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KINGSTON STEAM PLANT

BORROW AREA A, B, C

SUMMARY OF LABORATORY TEST DATA

BORROW SOIL CLASSES

" Class
Symbol

Mechanical and Hydrometer Analysis
Gravel, percent
Sand, percent
Silt, percent
Clay, percent

Atterberg Limits
Liquid limit, percent
Plastic limit, percent
Plasticity index, percent
Shrinkage limit, percent

Standard Proctor Compaction
Optimum moisture, percent
Maximum densitv, pcf
Penetration resistance, psi

Shear Strength at 37 Above Optimum Moisture
and at 957 of Maximm Density
Triaxial Q: ¢, degrees
; c, tsf
~ Triarial R: #, degrees
¢, tsf

Shear Stremngth at 37 Below Optimum Moisture
and at 95% of Maximum Density
Triaxial Q: #, degrees
c, tsf
Triaxial R: ¢, degrees
i ¢, tsf
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Moisture Content, %

Soil [Gravei[Sand | Silt | Clay [ Specitic] LL [ PV mnmy Maximum
% M

Class % % % % | Gravity | % . %|Density, pct
T-C_ c 23 34 43 1| 2.70 dc 8 o6 1 197 104 S
LA C 22 26 52 273 |58.31325] 218 01.5
T e R-) 20 62 277 68.5140 5] 254 96.4
IV-CH o) (3 14 73 276 8801c544] 296 1. 904
Plus No. 4 Specific Gravity, $$ D Project KINGS TCN STEANM PLANT

Plus No. 4 Absorption, %

Remarks: Feature BCRROW AREAS A, B,C

ASTM Designation - ggg
Date Tested 8-21-75
COMPACTION TEST (FAMILY OF CURVES)

Sol Form 14
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G. L. Buchanan, Chief, Civil Engineering aml 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

o
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 fleld work was completed between February 18
and March 12, 1975, using a CME~-45 and a Mobile B-55 auger drill. Equal\
portions of the laboratory testing were done by Singleton Materials A¢&A;b
Engineering Laboratory and the soll 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 S5-10 consists of 8 to 26 feet of fill underlain by a
stratified alluvium. The f11ll 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 CH, and silty to clayey sand, SM and
SC. Throughout much of this fill shaly gravel is interspersed with the

fine-grained soils.
Fop 1ot foko/e 740)

Standard penetration testing indicates the surficial materials are highly

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

. f1ll-ground contact, soils are of soft consistency with N<4. The alluvium
beneath the existing dike fill classifies lean to medium clay, CL, and

silty clay and silt, ML~CL and ML, along with some silty sand, SM. These

materials are of variable consistency with significant weaknesses established

in borings SS-1, SS-4, 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 over this

portion of the dike.

i3 08 it NWirdd Lica, 155 ;—pr.n.".“-:,'7
In the area between borings SS-11 and 88~16, #{1} consists almost entirely '

of ash of silt to silty sand giza. This ash is very dense at the surface

to a depth of 5 €6 8 feet. Below this depth its xedatiwy density decreases
progressively. Below el. 740, the ash 1s very soft with N valuecs consistently

less than 4 and is underlain by alluvial lean clay, CL, and silty sand, SM." )

The water table varied beﬁzeen el. 749 and el, 156 jtu-thiv-powsbonof T’/ J
Neddhay, @/ Ao p 0737 L “ry

/[ 0//5/4 /7/,/

Ahar Wi

/,_Ic;"f//‘/"l!/ 4
>
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G. L. Buchanan
Novewber 3, 1975

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

XUy Diks C gng RPoaed Lide
Borings !58—17 through SS-24 were drilled in ash f1ll along the inside of
the as shown on drawing 6048602, These standard penctration borings

N?. —indicate the fairly coarsé ash to be generally quite soft or loose with N

Oy 08
S Pne T
6"/4‘

Ry 8.

values between 0 and 4. See drawing 604K606. This ash, being 4 to 24 feet
thick, overlies the alluvial silt, silty sand, and lean clay, ML, SM, and CL.
However, in borings SS-22 and SS-23, the ash and original ground were separated
by 13 to 16 feet of soil fill. Sr vt/sd vy aser Jn Fri oy S ash. A
' of PDive & ong
Undisturbed samples were obtained of both the fill and foundation soils 8t Krvo i
borings SS-1 and SS~7 for detailed testing. As shown on the attached

. "Sunmary of Laboratory Test Data" soils generally are of medium to high dry <+

density. The natural moisture content mostly exceeds the plastic limit, and
n some cases, approaches the liquid limit, accounting for the low penetration 7
resistance. ’
Nodsndld pigigris &
Unconsolidated~undrained triaxial compression tests disclose a wide range of
strengths w‘iéh the uppét soil hﬁ/ers being of greater strength than the [
undarlying féﬂgigf" For those fine-grained soils with N values of 4 or B
less, a strength range of 2 to/é degrees friction and 0.2 to 0.4 tsf cohesion L
was established. Consolidated“undrained triaxial compression tests at natural
moisture content performed on foundation soils revealed medium to high strengﬂj v '
with friction angles between 19 and 33 degrees and cohesion of 0,12 to A po rne
1,12 taf. Back-pressure saturated triaxial compression R tests performed on vie . o
fill soils were of medium shear strength. An exception is noted g
in boring US-1 at el. 739 where 16 degrees friction and 0.14 tsf cohesion
was obtained. :

)

Borrow

As shown on drawing 604B603, three areas designated A, B, and C were explored
east of the plant. Profiles are presented on drawings 604K607, 604G603,
604K609, and 604G610., Each of these areas can supply from 10 to 25 feet

of lean to fat clay, CL and CH, as well as a small amount of highly plastic
silt, Ml., Overall, about two million cubic yards of suitable fill material
is available,

Laboratory compaction testing, in accordance with ASTM D698, established four
soil classes as shown below:

Class I, representing 22 percent of the total borrow, classified sandy lean
clay, CL, with an optimum moisture content of 19,7 percent md a maximum
density of 104.5 pcf. The average natural moisture content of this material
was 24.6 or 4.9 percent above optimm.

TVA-00000921
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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 percent and a

maximum density of 101.5 pcf. The average natural moisture content of
this material was 27.5 percent or 5.7 )ercent —above e_op timum,

Class III, accounting for 27 percent of the total classified fat clay,
CH, 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 percent above optimum.

Class IV, totaling 29 percentd, also classified fat clay, CH, 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 maximum density at 3 per-
cent above and below optimum and subjected to triaxial compression Q and
R tests. Resgults of thase teasts are presented in the attached 'Summary Ly d
of Laboratory Test Data — Borrow Soil Classes."

>

Summary

This investigation has shown the existing dike £f11l at Kingston Steam
Plant to consist of ash and soil which are usually of stiff to hard
congistency at the surface but are softening with increased depth. Below
a depth of 10 feet, soils and ash often become soft with standard pene-
tration blow counts of 4 or less. Portions of the underlying alluvial
foundation soils are equally weak.,

Sufficient quantities of impervious fill materials are available = from

the three borrow areas investigated east of the plant. While the investiga-
tion was carried out during a very wet period, it is likely borrow clays ;.
will require some drying prior to placement,

The following test values, based upon detailed laboratory testing are
racommended for design purposes

TVA-00000922
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® 39
NN KINGSTON STEAM PLANT
\y
=X § ASH DISPOSAL DIKE
\\ \ TN
Y9 SUMMARY OF LABORATORY TEST DATA Y
RN :\\ - Y ‘"\‘Q\ Q\\
3\*\\‘ Forse s ol s N ;
;\‘Qi Natural “ S—,,\%r
~ 8 Moisture Saturated Y/
\ Atterb. Limits Triaxial Q Triaxial R Triaxial 2 -~
Soil Nat. Std. Grain-Size Analysis Lig. Plastic. Dry Void Vane Undisturbed Apparent Effec
Elevation  Symbol Moist. Penety. Gravel Sand Silt Clay _Djp_ Limit _Index Dens. Ratio Shear 6 c ¢ c é c ¢ _C
% % Sat. | % % % % mm z % pef tsf deg. tsf deg. tsf deg. tsf deg. tsf
Boring US-1, Surface E1. 751.9 . _
748.9-747.9 GC 14.4 72.3 29 | 35 29 21 15 -- 35.8 12.8 |T11.2} 0.550 £L 25.0 0.25 32.0 0.00
745.9-743.9 CL 14.8 93.0 16 | 0 33 37 30 -- 30.3 14.5 118.5{ 0.423
742.9-740.7 CL 16.3 94.5 ‘,12/* 0 28 44 28 - 26.0 10.1  113.4) 0.454 (L 30,9 0.10 L 18.0 0.99 32.0 0.00
739.9-738.7>., GC 21.3 93.1 7 43 22 16 19 -- 36.7 16.4 106.1 0.631 €L16.0 0.14 31.5 b.D2
736.9-736.5. 2 CL 18.5 86.3 (3) 0 39 34 27 -- 37.4 18.2 106.2 0.576
733.9-732.7 ~J SM-SC  22.7  95.7 |4 0 55 27 18 -- 23.9 4.7 102.8 0.640 » S 34.0 0.12
732.7-731.6 & CL 28.% 90.3 4 0 15 59 26 -- ?QLO% 11.5  90.5_ 0.836> 447
730.9-728,6_ y ML (16.0) 93.4 3. 9 28 471 16 _--_ (168 = 2.1 114.4 0.456 0.21 .. #£33.,5 0.50
727.9-726.2 - CL 18.9 91.7 12 0 18 47 35 -- 35.9 18.9 107.3 0.549 £L14.0 0.68 18.7 0.45
24.9-723.3%:  GC 16.2  -- 29 49 25 15 11  .0042 29.8 12.1 -- --
Boring US-7, Surface El. 750.7
748.7-748.0. GM 11.7 -- 50+ 51 31 15 3 .033 21.8 0.5 --
764, 7-742.3 SM 17.7 4.3 21 0 55 ,#31 14 -- N,P. N.P. ~» 111.1° 0.501 5M16.0  0.60 Z2/.30.5 0.50 31.0 0.3f
741.7-740.1}. G-SM 23.3  73.5 7 28 32 . 25 15 -- 4.7 16.2 92.9 0.896 £M12.5 1.00 T
738.7-736.83 |CL-ML 18.0  95.1 {4 0 41 | 37 22 -- 2.7 5.4 1127 0.518 cL-mi23.0 0.85 32.¢4 .07
_735.7-734.1_¥% CL 19.1 89.1 '3 0 G4 . 33 ™23  -- (24,2 7.5. 106.9 0.577 £Ls5,0 042 . €L16.6 0.38 2:.° 0.39
726.7-724.3 (TSM-SC 17.7  84.9 2i 0 52 33 | 15 -- 21.2 C4.3‘ 106.2 0.553 $31.5 0.48] KV cerer R
720,7-719.9%° CL 24,3, 95.6 2 0 33 4k LT - 25.6 8.-0} 99.9 % 0.683 (L.5.0 0.39 Y iniilie ro T 735734
719.9-718.3> SM ‘16.87 78.8 2 0 57 | 32 11 003  18.5 0.9( 106.4 |0.579 , -
717.7-716.5 CL 24.3 96.8 1 0 30 | 49 21 -- 726.8) 7.8 99.64(0.667 c¢ 2,0 0,21 W 2 e g e MOT vty
716.5-715.2 sM 23.2 9.4 1. 0 63 l 25 12 .0036 19.6 0.5/ 101.1 |0.656 $m20.0 0,70 | #ud z0 00450
708.7-707.7 sM 17.1  90.2 \S 1 0 61 '»28 1D .004  §.P.  N.P,be 110.770.506 $M12.0  0.60 30.5 1.12 sumwifsr Fo 7-74¢- 742
“.n\i‘;‘\' LA S se. It s mErL
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KINGSTON STEAM PLANT

BORROW AREA A, B, C

SUMMARY OF LALORATORY TEST DATA

BORROW SOIL CLASSES

Class I IT I1T iv
) (/‘,.'",,', L ppe s 22 %o 724 27 S
Symbol ¢ CH, < CH CH
S~ e T A d b T S 4./
Mechanical and Hydrometer Analysis o ’ ' o
Gravel, percent 0 0 0] 0
Sand, percent 23 22 18 13
Silt, percent 34 26 20 14
Clay, percent 43 52 62 73
Atterberg Timits
Liquid limit, perecent 42.8 58.3 68.5 858.0
Plastic limit, percent 20.2 25.8 28.0 33.6
Plasticity index, percent 22.6 32.5 40.5 54.4
Shrinkage limit, percent - -—- -- --
Standard Proctor Compaction WA e oyt 4 37 27 &5
Optimum moisture, percent 19. 21.8 25.4 29.6
Maximum density, pcf 104.5 101.5 96.4 90.4
Penetration resistance, psi - ~-- -- --
Shear Strength at 3% Above Optimum Moisture
and at 95% of Maximum Density
Triaxial Q: ¢, degrees 6.2 8.5 8.3 6.0
¢, tsf 1.12 1.25 0.92 1.18
Triaxial R: ¢, degrees 18.0 13.6 15.0 14.6
Twgrse 7o, tsf 0.3 0.51 0.44 0.39
Shear Strength at 37 Below Optimum Moisture
and at 95% of Maximum Density
Triaxial Q: ¢, degrees 24.7 27.6 17.0 16.0
c, tsf 1.80 1.80 2.25 1.90
Triaxial R: o, degrees 13.4 16.4 20.5 12.2
saiuriz e ¢, tsf 0.30 0.20 070007 0.37

] A
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10 15 20 2 30 35 40
Moisture Content, %

Soil | Gravel| Sand Silt Clay | Specific LL Pi Optimum | Maximum
Class % % % % Gravity % % |Moisture, %|Density, pcf
I-CL 0 23 34 43 2. 70 o8 12779 1S.7 IC4. 5
1=CH O 22 26 5z 2.73 55 2 |32 5 2.8 Cl. 5
T—CH 0 | 8 20 62 277 8 5 140. 5] 254 56.4
IV -CH 0 13 14 73 2.76 £E.C|l 544 296 cL4
Plus No. 4 Specific Gravity, SSD Project KINGS TON STE L PLANT
Plus No. 4 Absorption, %
Remarks: Feature BORSOW AREAS A &,C

ASTM Designation ;- g¢
Date Tested 8-21-72
COMPACTION TEST (FAMILY OF CURVZS)

[e ¢

Soili Form 14
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Gena F: - wer, Chief, Construction Services Branch, 305 NB-K (4)
W. W. Engle, Chief, Civil Engineering and Design Branch, L0l UB-K
- June 26, 197k o

KINGSTON STEAM PLANT - ASH DISPOSAL AREA DIKE RAISINIG - SOILS
EXPLORATION AND TESTING

We request that you arrange for the Materials Laboratory to make
soll exploraticns and laboratory tests for the proposed raising of
the dikes sround the ash disposal area. Attached are three prints
of study drawing 10GIN100 which shows the ash disposal area. The
road dike and dike "C" are to be raised while dike "B" will be new
construction,

P .- ”

“Road Dike and Dike nen Pl $E07

The road dike and dike "C" existing £111 and foundation are to be
investigated by standerd penetration split-spoon borings spaced
approximately 1000 feet on centers., The locations of these borings
are to be adjusted or additional borings made so the area where the
former Swan Pond Creek channel underlies dike "C" will be explored.
Aiso, the borings should be sbout 500 feet on centers along the
gouthern portion of dike "C" that was originally built with ash
(indicated on drawing 10SN100). All borings are to extend into the
dike foundation a minimum depth-equal to one~half the height of the
overlying raised dike sbove the original ground, unless bedrock is
encountered sooner. One undisturbed boring is to e made five feet

from the split-spoon boring which penetrated the "sof'test" dike £ill

composed of earth, Cne undisturved boring is to be nade five feet

from the split-spoon boring which penetrated the "softest” dike fill
composed of esh. 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, if the
"softest' material is isolated, at the creek crossing or elsevhere,
additional undisturbed borings are also to be made to sample more
typicel material., fThe "softest" and more typicel are to be tested,
These undisturbed borings are to extend into the foundation to the
seme elevation a8 the companion split-spoon borings. Uandisturbed
sarples are to be taken the full depth of the borings.

Visual classification is required on all serples, Incex tests are
to be made on representative split-spoon and undisturbed samples.
Triexial compression Q and R tests are to be made om repregentative
undisturbed semples es followss
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" Dike "B" will be parallel to Swan Pond Road, and it will be come

Sre ’éﬂ/) 2

2

gene Farmer
June 26, 1974

KINGSTON STEAM PLANT « ASH DISPOSAL AREA DIKE RAISING -« SOILS
EXPLORATION AND TESTING

1., All foundation borings (ea.fth). T™wo Q and two R tests on each Dornée.
goil type at natural molisture content,

2., Existing dike £il11 (earth and ash)., If materials are reasonadly _/J,, ¢,
uniform, three Q tests at natural moisture content and three R- / Ther e Wiz
tests saturated prior to shear, If materials are variable, a }1 v s4an S o
minimum of two Q and two R tests on the major material types. ”w/)v
/

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

dike, All holes created by borings should be backfilled with tamped

earth, v

Dike "B" Foundation 3

gtructed in the wet on previously deposited ash, Due to the sabove

conditions, foundation sampling and testing would be very difficult :
to performj therefore, we are not requesting the foundation of dike v ¥
¥BY to be investigated,

The dike stebility will be assisted by buttressing by the existing
road £ill shown on 1O0SN100, section E<E.

Borrow

1. Earth, Approximately 450,000 cubic yards of earth borrow will -
be required to raise the road dike and dike "C" to elevation 765, ~ ‘7
An additicmal 450,000 cubic yards of earth borrow will be required ~ 7' -
to construct dike "B" 4if ash of sufficient quality and quantity A

——

7 | 48 not available., Please determine if this quantity of sultable - ;ﬁ&jzé
earth borrow can be cbtained from borrow areas located on the s .
Kingston Steam Flant Reservation.

The earth borrow materials are to be grouped by soil type., Each '
goil type is to have routine index tests and control curves for
standard compaction., Each soil type is to have a minimm of two Dene

Q and two R triaxial shoar tests, The "es molded" sample con-
ditions should be at or very near 95 percent moximum dry density -
and at wvater contents approximately 3 percent sbove and 3 percent
below optimm water content. R test specimens ghould be saturated
prior to shear, '

TVA-00000937



CGene Farmer
June 26, 197k

. KINGSTON STEAM PLANT - ASH DISPOSAL AREA DIKE RAISING - SOIILS
EXPLORATION AND TESTIIG

2. Ash, If ash of sufficient quality end quentity is available,

the bagse of dike "B" will be constructed of ash, and epproximately

310,000 cubic yards of ash borrow will be required. The borrow

arans for ash are located north of and adjacent to the north
d4ke and on the inside of the road dike and dike "c," For the .
arecas inside the road dike end dike "C;' only that ash ebove
elevation 746 and that ash which lies beyond the limits of the
raised dike foundation will be &vailable for borrow,

the ash is to be investigated by standard penetration sﬁlit-spoon | 1000 dore
v borings spaced approximately 1000 feet on centers along the road ' /’ N,
dike and dike "C" ond epproximately LOO feet on centers along the | Lvol@rnd

north dike. The spacings may be varied if necessary to more
edequately cover the borrow areas. These borings are to extend
to the original ground surface,

Bince the ash £ill base for dike "B" will be placed in the wet,
£inal in-place densities are now uncertain. It i8 assumed that

the ah £ill base will be built by end duping to minirum depth

}fﬂ/]d

-——y

. L ond cumpacting with tracked equipment, Therefore, in-place density | A%/ t/ns

tests are to be made on existing ash f£ills inside of dike "C" which

have been constructed with comparsble materials and by similar
placement methods. These in-place density tests should be made

i /v PILL e
} 2 //

L Tee ¥

in ereas 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.
" gempling or in open excavations. Leboratory permeability and shear

tests are to be made on samples :remolded to the low average density’

‘determined from these existing esh £i118,

t’

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

R tests are to be made using the largest triaxial testing machine :
currently availsble at the Materials Laboratory. The § tests are i
t0 be made using the largest direct shear box currently availeble ;
at the Materials Laboratory. The maximum ash particle size should

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

V
'

specimen., All test specimens are to be saturated prior to shear, _J

These tests will provide information not only on the ash as

Tk

borrow, but also cn the present esh foundations of the road diks :
end dike "C" ralsing/y /e fhe presanst Sk es. (dwsity, g sup, perm)
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Gene Fermer
June 26, 1974

KINGSTON STEAM PLANT - ASH DISPOSAL AREA DIKE RAISIIG - SOILS
EXPLORATION AND TESTING

-

Graphic logs of all borings ‘are to be prepored. Ground water, if

encountered, is to be indicated on the logs. Grain size curves v
on ash are to be submitted, including those on shear test specimens pr 10T
that may have been nltered to suit the leboratory equipment. A Mo 24
brief description of the methods used to deterrmine in-place densities L

]

\4\

/_,

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 neceded at the steam plant, please contact L. B, Kennedy,
Assistant Superintendent at Kingston Steam Plant,

If unususl or unforeseen conditions develop, please contect 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, 197k,

/Q//y/’/ 14
. Original Signed By /i/ft//// /73
B ¥. ¥W. Engle ,D-’/;,‘_f/(/, /y‘r
T We W, Engle #rre ////?//{/’7/( Lo
NP wor~. -
JPHS :SDS :BLH :
Attachments = .
CC: E. R. Brobham, 611 UB-K
* Xo L. Burroughs, 507 UB-K N
Re G Domer, 10)4 UB=K "
Roy H. Dunhem, 505 UB=K
B. 5, Montgomery, 4Ol ABeK :
H, H. Mlll, 707 UB=K *
6/26 /74=~RHD : FKM . \
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