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SHAWNEE
Dry Fly Ash

Grain Size Distribution Test Report
Moisture-Density Relationship (Standard Proctor)
Moisture-Density Relationship (Modified Proctor)

Consolidation Test Report
Hydraulic Conductivity - Falling Head (2 Pages)
Triaxial Compression Test (2 Pages)
Direct Shear Test
California Bearing Ratio
Resilient Modulus (Standard Proctor) (9 Pages)
Resilient Modulus (Modified Proctor) (9 Pages)
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TVA - SHAWNEE
DRY FLY ASH

Description Test Method Property Sample 1 Sample 2 Sample 3
Grain Size ASTM D 422 Percent Retained on the #4 Sieve 0.0 0.0 0.0
Percent Passing the #200 Sieve 916 91.2 90.1 -
Percent Passing the 0.005 mm Sieve 7.6 6.4 75
Atterberg Limits ASTM D 4318 Liquid Limit NL NL NL
Plastic Limit NP NP NP
Plasticity Index N/A N/A N/A
Specific Gravity ASTM D 854 Specific Gravity at 20°C 2.14 2.09 2.11
Ctassification ASTM D 2487 Unified Soil Classification System (USCS) ML ML ML
AASHTO M 145 AASHTO Classification A-4(0.0) A-4(0.0) A-4(0.0)
Composite Sample
Moisture-Density Relations ASTM D 698 Maximum Dry Density, pcf 724
(Standard Effort) Optimum Moisture Content, % 28.3
Moisture-Density Relations ASTM D 1557 Maximum Dry Density, pcf 77.2
(Modified Effort) Optimum Moisture Content, % 24.4
Resuit Dry Density, pcf Moisture Content, %
Consolidation ASTM D2435 Compression index C¢ 0.04 €6.9 281
Hydraulic Conductivity ASTM D 5084 Hydraulic Conductivity, cm/sec 9.2E-5 68.9 27.4
Triaxial Shear Strength ASTM D4767 Effective Stress, Cohesion, ¢’, ksf 1.24 68.9 275
IConsolidated-Undrained (CU) Effective Stress, Internal Friction Angie, ¢', degrees 224
Total Stress, Cohesion, ¢, ksf 1.79 68.9 275
Total Stress, Internal Friction Angle, ¢, degrees 147
Direct Shear Strength ASTM D 3080 Cohesion, c, ksf 1.10 60.1 279
) Internal Friction Angle, ¢, degrees 39.8
California Bearing Ratio ASTM D 1883 CBR. % 9 68.8 28.2
Resilient Modulus SHRP P46 Resilient Modulus at 4psi axial stress and 4,222 677 276
(Standard Compactive Effort) 4psi confining pressure
Resilient Modulus SHRP P46 Resilient Modulus at 4psi axial stress and 4,731 73.9 245
(Modified Compactive Effort) 4psi confining pressure
Soil Resistivity AASHTO T 288 Minimum Resistivﬁy. Ohm-cm 1,000
pH of Soil AASHTO T 289 pH 11.5
\Water Soluble Sulfate lon AASHTO T 290 Sulfate lon Content, mg/kg - 2270
Water Solubie Chloride lon AASHTO T 280 Chicride ion Content, mg/kg <10

shf-faxis
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GRAIN SIZE - mm
Test|% +3" % GRAVEL % SAND . % SILT % CLAY
e O 0.0 0.0 8.4 84 .0 7.6
al 10 0.0 0.0 ' 8.8 84.8 6.4
m 11 0.0 0.0 9.9 82.6 7.5
LL PI Dgs Deo D50 D3p D45 D1o Ce Cy
] NL NP 0.03 0.020 |0.0112 |0.0068 2.06 4.1
A NL NP 0.03 0.020 10.0123 |0.0079 1.66 4.0
u NL NP 0.03 0.022 {0.0099 |0.0062 2.28 5.7
MATERIAL DESCRIPTION USCS AASHTO
® ML A-4(0.0)
A ML A-4(0.0)
] ML A-41(0.0)
Project No.: 5810880101 Remarks:
Project: TVA - Shawnee Tested by:CJC,AZ/
@ (ocation: Dry Fly Ash A & B . . L
A Location: Dry Fly Ash C & D Reviewed by: &=ﬂ
B (ocation: Dry Fly Ash E & F .
Date: July 18, 1995
GRAIN SIZE DISTRIBUTION TEST REPORT
LAW ENGINEERING, INC. Figure No.
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Water content, %
"Standard" Proctor, ASTM D B98, Method A
Elev/ Classification _ Nat . Sp.G. LL PT % > % < .
Depth USCS AASHTO Moist. No .4 No . 200
ML A—4(o.d) 0.144 %4{ 2.11 NL NP 0 % a1.0 %
TEST RESULTS MATERIAL DESCRIPTION
Optimum moisture = 28.3 %
Maximum dry density = 72.4 pcf
Proi . Remarks:
roject No.: 5810880101 QJCJQ/
Project: TVA - Shawnee Tested by:
Location: Dry Fly Ash Reviewed Dby: &aeéb
Date: July 25, 1985
MOISTURE-DENSITY RELATIONSHIP
LAW: ENGINEEHING, INC. Figure No.
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MOISTURE-DENSITY RELATIONSHIP
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Elev/ Classification Nat . Sp.G. LL PI %
Depth USCS AASHTO Moist. No .4 No .200
ML A-4 (0.0 Q.14 % 2.11 NL NP 0 % 91.0 %
TEST RESULTS MATERIAL DESCRIPTION
Optimum moisture = 24.4 %
Maximum dry density = 77 .2 pcf
Project Na.: Remarks:

58108680101

Project: TVA - Shawnee
Location: Dry Fly Ash
Date: July 25, 1985

MOISTURE-DENSITY RELATIONSHIP

LAW ENGINEERING, INC.

Tested by: o/
Reviewed by: £2239

Figure No.
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CONSOLIDATION TEST HEPORT

LAW ENGINEERING,

INC.
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Applied Pressure - ksf
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Saturation |Moisture |Density LL PI Sp. G- press . R o
63.5 % 28.1 66 .8 NL NP 2.113 7.27 0.04 0.9342
TEST RESULTS MATERIAL DESCRIPTION
Compression Index = 0.04
Project No.: 5810860101 Class: USCS: ML
Project: TVA - Shawnee Remarks:
Location: Dry Fly Ash Tested by: Agifi
Date: July 25, 1995 Reviewed by:
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AQ

HYDRAULIC CONDUCTIVITY
LAW ENGINEERING
Project No. 5810860101 Tested By HEJ
Project Name TVA - Shawnee Test Date 07/22/95
Material (Source) Dry Fly Ash Reviewed By RLB
Review Date  09/06/95
ASTM D5084 - Falling Head

Sample Type: Remolded

Sample Orientation: Vertical .

Initial Water Content, %: 27.4

Wet Unit Weight, pcf: 87.8

Dry Unit Weight, pcf: 68.9

Compaction, %: 95.2

Hydraulic Conductivity, cm/sec. @20 °C: 9.2E-05
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6.00 -
TOTAL EFFECTIVE
C, ksf 1.79 1.24 ‘
¢, deg 14.7 22.4
0.26 0.41
v 4-00 P - = = - = s =
®
(1]
o
C
4+
w
o
5 2.00
r~
w
O":::: N SRR B : IR T 1 FREEE N i
0 2.00 4.00 6.00 8.00 10.0Q0 12.00
Total Normal Stress, ks f
Effective Normal Stress, ksf --
9.00
SAMPLE NO. 1 2 3
WATER CONTENT, % 27 .6 27.4 27 .4
7 .50 2 |DAY DENSITY, pcf B8.B8 68.9 69.0
—~ |SATURATION, % . 3.7 63.5 B3.6
= |VOID RATIO 0.91% 0.811 0.910
s 6 00 Z |DIAMETER, in 2.83 2.83 2.83
X : HEIGHT, in 5.00 6.00 65.00
@ WATER CONTENT, % 40.8 41.68 42.3
©  4.50  |DRY DENSITY. pcf 70.8 70.2 69.6
5 W |SATURATION, % 4100.0 100.0 100.0
wn = |vOoID RATIO 0.861 0.878 0.893
c ~ |IDIAMETER, in 2.80 2.81 c.82
S 3.00 < IHEIGHT, in 5.96 5.97 5.99
.E BACK PRESSURE, ksf 3.28 3.27 3.28
3 1.50 CELL PRESSURE, ksf 7.29 5.27 4.28
Q FAILURE STRESS, ksf 7.45 5.82 5.44
; PORE PRESSURE, ksf 4.38 3.34 3.04
o i STRAIN RATE, %/min. - 0.4100 0.100 0.100
0 5 10 15 20 |ULTIMATE STRESS, ksf
Axial Strain, % PORE PRESSURE, ksf
S f . . "~ B.
Toee o Tesr o e wmop e
CU with pore pressures ©s3 <8 . : :
SAMPLE TYPE: Remolded CLIENT:
DESCRIPTION
PROJECT: TVA - Shawnee
LL= NL PL= NP PI=
SPECIFIC GRAVITY= 2.11 SAMPLE LOCATION: Dry Fly Ash
REMARKS: Tested by: b(é .
PROJ. NO.: 5810880101 DATE: August 23, 1995
Reviewed Dby:
view 4 BL¢ TRIAXIAL COMPRESSION TEST
FIG. NO. LAW ENGINEERING, INC.
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File:
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Dry Fly Ash

8601J

Project

No.:
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-0.030 9.00
RESULTS
C, ksf 1.10 .
-0.020
¢, deg 39.8
< U
o~ - TAN ¢ 0.83 =
- -0.010 ¥ B.00
E Oilation U;
[} [(p}
4= 123 O
8 0 =5
—_ Consol. €3]
T [N
S 0.010 @ 3.00
+ ied
[ [43}
Q
>
0.020
0.030 0 —
0 0.1 0.2 0.3 0.4 0 3.00 6.00 9.00
Horiz. DBeform., 1in Normal Stress, ksf
6.00
SAMPLE NO. 1 2 3
WATER CONTENT, % 27.7 28.0 28.0
5.00 < |BRY DENSITY, pcf 59.8 59.8 60.7
~ |SATURATION, % 48.6 49.0 50.6
= |vOoID RATIO 1.202 1.204 1.170
- 4.00 Z |DIAMETER, in 2.50 2.50 2.50
@ : HEIGHT. in 0.81 0.81 0.81
Y4
) WATER CONTENT, % 27.7 28.0 28.0
@ 3.00 = |DRY DENSITY. pcf 59.8 59.8 60.7
o L |SATURATION, % 48 . 6 49.0 50.6
5 = IvoIO RATIO 1.202 1.204 1.170
& ~ |IDIAMETER, 1in 2.50 2.50 2.50
¢ 2.00 < IHEIGHT, 1in 0.81 0.81 0.81
(¢}
& NORMAL STRESS, ksf 0.97 1.94 3.88
42]
1.00
MAX. SHEAR, ksf 1.78 2.91 4.27
0 RN RS NN STRAIN RATE, %/min. 0.500 0.500 0.500
0 0.4 0.2 0.3 0.4
Horiz . Deform., in ULT. SHEAR., ksf
SAMPLE DATA
SAMPLE TYPE: Remolded CLIENT:
DESCRIPTION:
PROJECT: TVA - Shawnee
LL= NL PL= NP PI=
SPECIFIC GRAVITY= 2.11 SAMPLE LOCATION: Dry Fly Ash
REMARKS: Tested by: |4J .
PROJ. NO.: 58108580101 DATE: 9/5/95
Reviewed Dy:Qlﬁb
DIRECT SHEAR TEST
FIG. NO. LAW ENGINEERING., INC.
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California Bearing Ratio
(ASTM D1883-92)

Project No.
Project Name

5810860101
TVA - Shawnee

Material (Source) Dry Fly Ash

400

350 |

300

250

200

150

Stress on Piston, psi

100

7'

LAW ENGINEERING
Tested By EM
Test Date 08/08/95
Reviewed By RLB
Review Date 08/30/95

Compaction, % 97.0 92.1 95.9
Before Soak Dry Density, pef 70.2 66.7 69.5
Before Soak Moisture Content, 28.6 274 28.6
After Soak Dry Density, pcf 68.0 64.2 67.1
After Soak Moisture Content, % 439 472 452
CBR @ 0.1 in. 9.4 6.5 8.6
CBR @ 0.2 in. 9.4 6.3 8.5
ey
= i
// /‘
/“/ - -
i 4
/ | "
/ I o
/
ol
50
O //

0.1 0.2 0.3 04 0.5 0.6
Penetration of Piston, in.
. 970 _, 921 _, 959

% Compaction
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LABORATORY PERFORMING TEST:

LABORATORY MATERIAL HANDLING AND TESTING
LABORATORY MATERIAL TEST DATA
RESILIENT MODULUS OF UNBOUND GRANULAR BASE/SUBBASE
MATERIALS AND SUBGRADE SOILS
LAB DATA SHEET T46 - RECOMPACTED SAMPLES

UNBOUND GRANULAR BASE/SUBBASE LAYERS AND SUBGRADE SOILS

SHRP TEST DESIGNATION UG07, SS07/SHRP PROTOCOL P46

SHEETNO 1 OF _2

LAW ENGINEERING, INC. - ATLANTA, GEORGIA

PROJECT NAME: TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Studv
LAW PROJECT NO.: 5810860101
1. MATERIAL SOURCE: Shawnee
2. MATERIAL DESCRIPTION: Dry Fly Ash
3. REMOLDING TARGETS: 95% Standard Dry Density at Optimum Moisture Content
4 MATERIAL TYPE (Type 1 or Type2) 2
5. TEST INFORMATION
PRECONDITIONING - GREATER THAN 5% PERM. STRAIN? (Y = YES ORN = NO) N
TESTING - GREATER THAN 5% PERM. STRAIN? (Y = YES ORN = NO) N
TESTING - NUMBER OF LOAD SEQUENCES COMPLETED (0- 15) 15
6. SPECIMEN INFO .:
SPECIMEN DIAM., inch
TOP 2.86
MIDDLE 2.86
BOTTOM 2.86
AVERAGE 2.86
MEMBRANE THICKNESS (1), inch 0.01
MEMBRANE THICKNESS (2), inch 0.01
NET DIAM., inch 2.84
HEIGHT OF SPECIMEN, CAP AND BASE, inch 6.17
HEIGHT OF CAP AND BASE, inch 0.00
INITIAL LENGTH, Lo , inch 6.17
INITIAL AREA, Ao, in® 6.32
INITIAL VOLUME ApLyg, in® 39.05
7.  SOIL SPECIMEN WEIGHT : .
INITIAL WEIGHT OF CONTAINER AND WET SOIL, grams 885.70
FINAL WEIGHT OF CONTAINER AND WET SOIL, grams 0.00
WEIGHT OF WET SOIL USED, grams 885.70
8.  SOIL PROPERTIES .
IN SITU MOISTURE CONTENT (NUCLEAR), % N/A
IN SITU WET DENSITY (NUCLEAR), pcf N/A
or
OPTIMUM MOISTURE CONTENT, % 283 -
MAX. DRY DENSITY, pcf 72.4
95 % MAX. DRY DENSITY, pcf 68.8
9. SPECIMEN PROPERTIES:
COMPACTION MOISTURE CONTENT, % 27.6
MOISTURE CONTENT AFTER RESILIENT MODULUS TESTING, % 27.7
COMPACTION DRY DENSITY, y4 pef 67.7
10. QUICK SHEARTEST
STRESS - STRAIN PLOT ATTACHED (Y = YES, N = NO) Y
TRIAXIAL SHEAR MAXIMUM STRENGTH (MAX. LOAD/X-SECTION AREA), psi 325
SPECIMEN FAIL DURING TRIAXIAL SHEAR? (Y =YES,N=NO) Y
11. COMMENTS (Section 10.4 of Protocol P46)
(a) CODE 0 0 0 0
(b) NOTE
12. TEST DATE 07-06-1995

GENERAL REMARKS:
SUBMITTED BY, DATE

AL ot 1/6/95

LABORATORY MANAGER
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FIGURE 1 - Logarithmic Plot of Resilient Modulus (Mg) vs Cyclic Stress (S¢)

PROJECT NAME: TVA - Fly Ash. B

LAW PROJECT NO.: 5810860101

1. MATERIAL SOURCE: Shawnee

2. MATERIAL DESCRIPTION: Dry Fly Ash

3. REMOLDING TARGETS: % Standard Dry Density at
4. MATERIAL TYPE 2

5. TEST DATE 07-06-1995
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FIGURE 2 - Quick Shear Stress vs Strain

PROJECT NAME: TVA - Fly Ash. Bottom Ash and Scrubber Gypsum Study
LAW PROJECT NO.: 5810860101
1. MATERIAL SOURCE: Shawnee
2 MATERIAL DESCRIPTION: Dry Fly Ash
3. REMOLDING TARGETS: 95% Standard Dry Density at Optimum Moisture Content
4. MATERIAL TYPE 2
5. TEST DATE 07-06-1995
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LABORATORY PERFORMING TEST:

LABORATORY MATERIAL HANDLING AND TESTING SHEETNO 1 OF 2

LABORATORY MATERIAL TEST DATA
RESILIENT MODULUS OF UNBOUND GRANULAR BASE/SUBBASE
' MATERIALS AND SUBGRADE SOILS
LAB DATA SHEET T46 - RECOMPACTED SAMPLES

UNBOUND GRANULAR BASE/SUBBASE LAYERS AND SUBGRADE SOILS
SHRP TEST DESIGNATION UG07, SS07/SHRP PROTOCOL P46

LAW ENGINEERING, INC. - ATLANTA, GEORGIA

PROJECT NAME: TVA - Fly Ash. Bottom Ash and Scrubber Gypsum Study
LAW PROJECT NO.: 5810860101
1.  MATERIAL SOURCE: Shawnee
2. MATERIAL DESCRIPTION: Dry Fly Ash :
3. REMOLDING TARGETS: 95% Modified Dry Density at Optimum Moisture Content
4. MATERIAL TYPE (Type 1 or Type2) 2
5. TEST INFORMATION
PRECONDITIONING - GREATER THAN 5% PERM. STRAIN? (Y = YES ORN = NO) N
TESTING - GREATER THAN 5% PERM. STRAIN? (Y = YES OR N = NO) N
TESTING - NUMBER OF LOAD SEQUENCES COMPLETED (0 - 15) 15
6.  SPECIMEN INFO ..
SPECIMEN DIAM., inch
TOP 2.87
MIDDLE 2.87
BOTTOM 2.87
AVERAGE 2.87
MEMBRANE THICKNESS (1), inch 0.02
MEMBRANE THICKNESS (2), inch 0.02
NET DIAM.,, inch 2.84
HEIGHT OF SPECIMEN, CAP AND BASE, inch 5.99
HEIGHT OF CAP AND BASE, inch 0.00
INITIAL LENGTH, Lo , inch 5.99
INITIAL AREA, A, in 6.32
INITIAL VOLUME AoLy, in® 37.83
7. SOIL SPECIMEN WEIGHT :
INITIAL WEIGHT OF CONTAINER AND WET SOIL, grams 1887.50
FINAL WEIGHT OF CONTAINER AND WET SOIL, grams 973.40
WEIGHT OF WET SOIL USED, grams 914.10
8.  SOIL PROPERTIES .:
IN SITU MOISTURE CONTENT (NUCLEAR), % N/A
IN SITU WET DENSITY (NUCLEAR), pef N/A
or
OPTIMUM MOISTURE CONTENT, % 24.4
MAX. DRY DENSITY, pcf 772
95 % MAX. DRY DENSITY, pcf 73.3
9. SPECIMEN PROPERTIES:
COMPACTION MOISTURE CONTENT, % 245
MOISTURE CONTENT AFTER RESILIENT MODULUS TESTING, % 245
COMPACTION DRY DENSITY, v4 pef 73.9
10. QUICK SHEAR TEST
STRESS - STRAIN PLOT ATTACHED (Y = YES, N = NO) Y
TRIAXIAL SHEAR MAXIMUM STRENGTH (MAX. LOAD/X-SECTION AREA), psi 40.4
SPECIMEN FAIL DURING TRIAXIAL SHEAR? (Y = YES, N=NO) Y
11. COMMENTS (Section 10.4 of Protocol P46)
(a) CODE 0 0 0 0 0
(b) NOTE
12. TEST DATE 07-06-1995

GENERAL REMARKS:
SUBMITTED BY, DATE

Vo 2. 2% /6/4s

LABORATORY MANAGER
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FIGURE 1 - Logarithmic Plot of Resilient Modulus (Mg) vs Cyclic Stress (Sc) .

PROJECT NAME: TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study
LAW PROJECT NO.: 5810860101

1. MATERIAL SOURCE: Shawnee

2. MATERIAL DESCRIPTION: Dry Fly Ash

3. REMOLDING TARGETS: 95% Modified Dry Density at Optimum Moisture Content
4.  MATERIAL TYPE 2 ’

S. TEST DATE 07-06-1995

Mg =K1 (So) (1+8,)°

Kl= 2,774
K2 = -0.03472
K5= 0.41978
R’= 0.90
Resilient Modulus QA Plot
100,000 7 T
! [
@ S3 =6 psi N
WS3=4psi ]
AS3=2psi
.:g’:
E
3
g 10,000
E S o ° ® °
] ||
] | n f
4 A A A A
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0 1 2 3 4 5 6 7 8 9 10
Cyclic Stress (psi)
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FIGURE 2 - Quick Shear Stress vs Strain

PROJECT NAME:
LAW PROJECT NO.:

1.

2
3.
4.
5

Axial Stress (psi)

MATERIAL SOURCE:
MATERIAL DESCRIPTION:

REMOLDING TARGETS:
MATERIAL TYPE
TEST DATE

TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study

5810860101

Shawnee

Dry Fly Ash

95% Modified Dry Density at Optimum Moisture Content

2
07-06-1995

45

i
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»
(3

(%]
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N
w
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SHAWNEE

Bottom Ash - From Pond

Grain Size Distribution Test Report
. Moisture-Density Relationship (Standard Proctor)
Moisture-Density Relationship (Modified Proctor)
Relative Density Test
Hydraulic Conductivity - Constant Head (2 Pages)
California Bearing Ratio
Resilient Modulus (Standard Proctor) (9 Pages)
Resilient Modulus (Modified Proctor) (9 Pages)
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TVA - SHAWNEE
BOTTOM ASH - FROM POND

HDescription Test Method Property Sample 1 Sample 2 Sampie 3
Grain Size ASTM D 422 Percent Retained on the #4 Sieve 20.0 14.7 183
Percent Passing the #200 Sieve 11.2 9.1 9.3
Atterberg Limits ASTM D 4318 Liquid Limit NL NL NL
Plastic Limit NP NP NP
Plasticity Index N/A N/A N/A
Specific Gravity ASTM D 854 Specific Gravity at 20°C 2.14 2.14 2.09
Classification ASTM D 2487 Unified Soil Classification System (USCS) SP-SM SP-SM SP-SM
AASHTO M 145 AASHTO Ciassification A-1-b A-1-b A-1-b
Composite Sample
Moisture-Density Relations ASTM D 698 Maximum Dry Density, pcf 717
(Standard Effort) Optimum Moisture Content, % 30.5
Moisture-Density Relations ASTM D 1557 Maximum Dry Density, pcf 814
(Modified Effort) Optimum Moisture Content, % 26.1
Relative Density ASTM D 4254 Minimum Dry Density, pcf 57.4
ASTM D 4253 Maximum Dry Density (Dry Method), pcf 74.0
Result Dry Density, pef Moisture Content, %
Hydraulic Conductivity ASTM D 2434 Hydraulic Conductivity, cm/sec 8.9E-3 67.6 0.0
[Angle of Repose LAW TP6 Angle of Repose, degrees 31.6 57.4 0.0
Califomia Bearing Ratio ASTM D 1883 CBR, % 25 67.9 336
Resilient Modulus SHRP P46 Resilient Modulus at 4psi axial stress and 6,244 67.6 30.5
(Standard Compactive Effort) 4psi confining pressure
Resilient Moduius SHRP P46 Resilient Modulus at 4psi axial stress and 5,030 75.2 26.8
(Modified Compactive Effort) 4psi confining pressure
Soil Resistivity AASHTO T 288 Minimum Resistivity, Ohm-cm 3,000
. pH of Soil AASHTO T 289 pH 8.1
[Water Soluble Sulfate lon AASHTO T 290 Sulfate lon Content, mg/kg 4200
Water Soluble Chloride fon AASHTO T 290 Chloride lon Content, mg/kg 10

shi-ba.xls
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GRAIN SIZE - mm
Test|% +3" % GRAVEL % SAND % SILT I % CLAY
e 12 0.0 20.0 68.8 11.2
Al 13 0.0 14.7 76.2 9.1
ml 14 0.0 18.3 72.4 9.3
LL PI D5 Dgo D50 D30 D15 D10 Ce Cy
® NL NP 65.31 1.78 1.11 0.316 |0.1083
A NL NP 4.68 1.40 0.84 0.272 [0.1175 |0.0794 0.67 17 .6
[ | NL NP 5.75 1.60 0.96 0.288 |0.1201 |0.0784 0 .66 20 .4
MATERIAL DESCRIPTION Uscs AASHTO
[ SP-5SM A-1-b
A SP-SM A-1-b
[ ] SP-SM A-41-b
¥
Project No.: 5810860101 Remarks:
Project: TVA - Shawnee Tested by: M
® location: Bottom Ash A & B . l[ 2
Ao Location: Bottom Ash C & D Reviewed by:
WM Location: Bottom Ash E & F q
Date: July 18, 18995
GRAIN SIZE DISTRIBUTION TEST REPORT
LAW ENGINEERING, INC. Figure No.
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MOISTURE-DENSITY RELATIONSHIP

85
AN
\\
80 \\\
N
AN
N
b 75 N
&]
a
z
‘el
e ‘ﬂ’;—‘r— »
[ 70 "
T a'/
>
¢
(=)
ZAV for
65 Sp.G.=
2.20
B0
20 25 30 35 40 45 50
Wafer content, %
"Standard" Proctor, ASTM D 698, Methaod A
oL . % > % <
Elev/ Classification Nat . Sp.G. LL PI % %
Depth UsCSs AASHTO Moist. No .4 No.200
SP-SM A-1-b 22.9 % 2.14 NL NP 17.7 %19.87 %
TEST RESULTS MATERIAL DESCRIPTION
Optimum moisture = 30.5 %
Maximum dry density = 71.7 pcf
Project No.: 5810860101 Remarks:
Project: TVA - Shawnee Tested by: /2~
Location: Bottom Ash Reviewed bDy: fi{/éahﬁb
Date: July 25, 1985

MOISTURE-DENSITY RELATIONSHIP

LAW ENGINEERING,

INC.

Figure No.
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Water content, %
"Modifaied" Proctor, ASTM D 1557, Method A
Elev/ Classification Nat . Sp.G. LL PI % > % <
Depth USCS AASHTO Moist. No.4 No .200
SP-SM A-1-hb 22.9 % 2.14 NL NP 17.7 %19.87 %
TEST RESULTS MATERIAL DESCRIPTION
Optimum moisture = 26.1 %
Maximum dry density = 81.4 pcf
Project No.: 5810860101 Remarks:
; . Tested Dy:—JG&
Project: TVA - Shawnee
Location: Bottom Ash Reviewed by: /20/9
Date: July 25, 19585 ‘
MOISTURE-DENSITY RELATIONSHIP
LAW ENGINEERING, INC. Figure No.
| —
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A

HYDRAULIC CONDUCTIVITY
Project No. 5810860101 Tested By JCR
Project Name TVA - Shawnee Test Date 08/17/95
Material Bottom Ash Reviewed By RLB
Review Date  09/06/95

ASTM D2434-68 Constant Head Permeability

Sample Type: Remolded

Sample Orientation: Vertical

Initial Water Content, %: 0.0

Wet Unit Weight, pcf: 67.6

Dry Unit Weight, pcf: 67.6

Compaction, %: 94.3

Hydraulic Conductivity, cm/sec. @20° C: 8.9E-03

TVA-00012447



PERMEABILITY TEST - Constant Head
(ASTM D2434 - 68)

roject No.

5810860101

JCR

Avg. k at 20°C

Tested By LAW ENGINEERING
Project Name TVA - Shawnee Test Date 08/17/95
Material Bottom Ash Reviewed By RLB
Review Date 09/06/95
Sample Data

Length, in Diameter, in Pan No.
Location 1 4.991 Location 1 2.858 Wet Soil + Pan, grams 578.36
Location 2 5.104 Location 2 2.875 Dry Soil+Pan, grams 578.36
Location3 5.050 Location 3 2.868 Pan Weight, grams 0.00
Average 5.048 Average 2.867 Moisture Content, % 0.0
Sample wet weight, grams 578.36 Wet Unit Wt, pcf 67.6
Membrane, Cap weight, grams 0.00 Dry Unit Wt, pcf 67.6

Time Q H k Temp k i
(sec) (cm 3) (cm) (cm/sec) °C cm/sec at 20° C) | (cm/cm)
600 75.00 5.08 7.6E-03 20.0 7.6E-03 0.40
1200 175.00 5.08 8.8E-03 20.0 8.9E-03 0.40
No. of Trials Sample Max. Density} Compaction Sample
Type (pch) % Orientation
2 Remolded 71.7 94.3 | Vertical
L = length of sample in cm H = constant head in cm A= 41.65 cm?
A = area of sample in cm? t = time in seconds L= 12.823 cm

_8.9E-03 emsec
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California Bearing Ratio

(ASTM D1883-92)

Project No.

Project Name
Material (Source)

1200

1000

800

600

Stress on Piston, psi

400

200

5810860101
TVA - Shawnee

Bottom Ash

A

LAW ENGINEERING
Tested By EM
Test Date 08/08/95
Reviewed By RLB
Review Date 08/30/95

Compaction, % 97.9 90.8 95.5
Before Soak Dry Density, pcf 70.2 65.1 68.5
Before Soak Moisture Content, 339 33.8 33.1
After Soak Dry Density, pcf 70.5 653  69.0
After Soak Moisture Content, % 33.8 36.7 35.5
CBR @ 0.1 in. 32.7 11.7 15.8
CBR @ 0.2 in. 422 16.7 25.6

Penetration of Piston, in.

o979 _, 908 _, 955
% Compaction

/"// -+

>///

/
Y /"/
/¢/
—
o

) |

0.1 0.2 0.3 0.4 0.5

0.6
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LABORATORY PERFORMING TEST:

LABORATORY MATERIAL HANDLING AND TESTING
LABORATORY MATERIAL TEST DATA
RESILIENT MODULUS OF UNBOUND GRANULAR BASE/SUBBASE
MATERIALS AND SUBGRADE SOILS
LAB DATA SHEET T+46 - RECOMPACTED SAMPLES

UNBOUND GRANULAR BASE/SUBBASE LAYERS AND SUBGRADE SOILS
SHRP TEST DESIGNATION UG07, SS07/SHRP PROTOCOL P46

SHEETNO 1 OF _2

LAW ENGINEERING, INC. - ATLANTA, GEORGIA

PROJECT NAME: TVA - Fly Ash_Bottom Ash and Scrubber Gypsum Study
LAW PROJECT NO.: 5810860101

N

10.

11.

12.

MATERIAL SOURCE: Shawnee
MATERIAL DESCRIPTION: Bottom Ash
REMOLDING TARGETS: 95% Standard Dry Density at Optimum Moisture Content
MATERIAL TYPE (Type 1 or Type 2)
TEST INFORMATION
PRECONDITIONING - GREATER THAN 5% PERM. STRAIN? (Y = YES ORN = NO)
TESTING - GREATER THAN 5% PERM. STRAIN? (Y = YES ORN = NO)
TESTING - NUMBER OF LOAD SEQUENCES COMPLETED (0 - 15)
SPECIMEN INFO .
SPECIMEN DIAM., inch

TOP
MIDDLE
BOTTOM
AVERAGE
MEMBRANE THICKNESS (1), inch
MEMBRANE THICKNESS (2), inch
NET DIAM., inch
HEIGHT OF SPECIMEN, CAP AND BASE, inch
HEIGHT OF CAP AND BASE, inch
INITIAL LENGTH, Lo, inch
INITIAL ARFA, A,, in®
INITIAL VOLUME AoL,, in
SOIL SPECIMEN WEIGHT -
INITIAL WEIGHT OF CONTAINER AND WET SOIL, grams
FINAL WEIGHT OF CONTAINER AND WET SOIL, grams
WEIGHT OF WET SOIL USED, grams
SOIL PROPERTIES .:
IN SITU MOISTURE CONTENT (NUCLEAR), %

IN SITU WET DENSITY (NUCLEAR), pef
or
OPTIMUM MOISTURE CONTENT, %
MAX. DRY DENSITY, pef
95 % MAX. DRY DENSITY, pcf
SPECIMEN PROPERTIES:
COMPACTION MOISTURE CONTENT, %
MOISTURE CONTENT AFTER RESILIENT MODULUS TESTING, %
COMPACTION DRY DENSITY, vy4 pef
QUICK SHEAR TEST
STRESS - STRAIN PLOT ATTACHED (Y = YES, N = NO)
TRIAXIAL SHEAR MAXIMUM STRENGTH (MAX. LOAD/X-SECTION AREA), psi
SPECIMEN FAIL DURING TRIAXIAL SHEAR? (Y = YES, N =NO)
COMMENTS (Section 10.4 of Protocol P46)
(a) CODE
(b) NOTE
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1
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O W9
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N
MEM l

0

TEST DATE

08-18-1995

GENERAL REMARKS:
SUBMITTED BY, DATE

N St tfson 910/ 95

LABORATORY MANAGER
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FIGURE 1 - Logarithmic Plot of Resilient Modulus (My) vs Cyclic Stress (Sc) ‘

PROJECT NAME: TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study
LAW PROJECT NO.: 5810860101

1. MATERIAL SOURCE: Shawnee

2. MATERIAL DESCRIPTION: Bottom Ash

3. REMOLDING TARGETS: 95% Standard Dry Density at Optimum Moisture Content
4. MATERIAL TYPE 2

5. TEST DATE 08-18-1995
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FIGURE 2 - Quick Shear Stress vs Strain

PROJECT NAME: TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study
LAW PROJECT NO.: 5810860101 ‘
1. MATERIAL SOURCE: Shawnee
2. MATERIAL DESCRIPTION: Bottom Ash
3. REMOLDING TARGETS: 95% Standard Dry Density at Optimum Moisture Content
4. MATERIAL TYPE 2
5. TEST DATE 08-18-1995
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LABORATORY MATERIAL HANDLING AND TESTING SHEETNO 1 OF _2.

LABORATORY MATERIAL TEST DATA
RESILIENT MODULUS OF UNBOUND GRANULAR BASE/SUBBASE
MATERIALS AND SUBGRADE SOILS
LAB DATA SHEET T46 - RECOMPACTED SAMPLES

UNBOUND GRANULAR BASE/SUBBASE LAYERS AND SUBGRADE SOILS
SHRP TEST DESIGNATION UG07, SS07/SHRP PROTOCOL P46

LABORATORY PERFORMING TEST: LAW ENGINEERING, INC. - ATLANTA, GEORGIA

PROJECT NAME: TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study

LAW PROJECT NO.: 5810860101

1. MATERIAL SOURCE: Shawnee

2. MATERIAL DESCRIPTION: Bottom Ash

3. REMOLDING TARGETS: 95% Modified Drv Densitv at Optimum Moisture Content

4.  MATERIAL TYPE (Typel or Type 2) 2
5. TEST INFORMATION

PRECONDITIONING - GREATER THAN 5% PERM. STRAIN? (Y = YES ORN = NO)
TESTING - GREATER THAN 5% PERM. STRAIN? (Y = YES ORN = NO)
TESTING - NUMBER OF LOAD SEQUENCES COMPLETED (0- 15)
6.  SPECIMEN INFO .:
SPECIMEN DIAM., inch
ror
MIDDLE
BOTTOM
AVERAGE
MEMBRANE THICKNESS (1), inch
MEMBRANE THICKNESS (2), inch
NET DIAM., inch
HEIGHT OF SPECIMEN, CAP AND BASE, inch
HEIGHT OF CAP AND BASE, inch
INITIAL LENGTH, L, , inch

INITIAL ARE4, A,, in’

INITIAL VOLUME AoL,, in®

7. SOIL SPECIMEN WEIGHT
INITIAL WEIGHT OF CONTAINER AND WET SOIL, grams
FINAL WEIGHT OF CONTAINER AND WET SOIL, grams
WEIGHT OF WET SOIL USED, grams

8. SOIL PROPERTIES .:
IN SITU MOISTURE CONTENT (NUCLEAR), %

IN SITU WET DENSITY (NUCLEAR), pef

or
OPTIMUM MOISTURE CONTENT, %
MAX. DRY DENSITY, pef
95 % MAX. DRY DENSITY, pef
9.  SPECIMEN PROPERTIES:
COMPACTION MOISTURE CONTENT, %
MOISTURE CONTENT AFTER RESILIENT MODULUS TESTING, %
COMPACTION DRY DENSITY, y4 pef
10. QUICK SHEAR TEST
STRESS - STRAIN PLOT ATTACHED (Y = YES, N = NO)
TRIAXIAL SHEAR MAXIMUM STRENGTH (MAX. LOAD/X-SECTION AREA), psi
SPECIMEN FAIL DURING TRIAXIAL SHEAR? (Y = YES, N=NO)
11. COMMENTS (Section 10.4 of Protocol P46)
(a) CODE
(b) NOTE

(=
=]
(=]
o

[=3

12. TEST DATE

GENERAL REMARKS:

SUBMITTED BY, DATE

910/ %

LABORATORY MANAGER

TVA-00012459
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. ’ FIGURE 1 - Logarithmic Plot of Resilient Modulus (Mg) vs Cyclic Stress (Sc)

PROJECT NAME: TVA - Fly Ash. Bottom Ash and Scrubber Gypsum Study
LAW PROJECT NO.: 5810860101

L. MATERIAL SOURCE: Shawnee

2. MATERIAL DESCRIPTION: Bottom Ash

3. REMOLDING TARGETS: 95% Modified Dry Density at Optimum Moisture Content
4. MATERIAL TYPE 2

5. TEST DATE 08-21-1995
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FIGURE 2 - Quick Shear Stress vs Strain

PROJECT NAME: TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study
LAW PROJECT NO.: 5810860101

1. MATERIAL SOURCE: Shawnee

2. MATERIAL DESCRIPTION: Bottom Ash

3. REMOLDING TARGETS: 95% Modified Dry Density at Optimum Moisture Content
4 MATERIAL TYPE 2

5 TEST DATE 08-21-1995
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SHAWNEE
Spent Bed Material (SBM)

(Physical Tests Not Performed.)
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TVA - SHAWNEE

SPENT BED MATERIAL (SBM)

"_TDescription Test Method Property Sample 1 Sample 2 Sample 3
Grain Size ASTM D 422 Percent Retained on the #4 Sieve tnp. t.n.p. tn.p.
Percent Passing the #200 Sieve t.n.p. t.n.p. tn.p.
Percent Passing the 0.005 mm Sieve t.np. t.n.p. tn.p.
Atterberg Limits ASTM D 4318 Liquid Limit NL NL NL
Plastic Limit NP NP NP.
Plasticity Index N/A N/A N/A
Specific Gravity ASTM D 854 Specific Gravity at 20°C tn.p. t.n.p. Ln.p.
Classification ASTM D 2487 Unified Soil Classification System (USCS) t.np. t.n.p. t.n.p.
AASHTO M 145 AASHTO Classification t.np. t.n.p. t.n.p.
Composite Sample
Moisture-Density Relations ASTM D 698 Maximum Dry Density, pcf tn.p.
(Standard Effort) Optimum Moisture Content, % t.n.p.
Moisture-Density Relations ASTM D 1557 Maximum Dry Density, pcf tn.p.
(Modified Effort) Optimum Moisture Content, % t.n.p.
Result Dry Density, pcf Moisture Content, %
Consolidation ASTM D2435 Compression index Ce¢ t.n.p. t.n.p. t.n.p.
Hydraulic Conductivity ASTM D 5084 Hydraulic Conductivity, cm/sec t.n.p. t.n.p. t.n.p.
Triaxial Shear Strength ASTM D4767 Effective Stress, Cohesion, ¢', ksf t.n.p. tnp. tn.p.
Consolidated-Undrained (CU) Effective Stress, Internal Friction Angte, ¢', degrees t.n.p.
Total Stress, Cohesion, ¢, ksf tnp. t.n.p. tn.p.
Total Stress, Internal Friction Angle, $, degrees t.np.
Direct Shear Strength ASTM D 3080 Cohesion, c, ksf tnp. t.n.p. t.n.p.
intemat Friction Angle, ¢, degrees t.np.
California Bearing Ratio ASTM D 1883 CBR, % t.n.p. t.n.p. t.n.p.
Resilient Modulus SHRP P46 Resilient Modulus at 4psi axial stress and tnp. t.n.p. tn.p.
(Standard Compactive Effort) 4psi confining pressure
Resilient Moduius SHRP P46 Resilient Modulus at 4psi axial stress and tnp. t.n.p. tn.p.
(Modified Compactive Effort) 4psi confining pressure
Soit Resistivity AASHTO T 288 Minimum Resistivity, Ohm-cm t.np.
pH of Soil AASHTO T 289 pH 12.0
\Water Soluble Sulfate lon AASHTO T 290 Sulfate lon Content, mg/kg 4190
IWater Sofuble Chloride ion AASHTO T 290 Chleride lon Content, mg/kg 150

t.n.p. = test not performed
shf-sbm.xis
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SHAWNEE
Char

(Physical Tests Not Performed.)
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TVA - SHAWNEE
CHAR

[|=Descﬁpﬁon [Test Method Property Sample 1 Sample 2 Sample 3
Grain Size ASTM D 422 Percent Retained on the #4 Sieve tn.p. ‘tnp. ta.p.
Percent Passing the #200 Sieve t.n.p. tnp. tn.p.
Percent Passing the 0.005 mm Sieve t.np. t.n.p. tn.p.
Atterberg Limits ASTM D 4318 Liguid Limit NL NL NL
Plastic Limit NP NP NP
Plasticity Index N/A N/A N/A
Specific Gravity ASTM D 854 Specific Gravity at 20°C tn.p. tn.p. tn.p.
Classification ASTM D 2487 Unified Soil Classification System (USCS) t.np. t.np. tn.p.
AASHTO M 145 AASHTO Classification t.n.p. t.n.p. t.n.p.
Composite Sample
Moisture-Density Relations ASTM D 698 Maximum Dry Density, pcf tnp.
(Standard Effort) Optimum Moisture Content, % t.n.p.
Moisture-Density Relations ASTM D 15857 Maximum Dry Density, pcf t.n.p.
(Modified Effort) Optimum Moisture Content, % tn.p.
Result Dry Density, pcf Moisture Content, %
Consolidation ASTM D2435 Compression Index C¢ t.np. tnp. t.n.p.
Hydraulic Conductivity ASTM D 5084 Hydraulic Conductivity, cm/sec t.n.p. t.n.p. t.n.p.
Triaxial Shear Strength ASTM D4767 Effective Stress, Cohesion, ¢', ksf t.n.p. t.n.p. tn.p.
Ur cv) Effective Stress, Intemal Friction Angle, ¢', degrees t.n.p.
Total Stress, Cohesion, c, ksf t.n.p. tn.p. tn.p. .
Total Stress, Internal Friction Angle, ¢, degrees tn.p.
Direct Shear Strength ASTM D 3080 Conhesion, ¢, ksf t.n.p. tn.p. t.n.p.
internal Friction Angle, ¢, degrees tn.p.
California Bearing Ratio ASTM D 1883 CBR, % t.n.p. t.n.p. to.p.
Resilient Modulus SHRP P46 Resilient Modulus at 4psi axial stress and tnp. t.n.p. tn.p.
(Standard Compactive Effort) 4psi confining pressure
Resilient Modulus . SHRP P46 Resilient Modulus at 4psi axial stress and tn.p. tnp. tnp.
(Modified Compactive Effort) 4psi confining pressure
Soil Resistivity AASHTO T 288 Minimum Resistivity, Ohm-cm 190
pH of Soil AASHTO T 289 pH 12.0
Water Soluble Sulfate lon AASHTO T 290 Sulfate lon Content, mg/kg 4130
Water Soluble Chioride lon AASHTO T 290 Chioride lon Content, mg/kg 980

t.n.p. = test not performed
shf-char.xls
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