/char materials (fraction passing the #10 sieve) was
prepared and the water soluble sulfate ion content was measured using the Turbidimetric Method
(Method B).

Determining Water Soluble ‘Chloride Ion Content in Soil, AASHTO T 291. Each of the fly ash,
bottom ash, boiler slag and gypsum/spent bed/char materials (fraction passing the #10 sieve) was
prepared and the water soluble chloride ion content was measured using the pH/mV Meter
Method (Method B).

PECULIARITIES AND TEST RESULTS

Based on our years of experience with the testing of geotechnical materials and our experience
derived from this test program, we have highlighted some instances in which these materials
behaved differently than others, either visually or by test results that varied significantly from
results calculated for similar materials.

. Both the spent bed material (Shawnee) and the char (Shawnee) were observed to
react upon treatment with water. This phenomenon created complications with all
the geotechnical tests (classification, volumetric, and strength test). Only the
electro-chemical tests were performed on these materials. Because of the highly
reactive nature of the spent bed material, the resistivity test was unable to be
performed.

. The scrubber gypsum materials were observed to react upon treatment with water
following the air dry preparation of these materials. The samples were air-dried
overnight in a temperature controlled room set at 140 °F. This phenomenon created
complications with the successful completion of the classification tests, although we
were able to perform a specific gravity test on a composite sample of each source.
We note that the scrubber gypsum materials exhibit relatively more strength than
the other materials tested in this program when tested under dynamic conditions at
low applied strains (Resilient Modulus). This may indicate that a weak chemical
bond is created between particles.

U Beside the noticeable color difference of the Cumberland Dry Fly Ash (tan/brown
as opposed to gray for all other fly ashes in this program) that was sampled from
Units 1 and 2 on April 17, 18 and 19, 1995, several of the observations and test
results are worth noting:
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LAW

Technical Procedures
for
Tennessee Valley Authortiy

TITLE: DETERMINING THE ANGLE OF REPOSE OF NON-COHESIVE
GRANULAR SAMPLES

These procedures meet the Quality Assurance Program requirements for this project. LAW's
Quality Assurance Program Description and all of its invoked documents govern the preparation,
approval, and use of these procedures. :

Copy Number ___
PREPARED BY:
@Aﬂp_/ F. @AM‘_« 9/11/45
Richard L. Boudreau, P.E. Date
- APPROVALS:
\ ' 9 //9/1(
N
James W, Niehoff, P.E, _/ Date
refEngineer
Date
Date
Revision 0 Procedure: TP6-TVA
August 28, 1995 Page 1 of 4

lab\forms\tpé-tva.doc
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‘ TP - 6: DETERMINING THE ANGLE OF REPOSE OF NON-COHESIVE
GRANULAR SAMPLES

3.1.6 Calculate the angle of repose, using the average of the 2 measurements
taken, using the following equations:
¢1= Tan” [(V;-Vo)/H, ]
42= Tan™ [(V3-V,)/(H,- Hy)]
¢avg = (¢1 + ¢2)/2
where: H,, = Horizontal distance from mound peak along
horizontal plane, inches

Vy.12 = Vertical distance from horizontal offset along
horizontal plane to the surface of the mound, inches

4.0 REPORTING
4.1 The following information shall be reported:

. Sample 1.D.

. Visual description

. Average angle of repose value
Revision 0 Procedure: TP6-TVA
August 28, 1995 Page 3 of 4

lab\forms\tp6-tva.doc
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