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INTRODUCTION

1. At the request of the Atcmic Energy Commissior, the Corps of
Engineers conducted geologic investigations at the proposed location cf
waste dispcsal facilities. The general geology of the area was studied
"and eight "NX" size core torings were drilled. This report presents the
results of the geclogic investigation and an interpretaticn of the engin-
eering significance of the geologic features.

GEN:RALchOLOGY

'REGIONAL GEDLOGY:

». " 2, The Osk Ridge area is located in the Great Valley of East Ten-
_nessee. The topography of the region is characterized by a series of

‘parallel ridges end valleys whizh have a ncrtheast-southwest trend. Bed--

““rocks cover a wide range of geolcgic age and consist predominantly of
.shales 2nd limestones. All rocks in the region have been subjected to

great lateral pressures, which resulted in ccrp11cated folding and fault-
ing of tne formations.; .

3. With the exception of alluviel deposits along the flooi-piains
of streams, the soils of the reglon are residual. " The residual weathering

" of shale is mainly a chemical process of deconmposition. The resulting
. 80il1s are generally lean clays. There is a gradual transition fron the

surface clay downward through a gzone of rotten rock, woathered rock, &nd .

_finally the fresh shale. With this in-place weathering process, the sur-
face clays retain much of the original structure of the shale. The weath- <

ering of limestone is mainly a process of solution. The calciun-carbcnate
is tasken into solution by percolating ground water, and is completely re-
moved. The argillaccous impurities in the limestone are left tehind to
form & fat clay with little or no structure retairned from the criginral rock.
Over long periods of geologic time, the areas underlzin by relatively pure
lincstone beccme voslleys, whereas the shales and sandy fermaticn forn '
ridges. The transiticnal character of the residuum of snales is lack: ng
in limcstona oross where there ic a sharp breah frcm fat clay to relciive-

1y fresh rock.

SITS GECLOCY:

h. The prepescd srea which was investigated 1ies between Hew Afige
on the ncriheect, and Cepper Ridpge on the scutheast (Flate 1), The widvp
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1lying bedrock is the Conasauga formation of Cambrian age. The area is lo-
cated in a fzult dblock tetween two major thrust fsults. The Copper Creek
foult is located at the northwest side of Haw Ridge. Underlying the
Conasauga 3s the sandy Rome formation, which forns the crest of the ridge.
Along this fault plsne, the older Rcme and Corasauga formations have been
thrust up and over the younger Chickamasuga formaticon. As a result of the
great lateral prcssures which developed the feults, the bedrocks are tilted,
folded, and fractured by numerous joints and small secondary faults. The
strike of the rocks (the lire of intersection of a tilted layer with a
horizontal plane) is parallel to the valleys and ridges, and averages atout
N.S5° E. The dip of the rocks (amount and direction of inclirstion) varies
from horizontsl to vertical, tut averages about 20° to 25° to the southeast.

5. Geologic literature covering this area treats the Conasauga
formation as a single unit, althcugh in other areas to the soutneast, the
formation has been sutdivided into several distinct members on the basis
of changes in rock type. As a resvlt of these investigations and previous

.foundation irvestigations in the Conasavga at the Y-12 plart, the formation

can be subdivided into fcur distirct types of rock. At the tase of the

Conasauga and cverlying the older Rome formation, %g_g_zgﬂﬁ_QiLﬁaxk_red

;or maroon, silty shale with rnumerous thin beds of laminae of light green
_sandsttnéT'—TEIg_EEEE_Bf silty, sandy shale is approximately 300 feet thick.
Overlying this is a rzone of dark gray, calcareous clay shale with rumerous

thin beds, lenses, and lamirae of fine to medium grained. light gray crystal-

-1ine limestone. This zone is approximately L50 feet thick. Above this

calcareous clay shale ransitiongl zone of int ded clay s

_shaly limestcne. This interbedded zcne is mainly shale at the base (tcward .
the northwest) and gradually increases in the percentage of limestone at

the top (tcward the southeast). The upper and lower limits of this zone
are more or less arbitrary, since the chenge in rock type above ard telow

" is transitional. The top zone of the Conasauga overlying the interbedded

~ material is a zone which is predomi
" the waste disposal area were not extensive enough to develop the thick-

Investigations in

ness and character of the zone of limestone, However, fourdation investi-
gations in the Y-12 area have shcwn that the base of the zone contains a

-light to medium gray fine-grained crystallire limestone with numerous thin
" beds of shale ard paper-thin chaly liminations alorg beddirg planes. The
top of this rore is a light grey high calciur-carbonate oclitie limestone.

In the Y-12 arca, this zone is approximately 300 feet thick

ENGINEERI NG CONSIDERATIONS

TANK FOUNDATIONS:

6. In gencral, the surface of the srce is %lanketed by 2 to 4 fect
of residuzl clay, n? ine urderlyarg rock is badly wecthered and deccrposed
to a depth of 15 to 20 feet. tcecuse of the nuncrous tests that have Lecn
mede on the same formation cni tiriler materials in the Osx Ridre arca, and
tzcause of the small loads to bLe rrrlied to the fcudntiion, rno semples
were obtadnzd fer Zatereotory testirng. Test recldts on the core cor sinilor
rilorinle fres Lie 1-12 and Y-82 ircar have showvn hal 4he retidecl ecilc
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(telow the loose surface layer) are adequate to safely carry a load of
4,000 1bs/sq.ft. In the shole areas, the allowable tearing capacity in-
creases with depth to & value of 12,000 1lbs/sq.ft. in the moderately hard,
unweathered shale. Since the anticipated fourdation loading beneath the
tanks is 3,500-1bs/sq.ft., even the residual clays near the surface offer

adequate tearing capacity.

g 1. At the time of this investigation, the static water level in the
drill holes averaged 10 to 15 feet below the surface of the ground. lith
this high water table, either sufficient weight or adequate drainsge must
te provided -to prevent the tarnks from floating.

e. L is believed that excavation in the zones of silty shale and
clay shale can te accomplished bty a power shovel without blasting to a derth
of approximately 20 feet, or the tase of hezvy weathering. Pelow the zone
of heavy westhering, the shale can be excavated with relzstively light shoot-
ing. 1In the intertedded limestone and shale and the limestone zones, cammon

- excavation may bte relztively shallow. The solution weathering of limestone

leaves an irreguler, scalloped surface. Firnacles of hard limestone may
extend almost to the surface. 1In any event, the limestone would require
much heavier shooting than the shale. '

9. If the contract for excavation is on a fixed fee basis, the

government should not guarartee any depth of commcn or rock excavaticn.

It is suggested that the field logs of the torings and the rock cores which
wvere recovered te made availatle to the bidders for their own interpreta-

 tion. : . o )

" LEAXAGE CONSIDERATIONS:

10. In the event that pits in addition to tanks are used for waste

. storage, the possibility of ground water contamination through leakage
"becomes a definite problem which will require further irvestigation beyond

the scope of the work covered by this report. The present investigation
did not include any permeatility or leakage studies, tut several pertinent
observaticns can te made on the basis of information obtained during drill-

ing operations. :

11. In all of the holes drilled, the cores obtainéd shovwed atundant

. evidence of joints and fractures throughout all types of rock. In some in-
stances, thece fracturec werc closed and cemented by secondary mineralizza-

tion of calcium-carbonate. In others, the fractures were open and stained
by the present migrztion of rround water. In sll of the holes drilled,
there was a £zall Lut steady less of drilling water.

12. Silty Shale: Ferings 1, 2, and 3 were ¢rilled in the zone cf
s2lty sardy shaic &t the Lise cf the Conascupa. AL liole No. 1, six feet
of 3-1/2" cesing wss 4nitially set in tho hole, eond cere drilling wec
eterted in the bodly wecthored shale at s depth of 6-1/2 £t. Relz tively

o s

fresh srale vee cncountered ¢t e depth of 1R.6 £t. During the drillirg cf

L]
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this badly weathered mzterial, there was a constant loss of some drilling

water. Examination of the soft cores recovered suggests that this water

loss was alcng small fractures in the more sandy beds of the shale. When

the hole was at a depth of 38 feet, & rough check on the water loss was
made. The 3-1/2" casing was filled with water to the surface. After
standing 1 hour, it had dropped to a depth of 15 feet below the surface

and more or less stabilized at this point.

: 13. At a depth Of<£é;£§ﬁxf’% fault zone wes encountered. This zone
3s telieved to te & mincr thrust fault tranching cff frcm the deeper, large
Copper Creek Fault. This zcne contained uncemented, more or less pulver-
jzed fregnents of shale. When the fault zone was first penetrated, a small
arwmmmwiﬂﬂumn
minutes. After that, the water dropped in the hole to a depth of 16 feet.
At the completicn of Fele lo. 2, the casing was filled with water to the
surface. The water level dropred from the surface to a depth of 6 feet in
LE minutes. From there, the drop in water level was very gradual. By the
following merning, it had stabilized at a depth of 17.5 feet. Another
sms1l fault zone was encountered in Hcle No. 3 at a derth of 27.E feet.

At this lecation, the stabilized water level was at a depth of 1L.S5 feet.
The drop in water level from the surface to this depth occurred in zbout

one hour. :

, ‘1. Cley Shale: Porings 4, S, and 7 were located in the zone-of cal-
careous cls shale. At Hole Mo. L, the depth of badly weathered shale is

. 16.7 feet, 2nd in Hole No. 5 the tadly weathered material extends to a
depth of 20 feet. In beth-holes, open and staired fractures and bedding

planes occur from the base of heavy weathering to a depth of atout 3C feet.

"In the clay shale, it is believed that most of the water loss tcok place
~ through these fractures bereath the layer of badly weathered rock.

J. 15, Hole No. 7 wss located in a valley of a smell strecam. The stream
hes cut dcwn to rock in many places. During the drilling a hezvy flow of
drill water could le seen entering the creek along the top of rock stout

- 75 feet downstresm from the drill hole.

: 16. In this clay shale zene, the drilling information imdicates that
the tor 1 feet or so of the bedly weathered matcrial is more impecrmesble
than the szme zone in the silty, sandy shzle. There is evidence of lezk-
age alorg frzctlures in the fresh rock ond the pessitility of heavy leakezge
in the trarsitional zore from tadiy weathered to frech rock.

17. Interteddcd Limcstore and Shtle:  Borings 6 snd 6 were locsted
in the zcre c¢f Intertcddcd sneie and 1imestone. iHsle Ne. P wos located
near the base ¢f thic zone ond intercepted the underlying cley shalc., 7
depth cf tadly weathered material at this lccatier ic 19 feet. heciwering
glong fracturecs, £nell colutior channels, and tedding planes occurrsd teo
2 depth of 28 feet. Appreximitely € feet from this dril) belewes anoeld
expleratory-aurer hole which was rionding open to & depth - Lectl. Vvhen

tre c€ril1Y bit hit the redrtively frech TImestene ot e deplh of 2¢ foo,)




j *  drilling water rose suddenly in the olcd auger hcle arnd flowed out on the

1 .. .. surface. This leakage was due to a2 cornecticn belween the hcles slcng an

.. open frecture or smsall solution channel. As drilling progressed, this ccn-

' rnection was gradually sealed bty drill cuttings teirg carried into the open-
ing, and tre flcw betwveen holes wes eventually stopped. The water level

: .. in the disncrd drill nole fell rapidly tc 14,5 feet, but the water level in

T o the suger hole cdropped crly cne foot over night. This again irdicates that

“ "  the tadly wezthered raterial abtove the transitiorzl zone into fresh rock is

relatively irperrestle.

, 18. Fcle No. 6 wzs loczted nezr a small exgerinental waste disposal
pit near tre top of the zore of intertedded shzle and linestore. Two obser-
_yation swger-holes hed previously teen drilled near the lccation. ne
holes are lcczted in a triangular patilern with the diznond drill hole at
. the apex and the zuger holes, toth apprcximately 10 feel awsy. Hurerous
open zrd stained fractures, tedding planes, and smell clay filled cavities
were fourd tc & depth of 25 feet; open and stsired teddirg planes, however,
were fcund to a depth of 51 feet. *hroughout the cdrilling, there was 2
~ rapid rise and f2ll of water in one cf the zuger holes fcllowing the water
" ‘level ir the diamond drill hcle. The water level in the other-auger hcle
- wes not affected. These observaticrs show that leckage is generally alcng
_ fairly open pathe, that it can be rzpid, and that it might te difficult to
i 7. .. -lccate &nd truce. If the leskzge occurred through a relatively hormogenecus,
“'-./- . permeatle material, it wculd be an easy matter to trace the direction and
o .+ ... rate of flcw. Hewever, with flow aiong a series of intersecting fractures,
T sclution shannels, end beddirg plznes, tracirg such leakage could be very

N
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"- . .difficult if nct impossitle.

we Rl 19. Lirestone: No holes were drilléd. in the limestone zore in the
i,ot=5. . waste disyrosal zrea, but considerzble infor.ation has teen developed in
.Y .- the same zcre in the Y-12 srea. Near the tese of the zore, in tie shaly

e i - 1imestone, solution channels are numerous. liost of them are a foct cr less
T thick, znd most of them have developed alorg bedding planes. In the ncre
A pure oclitic limestcre near the top of the zcne, the channels zre fewer
<<= 7" but much lerger. Charnels up to 15 feet thick end extending at leest 75
' feet below the surface have teen encountered. Sucn scluticn charreled
" limestone is notoricusly tad from the standpoint of leakage. .
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COKCLUSIGHLS

20. As 8 result of these geclogic investigstions, the followirg con-
clusions have becn reached:

a. Eencath the lcose gurface =soils et a depilh of twe cr trree
feet, any ¢f the materialr are adequate to cerry the proposed losd cf
3,5C0 1lbs/sq.ft.

k. Founiaticr. excavztion will te easicr in the zere of siltyy
chale zrd elsy shalc than 4n the irterbedded lirmectene end shalc cor the
limceteone zcres.
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é. The permanent water talble is sc high that drainage of exca-

vations will be required to prevent the tanks frum flcating.

d. Sore leakage from pits can be expected in any of the rock
or =oil types.in the area. The soils of the clay shale zore appeer to te
more imperreable tran those of the silty shale zcne, and both of these
zones are supericr to the linestone and the intertedded zones. rost of
the leakage in the shale zones zpreered to occur in the zone of trarsition
between tedly weathered and reletively fresh rock. This zone generslly
cccurs at a depth of fram 15 to 20 feet belcw the surface. If pits zre
dug to a derth of 15 feet, as proposed, there is the poscitility that the
bottom of tte pit will be below the mcst impervicus material and into a

_zcre cf leakage.

e. The zcne of messive limestcne (near Whiteosk Creek) is poten-

'_tially the worst area from the standpoint of lezkage.

f. Most of the leakage apne:rs to be along open fractures,

- joxrts, erd tedding rlanes in the rock. With flow along such channels,

migrztion may bte quite fast and for relatively lcrg distences.. These paths

"of leakage may be difficult to locate and trace.

HECOVV'“DATIOVS

.21 As w result of the geolcgic informaticn developed by thls in-

i vestiga+1on, the follcwing reccmmcndatlons are mzde:

a. Becsuse of the grester ease of excavation, shorter pumping

1jdistdrce, and more faverable conditions with respect to possible leskage,

the storage tanks should be locasted irn elther tre zone of silty shale or

'E'the 2cne of clay shale.

.  be Eefore any large-scale use of unlined pits for waste dis-
posal, a thorough hydrolcgic study should be made of the entire area.

C. If the pits appear to te feesitrle on the tasis of the hydro-
logic stud:es, the pits should te 25 shallow as possible in crder to pre-
serve the maximum thickress of relatively impervicus material tetween the

. tottom cf the pit.ard the zone of open and stained fraciures.
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