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~TRODUCTION 

U. s. 'A.nn7 

1. At the request of the Atomic Energy Commission, the Corps of 
Engineers conducted geologic investigations at the prQPosed location cf 
waste disposal facilities. . The general geology of the area was studied 

-and eight ftNXn size core borings were drilled. This report presents the 
results of the geologic investigation and an interpretation of the engin­
eering significance of the geologic features. 

GEN~LOGY .# 
REGIO-HAL GmWGY: .. • 

.'. 2. The Oak Ridge area 1s located in the Great Valley of East Ten-
,Dessee. The topography of the region is'characterized by a series of 

,'parallel ridges and valleys vhi3h have a northeast-southwest trend. Bed­
··rocks cover a ~ide range ofgeolcgic age and consist pred~~inantly of 
.shales and limestones. All rocks in the region have been subjected to 

.. great lateral pressures, which resulted in complicated folding and fault-
ing of the fo~ations. . , . 

, . 

.). With the exception of alluvial deposits along the flooi-plains 
of strea:ns, the soils of the region are residual •. The residual weathering 
of shale 1s mainly a chemical process of deco~position. The resulting 
soils are generally lean clays. There is a gradual transition from the 
surface clay dO'lmward through a zone of rotten rock, woathered rock, and 

. flna117 the fresh shale. With this in-place weathering process, the ~ur­
tace clays retain JII'.lch of t.he original stJ"'Cctllre of- the shale. The wcath­
ering of ~mcstone is mainly a process of solution. The calci~-c~rbcnate 
is taken into solution by perco13ting ground vater, and is co~plctely re­
moved. The argIllaceous l."Ilpurities in the limestone are left behind to 
tom a fat. clay with little or no structure retairiOd from the crigir.al rock. 
Over long periods of ecologic timc, the nreas underlnin by relatively pur~ 
l1.'llcstone bcco:ne valleys, 'Whereas the eha1e!i .o.nd s:u:dy formation fGrn 
rl~ge~. The transitional character of the reDid~~ of shales is lacking 
10 limestone aro.c.s where there ic a sharp 'brenk tTem fat clay to rclGt1ve-
1,. fresh rock. 

SITS (j£OL~T! 

b. Tna p!'c;pos(;d ar..,a whjch vas lnv<;st1e:-.ted lito'S between Hr.\: itl.:r.e 
on th& ncrth.rEJ.:t, and CG;:;:E:,. iUdcc 011 t.,E; soulhc3Zt (ndte 1). The 11.::1.'1"-
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lying bedrock is the Conasauga for~ation of Cnmbrian age. The area is lo­
cated in a feult block between two MDjor thrust faults. The Copper Creek 
f8ult is located at the norUlwest side of Haw Ridge. Underlying the 
Conasauga j~ the sandy Rome formation, which foms the crest of the ridge. 
Along this fault plane, the older Rome and CorAsauga forrr.atior~ .have been 
thrust up and over the younger Chickamauga formation. As a result of the 
great lateral pressures which developed the faults, the bedrocks are tilted, 
folded, and fractured by nu~erous joints and small secondar,y faults. The 
strike of the rocks (the lir.e of intersection of a tilted layer with a 
horizontal plane) is parallel to the valleys and ridges, and averages about 
N55° E. The dip of the rocks (a~ount and direction of inclination) varies 
from horizontal to vertical, but averages about 200 to 250 to the southeast • 

s. C~ologic literature covering this area treats the Conasauga 
formation as a single unit, a1 thcugh in other areas to the southeast, the 
formation has been subdivided into several distinct me.lIbers on the basis 
of qhanges in rock type. As a result or these investigations and previous 

.foundation investigations in the Conasauga at the Y-12 plant, the for~atlon 
. can be subdivided ipto fcur distinct types 'of rqck. At the base of the 

-1= r Vo- /1< ,. Conasauga and cverlying the older Rome formation, is a zone of 'dark r.ed 
. _.\ . or maroon, siltZ shale with numerous thin beds ot faminae of light greEn 

. .~ ~sand8tcrne. This zone of silty, sandy shale is approximately 300 feet thick • 
./1..:. It~i(,d~..i.... Overlying this is a z£,ne S!J dark gray, calcareous clay shal e with numerous 

~t.NII.IAI~ thin beds, lenses, and la.:'I1ir.ae of fine to medium grained. light gray- crystal-
1""""1 "I!'~ ,line limestone. ThiB zone is approxir..ately hSo feet thick. Above this 

.t .: '. calcareous clay 8hale is a trans! tiom~l zone of interbedded clay shale and 
. ~Wl t ~ly li.'Tlestone. This interbedded zcne is mainly shale at the base (tc .. -ard 

:3: ~ ~ J the northwest) and gradually increases in the percentage of limestone at 
{Uht.! r the top (tcward the southeast). The upper and lower limits of this 20ne 

. ' .. are more or less arbitrary, since the chan~ in rock tl~e above ar~ below 
.. _I l is transitional. The top zone of the Conasauga overlying the interbedded 

' .. ;:c.-t.i ~.I:~h ~ matertal is a _~one which is prcdoE.!D3Qtly li:fflestorie......, Investigations in 
f"''1 -. . . the waste disposal area were not Extl'IlSive enough to develop the thick-

'. ness and character of the zone· of liroestone~ However, foundation investi­
gations in the 1-12 area have shewn that the base of the zone contains a 

~. 
. light to n:edi um gray fine-grained crystalline limestone wi th numerous thin 
beds of shale and paper-thin shaly 11~inatloDs along beddlr~ planes. The 
top of this ~one is a light gr~y high calcium-carbonate oolitic limestone. 
In the Y-12 area, this zone is nrproxi~Ately 300 feet thick 

E~lGI NE.!:lU r:c COlISI DERATI0!5 

T)'l::K FOU:~TIO~!s: 

6. In genera], tho surfnc~ cf the arc~ is ~l~nkcted by 2 to ~ feet 
of rcsic"Jal cIar, r.n':! tne urrlc:-'!.:nr.r. rocle 1s badly wcr:thercd 000 df:>ccr:;.ose1 .. 
to a depth of 15 to 20 feet. ;;ccc::ucc of the nu:ncrout; tests tt ... t have 1.;£t:o 

mr:.de on the st!..":lc fornation ::ra:! t.ir:.!leT rr.atcri;;.l::: :!n tbe Oak fiid .... t: nrva, ar.d 
h:c .. use o!" the ::;:r.t.11 lO:ldn to t"l: l:['~l1cd to thC! fcur..:1nt1or:, no ::m~rlc.s 
\oc:rl: obtCJlf;~1 fc:!' :;'.!;~.c.rvt.r...:-.;· t< :;tir.j'. Teet r(;~u1t:; (;Ii tt;f;: CL.,t. C!' :;,i::I":'lc.r 
r.-..r. t~r1s;lc _ frc:: l!.t i-:: L "'r.i.J. ;:-,',; :,n.:~!" ioavE: t;Jlti\."r1 U.;iL t!lf. rl:E 1dt:c::l Ec.llc 
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(belov the loose surface layer) are adequate to safely carry a load of 
b,OOO Ibs/sq.!t. In the sh~le &reas, the allowable besring capacity in­
creases with d~th to a value of 12,000 Ibs/sq.ft.1n the moderately hard, 
unweathered shale. Since the anticipated foundation loading beneath the 
tanks is 3,500.1bs/sq.ft., even the residual clays nepx the surface offer 
adequate tearir~ capacity • 

7. At the time of this investigation, the st.at-ic water level in the 
drill hole~ averaged 10 to 15 feet below the surface of the ground. \'jith 
this high water table, either sufficient weight or adequate drainage must 
be provided ,to prevent the tanks from floating. 

e. It is believed that excavation in the zones of silty shale and 
clay Shale can be accomplished by a po~er shovel without blasting to a depth 
of approx~~~tely 20 feet, or 'the base of heavy weathering. Eelow th~ zone 
of heavy wedthering, the shale can be excavated with relatively light shoot­
ing. In the interbedded limestone and shale p~d the lL~estone zones, ccrr~on 
excavation may be relatively shallow. The solution weathering of limestone 
leaves an irregulc:r, scalloped surface. Pir.nacles of hard limestone may 
extend alrr.ost to the surface. In any event, the 'limestone would require 
~ch heavier shooting than the shale. . 

9~ If the contract for excavation is on a fixed fee basis, the 
govern'1lent should not guarar.te~ any depth of common or rock excavation • 
It is suggested that the field logs of the borings and the rock cores which 
were recovered be made available to the bidders for their own interpreta­
tion. 

LEAKAGE Cm:SIDERATIONS: 

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 cefindtc problem which will require further investigation beyond 
the scope of the \-iork covered by this report. The pre~ent investigation 
did not include any permeability or leakage studies, but several pertinent 
observaticns can be made on the basis of inforna tion obtained during drill­
ing operations. 

11. In all 'of the holes drilled, the coree obtained showed abundant 
evidence of joints ar.d fract.ures throughout all types of rock. In some in­
stances, the~c frnctcre~ wcr~ closed and cc~ented by &econcary mineraliZG­
tion of calciurii-carbonate. In other:;), the frnctures \."cre open and stained 
by the present mlgr~tion of (rOund water. In all of the holes drilled, 
there was n ~~nll b~t stEady lees of drilling water. 

12. Sll tJ' Shu} c: h::-incs 1, 2, and .3 were drilled in the zone ef' 
s!l ty fj Dr-Oj' r; ha 1 c: 'd. the L~:;c ef the Con:l15 D!l fa. At J1olf) 
of .)-1/2" ccsing u;;s initln:!Jy Ciet in tho hole, cnd cere 
ctcrtcd 1n the b:.:!l:; ·r:r.::::th.::--c.J. shalo at a d('r::th cf 6-1/2 ft. 
fresh 5t:alc \:Q~ cr.coc!"'.tuu.:! :. t l! rl<:pth of If.6 ft. Ih:ring 
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this badly weathered mct~rial, there v~s a cor~tant loss of so~e drilling 
vater. Ex~~ination of the soft cores recovered suggests that this vater 

. loss was along small fractures in the more sandy beds of the shale. When 
the hole .as at a depth of 3B feet, a 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 1$ feet below the surface 
and more or less stabilized at this pOint. 

, 13. At a depth Of~ fault zone W8~ encount~red. This zone 
is telieved to be a miner thrust fault branching off frern the deeper, large 
Copper Creek Fault. This zone contained uncemented, more or less pulver­
ized fragments of shale. r.,'hen the fault zone was first penetrated, Cs small 
artesian flow . red at the urfa e forapproxirn&tely ~n 
minu es. After that, the ~ater dropped in the hole to a depth of 16 feet. 
At the compl Etion or nole No.2, the casing was filled with water to the 
surface. T!-£ water level dropped frOi'll the surface to a depth of 6 feet in 
45 minutes. Fr~ there, 'the drop in wat~ level was very gradual. By the 
following mornir~, it had stabilized at a depth of 17.5 feet. Another 
small fault zone was encountered in Hole No.3 at a depth of 27.8 feet. 
At this location, the stabilized water level was nt a depth of 14.5 feet. 
The drop in water level from the surface to this depth occl.:.rred in about 
one hour. 

lb. Cll!Y Shale: Porings b, 5, and 7 were located in the zone ·of cal­
careous c1a:," shale. At Hole 1lo. 4, the depth of badly "'Eath.~~ed shale is 
16.7 feet, and in Hole No.5 the cadly weathered material extends to a 
depth of 20 feet. In both,'holes, open and stained fractures ~nd bedding 

, planes occur from the base of heavy ueatherlngto a depth of acout 30 feet • 
. 'In the clay shale, it is believed that most of the water loss tcok p1~ce 

, through these fractur<:s ber.eath the layer: of badly weathered rock. 
, . 

, 15. Hole No. 7 was located in a valley of a smp~l stream. The stream 
hES cut dow'll to rock in many places. During the drilling a ht:cvy now of 
drill water could l~ s~en entering the creek B10nc the top of rock about 

'75 feet downstre~~ from the drill hole. 

16. In this clay shale zone, the drilling information irrlicates that 
the 'top 15 feet or EO of the bcd1y to;eathered material is more L-::puTr.ea1Jle 
thlln the ~C.~e zone in the silty, scmdy shElle. There is evidence of leak­
Bfe 81or:g .frlfcturcs in the fresh rock i'nd the pcseibility of hH\'Y lealtsge 
in the transitional zo~e from COldly weat~Ered to frf£h rock. 

17. Interleddcti t;i;.:cstor:e and S!-.C:.le: ' Bor1nes 6 and 8 were loc::.t(;d 
in the ?cr:e Gt h.terc.c:ddd sncoJ.c. Oln'"! li;.:t:stonE. Belt: !;c. P WN'; locatE:'d 
near the Lase c f thi!: zone rne int<..rccptcd the urrlcr1yir..e c11':r sli&l::'t:. ,'ne 
d~pth cf loudly 'ftC.:l thcrEd m~tt..ri Ell e t t.hi£ lccati or: is 19 f t:e t. L.c;:; ~ ~.(;;!"i!"lb 
along fracturc£, r!'ls11 EO It:t1or: chnnnE:'ls, ar.d bcdd!n~ ,J:lnnes OCC1.:rr!-:d tc 
It dtpth o! 25' feet. J.,t=;::"c"'4.!!:::":Itcly S feet frem thifj dr' 1 J t·el .. liG::: t.:. t;}d 
Cxpl&T~~ ho}c \:!'-Jch 'ftC:; r;;t:::r:eir.c opan to :. dv'" . . rC'(:t. ,':hen 
1.tc crill bit hit ttc r~);-ti"t:;:,· !'rc::r.' -nE:.f'LC'nll at c dcp!h c.f :!.~. f,.;'.'" 
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drilling wa1.er ro~e suddenly in the old a'-'ger hcle arId flowed out or. the 
surface. This le akage wss due' to a cor.nection between thE holes along an 
open rrec~ure or snlall solution channel. As drilling progre~sed, this con­
nection .. as grAdually sealed by drill cuttiJlgs beir.g carriEd i.:1.o the open­
ing, and the rlcw between holes was ev~ntually stop;ed. The water lev~l 
,in tr.e dialT.c.r.d drill hole fell raF idly tc lL.5 feE:t, but the ",at~r levE.l in 
the auger hole dropped cnly Gne foot over night. This again ir.dicatcs that 
the tadly wEatner£:d r..a terial above the trAnsi tionu zone into fresh rock is 
relatively ir.p€rmeacle. 

18. r:.ole I~o. 6 wc::s located near a SITIElll ex;.:erir..Ental vaEte disposal 
pit ncar tte top of the £cr.e of intc.rDedded shale and lilU~stone. Two obser­

~ , E had 'evio~sly been drilled nEar tbe Icc at ion. The 
holES are lcc;at.ed in a triangular pa Ern 'Wl. • e aic:.'1ond drill hole at 

. . the apex and the auger holes, toth apprcx:iJr.a tely 10 fec~ awo)". N'!l-'T.er6us 
open £rrl stai!ied frcctures ~ ledding plal!es, and smell clay filled cavitiE:s 
.. ere fcw;d to a depth of 25 feet; 0icn and stained teddir;g planes, ho",evt..·r, 
.were fC'U1ld to a depth of 51 ff-et. hrOl.:ghol.:.t. the drilling, tbf.rc was P. 
rarid rise af!d fall of w2t€r in one cf the cuger holes follow"ing thG l-later 
level if! the di2r.lonc drill hole. The watGr It:v~l ir. the other"2l:ger hole 

':' was not affected. These observations show that leLk2ge is gen~ra11y aleng 
~air1~ open path~, tr~t it C2n be r2pic, ~nd that it might te di~ricult to 

. . '.' '.lccate and trace. If the lcaktee occurred through a relati\lely ho~.ogenecus, 
. ~:. permeable ;r.atE:ria1, it 'Io'culd be an easy matter to trace the direction Clnd 
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rate of flcw. However, with flow along a series of inter~~ctir.g fractures, 
solution shp.nne]sj and bedding pl£ne~, t~~~j~ such le~kage could be very 

.' difficult if not irr.possible. . 
'.' 

19. Lir",estone: no holes were dri lled, in the l:iJnes tone zone in the 
wastG disj:osal . .e.rea, but ccnsid£r"ble infor; .. ation has been developed in 
the samc tope in the Y-12 urell. r:€ar the base of the zone, in t:.e shaly 
limestone, solution channt'-ls are numerous. Host' of thcJ;l arE-: a foct cr It'5S 
thick, End r.ost of thE:1n have devE:loped along bedding planes. In the oore 
pure oolitic limestonE nepx the top of the zcne, the channels ErE: f,wE;r 

, but much larger. Char.nels up to 15 feet thick and ext~~ding at l~est 75 
feet below tt.e surfncE: have been encountered. Such sclu tiora char.l:E:led 

. liltestone is notorious'!y t.ad from the Stancpoint. ot: 1e akage. 

CONCL:''STCi:Z 

20. As 8 retHi!. t of these gee,logic invc:stig<.ltions J the follc,r:ir.g con­
c1u~ions h2ve been reaChed: 

• 

8. Eencath the lr,ost': f:\:.1"fac(; foils at n dc:,t.h of twc cr U-.r(;C 
fef.t, :;ny Gf thE; ma t£:rjalr ... 1'0 ndt-Qu;:. t(! to carry tho prq::os<:.d lotd of 
3J SCO 1t~/Gq.ft. 

t. f'our.1nticr. (·xcr.v",tion will tv ~<l:;icr 1n thE: ZOT;(, of silt',' 
~halE': ;;.::1 clGj' shr..lc th~jn the .:!.r:tcrt:c.-dd·:d }j~("::tCnl' '*i.d !l::C!1c. c.r the· 
ljJ:)crtcm~ ::cn,:s. 
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c. The perr..anent water taule is so ~igh that drainage of exc&­
va 1::1.ons will be required to prevent the tenks frU'!1 flea tinge 

d. Sar.e leakage fro:u pits can be expected in any of the rock 
or soil types.1n the area. The soils of the clAy shale zor.e DFpecr to te 
more irnpen::eat:le trJ>n those of the silty shale %cne, and both of these 
zones are superier to the Ilmestcne and the interLedded zones. Eost of 
the leakage in the shale zones appeared to occur in the zone of transition 
between c£dly .... e:!thered and re12tively fresh rock. 'l'his 20ne generally 
occ~rs at 8 d~th of from 15 to 20 feet belcw the surf~ce. If pits ~re 
dug to a dert!; of 15 fEet, as j:·roFost:d, there 15 the pos!::i bill ty that the 
bottom of tte pit will be below the mest impervicus material and into 8 
zcne of leakage. 

e. The zcne of massjve li!'flEstcne (near Whiteoak Creek) is poter;-
.. tially the ,.orst 8r(;a from the standpoint of lec.k;;&ge. 

f. r--;ost of." the leakage appears to be along cpcn fractures, 
joints, ~nd cedding planes in the rock. With flow along such channels, 

. migrct.ion may be quite fast and for re~atively lCI"€ distEl'lCes •.. These paths 
of leakage rr.ay b.e difficult to locate and trace. 

RECOX!"'i:2lDA TrONS 

21 As a result of the geolcgic informaticn developed by this in-
'1 vestigation, the [ollelling recol'llmcrC ations are znGde: , 
J .... .• 
1 .. .. :.. . a. Because of the €re~t~x: eas~ of excavation, sh~rter pumping 
, .. ~;' .. ".:.' .'d1st'&l'!ce, and more favorable condltl.or.s Wl.th respect to posslble leakage, 
j . '.... the storage tanks should be located i& either tl:.e wne of silty shale or 
; .;.:.:~, '. the zone of clay shale. . 
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" b. Before any large-scale UEe of unlined pits for wa~te dis-
posal, a thorough hydrolcgic study should be made of the entire area • 

c. If the pits appear to be. fe2sit-lE: on the basis of tne hydro-
logic studiES, t~e pits should ce as shallow as posz1blc in crder to pre­
sen-f;. the lIluxirnum thickr.ess of rela:tively inpr-rvicu5 ma.te:rial t-etween t.he 

, botto.u cf the pit .ar.d the zone of open and .stained frsc'!".urer.. 
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