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PRELIIIINARY GEOLOGIC INVESTIGATIOKS
FOR THE JOWN SEVIER STEALl PLANT

John e Kellberg
Charles Ps Benziger

INTRODUCTION

Location and Scope of the Investigation

Preliminary geologic investigations for a steam plant site near

. the head of the Cherokee Reservoir were carried on during April and Imy of

1652, The site examined occupies the left bank of the Holston River from
sile 106.1 to mile 106olie Sixty exploratory holss totaling 2378.8 linear
feet were drilled on a 100-foot grid extending for 1600 feet along raﬁges
roughly parallel to the river and 1200 feet back from the benk of the river
along sectionss Of this drilling 121&.5 linear feet were in overburden and

116L,3 linear feet were in rock (exhibit 1).

Genoeral Physiography

7/ The John Sevier site is located in the Valley and Ridge Province
of the Appalachian Highlands. This province extends from New York to
Alabvama snd varies in width from 20 to 75 miles. It is.bounded on the
cast by the steep slopes of the Blue Ridge front and on the wgst by the
aﬁfupt escarpment of the Cumberland Plateau. . The Appalachian Valley sub-
region, confined largely to East Tennessee, but occupying small portions
of Alabama and Virginie, extends northeastward across the Tennessee Basin.

It has an area of slightly more than 11,000 square miles.




{Physiographically, this sub-region is characterized by long narrow ridges

end somewhat broader intervening valleys with a northeast-southwest trend.

The ridges are roughly parallel and fairly even topped. They are held up

by the resistent sandstones and the less soluble limestones and dolomites.

The valleys are excavated on the easily weathered shales and the more solu~

ble limestones.

bemmaed

i

.The elevation of‘the ridge summits and valley floors decrease pro-
gressively from the mnortheast to the southwest. In the extreme northeastern
portion of the_region the velleys are narrow and gorge-like, ranging in ele-
vation from 2000 to 2500 feet in the valley floors ﬁp %o bOOO‘to 1,500 feét
for the symmits of the ridges. In the vicinity of the John Sevier site the
Holston River flows at an elevation of approximately 1070 feet, while the
tributary valleys range in elevation from 1120 to 1200 feet. Comparative

elevations become progressively lower to the southwest.

General Geology

The Appalachian Valley is a region of highly deformed but unmeta-
morphosed sedimemtary rocks of Paleozoic age. The rocks consist mostly of
limestones, dolomites, and celcareous shales, but arenaceous and argillaceous
shales and sandstones are present. They renge in age from earliest'Cambrian

to Pennsylvenien, but Cambrien end Ordovician rocks are by far the most

abﬁndunt.

The various formations in the valley outcrop at the surfece in
relatively narrow, linear belts of northeast-southwest trend, each formation
beinz repeated at the surface several times from the southeast to the north-

west., This outcroo pattern is the result of the folding and faulting of




originally nearly horizontal strata followed by erosion of the upper por-

tions of the resulting structures. Apparently the strata were folded and
faulted by compressive forces acting from the soutﬂeast. Individuel folds
w;rc éompressed tightly, then overéu;ﬁed td the northwest and finally broken
by faults along their axial planes. The structure of the wvalley, therefore,
is characterized very largely by a series of overlapping linear fault blocks
which dib to the southeast. The topographic expression of the structural
phenomena is very marked, and any'deQiation from it is a clue to variations
in the geologié'structure or the formational sequence.

Joints are ébundéntly developed in the rocks of the valley. These
minor structures are controlled by the major systems of faulting and folding,

but they occur in sets and systems, and may be classified generally as strike

joints, dip joints, and oblique joints.

DETAIIED GZOLOGY

Site Topocraphy and Detailed Physiography

The Jjohn Sevier site is located on the left bank of Cherokes Reser-
voir, approximately five miles below its head, at river mile 106:2. The area
for the plant occupies the floodplain and adjacent terrace formed by the
present and past channels of the Hols%on Rivers. The floodplain, composed .
predominantly of river alluvium,.extends the whole lené%h of the site parallel
to the river and averages 800 feet in widthe. It has an average elevation of
1080, Immediately to the southeest of the floodplain an old river terrace

rises to an average elevation of 1100 feet and extends for an average width
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of 2000 feet southeastward to the base of a ridge of low hills. The old .

terrace is presently being dissected by tributary streams, but the river

edge is a fairly abrupt slope.

Straetigraphy

Three geologic formations are present at or near the surféce at
the site. These consist of recent deposits of river alluvium; older terrace
dééosifs; énd tﬁe bedrock formation, the Athens shale. To the northwest the
Athens is underlain by the Knox group, whiié to the southeast 1t is overlain
by the Sevie£ formatione. _Thg Knox~group and the Sejier formation are not
involved in the foundati&n of the plant aﬁd will not‘be described. The throe

formations found at the site are described in detail.

Alluvium and Terrace--The entire site is covered with a mantle of
alluvial and terrace deposits. These.Aeposits vary in thiclmess from nothing
in beds of several small creeks wﬁere bedrock is exposed, to a maximum of 31
feet encountered in several of the exploratory drill holes. The aver;ge depth
a§jde§ermined by the exploratory drilling is 20.2 feet.

The elluvium is composed predominantly of brown, slightly sandy

5§gﬁfgéagﬁiy 800 feet southeast of the present river channel. These

deposits consist of light tan clayey silt thoughout which are scattered
-pebbles and cobbles ranging in size up to a maximum of six inches. In

both the alluvium and terrace there is & marked léck of coarse sand and




small pebbles, the minimum size of the pebbles seen being in the neighbor-

hood of one inch.

Athens Shale--The bedrock at the site is the Athens shale of Ordo-

viéiaﬂ agee In this area the Athens consists of a dark gray to black, slightly
calcareous shale, with thin inbterbeds of limestone ranging from three or four
inches in thiclmess to less then aAtenth of an inch thick. Unidentified
graptolites were seen on some of the bedding planes in the shale, while some

of the limestone beds contain brechiopods and ostracods. There is a slight
developmant of pyrite along some of the bedding planes and joints.

Two variations from the normal lithology were encountered in a few
of the exploratory holes. One phase consisted of black, massive shale con~
taining tabular, rounded limestone nodules up' to four inches in their meximum
dimension., The other phase i1s made up of braccia—like, angular limestone
frapments in a shale matrix. The present drilling program was not cerried
on in sufficient detail to prove whether or not these two differeﬁt rock
types would serve as key horizons which would be useable in determining the

detailed geologic structure,

Structurs

The belt of outerop of fhe Athens shale on which the steam plant
will be located extends in width from the right bank of the Holston Rivér
southeastward well beyond the limits of the general site aresa. In_length,
tﬂe formation exéends for severai miles both to tﬁe northeast and the 'south=
west parallel to the axis of the Valley of East Tennessec.

The attitude of the bedrock varies from place to place over the




site. In general, the strike is northeast-southwest and the dip is to the

southeest. However, there is evidence of much minor folding and some fault-

igg,_.ln the present drilling progran the exploratory holes were not spaced
on close enough centers to develop all the structural details knovm to be
present. It is expected that the geologic structure exposed in comstruction
excavations will be very similar to that exposed in the foundations at the
Kingston Steam Plant consisting of meny swmall, tightly folded, steeply pitche=
ing anticlines and syneclines. Such folds ha&e 1i£tle influence on the bearing
strength of the rock.

In some of the drill cores smell feults were noticed intersecting
the bedding at various angles. These faults are the result.of shearing along
the limbs of the small folds during periods of regional deformation. These
faults and shears are all ancient structures and have been recemented with

calcite until they are as strong as the surroundinz rcck. There is no reason

to anticipate futher movement along any of these structures.

Foundation Conditions

Vhen exposed, the Athens shale weathers rabidly, due in large part
to the effects of alterﬁating oycles_bfifree;igg‘and thawing. As a result,
surface outcrops ars foand only in cbméaratiyely recéﬁé>road cuts eand in the
beds of stfeams. The.shale vortion breaks down into thin, buff-colored,
platy chips, whiic the more resistant limestone beds are less affected.
liowever, wvhen the surface is protected, as at the John Sevier §ite, by &
mantle or-terrace and alluvial deposits, the shale is not subjected to the

intermittent frost action and, therefore, is not weathered to any great extent.




It is believed that during the drilling operations the fishtail

bit, in most holes, penetrated a foot or slightly more of weathered shele
before encountering material too hard to be drilled in this menner. In
tﬂe géologic sections (exhibits 2;3;&, and 5) this;weatheréd material is
lunped in with the overbﬁrden. In normal construction procedures this
weatherad shale could be removed by pans in the same manner as the over-.
lying material. |

The results of the exploratory drilling show that, in general,
the rock éurfaqérfollows the corntours of the land, Under the floodplain,
from Ranges N northward %o Range G (see exhibit 1) the top of bedrock has
an average elevation of/EBZl;( xhibits 2;5,&; end 5). Under the higher
topozraphic bench southward from Range N to Range T the top of bedrock

There is a slight tendency for the

hes an average elevation of”107L.5

rock surface to become lower towards Range T as the surfacg drops into
the valley of the small spring branch in this vicini%*.

In ofder to check the character of the rock su;face underlying
the topozraphic break along the front edge of the river terrace several
supplemental fishtail holes were drilled to the top of rock on Sec¢tion
32+00 Letween Ranges ﬁ and 0 (exhibit 2). These holes showed that the
sloge of the bedrock surface had the éamé general configuration as did
the ground surfaces.

Very little evidence of serious weathering was apparent in eny
of the drill cores., In a few instances some of the‘thiﬁ limestone inter-:

beds within a foobt or two of the top of rock had been dissolved and were

o~

. o g e L
represented by small clay fillsd cavities, but, Zn¥general; évidences of.

yweathering-weére limited foraifew rustiy.beds and “joints oceuring i
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t"fow feet of.the oors. The top of rock as shown on the accompanying exhibits

2, 3, L, amd 5 will correspond very closely to the top of sound rock suitable

for foundation purposes.

Physical Character of the Rocks

No compressive streagth determinations hﬁfe been made on rock
sanmples takén from this site. However, when fresh and unweathered, all the
bedréck naterial is capable of supporting any of .the intended loads. One
precaution will have to be taken inrfoundation preparation. The Athens
shele will tend to disintsgrate upon prolonged exposurs to air;ctherefore,
either the final cleanup should be made immediately prior to the péuring
of' concrete, or the.cleaned area should be protected by a thin coating of
grout as was done at the Kingston Steam Plant to prevent undue slaling orf

the shale.

Constructions Materials

o spécific search was made at this time for supplies of suitable
construction materials for the project. There-are, however, areas in the
Knox outcrop belt on the north side of the Holston River which would pro=
vide adequate quarry sités'both as to guantity and quality of materials
availeble. The rock formetions oﬁ the south side of the river comsist
mostly of interbedded shales, siltstones, and thin sandstones which would
not provide'&ggregate of suitable quelity.

The alluvial and terrace meterials should be subjected to labora-
tory tests to prove whether or not they would be suitesble for rolled fille.

From sﬁ%ficial appearance it seems possible that there might not be sufrfi-

cient clay in them to give the desired compaction.




CONCLUSIONS

The exploratory drilling progrem over a relatively large area at
the John Sevier Steam Plent site has resulted in the delineation of an area
of suitabie size for. the plant structures that appears to be'free from serious
foundation defects. The overburden is comparatively tight and serious 1§ak—
age through it is nof exéected.

Further invest;gations will have to be made to locate possible

sources of construction materials.
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SERALS U RY.OF , CORE DRILL_ING ’
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ELEVATION
BOTTOM Of B80TTOM
I AU
YEATHCRIKG HOLE
G- %00 1070.2 1050, 1 1055.0 1045.7
G- 30w 1079.0 1058.6 1058.6 1048.L
G- 2 10,6 1057.8 10578 1047.8 .
G- Mt 1080.5 1057.5 1057.5 1045.5
J- e 1080 10,3 1060.3 loL8.¢
J= 10 kL6 1057.1 1056.6 10L6.6
J= 3200 1005,0 1061,7 1058.5 1061.7
d= 3400 1o, ) 1617 1061.,7 1050.¢
L- 26400 10841 1060, 4 1060, L 1049.1
L= 2500 108,09 1061.6 101, 6 1u29.9
L= 3 1kl 6 1043.0 1063.0 1052.9 =
1~ 32100 1043.9 10614 10641 1039.6 7+
L= Jhewo 2,7 1062,9 10629 1052.1
- 3000 1083.3 1061.8 1060, 2 10X.7
L= 0400 10638 106).8 1052.4
- howo 1091.0 1065.,2 1065.2 105k.6
L- 1200 1047.4 1070.0 1065,2 1059. 3
- 2600 1086, 4 106k, 16562.1 1053.9
N- 28.00 1045.1 1061.) 10641 1028.L
He  304CO 1003.4 1W061.1 1061.1 1050.8 .
- 32.00 108h.2 . 1043.0 1003.0 1017.2
- M 104kl 1005.2 1065.2 1055, 8
B e | 1095.9 1073.1 1073.2 1029.9
¥- 00 2008.6 1073.6 107).0 1062,9
- h0OQ 1019.9 LD 1073.0 10631
#- W00 1049.3 173.8 1073.8 1062.9
1.20-32:00 | 1085.0 5.0 |20, 0 1055.0
1. 0-32 .00 1086.5 1065.8 1065.8
Hee0=321CQ 1088.< 1070.0 | %26-7_ 1070.0
HiE0= 32000 1092.0 10768.2 18,y 1078.2
LR
0- 280 muJ 9 10637 Il.,,;_ 1063.7
U= 300 w53 1065.2 a0 1065, 2
o 3200 10"5 by 1040.0 1501 1040.0
0-  U0O 101.5 1070.5 Filee 1070.5
0 3500 1098.L 1040.2 7.2 1080, 2
o~  18+00 10948 1073.5 203 1073.5
0~ L0+00 1093.0 1Wk.5 (AR 1074, 5
0-  L2+0D 1092.2 107%.6 1y 1075.6
P- 26400 2.7 106k .3 1062.7 1052,7
P-  28+00 1065.3 1071.3 1071.3 1032,0
P~ 30400 1094 .8 1073.8 1073.8 1029.9
P~ 32+00 1103.? 1078.2 1078.2 10)2.8
P~ 34+00 1103.1 1080.4 75,0 10308
Fe 36400 2105.6 1082.6 1002.6 1030,1
p-  38+00 1106.2 1o¥2.3 15,7 iu28,7
P~ L0+ 18,2 106k, 2 1084.2 1029,kL
P-  h2+C0 1097.8 108L.k 1081k 1028.4
R-  28.00 1083.7 1072.1 1072.1 1027.L
R~ 30+C0 1086.3 1072.5 1072.% 1052.0 -
R-  )2+00 1091.5 1072.0 1072.0 1026.5 4
R- 300 1101.0 1079.7 1079.7 1061.5
R-  356+00 110k.6 1073.6 1066.1 1028.0
R-  33:00 1103.0 1079.5 1076.8 1069.3
R-  Lko-00 | 110h.1 1076.2 1076.2 1066.0
- L2:00 1100.9 1069.9 1069.9 1059.6
T- 28.00 1083.1 1076.6 1076.6 1000.1
T-  30.00 1084.3 1070.0 1070.0 1059.)
T~ 3700 1658.1 1069.1 1069.1 1037.8
T- W00 10%6.3 1073.1 1073.1 1054.)
T- 300" 1co.6 . 1080.7 1060.7 1029.0
NOTES: .
Epograpﬁy by planc 1adle. Contour inlerval 5 feef
Half interval conlours shown by dashed lines.
For qeo/ay/c Jec//on.f Secc dramings 4rce-1- 822K /146
thrv 1149,
SYMBOLS:
O Vloles drilled fo fop of rock
® }olcs Jrilled info rock
Scale 100 0 100 200 300Feet
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FOUNDATION EXPLORATION

OF CORE DRILLING

LOCATION AND SUMMARY
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" Tennessee Valley Authority

MONITORING WELL W-5

WELL CONSTRUCTION DETAIL
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Auger refusal

PROJECT __John Sevier Steam Plant

DRILLING COMPANY

' LOCATION __John Sevier

DATE DRILLED __November 20, 1986

DRILL RIG __Holow Stem Auger

SURFACE ELEVATION _113.4

feet-msl

LOGGER/ENGINEER

T.0.C. ELEVATION __feet-ms

WATER LEVEL (INITIAL)

18.4 feet

WATER LEVEL (24-HOUR)




