GALLATIN

Dry Fly Ash (Unit 2 Hoppers)
Bottom Ash - From Pond
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GALLATIN
Dry Fly Ash (Unit 2 Hoppers)

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 - GALLATIN

DRY FLY ASH (UNIT 2 HOPPERS)

Description [Test Method Property Sample 1 ple 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 94.2 95.2 95.5
Percent Passing the 0.005 mm Sieve 12.0 13.8 14.8
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 $ 237 2.40 2.38
Classification 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 Samy
Moisture-Density Relations ASTM D 698 Maximum Dry Density, pcf 86.6
(Standard Effort) Optimum Moisture Content, % 214
[Moisture—Density Relations ASTM D 1557 Maximum Dry Density, pcf 88.9
(Modified Effort) Optimum Moisture Content, % 18.8
Result Dry Density, pcf Moisture Content, %
Consolidation ASTM D2435 Compression Index Cc 0.05 79.6 21.2
Hydraulic Conductivity ASTM D 5084 Hydraulic Conductivity, cm/sec 7.7E-5 82.1 21.0
Triaxial Shear Strength ASTM D4767 Effective Stress, Cohesion, ¢', ksf 0.00 82.2 21.0
Consclidated-Undrained (CU) Effective Stress, internal Friction Angle, ¢', degrees 31.7
Total Stress, Cohesion, ¢, ksf 0.57 82.2 21.0
Total Stress, Intemal Friction Angle, ¢, degrees 26.2
Direct Shear Strength ASTM D 3080 Cohesion, c, ksf 1.37 76.7 21.0
Intemal Friction Angle, ¢, degrees 345
California Bearing Ratio ASTM D 1883 CBR, % 2 84.8 21.6
Resilient Modulus SHRP P46 Resilient Modulus at 4psi axial stress and 4,598 79.8 219
(Standard Compactive Effert) 4psi confining pressure -
Resilient Modulus SHRP P46 Resilient Modulus at 4psi axial stress and 5,671 818 18.2
(Modified Compactive Effort) 4psi confining pressure
Soil Resistivity AASHTO T 288 ‘Minimum Resistivity, Ohm-cm 420
pH of Soil AASHTO T 289 pH 10.6
Water Soluble Suifate lon AASHTO T 290 Sulfate lon Content, mg/kg 5800
Water Soluble Chloride lon AASHTO T 290 Chloride lon Content, mg/kg <10

gaf-faxis

TVA-00011954




< . .
. . . .5 58 .
& 583 53 gw o s ¢ g g g
100 (@ o S L 0 S e ———
90
80
70
o :
i :
- 60
L :
£ 50
wl R
O :
o :
w 40 :
o :
30
20
10
oL | : 1
200 100 10.0 1.0 0.1 0.01 0.001
GRAIN SIZE — mm
Test|% +3" % GRAVEL % SAND % SILT % CLAY
®| B 0.0 0.0 7.1 81 .1 11 .8
A| 7 0.0 0.0 6.3 80.2 13.5
m 8 0.0 0.0 6.0 79.4 14.6
LL PI Dgs Do D50 D30 D45 D1o Ce Cy
® NL NP 0.02 0.009 |0.0058 [{0.0043 0.64 7.2
A NL NP 0.02 0.009 |0.0054 [0.0036 0.79 7.8
] NL NP 0.02 0.009 |0.0051 (0.0038 | 0.76 7.3
MATERIAL DESCRIPTION uscs AASHTO
® Unit 2 Hoppers ML A—-4(0.0)
A Unit 2 Hoppers ML A—4(0.0)
B Unit 2 Hoppers ML A—4(0.0)
Project No.: DB108B60101 Remarks:
Iproject: TVA = Gallatin Tested by: /C»&
® Location: Dry Fly Ash A & B ) /J
A Location: Dry Fly Ash C & D Rev;ewed by:
B Location: Dry Fly Ash E & F .
Date: July 48, 1995
GRAIN SIZE DISTRIBUTION TEST REPORT
LAW ENGINEERING, INC. Figure No.
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wWater content, %
"Standard"” Proctor, ASTM D 688. Method A
Elev/ Classification Nat . Sp.G. LL PI % > % <
Depth USCS AASHTO Moist. No.4 |No.200
ML A-4 (0.0) .047 %| 2.39 -NL NP 0 % 84.9 %
TEST RESULTS MATERIAL DESCRIPTION
Optimum moisture = 21.4 %
Maximum dry density = 86.6 pcf
’ . Remarks:
Project No.: 5810850101
restea oy: JCRATN
Project: TVA — Gallatin ested by v
Location: Dry Fly Ash Reviewed by:
Unit 2 Hoppers !
Date: July 25, 1985
MOISTURE-DENSITY RELATIONSHIP
LAW ENGINEERING, INC. Figure No.

TVA-00011956



100 ‘ll'
\\\
N
\\k\g\
95 \\
‘\\.
\\
- 20 ;; ZAY for
O [
a Sp.G.=
_ﬁ‘
/e_g 2.39
= o™\
4t
o
e
‘Q 85
o \~
>
C
a
80
75
12.5 15 17.5 20 22.5 25 27.5
Water content, %
"Modified" Proctor, ASTM D 1557, Method A
i f3 i % > % <
Elev/ Classification Nat ., Sp.G. LL PT % %
Depth USCS AASHTO Moist. No .4 No .200
ML A-4(0.0) 017 % 2.39 NL. NP 0 % 94 .9 %
TEST RESULTS MATERIAL DESCRIPTION
Optimum moisture = 18.8 %
Maximum dry density = 88.9 pcf
Project No.: 5810860101 Remarks:

Project: TvA - Gallatin Tested ny:-—/

Location: Dry Fly Ash Reviewed Dby:

Unit 2 Hoppers ‘
Date: July 25, 1985

MOISTURE-DENSITY RELATIONSHIP

LAW ENGINEEHING, INC. Figure No.
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TEST RESULTS

MATERIAL DESCRIPTION

Compressian Index = 0.05
— — =
Project No.: 5810860101 Class: USCS: ML
Project: TVA - Gallatin Remarks:
Location: Dry Fly Ash ) Ahik{
Unit 2 Hoppers e Y v o
Date: July 24, 1995 1€ Y

CONSOLIDATION TEST REPORT

Fig. No.
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HYDRAULIC CONDUCTIVITY
Project No. 5810860101 Tested By
Project Name TVA - Gallatin Test Date
Material (Source) Dry Fly Ash Reviewed By
(Unit 2 Hoppers) . Review Date

ASTM D5084 - Falling Head

LAW ENGINEERING

HEJ
06/05/95
RLB
09/06/95

Sample Type: Remolded
Sample Orientation: Veﬁical

Initial Water Content, %: 21.0

Wet Unit Weight, pcf: 99.4

Dry Unit Weight, pcf: 82.1
Compaction, %: 94.8
Hydraulic Conductivity, cm/sec. @20 °C: 7.7E-05
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6.00 . -
TOTAL EFFECTIVE  [tiriviv[risicieiefeieiiiopeds ‘
C, ksf 0.57 ) .
d, deg 26.2 31.7
w 0.62
X 4.00 :
®
1]
1]
[
o
w
C
(e}
© 2.00
r
w0
O . - .“
0 2.00 4.00 6.00 8.00 12.00
Total Normal Stress, ksf
Effective Normal Stress, kst -——
12.00
SAMPLE NO. 1 2 3
WATER CONTENT, % 24.1 21.0 21.0
10.00 - |DRY DENSITY, pcf B2 2 82.1 82.2
<
= |SATURATION, % 4.9 61.5 B1.5
= |vOID RATIO C.818 0.817 0.816
% 8.00 Z |DIAMETER, in 2.83 2.83 =2.83
v, - HEIGHT. 1in 6.00 6.00 6.00
@ WATER CONTENT, % 33.3 32.8 32.3
S 6.00 b |DRY DENSITY, pcf 83.0 83.6 84.2
S 0 |SATURATION, % 100.0 100.0 100.0
7 ~ |voID RATIO 0.797 0.785 0.771
C ~ |DIAMETER, in 2.83 2.81 =2.80
S 4.00 < |HEIGHT, in 5.95 5.98 5.96
@ BACK PRESSURE, ksf 3.61 3.56 3.57
& .00 CELL PRESSURE, ksf 4.61 5.5 7.57
0 FAILURE STRESS, ksf 1.49 4.96 7.86
PORE PRESSURE, ksf 3.41 3.46 4.09
0 STRAIN RATE, %/min. 0.100 0.100 0.100
0 5 10 15 20 |ULTIMATE STRESS, ksf

Axial Strain,

%

PORE PRESSURE, ksf

TYPE OF TEST:
CU with pore pressures

SAMPLE TYPE: Remolded
DESCRIPTION
LL= NL PL= NP PI=

SPECIFIC GRAVITY= 2.39
REMARKS: Tested by: )

PROJECT: TVA - Gallatin

uUnit 2 Hoppers

PROJ. NO.: 5810860101

Sy FAILURE, ksf 268 7.086 11.34
S3 FAILURE, ksf 1.2 2.1 3.48
CLIENT:

SAMPLE LOCATION: Dry Fly Ash

DATE: August 23, 1995

TRIAXIAL COMPRESSION TEST

LAW ENGINEERING,

INC.
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Client:
Project: TVA - Gallatin
Location: Dry Fly Ash Unit 2 Hoppers
File: 8601E Project No.: 5810860101 Page 2/2 Fig. No. —_—
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-0.030 9.00 _
RESULTS |5 iboeeiiiie ity
C, ksf 1.37 ‘
~0.020 ¢. deg 34.5 [
C
— TAN ¢ 0.69 ||+
- =0.010 | ¥ 6.00 P
E Oilation{ )
() ’ (%)
et
iF} 0 8
o )
o Consol. | 0
Q [N
a2 0.010 3 3.00
+ g
[ 93]
O
> o
0.020 »
5 030 L SRR Akt
0 G.1 0.2 0. 0.4 0 3.00 6.00 9.00
Horiz. Deform., 1in Normal Stress, ksf
6.00
SAMPLE NO. 1 2 3
. WATER CONTENT, % 21.4 21.0 20.7
5.00 < |DAY DENSITY, pcf 75.9 77.1 77.1
—~ |SATURATION, % 53.0 53.7 53.0
F VOID RATIO 0.966 0.935 0.935 .
w  4.00 Z |DIAMETER. 1n 2.50 2.50 2.50
o : HEIGHT. 1in 0.81 0.81 0.81
X
. WATER CONTENT, % 21.4 241.0 20.7
@ 3.00 = |DRY DENSITY. pcf 75.9 77.1 77.1
) » W |SATURATION, % 53.0 53.7 B53.0
5 = |voIO RATIO 0.966 0.935 0.935
o + |DIAMETER, in 2.50 2.50 2.50
¢ 2.00 < |HEIGHT, in 0.81 0.81 0.81
Q
e NORMAL STRESS, ksf 0.97 1.94 3.99
wn
1.00
MAX. SHEAR, ksf 1.89 2.92 4.04
o Lmmremme el ISTRAIN RATE,  %/min. 0.500 0.500 0.500
0 0.1 0.2 0.3 0.4
Horiz. Deform., in ULT. SHEAR. ksf
SAMPLE DATA
SAMPLE TYPE: Remolded CLIENT:
DESCRIPTION:
PROJECT: TVA - Gallatin
LL= NL PL= NP PI=

SPECIFIC GRAVITY= 2.39
REMARKS: Tested by: t&ﬂ

Reviewed bYy: 12(437

FIG. NO.

SAMPLE LOCATION: Dry Fly Ash
uUnit 2 Hoppers

PROJ. NO.: 5810860101 DATE: August 23, 1995

DIRECT SHEAR TEST

LAW ENGINEERING, INC.
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California Bearing Ratio

(ASTM D1883-92)

Project No.
Project Name
Material (Source)

70

Stress on Piston, psi
W B [ N
o () [e] o

N
o

[S—
(=]

A

LAW ENGINEERING
5810860101 Tested By EM
TVA - Gallatin Test Date 07/21/95
Dry fly Ash (Unit 2 Hoppers) Reviewed By RLB
Review Date 08/16/95
Compaction, % 100.1 95.5 98.2
Before Soak Dry Density, pcf 86.7 82.7 85.1
Before Soak Moisture Content, 21.0 22.0 21.7
After Soak Dry Density, pcf 82.7 78.5 80.7
After Soak Moisture Content, % 33.5 35.2 343
CBR @ 0.1 in. 1.6 1.2 1.7
CBR @ 0.2 in. 2.1 1.5 1.8

0.1 0.2 0.3

0.4

Penetration of Piston, in.

o 100.1 , 955 _, 982

% Compaction

0.5

0.6
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LABORATORY MATERIAL HANDLING AND TESTING SHEET NO 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: Gallatin
2. MATERIAL DESCRIPTION: Dry Fly Ash (Unit 2 Hoppers)
3. REMOLDING TARGETS: 95% Standard Dry Density at Optimum Moisture Content
4. MATERIAL TYPE (Type1 or Type 2) 2
5. TEST INFORMATION
PRECONDITIONING - GREATER THAN 5% PERM. STRAIN? (Y = YES ORN =NQ) 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 2.87
BOTTOM 2.86
AVERAGE 2.86
MEMBRANE THICKNESS (1), inch 0.01
MEMBRANE THICKNESS (2), iach 0.01
NET DIAM., inch 2.84
HEIGHT OF SPECIMEN, CAP AND BASE, inch 6.12
HEIGHT OF CAP AND BASE, inch 0.00
INITIAL LENGTH, Lo , inch 6.12
INITIAL AREA, Ao, in’ 6.34
INITIAL VOLUME AgL,, in’ 38.82
7. SOIL SPECIMEN WEIGHT .
INITIAL WEIGHT OF CONTAINER AND WET SOIL, grams 992.30
FINAL WEIGHT OF CONTAINER AND WET SOIL, grams 0.00
WEIGHT OF WET SOIL USED, grams 992.30
8.  SOIL PROPERTIES .:
: IN SITU MOISTURE CONTENT (NUCLEAR), % N/A
IN SITU WET DENSITY (NUCLEAR), pcf N/A
or
OPTIMUM MOISTURE CONTENT, % 214
MAX. DRY DENSITY, pef 86.6
95 % MAX. DRY DENSITY, pef ’ 823
9. SPECIMEN PROPERTIES:
COMPACTION MOISTURE CONTENT, % 219
MOISTURE CONTENT AFTER RESILIENT MODULUS TESTING, % 21.9
COMPACTION DRY DENSITY, vy4 pef 79.8
10. QUICK SHEAR TEST
STRESS - STRAIN PLOT ATTACHED (Y = YES, N = NOj Y
TRIAXIAL SHEAR MAXIMUM STRENGTH (MAX. LOAD/X-SECTION AREA), psi 26.5
SPECIMEN FAIL DURING TRIAXIAL SHEAR? (Y = YES, N=NO) Y
1. COMMENTS (Section 10.4 of Protocol P46)
(a) CODE 0 0 0 0 0 0
(b) NOTE
12. TEST DATE 07-28-1995

GENERAL REMARKS:
SUBMITTED BY, DATE

KT oo, 9/5 /95

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: Gallatin

2. MATERIAL DESCRIPTION: Bottom Ash

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

5. TEST DATE 08-23-1995
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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: Gallatin
2. MATERIAL DESCRIPTION: Bottom Ash
3. REMOLDING TARGETS: 95% Modified Dry Density at Optimum Moisture Content
4. MATERIAL TYPE 2
5. TEST DATE 08-23-1995
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FIGURE 2 - Quick Shear Stress vs Strain

PROJECT NAME: TVA - Fly Ash. Bottora Ash and Scrubber Gypsum Study
LAW PROJECT NO.: 5810860101
1. .MATERIAL SOURCE: Gallatin
2. MATERIAL DESCRIPTION: Bottom Ash
3. REMOLDING TARGETS: 95% Standard Drv Density at Optimum Moisture Content
4. MATERIAL TYPE 2
5. TEST DATE 08-23-1995
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LABORATORY PERFORMING TEST:

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

LAW PROJECT NO.: 5810860101

1. MATERIAL SOURCE: Gallatin

2. MATERIAL DESCRIPTION: Bottom Ash

3. REMOLDING TARGETS.: 95% Modified Dry Density at Optimum Moisture Content
4. MATERIAL TYPE (Type 1 or Type 2)

5. TEST INFORMATION

10.

11.

12.

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

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
NETDIAM., inch
HEIGHT OF SPECIMEN, CAP AND BASE, inch
HEIGHT OF CAP AND BASE, inch
INITIAL LENGTH, L, , inch

INITIAL AREA, A,, in®

INITIAL VOLUME AoLo, 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, pcf

95 % MAX. DRY DENSITY, pef
SPECIMEN PROPERTIES:
COMPACTION MOISTURE CONTENT, %
MOISTURE CONTENT AFTER RESILIENT MODULUS TESTING, %
COMPACTION DRY DENSITY, y4 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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TEST DATE

08-23-1995

GENERAL REMARKS:
SUBMITTED BY, DATE

S St o 9/10/58

LABORATORY MANAGER
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Source: Gallatin Description: Bottom Ash 95% Modified Dry Density at Optimum Moisture Content
6.0 4.0 1 25.4 23.0 2.3 4.0 37 0.4 0.00205 | 0.00191 | 0.00198 | 0.00033 | 11,166
2 25.4 23.0 2.4 4.0 36 0.4 0.00206 | 0.00193 | 0.00200 | 0.00033 | 11,084
SEQUENCE 2 3 25.3 22.9 2.4 4.0 3.6 0.4 0.00205 | 0.00193 | 0.00199 | 0.00033 | 11,084
4 25.3 23.0 2.4 4.0 3.6 0.4 0.00206 | 0.00192 | 0.00199 | 0.00033 | 11,084
5 25.3 23.0 2.4 4.0 3.6 -0.4 0.00203 | 0.00193 | 0.00198 | 0.00033 | 11,143
COLUMN AVERAGE 25.3 23.0 2.4 4.0 36 0.4 0.00205 | 0.00192 | 0.00199 | 0.00033 | 11,112
STANDARD DEV. 0.0 0.0 0.0 0.0 0.0 0.0 0.00001 0.00001 | 0.00001 | 0.00000 40
6.0 6.0 1 37.8 34.2 3.6 6.0 5.4 0.6 0.00281 0.00272 | 0.00277 | 0.00046 | 11,872
2 37.8 34.2 3.6 6.0 5.4 0.6 0.00281 0.00273 | 0.00277 | 0.00046 | 11,878
SEQUENCE 3 3 37.9 343 3.6 6.0 5.4 0.6 0.00281 0.00272 | 0.00277 | 0.00046 | 11,899
4 37.9 34.3 3.6 6.0 5.4 0.6 0.00281 0.00273 | 0.00277 | 0.00046 | 11,897
5 37.9 34.3 3.6 6.0 5.4 0.6 0.00281 0.00272 | 0.00277 | 0.00046 | 11,920
COLUMN AVERAGE 37.9 34.3 3.6 6.0 5.4 0.6 0.00281 0.00273 0.00277 | 0.00046 | 11,893
STANDARD DEV. 0.1 0.1 0.0 0.0 0.0 0.0 0.00000 | 0.00001 | 0.00000 | 0.00000 19
6.0 8.0 1 50.7 45.8 49 8.0 7.3 0.8 0.00364 | 0.00354 | 0.00359 | 0.00059 | 12,270
2 50.7 45.9 4.8 , 8.0 7.3 0.8 0.00364 0.00356 | 0.00360 | 0.00059 | 12,253
SEQUENCE 4 3 50.6 45.8 4.9 8.0 7.3 0.8 0.00363 | 0.00354 | 0.00358 | 0.00059 | 12,276
4 50.7 45.8 4.9 8.0 7.3 0.8 0.00364 | 0.00356 | 0.00360 | 0.00059 | 12,232
5 . 50.6 45.8 4.9 8.0 7.3 0.8 0.00364 | 0.00355 | 0.00360 | 0.00059 | 12,229
* || COLUMN AVERAGE 50.7 45.8 4.9 8.0 73 | 08 | 0.00364 | 0.00355 | 0.00359 | 0.00059 | 12,252
STANDARD DEV. 0.0 0.0 0.0 0.0 0.0 0.0 0.00001 0.00001 | 0.00001 | 0.00000 22

Worksheet T46 - Page 2, July 1993
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SHEET NO 2 OF _2

TVA-00011977

PROJECT NAME: TVA - Fly Ash, Bottom Ash and Scrubber Gypsum Study
LAW PROJECT NO.: 5810860101
1. MATERIAL SOURCE: Gallatin
2. MATERIAL DESCRIPTION: Bottom Ash
3. REMOLDING TARGETS: 95% Modified Dry Density at Optimum Moisture Content
4, MATERIAL TYPE 2
5. TEST DATE 08-23-1995
6. RESILIENT MODULUS TESTING
COLUMN # 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Chamber | Nominal | Cycle | Actual Actual Actual Actual | Actual | Actual |Recov. Def.\Recov. Def.| Average | Resilient | Resilient
Confining |Maximum | No. Applied Applied Applied Applied | Applied | Applied LVDT LVDT |Recov Def.| Strain | Modulus
PARAMETER || Pressure Axial Max. Axial | Cyclic Load | Contact Max. Cyclic | Contact |#1 Reading |#2 Reading| LVDT 1
Stress . Load Load Axial Stress | Stress ‘ and 2
. Stress
DESIGNATION Wu wn<n__n Ct _uz.nx _Uﬂ.n_mo _Uooanﬂ m_:nx Mn<o_.n mno:_no, IA Im Iv<o & _<_«
UNIT psi psi - Ibs Ibs Ibs psi psi psi in. in. | in infin psi
—Ummo_m_oz = = o=, = — — b e o o | ee e S ] = e = L e s e e e = e e e e e e e e e e s e e e e
6.0 2.0 1 12.7 11.5 1.3 2.0 1.8 0.2 0.00127 | 0.00116 | 0.00122 | 0.00020 9,059
2 12.7 11.4 13 2.0 1.8 0.2 0.00126 0.00116 | 0.00121 | 0.00020 9,073
SEQUENCE 1 3 12.7 11.5 1.2 2.0 1.8 0.2 0.00127 0.00116 | 0.00121 | 0.00020 9,005
4 12.7 1.5 1.3 2.0 1.8 0.2 0.00127 0.00116 | 0.00121 | 0.00020 9,066
5 12.8 11.5 1.3 2.0 1.8 0.2 0.00128 0.00116 | 0.00122 | 0.00020 9,031
COLUMN AVERAGE 12.7 11.5 1.3 2.0 1.8 0.2 0.00127 0.00116 | 0.00122 | 0.00020 | 9,065
STANDARD DEV. 0.0 0.0 0.0 0.0 0.0 0.0 0.00001 0.00000 | 0.00000 | 0.00000 23

Worksheet T46 - Page 1, July 1993




Description: Bottom Ash

Source: Gallatin . 95% Modified Dry Density at Optimum Moisture Content
4.0 6.0 1 38.2 346 36 6.1 55 0.6 0.00384 | 0.00374 | 0.00379 | 0.00063 | 8,781
| 2 38.2 346 3.6 6.1 55 0.6 0.00384 | 0.00375 | 0.00379 | 0.00063 | 8,776
SEQUENCE 8 3 38.2 34.6 3.6 6.1 5.5 0.6 0.00384 | 0.00377 | 0.00380 | 0.00063 | 8,748
4 38.2 346 3.6 6.1 5.5 0.6 0.00384 | 0.00375 | 0.00380 | 0.000863 | 8,750
5 38.2 34.6 3.6 6.1 5.5 0.6 0.00386 | 0.00376 | 0.00381 | 0.00063 | 8,741
COLUMN AVERAGE 38.2 346 3.6 6.1 5.5 0.6 0.00384 | 0.00375 | 0.00380 | 0.00063 | 8,759
STANDARD DEV. 0.0 0.0 0.0 0.0 0.0 0.0 0.00001 | 0.00001 | 0.00001 | 0.00000 18
4.0 8.0 1 51.1 46.2 4.9 8.1 7.3 0.8 0.00475 | 0.00465 | 0.00470 | 0.00078 | 9,450
2 51.0 46.2 4.9 8.1 7.3 0.8 0.00475 | 0.00464 | 0.00469 | 0.00077 | 9,451
SEQUENCE 9 3 51.1 46.2 4.9 8.1 7.3 0.8 0.00475 | 0.00463 | 0.00469 | 0.00077 | 9,463
4 51.0 46.2 4.9 8.1 7.3 0.8 0.00474 | 0.00462 | 0.00468 | 0.00077 | 9,484
5 51.0 46.1 4.9 8.1 7.3 0.8 0.00474 | 0.00463 | 0.00469 | 0.00077 | 9,465
COLUMN AVERAGE 51.0 46.2 4.9 8.1 7.3 0.8 0.00474 0.00464 | 0.00469 | 0.00077 9,463
STANDARD DEV. 0.0 0.0 0.0 0.0 0.0 0.0 0.00001 0.00001 | 0.00001 | 0.00000 13
40 10.0 1 63.6 57.5 6.1 10.1 9.1 1.0 0.00569 | 0.00552 | 0.00560 | 0.00092 | 9,866
2 63.7 57.6 6.1 10.1 9.1 1.0 0.00568 | 0.00552 | 0.00560 | 0.00092 | 9,882
SEQUENCE 10 3 63.7 57.7 6.1 10.1 9.1 1.0 0.00569 | 0.00554 | 0.00561 | 0.00093 | 9,873
4 63.8 57.7 6.1 10.1 9.1 1.0 0.00570 | 0.00555 | 0.00562 | 0.00093 | 9,860
5 63.8 57.7 6.1 10.1 9.1 1.0 0.00568 | 0.00552 | 0.00560 | 0.00092 | 9,898
COLUMN AVERAGE 63.7 57.6 6.1 10.1 9.1 1.0 0.00569 | 0.00553 | 0.00561 | 0.00093 | 9,876
STANDARD DEV. 0.1 0.1 0.0 0.0 0.0 0.0 0.00001 | 0.00001 | 0.00001 | 0.00000 15
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Source: Gallatin Description: Bottom Ash 95% Modified Dry Density at Optimum Moisture Content
6.0 10.0 1 63.5 57.4 6.1 10.1 9.1 1.0 0.00449 | 0.00439 | 0.00444 | 0.00073 | 12,434
2 63.5 57.4 6.1 10.1 9.1 1.0 0.00450 | 0.00437 | 0.00443 | 0.00073 | 12,450
SEQUENCE 5 3 63.6 57.4 6.1 10.1 9.1 1.0 0.00449 | 0.00436 | 0.00442 | 0.00073 | 12,478
4 63.5 57.3 6.1 10.1 9.1 1.0 0.00451 0.00438 | 0.00444 | 0.00073 | 12,400
5 63.5 57.4 6.1 10.1 9.1 1.0 0.00451 0.00438 | 0.00444 | 0.00073 | 12,406
COLUMN AVERAGE 63.5 57.4 6.1 10.1 9.1 1.0 0.00450 | 0.00437 | 0.00444 | 0.00073 | 12,434
STANDARD DEV. 0.0 0.0 0.0 0.0 0.0 0.0 0.00001 | 0.00001 | 0.00001 | 0.00000 32
4.0 2.0 1 13.1 11.4 1.7 2.1 1.8 0.3 0.00155 | 0.00146 | 0.00150 | 0.00025 | 7,309
2 13.1 11.4 1.7 2.1 1.8 0.3 0.00156 | 0.00148 | 0.00152 | 0.00025 | 7,222
SEQUENCE 6 3 13.1 11.5 1.6 2.1 1.8 0.3 0.00156 | 0.00150 | 0.00153 | 0.00025 | 7,213
4 13.1 11.5 17 2.1 1.8 0.3 0.00158 0.00148 0.00153 | 0.00025 7,200
5 13.1 11.4 1.7 2.1 1.8 0.3 0.00155 | 0.00148 | 0.00151 | 0.00025 | 7,240
COLUMN AVERAGE 13.1 1.4 1.7 2.1 1.8 0.3 0.00156 0.00148 0.00152 | 0.00025 7,237
STANDARD DEV. 0.0 0.0 0.0 0.0 0.0 0.0 0.00002 | 0.00002 { 0.00001 | 0.00000 43
4.0 4.0 1 25.4 23.1 23 4.0 37 0.4 0.00283 | 0.00276 | 0.00279 | 0.00046 | 7,936
2 25.4 23.0 23 4.0 3.7 0.4 | 0.00283 0.00276 0.00280 | 0.00046 7,918
SEQUENCE 7 3 25.4 23.0 24 4.0 36 | 04 0.00283 | 0.00276 | 0.00280 | 0.00046 Nmou
4 25.4 23.0 2.4 4.0 3.7 0.4 0.00282 | 0.00276 | 0.00279 | 0.00046 | 7,936
5 25.5 23.2 23 4.0 3.7 0.4 0.00282 | 0.00276 | 0.00279 | 0.00046 | 7,976
COLUMN AVERAGE 25.4 23.1 2.3 4.0 37 0.4 0.00283 | 0.00276 | 0.00279 | 0.00046 | 7,934
STANDARD DEV. 0.1 0.1 0.0 0.0 0.0 0.0 0.00001 0.00000 | 0.00000 | 0.00000 27
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Source: Gallatin Description: ' Bottom Ash . 95% Modified Dry Density at Optimum Moisture Content
2.0 8.0 1 51.3 46.5 4.8 81 1 7.4 0.8 0.00610 0.00596 | 0.00603 | 0.00099 7,411
2 51.3 465 4.8 8.1 7.4 0.8 0.00609 0.00584 | 0.00602 | 0.00099 7,427
SEQUENCE 14 3 51.2 46.4 438 8.1 7.4 0.8 0.00608 | 0.00594 | 0.00601 | 0.00099 | 7,427
4 51.2 46.4 4.8 8.1 7:4 0.8 0.00611 0.00593 | 0.00602 | 0.00099 7,406
5 51.2 46.4 4.8 8.1 7.4 0.8 0.00610 | 0.00596 | 0.00603 | 0.00099 | 7,402
COLUMN AVERAGE 51.3 46.4 4.8 8.1 7.4 0.8 0.00610 | 0.00595 | 0.00602 | 0.00099 | 7,415
STANDARD DEV. 0.0 0.0 0.0 0.0 0.0 0.0 0.00001 0.00001 0.00001 0.00000 12
2.0 10.0 1 63.7 57.6 6.1 10.1 9.1 1.0 0.00707 | 0.00686 | 0.00697 | 0.00115 | 7,949
2 63.7 57.6 6.1 10.1 9.1 1.0 0.00707 0.00685 | 0.00696 | 0.00115 7,958
SEQUENCE 15 3 63.7 57.6 6.1 10.1 9.1 1.0 0.00708 | 0.00687 | 0.00697 | 0.00115 | 7,947
4 63.7 57.7 6.0 10.1 9.1 1.0 0.00708 0.00687 | 0.00698 | 0.00115 7,950
5 63.8 57.7 6.1 10.1 9.2 1.0 0.00707 0.00687 | 0.00697 | 0.00115 7,959
COLUMN AVERAGE 63.7 57.7 6.1 10.1 9.1 1.0 | 0.00707 | 0.00686 | 0.00697 | 000115 | 7,952
STANDARD DEV. 0.0 0.1 0.0 0.0 0.0 0.0 0.00001 0.00001 0.00001 0.00000 5

SUBMITTED BY, DATE

A . 9//0/558

LABORATORY MANAGER
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TVA-00011981

Source: Gallatin Description: Bottom Ash 95% Modified Dry Density at Optimum Moisture Content
20 2.0 1 13.4 11.4 2.0 2.1 1.8 0.3 0.00197 0.00192 | 0.00195 | 0.00032 5,630
2 13.5 11.5 20 21 1.8 0.3 0.00197 0.00192 | 0.00194 | 0.00032 5,662
SEQUENCE 11 3 13.4 11.4 20 2.1 1.8 0.3 0.00196 0.00192 0.00194 | 0.00032 5,630
4 13.4 11.4 2.0 21 1.8 0.3 0.00197 0.00193 | 0.00195 | 0.00032 5,618
5 13.5 1.4 | 2.0 2.1 1.8 0.3 0.00196 | 0.00192 | 0.00194 | 0.00032 | 5,653
COLUMN AVERAGE 13.4 11.4 20 2.1 18 0.3 0.00196 0.00192 | 0.00194 | 0.00032 5,639
STANDARD DEV. 0.0 0.0 0.0 0.0 0.0 0.0 0.00001 0.00000 | 0.00000 | 0.00000 18
2.0 4.0 1 25.7 233 | 23 4.1 37 0.4 0.00385 | 0.00376 | 0.00381 | 0.00063 | 5,893
2 25.6 233 23 4.1 3.7 0.4 0.00384 0.00378 | 0.00381 0.00063 5,881
SEQUENCE 12 3 25.7 23.3 23 4.1 3.7 0.4 0.00384 0.00378 | 0.00381 0.00063 5,884
4 25.7 . 233 24 41 3.7 0.4 0.00387 0.00377 | 0.00382 | 0.00063 5,867
5 25.8 23.4 2.4 4.1 3.7 0.4 0.00386 0.00378 | 0.00382 | 0.00063 5,888
COLUMN AVERAGE 25.7 23.3 2.3 41 | 37 0.4 0.00385 | 0.00377 | 0.00381 | 0.00063 | 5,883
STANDARD DEV. 0.0 0.0 0.0 0.0 0.0 0.0 - | 0.00001 | 0.00001 0.00001 0.00000 10
2.0 6.0 1 38.7 35.1 36 6.1 5.6 0.6 0.00507 | 0.00497 | 0.00502 | 0.00083 | 6,716
2 38.7 35.1 3.6 6.1 5.6 0.6 0.00508 0.00499 0.00503 | 0.00083 6,705
SEQUENCE 13 3 38.7 35.1 3.6 6.1 56 0.6 0.00507 0.00498 0.00503 | 0.00083 6,707
4 38.7 35.1 36 61 | 56 0.6 0.00507 | 0.00495 | 0.00501 | 0.00083 | 6,730
5 38.7 35.1 3.6 6.1 5.6 0.6 0.00507 0.00495 0.00501 0.00083 6,733
COLUMN AVERAGE 38.7 35.1 36 6.1 56 0.6 0.00507 | 0.00497 | 0.00502 | 0.00083 | 6,718
STANDARD DEV. 0.0 0.0 0.0 0.0 0.0 0.0 0.00000 0.00001 0.00001 0.00000 13
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FIGURE 1 - Logarithmic Plot of Resilient Modulus (MR) vs Cyclic Stress (S¢)

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

1. MATERIAL SOURCE: Gallatin

2. MATERIAL DESCRIPTION: Dry Fly Ash (Unit 2 Hoppers)

3. REMOLDING TARGETS: 5% Standard D ity at Optimum Moisture Content
4. MATERIAL TYPE 2

5. TEST DATE 07-28-1995
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FIGURE 2 - Quick Shear Stress vs Strain

PROJECT NAME:

LAW PROJECT NO.:

1. MATERIAL SOURCE:

2. MATERIAL DESCRIPTION:
3. REMOLDING TARGETS:

4. MATERIAL TYPE

5. TEST DATE

Axial Stress (psi)

30

TVA - Fly Ash. Bottom Ash and Scrubber Gypsum Study
5810860101

Gallatin

Dry Fly Ash (Unit 2 Hoppers)

95% Standard Dry Density at Optimum Moisture Content

2
07-28-1995

25

[\
(=]

-
6]

—_
o

2 3 4
Axial Strain (%)

TVA-00011983



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

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: Gallatin
2. MATERIAL DESCRIPTION: ) Dry Fly Ash (Unit 2 Hoppers)
3. REMOLDING TARGETS: 95% Modified Dry Density at Optimum Moisture Content
4. MATERIAL TYPE (Type 1 or Type2) 2
S. 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 6.15
HEIGHT OF CAP AND BASE, inch 0.00
INITIAL LENGTH, L, , inch 6.15
INITIAL AREA, Ao, in 632
INITIAL VOLUME Agly,, in® 3882
7. SOIL SPECIMEN WEIGHT :
INITIAL WEIGHT OF CONTAINER AND WET SOIL, grams 986.30
FINAL WEIGHT OF CONTAINER AND WET SOIL, grams 0.00
WEIGHT OF WET SOIL USED, grams 986.30
8. SOIL PROPERTIES .:
IN SITU MOISTURE CONTENT (NUCLEAR), % N/A
IN SITU WET DENSITY (NUCLEAR), pcf N/A
or
OPTIMUM MOISTURE CONTENT, % 18.8
MAX. DRY DENSITY, pcf 88.9
95 % MAX. DRY DENSITY, pcf 84.5
9.  SPECIMEN PROPERTIES:
COMPACTION MOISTURE CONTENT, % 18.2
MOISTURE CONTENT AFTER RESILIENT MODULUS TESTING, % 182
COMPACTION DRY DENSITY, y4 pef 81.8
10. QUICK SHEAR TEST
STRESS - STRAIN PLOT ATTACHED (Y = YES, N =NQ) Y
TRIAXIAL SHEAR MAXIMUM STRENGTH (MAX. LOAD/X-SECTION AREA), psi 30.5
SPECIMEN FAIL DURING TRIAXIAL SHEAR? (Y =YES,N=NO) Y
11. COMMENTS (Section 10.4 of Protocol P46)
(a) CODE 0 0 0
(b) NOTE
12. TEST DATE 07-28-1995

'GENERAL REMARKS:

SUBMITTED BY, DATE

A bpedhsoe, Ys/98

LABORATORY MANAGER

TVA-00011984



ge6LANr ‘L8

Bed - o1 198usyiom

¢ 4O T ON1d3dHS

G9 000000 10000°0 10000°0 10000°0 00 00 00 00 00 00 ‘AJA AHVANVLS
8618 120000 | LELOO'O | 2€L000 | LELOOO A gl 02 z S'Ll 9'zZL JOVHIAY NWN10D
epy'8 | 220000 | 21000 | €€100°0 | 2€£100°0 0 gl 0Z Z gLl 9z g
Ggs'g 120000 | 0£L00'0 | LELOO'O | 621000 Z0 gl 02 VL Sl 9'Zi 14
69¥'8 120000 | 2€L00°0 | 2ELOOO | LELOOO zo gl 0z L'b Sl 9zl £ | 3ON3IND3S
€b¥'8 | ZZO00'0 | 2¢EL000 | 2EL000 | ZELOOO zZo 8l 0¢ 4’ Sl LT C
Ls's 120000 | LELO00 | OELOO0 | LELOOO Al gl 02 Al S 9zl I 0¢ 09
I R T Tt N i i I NOISIO3dd
isd uyu ul ‘ul up 1sd 1sd 1sd sq| sq| sq| 1sd 1sd 1INN
3 a>¢I NI _I o :.i.mm.._..cum..t mew _um_soo& o_gn_ - an& _.O u__niom. - : nw - ZO_._.<ZmU_wwD
T ‘ ssalls I 1 ‘ .
Z pue ssang | ssafg jeixy peol peoy ssafs
L 10A7 |Buipeay z#|buipeay L#| jogjuoD | 91joAD xep joejuoy | peoqolofg | [eixy Xel jeixy | aunssaid || Y3 L3INYHVd
Sninpoy | ulens | 48gAodsy|  LAAT 10A7 | paiddy | peyddy | payddy | peiddy payddy | peyddy | ‘oN |wnwixep | Buiuyuod
Jusiisay | jusiisay | abeidAy |ye(Q ‘A008Y|Jo(] ‘A0O8Y | lenpoy | jempoy | |emoy 1enjoy jenjoy jenjoy | 91940 | |eUILON | Jequiey)D
14} €l 4! Ll ol 6 8 l 9 S ¥ € 4 b #NWN102
ONILSTL SNINAOW LN3ITIS3Y ‘9
G661-82-70 Jiva 1S3l ‘S
Z JdAL TVINILYIN v
jusjuo)) aansiopA wnwndQ e LAisua L1 POIPOIN %S6 !S1I3oMVL ONIGTONIY e
(s1eddoy 7 nun) ysv A4 &1 ‘NOILdIMOS3A VIbdFLYWN C
unejen ‘308NO0S WIHILYN !
10109801 8G6 “ON 123rodd mvl
Apmg wnsdA9 IsqquIdg pue ysy wopog YsV A1 - VAL JWVN 103royd

TVA-00011985



€661 AInf ‘g ebed - 9171 198USHIOM

6 000000 | 100000 | 20000C | LOODOO | 00 00 00 00 00 00 "A30 QUVANV1S

1S90 | 80L00'0 | S9900°0 | 899000 | €99000 | 80 zL 08 6 v'sy 05 3OVHIAVY NWNT0D

€¥9'0 | 80L00'0 | 99900°0 | 699000 | €99000 | 80 N 08 6y vy 05 g

6€9'0 | 80L000 | 999000 | 699000 | £99000 | 80 zL 08 X v'Sh 05 v

2S9'9 | 801000 | S9900°0 | 6990000 | 199000 | 80 z1 08 6 S5y 708 £ ¥ JON3NO3S

099'9 | 801000 | ¥9900°0 | 999000 | £€99000 | 80 zL 08 X SSh 06 z

659'0 | 801000 | ¥9900°0 | 999000 | £99000 | 80 z1 08 6 SSp 05 ! 08 09

) 000000 | L0000 | LO00O'0 | L0OOGOO | 00 00 00 00 10 ) "A30 Q¥VANVYLS

920'Z | 110000 | £.4000 | S/¥00'0 | 226000 | 90 G 09 L€ Zve gle 39VHIAY NWN10D

Z20°L | 1100000 | £/400°0 | ¥.¥00°0 | Z.9000 | 90 V'S 09 9 R gL S

VE0'L | 10000 | ¢.¥000 | €.4000 | 0L¥000 | 90 v's 09 L€ R L1g v

€€0'. | 220000 | €2#00°0 | GZb000 | +26000 | 90 'S 09 L€ zve g'Le € £ JON3ND3S
910'2 | 220000 | GZ¥00'0 | ZLVOO0 | €000 | 90 V'S 09 L€ zZve | 6L¢ z

620°'. | 110000 | SZ¥00'0 | 9/¥000 | €000 | 90 V'S 09 LE £V 6'LE ! 09 | 09

Ov | 000000 | +0000'0 | LO0OD'0 | 200000 | 00 00 00 00 00 00 "A30 Q¥VANVYLS

L16'L | 9¥000'0 | 182000 | 182000 | 082000 | O o€ X £ 8zZ 1'6e 3OVH3IAY NWN100

/86'/ | S¥0000 | 822000 | 62000 | 822000 | ¥O o€ oY €2 gze 1’5z S

LL6'L | 9¥000'0 | 082000 | 282000 | 642000 | VO o€ X €2 82z 152 v

Z68'L | 9v000'0 | 282000 | 282000 | 282000 | 0 o¢ X €2 622 zse £ Z 30N3ND3S

6682 | 9¥0000 | 18200°0 | 182000 | 282000 | ¥0 o€ o £2 8Ze 1'sC z

[68°L | 9¥0000 | 182000 | 282000 | 182000 | V0 o€ oy £ 8Zz 1’5z b 0y 09

Jugluo)d alnsiop wnwindo e Aususa Aig peipon %S6

(siaddoH g mun) ysv A4 Aaa  :uonduasaeq

unejes :90INos

TVA-00011986



€661 AN ‘c abed - 9v1 198USHIOM

) 000000 | $0000°0 | L0000 | LOOOOO | 00 00 00 00 00 00 'A30 QUVANVYLS
0€6'G | 290000 | 6/£00°0 | 08E00'0 | ZZE000 | +°0 L€ o £ L'EZ v'sZ 3OVH3AY NWN10D
1€6'S | 290000 | 626000 | 6€000 | 82€000 | ¥0 LS 0 £z 1€z v'se g
L€6'S | 290000 | 6/€00°0 | 08E000 | 81€000 | ¥0O L't o £ V'EZ v'se v
0Z6'S | 290000 | 08E00°0 | 28€000 | Z/EOOO | +0 L oY £z 1'ez v'sZ € £ 3ON3NO3S
0v6'S | 290000 | 82€00°0 | 08000 | 1/€000 | v0 L't ov £z L'EZ v'se z
926's | 290000 | 82€00°0 | 0BE000 | 22€000 | V0 9¢ o €2 0€Z €52 l oy oy

05 | 000000 | L0000'0 | 200000 | +00000 | 00 00 00 00 10 ) "A30 Q¥VANY1S
1L6'9 | 920000 | 191000 | €91000 | 65,000 | €0 8l 1z 9l Sl el JOVHIAVY NWN10D
868'9 | 920000 | 19L00'0 | ¥9L000 | 654000 | €0 gl vz | 91 10 0l S
¥96'9 | 920000 | 091000 | 291000 | 654000 | €0 gl 12 9L Sl el v
656'0 | 920000 | £9100°0 | 991000 | 091000 | €0 8l [ 91 oL zel £ 9 30N3NO3S
200’ | 920000 | 091000 | 291000 | ZGL000 | €0 gl [ 9 Si LEL z
LE0'L | 920000 | 09L00°0 | 291000 | 85L000 | €0 gl 1z 9l Sl VEL } 02z 0y
9 000000 | L0000'0 | LOODO'O | LOOODO | 00 00 00 00 00 00 "A30 QYVANVIS

119'9 | 9E100°0 | BEB00'0 | 6EBOOD | ZE8000 | O'F 06 | 00l z9 695 1'€9 3OVEIAVY NWNT0D
0199 | 9€100°0 | BEB00'0 | O¥BOO'O | Z€8000 | O} 06 | 00l Z9 695 1'€9 S
909'9 | 9€100°0 | B£8000 | 0¥8000 | LE8000 | Ot 06 | 00L z9 695 1'€9 b
609'0 | 9€L00°0 | 8€800°0 | O¥8000 | Z€8000 | O 06 00l z9 695 1'€9 3 S 3ON3ND3S
119°0 | 9€1L00°0 | 8€800°0 | 8EB0O0'0 | Z£8000 | O'F 06 o0k | 29 695 L'€9 z
129'9 | 9€100°0 | /€800°0 | 8E£800'D | SE8000 | O’ 06 00} z9 695 1'€9 ! 00l 09

LU0 aunisio wnwido Je Ausuaq AiQ payipoiN %56 (sseddoH z 3un) ysy A4 g :uondussaq ujjejles) :80IN0g

TVA-00011987



€661 AInp 'y abed - 971 198USHIOM

TVA-00011988

S 000000 | 100000 100000 100000 00 00 00 - 00 1'0 1’0 ‘A0 QYVANVLS
g6.'s 951000 | 196000 | ¥96000 | 856000 0L 1'6 001 29 LS ¥'€9 JFOVHIAY NWN10D
062G 961000 | 096000 | 29600°0 8966000 oL 06 00l 29 L°LG £°€9 S
98/.'G | 951000 | 196000 | ¥96000 | .S6000 o'l 06 ool 29 VLS £'€9 14
88.1'G 961000 | 296000 | 9960070 85600°0 0l 1'6 00t c9 c'lS v'e9 € 01 30ON3IND3S
66.'G 961000 | 196000 | £9600°0 656000 0t . 1'6 ool c9 [AVA*] V€9 Z
008'S | 951000 | 296000 | ¥9600°0 | 656000 0L 1'6 Lol Z9 €25 G'€9 } 00L oy
8 000000 | 200000 100000 2¢0000°0 00 00 00 00 V] L0 ‘A3A QUVANVYLS
Z19's 621000 | €6.000 | ¥6.000 26,000 80 Ay 0'8 6Y LSy 9’08 IOVHIAY NNNTOO
¥29's | 621000 | 162000 | €61000 | 68000 80 A} 08 6 LSy 9'05 S
019's 621000 | ¥6.000 | 961000 ¢6.00'0 80 ¢l 08 | 6t 8'GY 108 14
209'G 621000 | ¥6.000 | 961000 26,000 80 [ 0'8 6t LSy 90§ € 6 3ON3ND3AS
219’ | 621000 | 261000 | €61000 | 061000 80 - cl. 08 6V 9’6y 909 c
119's 621000 | ¥6.000 | S§6.00°0 ¥6£00°0 80 €L 08 6V gsy 10§ l 08 0¥y
9 000000 | 100000 10000°0 10000°0 00 00 00 - 00 00 00 ‘AJQ QYVANVLS
€6¥'G | 860000 | €09000 | S0900°0 | 109000 90 ¥ 09 e 0ve L1€ 39VH3IAY NANNTOO
98p°'S 860000 | ¥0900°0 | 909000 109000 90 1 4] 09 L'e ove JAVAS S
18¥'S | 860000 | ¥0900'0 | S0900°0 | 209000 90 ¥'s 0'9 L't 0ve Ll€ 14
10S'S 860000 | 109000 | ¥0900°0 665000 90 s 09 L'e ove JAVA> € 8 ION3ND3S
96v'G 860000 | €0900°0 | S0900°0 10900°0 80 V'S 09 L'E L've L'le z |
vev's 860000 { €0900°0 | S09000 009000 90 14} 09 L'e ove AR l 09 ov
Juguo) aunsiow wnwido e Aisuag A peuipon %S6 (siaddoH g nun) ysy A4 Aq  :uonduoseq unejes :92Jnog




€661 Ainr ‘g abed - gv1 19sysyiom

8 000000 | €00000 | ¢0O00O0 100000 00 00 00 00 10 L0 ‘A3A QYVANVLS
£6S'vy 811000 | ¥2£00°0 | 92000 | €2.00°0 90 14 09 g9¢ e 8'.e IA9VHIAY NWNTO3
08S't 811000 | 9¢.000 | 821000 | ¥2.00°0 90 ¥'S 09 9'¢ L've L'1g g
€65 811000 | 92.L000 | 8CL000 $c.100°0 90 14°] 09 9¢ cve gL 14
009'v 811000 | G2L000 | Z2l000 | €2.00°0 90 'S 09 9'¢ £ve 6'LE € €1 30N3NDIS
ves'y 811000 | €2.000 | S2.00°0 12,000 90 ¥'S 09 9¢t 1've L'le 4
G6S'Y 811000 | ¢CL000 | ¥CL00°0 122000 90 'S 09 9'¢ L've L'Le I 09 0c

L4 000000 | 10000°0 100000 10000°0 00 00 00 00 00 00 ‘A3A QIVANYLS
80L'v | 90000 | Z9¥000 | 89Y000 | S9¥000 | ¥O 9€ 6€ €2 92z 6'7C 3OVH3AY NIWN100
0L’y 9.0000 | 899000 | 697000 19v00°0 vo 9¢ 6€ £ g9¢e 6v¢ ]
eLL'y 90000 | 99000 | 69000 | S9+00°0 0 9'€ 6¢ ee 9eC 6've 14
60L'Y 910000 | 99¥00°0 | 89¥000 | ¥9¥000 o g€ 6€ g'c 9'¢e 6'v¢ € ¢l ION3ND3S
60LY 90000 | 994000 | 691000 €9v00°0 ¥'o 9¢ 6'¢€ 14 9'¢ce 6've 4
SoL'y 920000 | 99¥00°0 | L9¥00°0 | +¥9¥00'0 v'o 9°¢ 6¢€ € ag'ee 8'vZ 3 (V4 0¢

8¢ 000000 | 100000 | 100000 10000°C 00 00 00 00 00 00 ‘A3d QUVANVYLS
EE€9'G ¢e0000 | /61000 | 661000 | 961000 €0 8l e 0c Vil vel JOVHIAY NWNTOD
L09'S ¢€0000 | 661000 | 002000 nm_.oc.o. €0 8l L'e 0¢ Vil VEL S
899'G ¢e0000 | 961000 | 861000 | S6100°0 €0 81 {4 0¢ Vil Sel v
6¥9'G ¢e0000 | 161000 | 861000 | 961000 €0 8l e 0¢ Vit G'el € L1 ION3INO3S
£09's ¢e0000 | 261000 | 661000 | 961000 €0 8l P..N 0¢ Vit el 4
6€9'G ¢€0000 | 261000 | 661000 | 96L00°0 £0 8l 1’z 0¢ Vil GEl 3 0¢ 0¢

Jusjuo) ainjsioly wnwido je Ausuaq Aug PoIPON %S6 (s1eddoH z Wun) usy Aj4 Aig  :uopduosaq ujejjes :02IN0S

TVA-00011989



€661 Ainr 'g sbed - g¥1 198ysiiom

YHOVNVIA AY0LVEOdV]

TVA-00011990

S'slo TP fS

H1vd ‘Ad q4LIINENS

6 000000 | L0000°0 2000070 10000°0 00 00 00 00 10 00 ‘AJA QHUVANVYLS
120'G 821000 | S60L0°0 86010°0 £60L0°0 o'l 0'6 0’0l 29 ; AVA] 2'¢e9 FOVHIAY NWNTOD
£90°G 81000 | 260100 | 660100 G6010°0 ot 06 00l ¢9 L'LS 2'e9 G
690°S 81000 | 960L0°0C | 860100 £6010°0 ol 0’6 ool 29 025 c't9 14
080'G 821000 | S60L0°0 /60100 £6010°0 (18 0'6 0’0l 1'9 L'LS €'€9 € 61 ION3IND3S
180°G 81000 | ¥60L0°0 omovo.o 160L0°0 (1% 06 0ol 29 L'LS €'€e9 Z
690'S 821000 | 960L0°0 | 00LL0°0 ¢6010°0 0l 06 0oL ¢9 0.5 €9 3 001 0¢
VA 000000 | 20000°0 | 200000 200000 00 00 00 00 00 00 ‘AJd QUVANY1S
08'y 161000 | S2600°0 | LZ600°0 ¥2600°0 80 2. 08 6'v LSy 909 JOVHIAY NWNT10D
ro8‘y 1S1L00°0 | 926000 | 826000 vwmo,o.o 80 <L 08 6'Yv sy 9'09 S
86.L'y LGL000 | 126000 | 8260070 92600°0 80 AV 08 8y L'sy G6'0S 14
Lig'y 051000 | €2600°0 | G2600°0 12600°0 80 [ 08 6'v 9SGy §'05 € 1 IONIND3S
- G18'y | 05L000 | ¥2600°0 | LZ6000 | 226000 | 80 zL 08 6 Lsy | 908 z
108y 161000 | 226000 | 626000 G2600'0 80 'L 0’8 6’ LGy 9'0S I 08 0c
JugjuoD ainsioly wnumdo e Ajisusg AuQq pasipo %S6 (sseddoi g Hun) usy A4 Aug  :uonduaseq ujejes) 9910




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

PROJECT NAME: TVA - Fiy Ash, Bottom A crubber m Stud:
LAW PROJECT NO.: 5810860101

1. MATERIAL SOURCE: Gallatin

2. MATERIAL DESCRIPTION: Dry Fly Ash (Unit 2 Hoppers)

3. REMOLDING TARGETS: 5% Maodified Dry Density at Optimum Moisture Content
4. MATERIAL TYPE 2

5. TEST DATE 07-28-1995
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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: Gallatin
2. MATERIAL DESCRIPTION: Dry Fly Ash (Unit 2 Hoppers)
3. REMOLDING TARGETS: 95% Modified Dry Density at Optimum Moisture Content
4. MATERIAL TYPE 2
5. TEST DATE 07-28-1995
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GALLATIN

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 - GALLATIN
BOTTOM ASH - FROM POND

Description Test Method Property Sample 1 Sample 2 Sample 3
Grain Size ASTM D 422 Percent Retained on the #4 Sieve 18.2 27.0 188
Percent Passing the #200 Sieve 5.9 4.0 5.6 .
Atterberg Limits ASTM D 4318 Liquid Limit NL NL NL
Piastic Limit NP NP NP
Piasticity Index N/A N/A N/A
Specific Gravity ASTM D 854 Specific Gravity at 20°C 2.56 2.57 2.52
Classification ASTM D 2487 Unified Soil Classification System (USCS) SP-SM sw SW-SM
AASHTO M 145 AASHTO Classification A-1-b A-1-b A-1-b
: Composite Sample
Moisture-Density Relations ASTM D 698 Maximum Dry Density, pcf 92.0
ll(Standard Effort) Optimum Moisture Content, % 25.5
Moisture-[jensity Relations ASTM D 1557 Maximum Dry Density, pcf 102.5
(Modified Effort) Optimum Moisture Content, % 20.9
Relative Density ASTM D 4254 Minimum Dry Density, pcf 713
ASTM D 4253 Maximum Dry Density (Dry Method), pcf 90.7
Result Dry Density, pcf Moisture Content, %
Hydraulic Conductivity ASTM D 2434 Hydraulic Conductivity, cmv/sec 2.9E-2 82.7 0.0
Angle of Repose LAW TP6 Angle of Repose, degrees 31.8 71.3 0.0
California Bearing Ratio ASTM D 1883 CBR, % ) 30 86.2 244
Resilient Modulus SHRP P46 Resiiient Modulus at 4psi axial stress and 6,545 88.0 227
(Standard Compactive Effort) 4psi confining pressure
Resilient Modulus SHRP P46 Resilient Modulus at 4psi axial stress and 7.541 96.5 183
(Modified Compactive Effort) 4psi confining pressure
Soil Resistivity AASHTO T 288 Minimum Resistivity, Ohm-cm 1,600
pH of Scil AASHTO T 289 pH 2.8
Water Soluble Sulfate lon AASHTO T 290 Sulfate lon Content, mg/kg 1660
Water Soluble Chloride ion AASHTO T 290 Chloride lon Content, mg/kg <10

gaf-ba.xls
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GRAIN SIZE DISTRIBUTION TEST REPORT

c
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200 100 10.0 1.0 0.1 0.01 0.001
_ GRAIN SIZE - mm
est|% +3" % GRAVEL % SAND % SILT % CLAY
e| O 0.0 18.2 75.9 5.9
A{ 10 0.0 27 .0 6S.0 4.0
| 11 0.0 18.8 75.6 5.6
LL PI Dgs5 Dso D50 D30 D45 D1o Ce Cy
° NL NP 5.50 1.85 1.30 0.442 |0.1585 {0.1108 0.789 17 .6
A NL NP 8.04 2.72 1.82 0.794 |0.2692 |0.1679 1.38 16.2
“{m| NL " NP 5.75 2.11 1.80 0.6824 |0.2163 {0. 1496 1.23 14 .1
MATERIAL DESCRIPTION UsCcs AASHTO
] _ : SP-SM A-1-b
A SW A-1-b
n SW-SM A-41-b
Project No.: 5810880101 Remarks:
Project: TVA - Gallatin ' Tested by: _J w
¢® Location: Bottom Ash A & B ) /nu
A Location: Bottom Ash C & D Reviewed by:
B Location: Bottom Ash E & F .
Date: July 18, 1995
GRAIN SIZE DISTRIBUTION TEST REPORT
LAW ENGINEERING, INC. Figure No.
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MOISTURE-DENSITY

RELATIONSHIP
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i, f 3 i > % <
Elev/ Classification Nat . Sp.G. LL PI % % .
Depth USCS AASHTO Moist. No .4 No .200
SP-SM/SW/SWSM A-1-b i2.2 ¥} 2.55 NL NP 21.3 %|5.17 %
TEST RESULTS MATERIAL DESCRIPTION
Optimum moisture = 25.5 %
Maximum dry density = 92.0 pcf
Project No.: 5810860101 Remarks: it
Project: TVA - Gallatin Tested Dy: J ]
Location: Bottom Ash Reviewed by: 1'
Date: July 25, 18985

MOISTURE-DENSITY RELATIONSHIP

LAW ENGINEERING, INC.

Figure No.
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Depth USCS AASHTO Moist. No .4 No .200
SP—-SM/SW/SWSM A-1-b 12.2 % 2.70 NL NP 21.3 %| 5.7 %
TEST RESULTS MATERIAL DESCRIPTION
Optimum moisture = 20 .2 %
Maximum dry density = 101.6 pcf
Proj; . Remarks:
roject No.: 5810880101 _ C&
Project: TVA - Gallatin Tested Dy: o)
Location: Bottom Ash Reviewed by:
Date: July 25, 19585
MOISTURE-DENSITY RELATIONSHIP
LAW ENGINEERING, INC. Figure No.
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Dry Density, pcf
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7'

HYDRAULIC CONDUCTIVITY
Project No. 5810860101 Tested By JCR
Project Name TVA - Gallatin 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: 82.7

Dry Unit Weight, pcf: 82.7

Compaction, %: 89.9

Hydraulic Conductivity, cm/sec. @20° C: 2.9E-02

TVA-00012001



PERMEABILITY TEST - Constant Head

(ASTM D2434 - 68)

roject No. 5810860101 Tested By JCR LAW ENGINEERING
Project Name TVA - Gallatin 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 5.294 Location 1 2.858 Wet Soil + Pan, grams 742.10
Location 2 5.292 Location 2 2.875 Dry Soil+Pan, grams 742.10
Location3 5.303 Location 3 2.868 Pan Weight, grams 0.00
Average 5.296 Average 2.867 Moisture Content, % 0.0
Sample wet weight, grams 742.10 Wet Unit Wt, pcf 82.7
Membrane, Cap weight, grams| 0.00 Dry Unit Wt, pcf 82.7

Time Q H k Temp k i
(sec) (cm 3) (cm) (cm/sec) °C cm/sec at 20° C) | (cm/cm)
600 300.00 5.08 3.2E-02 20.0 3.2E-02 0.38
1200 550.00 5.08 2.9E-02 20.0 2.9E-02 0.38
No. of Trials Sample Max. Densityy Compaction Sample
Type (pcf) % Orientation
2 Remolded 92.0 89.9 | 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= 13453 cm

Avg. k at 20°C 2.9E-02 cm/sec

TVA-00012002



California Bearing Ratio
(ASTM D1883-92)

Project No. 5810860101
Project Name TVA - Gallatin

Material (Source) Bottom Ash

7'

LAW ENGINEERING
Tested By EM
Test Date 07/24/95
Reviewed By RLB

Review Date 08/11/95

Compaction, %

96.6 88.7 95.6

Before Soak Dry Density, pcf 88.9 81.6 88.0
Before Soak Moisture Content, 24.2 27.9 212
After Soak Dry Density, pcf 89.1 81.8 88.2
After Soak Moisture Content, % 233 244 24.5
CBR @ 0.1 in. 25.0 16.0 23.3
CBR @ 0.2 in. 34.1 19.1 29.6

1000 t
900 -
800 / :
700 «/
600 (/

500 !/ / _*
b /

400 A -

Stress on Piston, psi

300

/‘

200 / / .

—
100 ]

0 0.1

0.2 0.3 0.4 0.5
Penetration of Piston, in.

o 966 , 887 _, 956

% Compaction

0.6
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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: Gallatin

2. MATERIAL DESCRIPTION: Bottom Ash

3. REMOLDING TARGETS: 95% Standard Densitv at imum Moisture Content

4. MATERIAL TYPE (Type 1 or Type 2) 2
S. 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 2.87
BOTTOM 287
AVERAGE 2.86
MEMBRANE THICKNESS (1), inch 0.01
MEMBRANE THICKNESS (2), inch 0.01
NETDIAM., inch 284
HEIGHT OF SPECIMEN, CAP AND BASE, inch 6.05
HEIGHT OF CAP AND BASE, inch 0.00
INITIAL LENGTH, L, , inch 6.05
INITIAL AREA, A,, m® 6.33
INITIAL VOLUME AoLg, in® 38.25
7. SOIL SPECIMEN WEIGHT :
INITIAL WEIGHT OF CONTAINER AND WET SOIL, grams 1810.50
FINAL WEIGHT OF CONTAINER AND WET SOIL, grams 725.60
WEIGHT OF WET SOIL USED, grams 1084.90
8.  SOIL PROPERTIES .. ‘
IN SITU MOISTURE CONTENT (NUCLEAR), % NA
IN SITU WET DENSITY (NUCLEAR), pcf NA
or
OPTIMUM MOISTURE CONTENT, % 25.5
MAX. DRY DENSITY, pef 92.0
95 % MAX. DRY DENSITY, pef 87.4
9. SPECIMEN PROPERTIES.
COMPACTION MOISTURE CONTENT, % 22.7
MOISTURE CONTENT AFTER RESILIENT MODULUS TESTING, % 22.7
COMPACTION DRY DENSITY, yq pef 88.0
10. QUICK SHEAR TEST
STRESS - STRAIN PLOT ATTACHED (Y = YES, N = NO) Y
TRIAXIAL SHEAR MAXIMUM STRENGTH (MAX. LOAD/X-SECTION AREA), psi 311
SPECIMEN FAIL DURING TRIAXIAL SHEAR? (Y = YES, N = NO) Y
11. COMMENTS (Section 10.4 of Protocol P46)
(a) CODE 0 0 o 0 0 4
&) NOTE
08-23-1995

12.  TESTDATE

GENERAL REMARKS:

SUBMITTED BY, DATE

9//0/85

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: Gallatin
2. MATERIAL DESCRIPTION: Bottom Ash
3. REMOLDING TARGETS: 95% Standard Dry Density at Optimum Moisture Content
4, MATERIAL TYPE 2
5. TEST DATE 08-23-1995
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