
RECEIVED
3 2 t -

CIVIL ENG.

yU1.

_--./
_-?

? - -?-----

_?-?.?

-- ?- ----?
/

--? -- T-j1
---I -

--?
t

ELS
--- - -----REH
---

--i- ---???-?

17

/z?8?szSi
i



Atterberg Limits

Liquid limit. percent

Plastic limit percent

Plasticity index percent

Shrinkage limit percent



KiN6StOrl

S7CAA OLAN

C?ROW A?EA A

Q0? l?11? AkEA C

Pfi?At
PA

Gr1
li

?
KIr1iL--S TOiU STE rtANTI

KNOXYIIIE

TENNESSEE VALLEY AUTNGA ITY

NATERIAIS ENGINEERINB 1160R1TO0Y

4ECOMENPD
?PRwED

0-l 77f



1
?f rl? ? yt? ?? ?

/ ? ? s?
1 . /t ??. r?

? ? ??

? J? ? ?
C?

-
..-

?
r i r ?s. f

?? ?. U?_yI? .?- ? ? __ ?7?.d??. ?ta?

Srln14 ?.? J ? L?
?i /

???? _ _
?

o?
? _? t C G

_l ?? ?? ? ?. -- -
?

? \
w ? ??? ? ?? ? ? ? ?

oqiHF7??t? -
-? ryr?

?/
/1

?
O ?

t

? ????y?ft?
g?

.C
_ ? ? S?. J. ? . c. 1 ?

_j?_
t

? i ? ?. f/?.
?

?. ? eM o ?
?

? ?i /
?il ?.-- 1 -- %.y?T ?/? r? i?? r

?? _?/
.. $

f ?/. Q ..
?//? ? ?__? /

t

??.

? ?ti ii ?.J

r

?

?
_

% ?? ?? / l

y-
_

aYYY

r

?? -.-?
???

/

? _ .f ??.
%????

?? 1
?? ? .?

-
?

?.
- eM ?? n

? ? _?
? ??

_- t??v ?
? ?- ? i FSJ fs-?

?

? ? -?_ ? -? ?.

f-
?

r

c?
_ ??

fLE1l 741

.?- l
?

?.

_

-- ?

D ?. - ?. ?

lMKMi3RlMl
_

??

?

.

MA dsOosal MM -

? N
? ?

?. s.r? ? -
ail 63 Reee ? - ? t

116

? r ?-? ?nw r
t ?

? ?/ t? _
-?

L

_? ? -
-

? ?j ? - -.?
?o l?- ?% .

?
-

? . x ii ? _?
r?

? rj ?.
I

/ r ?
?

. ? -

?. ? _ ? i ??i -?aL??ti. _-? ? D 7 - r?? ?h
?3? ? ?-

? ?
_\.

-.r

ATr? ?? _ o e \

36w ? ??\..
If / .? ?...Y

?????. ? ?.? L? ? ? s ?

_ L 1 -

U?s. i??- ?.
1 ?_? ?jN? x -.

_

.? /
. ?

?
??.?

. ?i

?
1 a??% ??

i?f?l a. S.-? 1i

C / ?
??. ??.

jl

??

?????
. _

?
tr 1.

? -
?

-.. . i

? ?
.

?
A. _

i
?-.

?i
f

. 1 .. . JI
?.f/ L

f_
M?

?t?

.?.

. ? . .
_
.. .. / - ?.r r

.

..? ?

1y?

f?



110

.. ? ?.
105

?..
--------__

?
-__ _.

----

-_ -_ -_

_ -t

i?Ia?i? ----ji
00

I

--
_

T

?_-
9-?- ?

___ _

I

r

o
?

t ?_
--.-- _-r

as

S.

? \

80
iC 15 20 25 3G 35 40

Moisture Content %

oit

Class

ravs

96

an

%
Silt

%
Clay

%
Spocific
Gravit

afum
M? a. %

aximum
04nsit d

G 23 34 43 2.70 42.8 2-19.7 104.5

-- C 2 2 26 52 2.73 58.3 32.5 21.8 101. 5

0 18 20 62 2.77 68.5 40.5 254 96.4

IY CH 0 13 14 73 2.76 88.0 4.4 296 90.4

Plus No. 4 Specific Gravity. 8 8 0 Projett K INGS TCN STEatif PLANT
Plus No. 4 Abso tion. %

Remarks Feature BORROw AREAS A B C
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Oate Tested 8-21- 7 5
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G. L. Buchanan Chief Civil Engineering aid Design Branch 418 UB-K 3
Gene Farmer Chief Construction Services Branch 305 NB-K

November 3 1975

KINGSTON STEAM PLANT - ASH DISPOSAL AREA DIKE RAISING - SOIL INVESTIGATION

11?

As requested in a memorandum of June 26 1974 from W. W. Engle to me
our laboratory has completed sampling and testing for the dike raising
at Kingston Steam Plant. The field work was comploted between February 18
and March 12 1975 using a CME-45 and a Mobile B-55 auger drill. Equa11

portions of the laboratory testing were done by Singleton Materials

Engineering Laboratory and the soil laboratory of Law Engineering and ?

Testing Company of Marietta Georgia.

Foundation

As shown on laboratory drawing 604B602 a total of 24 standard penetration
borings was drilled around the perimeter of the existing dike. The soil

profile is shown on drawings 604K604 and 604K605 and reveals overburden

depths in excess of 25 feet. In general the profile in the area between

borings SS-1 and SS-10 consists of 8 to 26 feet of fill underlain by a
stratified alluvium. The fill consists of soil overlain by 2 to 5 feet
of ash. In scattered locations ash and soil are blended. Fill soils
classified lean to fat clay CL and CII and silty to clayey sand SM and

SC. Throughout much of this fill shaly gravel is inters_persed w?.th the
?-.._

fine-grained soils.

f0P / G 2 ? a/? ?9f ?? c
Standard penetration testing indicates the surficial materials are highly

compacted but subsoils weaken as depth increases. In general at the

fill-ground contact soils are of soft consistency with N4. The alluvium
beneath the existing dike fill classifies lean to medium clay CL and

silty clay and silt MG-CL and ML along with some silty sand SM. These

materials are of variable consistency with significant weaknesses established

in borings SS-1 SS-49 SS-5 SS-6 SS-7 and SS-8 where N values of 4 or
less are common. The water table varied between el. 735 and 750 civer this

portion of the dike.

In the area between borings SS-11 and SS-16? consists almost entirely
of ash of silt to siltv sand ?T.q. This ash is very dense at the surface
to a deptho3?b7fet. Below this depth its .xolitto density decreases

progressively. Below el. 740 the ash is very soft with N values consistently
less than 4 and is underlain by alluvial lean clay CL and silty sand SM.
The water table variedbe een al. 749 and sl. 756

/?adG?i ?y/.?
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G. L. Buchanan

November 3 1975

KINGSTON STEAM PLANT ASH DISPOSAL AREA DIKE RAISING - SOIL INVESTIGATION

Borings/SS-17 through SS-24 were drilled in ash fill along the inside of

the as shown on drawing 600602. These standard penetration borings
in icatetfie1f4rlp_coare4 ash to be generally quite soft or loose with IJ

values between 0 and 4. See drawing 604K606. This ash being 4 to 24 feet

thick overlies the alluvial silt silty sand and lean clav ML SM and CL.

4-However in borings SS-22 and SS-23 the ash and original ground were separated
??d ??

by 13 to 16 feet of soil fill.

Undisturbed samples were obtained of both the fill and foundation
soilsat

xt d
borings SS-1 and SS-7 for detailed testing. As shown on the attached

Summary of Laboratory Test Data soils generally are of medium to hi?h d_ry
?-?

?den.sit
The natural naisture content mostly exceeds the plastic limit and

a sone cases approaches the liquid limit accounting for the low penetration Z

resistance.

/i ?J/. a/

iJnconsolidated-undraine tri ql compression tests disclose a wide range of

strengths wi h th ?pp?rsro?if?hers being of greater strength than the

underlying ?trei??C For those fine-grained soils with N values of 4 or

less a strength range of 2 toA degrees friction and 0.2 to 0.4 tsf cohesion

was established. Consolidated-undrained triaxial compression tests at natural

moisture content performed on foundation soils revealed medium to high strength/
with f ction angles between 19 and 33 degrees and cohesion of 0.12 to na
1.12 taf. Bacic-pressurQ saturated triaxial compression R tests performed on v? L
fill soils were of inedium shear strength. An exception is noted

in boricng US-1 at el. 739 whera 16 degrees friction and 0.14 tsf cohesion

was ob tained.

Borrow

As shown on drawing 604B603 three areas designated A B and C were explored

east of the plant. Profiles are presented on drawings 6041C607 604G608

604K609 and 604G610. Each of these areas can supply from 10 to 25 feet

of lean to fat clay CL and CII as well as a small amount of highly plastic

silt MI. Overall about two million cubic yards of suitable fill material

is available.

Laboratory corspaction testing in accordance with ASTM D698 established four

soil classes as shown belowt

Class I. representing 22 percent of the total borrow classified sandy lean

clay CL with an optimum moisture content of 19.7 percent atd a maximum

density of 104.5 pcf. The average natural anisture content of this material

was 24.6 or 4.9 percent above optiraai.
---? -

40
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G. L. Buchanan

November 3 1975

KINGSTON STEAM PLANT - ASH DISPOSAL AREA DIKE RAISING - SOIL INVESTIGATION

Class II amounting to 22 percent of the total borrow classified sandy
medium clay CH with an optimum moisture content of 21.8 percerit and a

maximum density of 101.5 pcf. The average natural moisture content of

this material was 27.5 percent or 5.7percerit_a5ove optimum.

Class III0 accounting for 27 percent of the total classified fat clay
CIi with an optimum moisture content of 25.4 percent and a maximum

density of 96.4 pcf. The average natural moisture _content of this

material was 29.1 or 3.7 ?ercent aboveoptimum.

Class IV totaling 29 percent also classified fat clay CfI with an

optimum moisture content of 29.6 percent and a maximum density of

90.4 pcf. The average natural moisture content of this material was
35.1 or 5.5 percent above optimum.

Each soil class was remolded to 95 percent of maaimum density at 3per-centabove and below optimum and subjected to triaxial compressdLon Q and

R tests. Results of these teats are presented in the attached Summary
of Laboratory Test Data - Borrow Soil Classes.

This investigation has shown the existing dike fill at Kingston Steam
Plant to consist of ash and soil which are usually of stiff to hard

consistency at the surface but are softening with increased depth. Below

a depth of 10 feet soils and ash often become soft with standardpene-trationblow counts of 4 or less. Portions of the underlying al.uvial

foundation soils are equally weak.

Sufficient quantities of impervious fill materials are availablEt. from

the three borrow areas investigated east of the plant. While theinvestiga-tionwas carried out during a very wet period it is likely boribw clays
j

will require some drying prior to placement.

The following test values based upon detailed laboratory testing are

recommended for dasign purposest

.4
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aINGSTON STEAM PLANT - ASH DISPOSAL AREA DIKH RAISING - SOILINVESTIGATION
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Soil Nat.

Elevation Symbol Moist.

/ % Sat.

Borin US-1 Surface El. 751.9

748.9-747.9 GC 14.4 72.3

745.9-743.9 CL 14.8 93.0

742.9-740.7 CL 16.3 94.5

739.9-738.7-.. GC 21.3 93.1

736.9-736.5 CL 18.5 86.3

733.9-732.7 SM-SC 22.7 95.7

732.7-731.6 CL . 90.3

730.9-7286 R riL ci60 93.4

727.9-726.2
A?

CL 18.9 91.7

41
24.9-723.3 1 GC 16.2

--Boring
US-7 Surface El. 750.7

748.7-748.0. GM 11.7--744.7-7421SM 17.7 94.3

741.7-740.1 G-SM 23.3 73.5

738.7-736.8- CL-ML 18.0 95.1

735. 7-
73.1___?

CL 19.1 89.1

726.7-724.3SM-SC 17.7 84.9

720 7-719. 9 Cl 2_4. 95.6

719.9-718.3
? SM 116 8 78.8

717.7-716.5 CL 24.3? 96.8

716.5-71.2 SM 23.2 94.4

708.7-7077 SM 17.1 90.2

50
21

KINGSTON STEAM PLANT

ASH DISPOSAL DIKE

SUMMARY OF LABORATORY TEST DATA

?Dc? ? ? iF 1? LL

Grain-Size Analysis
Gravel Sand Silt Clay

7. % % %

35
0

0

43

0

0

0

0

49

29 21 15

33 37 30

28 44 28

22 16 19

39 34 27

55 27 18

15 59 26

26_ .4L__16
18 47 35

25 15 11

Din

mm

Atterb. Limits

Liq. Plastic.

Limit Index

X G

35.8 12.8

30.3 14.5

26.0 10.1

36.7 16.4

37.4 18.2

23 9 4.7

?_30. 0 11.5

-.?16 ?_ 2.1

35.9 18.9

.004 29.8 12.1

31 15 3 .03
55_----p31 _..14
32 25 15

41 37 22

33 23

52 33 15--3344__.__?--5732 11 .00
30 1 49 21--63

I 25 12 .003
61 h 28

_ 1f .00

8-0 l

48-.- 0. 9
?

?26.8? 7.81

19.6 05
li.P. N.P. 4

Natural

Moisture Saturated

Triaxial Q Triaxial R Triaxial P

Dry Voii Vane Undisturbed ApparentEc-Dens.Ratio Shear b c c c

pcf tsf deg. tsf deg. tsf deg tsf de?. ?sf

iffl 0.550

118.5 0.423

CL16.0 0.14 31.5 D.92

113.4 0.454 CG 30.9 0.10 C L 18.0 0.99 32.0 0OV
106.1 0.631

106.2 0.576

102.8 0.640

9. 0.-5--Q.83.6%

5 34.0 0.12

114.4 0.456 0.21 ___ __ 1hL33.5 o.-5a

1073 0.549 jL 14.0 0.68 18.7 0.45

111._1 0.501

92.9 0.896

112.7 0.518

106.9 0.577

106.2 0.553

99.9 0.683

106.4 10.579

99.6 0.667

101.1 0.656

110.7 0.506

-?A 16.0 0.60

1212. 5 1.00

C L 25.0 0.25 32.0 0.012

-rr1 30.5 0.50 310 03f

0-NZ23. 0 0.85 3 40 9

C L 50 0.42 c /- 16. 6 0 38 2_ 0. 319

S 31.5 0.481

CL. 5.0 0.39 rro
CL 2.0 0.21

sm 20. 0 0. 70

SM 12.0 0.60 30.5 1.12

Ld?7 cii E.

N9t? .?C.. ?4??P/ ?dti
ld? a.?f ???. ?.?
?. ? ? fl ffec?

21.8 0.5

NP. N.P. r
44.7 16.2

1242 7.5

21.2 ? 4.3

7- 735- 734

s/?JJIr fo 7- 7Q? 9f2

?ddL ?r- e-

U?3 f L i v? ir J o ? ??

l1G? lirJ ?/l/ ?



Class

Symbol

KINGSTON STEA.?I PLANT

BORROW AREA A B C

SUMMARY OF LABORATORY TEST DATA

BORROW SOIL CLASSES

Mechanical and Hydrometer Analysis

Gravel percent

Sand percent

Silt percent

Clay percent

Attencerg Limits

Liquid limit pr.rccnt

Plastic limit percent

Plasticity index percent

Shrinkage limit percent

0

23

34

43

42.8

20.2

22.6

Standard Proctor Compaction

Optimum moisture percent 19.7

Maximum density pcf 104.5

Penetration resistance psi --

Shear Strength at 37 Above Op?imum Moisture

and at 95% of Maximumensity
Triaxial Q ? degrees 6.2

c tsf 1.12

Triaxial R degrees 18.0

c tsf 0.n

Shear Strength at 3% Below Optimum Moisture

and at 957a of Maxin?um UFnsTF3T_

Triaxial Q ? degrees 24.7

c tsf 1.80

Triaxial R v degrees 13.4
e c tsf 0.30

II III

2. 1l

IV

CH1 CH CH

0 0 0

22 18 13

26 20 14

52 62 73

58. 3 65. 5 i.
25.8 28.0 33.6

32.5 40.5 54.4

?.

21.8 25.4 29.6

101.5 96.4 90.4

8.5 8.3 6.0

1.25 0.92 1.18

13.6 15.0 14.6

0.51 0.44 0.39

27.6 17.0 16.0

1.80 2.25 1.90

16.4 20.5 12.2

0.20 Q00.1 0.37
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Moisture Content %

Soil Gravel Sand Silt Clay Specific LL P1 Optimum Maximum
Class % % % % Gravity % % Moisture % Der.sit pcf

I-CL 0 2 3 3 4 -4- 3 2.70 k 2.8 . I?.7 I G 4.

iI-CH 0 27 -o ?2 2.73 S 6.3 3c. 5 21. 8 I?I. 5

7-rH 0 1 8 20 62 2.77 08. 40. 5 25.4 96.4

ISL-CH 0 13 14 73 2.76 88. 0 S4.4 79.6
1

90.4

Plus No. 4 Specific Gravity S S D Project iC INCS TON ST?r.I P-M?-PlusNo. 4 Absorption %

Remarks Feature bOR-?--OW REaS C

ASTM Dtasignation - 6c?

-Date Tested I - 7
COViPACTION TEST FAiAiLY OF CIiRVE-S

Soil Form 14
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ienc3 ri ier Chief Construction Services Branah 305 2m-K 4
W. W. Bngle Chief Civil Engineering and Desiga Branch 401 UB-K

dune 26 1974

KI2lGSTON STM PLAIdT - ASH DI8P0.qAL ARSA DI1E RAISIM - SOILS

EXPLORAT1Qlt ATwD IESTM

We request that you arrange for the Materials I.sboretory to make2-soilexplorations and laboratory tests for the proposed raising of

the dikes around the ash disposal area. Attached .- three prints
of study drawing 1001t100 which shows the ash disposs.l area. The ?
road dike and dike C are to be raised while dike B wi13 be new
amstruction.

Road Dike and Dike C r.

The road dike and dike C existing fill and foundation are to be ? ?? ?

imrestigated by standard penetration split-spoon barings spaced

approximately 1400 feet on centers. The locations of these borings
are to be adjusted or additional borings made so the area where the

former Fwan Pond Creek channel underlies dike C wil.be explored.

ALso the borings should be about 500 feet on centers along the

southern portion of dihe C that was originally built with ash

indicated on draz4ing 103IJ10J. All borings are to extend into the

tilm foundation a minimtun depth -equal to one-half the height of the

overlyint raised dile above the original ground un.3.ess bedrock is

encountered sooner. One undisturbed boring is to be made five feet Iv ?? fl.? ?

from the split-spoon boring which penetrated the soztest dike fi11 rn C?? ?
composed of earth. Cne undisturbed boring is to be made five feet

from the split-spoon boring which penetrated the softest dike fill ?%-di04
composed of ash. Another undisturbed boring is to be made five feet

from the split-spoon boring that penetrated the softest dike

foundation material. Regarding all the undisturbed borings ifthe c ffs f?
nsoftest material is isolated at the creek crossing or elsewhere y r G a/r

r

additional undisturbed borings are also to be made to sample more

typical material. ilie softest and more typicsl are to be tested.

These undisturbed borings are to extend into the foundation to the

same elevation as the companion split-spoon borings. Undisturbed

samples are to be taben the fu11 depth of the borings.

Visual classification is required on a11 samples. Index tests are

to be made on representative split-spoon and undisturbed smaples.

Triadal couzpression Q and R tests are to be made on representative
undisturbed ssMles as follows s
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1. AU foundation borings earth. Two Q and two R tests on each

soil type at natural moisture content.

2. Existing dike fi. earth and ash. If materials are reasonably

uniform three Q tests at natural moisture content and three R

tests saturated prior to shear. If materials are variable a

m.nim% of two Q and two R tests on the major material types.

AU borings should be made at the inside shoulder of the original

dilfle. All holes c.reated by borings should be backfilled with tamped

earth.

Dike B Foundation

Dike B trill be parallel to Swan Pond Road and it wil.l be con
structed in the wet on previously deposited Fssh. Due to the above

conditionsj foundation sampling and testing would be very difficult

to pcc3rform therefore we are not requesting the foundation of dike

B to be investigated.

The dike stability will be assisted by buttressing by the existing

road till shown on 10.5N100j section E-E.

Borrow.__..

1. Earth. Approximately 45000o cubic yards of earth borrow will

be required to raise the road dike and dike C to elevation 765.

An additional 450000 cubic yards of earth borrow vill be required

to eoastruct dike B if ash of sufficient quality and quantity

is not available. Please determine if this quautity of suitable

earth borrow can be obtained Prom borrow areas located on the

Kingston Steam Plant Reservation.

The earth borrow materials are to be grouped by soil type. Each

soil type is to have routine index tests and control curves for

standard coarpaction. Each soil type is to have a minimumi of two

Q and two R tria3al shQar tests. The as molded smaplecon-ditionsshould be at or very near 95 percent m.ximum dry density

and at water contents approadmately 3 percent above and 3 percent

below optimum water content. R test specimens ahould be saturated

prior to shear.

?dhe

r
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Each ash type is to have routine index tests permeability tests
and a minimum of two Q two R and two S shear tests. The Q and

R tests are to be made using the largest trisr.ial testing machine

currently available at the Materials Laboratory. The S tests are

to be made using the largest direct shear box currently available

at the Materials Laboratory. The maximum ash particle size should

be no more than 1/6 the diameter or thickness of the shear test

specimen. All test specimens are to be saturated prior to sheart ?

These tests will provide information not only on the ash as t
borzot but alEo on the present ash foundations of the road dike

and dike C

/? -o??? ?1J? ? ?v?/ab.? f vi ? v0?D K d/? s? ?/? ?/J /? ml1b e d/- ? y?J--
i

sa.// ye AvIpz a ?? ? ar?i. ?.?q/ ?s? bo?.?o ???.??.s 1vr%??? v? v? ? ? c% //0-7
-47rG /JO LS?t n1??cf

?9?? 1?

2. Ash. If ash of sufficient quality and quantity is available

the base of dilse V will be constructed of ash and approximately

310000 cubic yards of ash borrow will be requ.ired. The borrow

areas for ash are located north of and adjacent to the north

dike and on the inside of the road dika and dike C. For the
areas inside the road dike and dike C only that ash above

elevation 746 and that ash which lies beyond the limits of the

raised dilflo foundation will be available for borroar.

The ash is to be investigated by standard penetration split-spoon

borings spaced approximately 1000 feet on centers along the road
?

dike and dike C and approximatey 400 feet on centers along the ? V
north dike. The spacings may be varied if necessary to more

adequately cover the borrow areas. These borings are to extend

to the original ground surface.

Since the ash fill base for dike B aill be placed in the vet
final in-place densities are noft uncertain. It is ussmed that

the .n fill base vill be built by end dumpinw to minir.? depth

and cutnpacting with tracked equipment. Therefore in-place density

tests are to be made on existing ash fills inside of dike C which

f? e
have been constructed with cascparable materials and by similar

placement methods. These in-place density tests should be made

in areas that have not been heavily traveled and at or below the

saturation line in the ash. Density tests should be made in several

locations to test various types of ash and can be done by undisturbed

sampling or in open excavations. Laboratory permeabil.ity and shear--y-testsare to be made on samples?remolded_ to the lowaverage densitl

determined from these existing ash ffI.s.
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EXP7ARATION AND TESTIlIG

Graphic logs of all borings are to be prepared. Ground water if

encountered is to be indicated on the logs. Grain size curves ?-
on ash are to be submitted including those on shear test specimens

that may have been altered to suit the laboratory equipment. A

brief description of the methods used to determine in-place densities

for the ash and the size of the shear testing equipment used on the

ash are to be included in the report.

Costs for this work are to be charged to DPP suborder number 82-330.

If assistance is needed at the steam plant please contact L. D. Kennedy
Assistant Superintendent at Kingston Steam Plant.

If unusual or unforeseen conditions develop please contact the Civil

Engineering and Design Branch R. J. Bowman telephone extension 2738.

The report of the soils investigation is scheduled to be completed by

January 1 1975 as outlined in the memorandum from you to Roy H. Dunham

dated March 12 1974.

Original Signed By

W. W. Engle

W. W. Lngle

JPHSSDSBLH
Attachments
CC E. R. BBrabham 611 UB-K

I. L. Burroughs 507 UB-K

R. G. Domer 104 UB-K

Roy H. Dunhem 505 UB-K

B. S. Nlontgomery 401 AB-K

H. H. Mull 707 UB-K

6/26/74--RHD PlQm

CC E. F. Thomas 716 EB-C 2
k
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