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F O Z W O  
( ~ y  Edward McCrady)* 

For t h e  pas t  three years  the Oak Ridge Office of the Atomic Enera  

Commission has been conducting a geological survey of tphe Oak Ridge area 

with several  purposes i n  mind. It was desired to know: (1) t h e  general 

s t ra t igraphy as a bas i s  f o r  a r ch i t ec tu ra l  and engineering considerations 

r e l a t i v e  to  foundations f o r  bu i ld ings j  ( 2 )  t he  ground water conditions 

both as they affect t he  choice of s i tes  for b u r i a l  grounds-for s o l i d  

radioact ive wastes, and as they a r e  re la ted  to  the  radioact ive l iqil id 

waste disposal  system. 

The work has been done under the  general  d i rec t ion  of Dr. Paris B. 

Stockdale of t he  Umversi ty  of Tennessee, act ing as Geological Consultant 

t o  t h e  Biology Division of t h e  Off ice  of Research and Medicine, Atomic 

Eherey Commission, Oak Ridge, ass i s t ed  by Dr. Harry J. Klepser of the 

University of Tennesses and W. George D. DeBuchananne of the Ground 

Waters Wanch of the !J. 9. Geological Survey. h e  inves t iga t ions  

o r ig ina l ly  planned are now completed and the  report  herewith presented 

includes important information r e l a t i v e  t o  a l l  Lhe o r ig ina l  i n t e r e s t s  of  

the  Conmission. 

Actual operations have already been af fec ted  to the extent  t h a t  t h e  

locat ions of two new reac tor  sites and ce r t a in  o ther  s t ruc tu res  have been 

selected on the bas i s  of information supplied by LP. Stockdale, and the 

new bur i a l  ground has been located i n  t h e  Conasauga sha le  b e l t  where 

geological conditions a re  considered optimal f o r  preventing the  migration 

of  radioact ive wastes underground. 

The study of the underground water i n  r e l a t ion  t o  the l i qu id  waste 

*Present address, Office of the Vice  Chancellor. University of the South, Sewanee. Tennessee. 
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disposal  system a t  the X - 1 0  s i t e  of the Oak Ridge National Laboratory is the 

most recent  p a r t  of t h e  program t o  arrive a t  d e f i n i t e  and usefu l  conclusions. 

I n  t h i s  connection t h e  most important question t o  be s e t t l e d  was  whether 

a r t e s i a n  o r  water-table conditions preva i l  underground. 

t he  bed rock of this va l ley  is predominantly limestone of the Chickamauga 

group; and i n  the absence of d e f i n i t e  information t o  t h e  contrary it 

would be q u i t e  possible  f o r  t h i s  limestone t o  b e  traversed by solut ion 

chancels, which could be independent of the surface drainage, and might 

run f o r  miles underground, even conceivably passing beneath t h e  Clinch 

River t o  emerge i n  spr ings which might be used by people f o r  drinking 

purposes . 

It w a s  known that 

Accordingly it was very important t o  f ind  out, i f  possible, whether 

such voids exist, and whether and t o  what extent any water found i n  them 

i s  contaninated with f i s s i o n  products from the l i q u i d  waste disposal  

system. 

feet. 

and the  water i n  the w e l l s  w a s  monitored f o r  r ad ioac t iv i ty  as w e l l  as 

chemically analysed. 

w e r e  d r i l l ed ,  i f  a r t e s i an  conditions exis ted i n  which the  underground 

channels o r  aquifers  were independent of  one another and of t h e  Surface, 

we could never know pos i t i ve ly  t h a t  w e  had sampled them a l l .  

To inves t iga te  th i s ,  f i f t y  one w e l l s  were drilled t o t a l l i n g  4300 

Cores were removed and saved f o r  geological and chemical s t u d y ,  

It was also realized t h a t  no matter how m a n y  w e l l s  

Fortunately, what w a s  a c h a l l y  fomd  w a s  that  t h e  rock i s  s u f f i c i e n t l y  

f ractured and jo in ted  t o  provide water-table conditions i n  which t h e  l e v e l  

of the water underground follows qu i t e  c lose ly  the  contours of the surface 

topography, with the r e s u l t  t h a t  underground drainage p a r a l l e l s  the 

surface drainage w i t h  reasonable accuracy. 'he lay of the land i s  such 
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that all drainaTe a t  and below the sur face  converges t o  empty t h a u g h  the 

intended l i qu id  naste d i s p o s a l  systen of  IVhiteoak Creek and Xhiteoak Lake. 

That port ion of the waLer which goes underground is  merely held up longer 

and allowed to decay f u r t h e r  before f i n a l  discharge. 

of underground water ac tua l ly  f a m d  i s  confined to a very r e s t r i c t e d  area 

near t h e  known sources, and is  of a lower degree than  t h a t  of the surface 

strean. 

ion-exchange Sed, which has t o  a considerable degree decontaminated t h e  

water which passed through it. 

h e l d  up and d i lu ted  t o  be safe f o r  human consumption by t h e  time it  

The on ly  contamination 

Apparently t h e  s o i l  has acted as a f i l t e r ,  o r  adsorber, or  

As even the  nrrface water is s u f f i c i e n t l y  

reaches t h e  Clinch River, it may be confidently s t a t ed  that t h e  system 

as a whole i s  remarkably smcessful, and more e f f i c i e n t  than was heretofore 

known. 

v i i i  



Chapter I. INTKOIXCTION 

EISTOWCAL BACKGR9UND TO ?HE S'IVDY 

The w-riterts a t t en t ion  w a s  first ca l led  t o  the  pmblem involved i n  

this s tudy by a l e t t e r ,  under d a t e  of b r c h  22, 191r8, from Dr.  Albert H. 

Holland, Jr., Medical Advisor t o  t h e  U. 3. Atomic Ehergy Commission a t  

Oak Ridge, i nv i t i ng  him t o  make a 'Idstailed geological siirveyIf i n  

connection with "a study of  radioact ive l i qu id  waste disposal  a t  Oak 3idge" 

under the  sponsorship of the  Office of Medical Advisor (now reorganized 

as the Cff ice  of  Research and Vedicine). It  was explained t h a t  several  

persons and agencies representing the  Atomic Energy CoAamission, t h e  

U. S. Public Health Service, the Tennessee Valley Authority, the Oak Ridge 

National Laboratory, and others,  wodd cooperate i n  the  study. Although 

s ince t h a t  t i m e  i n t e rmi t t en t  se rv ices  i n  connection with a wide var ie ty  

of matters have been rendered by Stockdale t o  the  Atondc Energy Commission, 

the  p r inc ipa l  e f f o r t s  have been d i rec ted  toward study of geologic conditions 

bearing upon contanination from disposal  of  rad ioac t ive  waste a t  the X-10 

u n i t  of t h e  Oak Ridge National Laboratory, espec ia l ly  as r e l a t ed  t o  the 

po ten t i a l  contamination of migrating underground waters. (For location, 

s ee  P la te  1.) 

needed were those of combined bed-rock geology (s t ra t igraphy and s t ruc tu re )  

It soon became apparent t ha t  the  geologic s tud ies  most 

F i e ld  s tudies  were s t a r t e d  by Sbckda le  on June 23, 1948, with a 

general  geologic reconnaissance of "the Oak Ridge Area." Bu t  l i t t l e  

work was dons i n  the  sumner o f  1948. 

1%8 and e a r l y  winter of 19b9, Stockdale, working alone, completed the 

However, during the autumn of 

1 
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general geologic survey and establ ished per t inent  f ac t a  i n  d e t a i l  about 

,the s t ra t igraphy and s t ruc tu re  a t  t he  X - 1 0  site of the Oak Ridge National 

Laboratory a d  surrounding area. 

A f i e l d  conference on t h e  general problem was held a t  O a k  Ridge on 

Xarch 24, 1949. Those present  were: 

, A. E. Gorman, Samtary  mgineer,  Atomic Ehergy Commission, $lashington 

J. A. Liebeman, Assis tant  Sani tary Engineer, Atomic Energy 
Commission, Washington 

Edward XcCrady, Senior Biologist ,  Office of Research and Uedicine 
Atoxic Energy Commission, Oak Xdge 

Par is  €3. Stockdale, Head of t h e  Department of Geology and Geography, 
University of Tennessee, Knoxville 

The many aspects of the contanination problem were reviewed i n  the 

f i e l d ,  and the geologic f a c t o r s  and proposed method o f  study were pointed 

ou t  by Stockdale. A t  t ha t  time Stockdale also expressed need f o r  assist- 

ance i n  t h e  work and inv i t ed  opinions regarding h i s  proposed second and 

Iihird "phases" i n  t h e  program, to  follow t h e  i n i t i a l  reconnaissance survey; 

namely, de ta i led  geologic mapping of tho  Oak Ridge National Laboratory 

area (second s tage  i n  the study), and s y s t e m a t i c  core d r i l l i n g  f o r  the 

combined benef i t s  of the bedrock and hydrologic s tud ies  ( t h i r d  s tage  i n  

t h e  s t u d y ) .  

which might brirg A. M. Piper, Staff  Sc ien t i s t ,  U. S. Geological Survey 

and A. N. Sayre, Chief of the Ground Water Branch of  t he  JJater Resources 

Division, U. S. Geological Survey, f o r  the  pooling of opinions and 

A t  t h a t  time, i t  was decided t o  hold a l a t e r  f i e l d  conference 

possibly arranging f o r  f i e l d  ass i s tance  i n  the hyct-ologic aspects  of 

t he  study. Such a conference was held a t  Oak Ridge on June 23, 1949, 

I 

f o l l o d n g .  I n  the  meantime, the  ove ra l l  aspects of the  problem were 
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discussed by Stockdale with 2. A. Laurence, Director of the regional 

o f f i ce  of the Geologic Divisior, of  the U. S. Geological Survey i n  

Knoxville, and on Xay 26, 19&9, a day was spent i n  the  f i e l d  with 

Laurence with espec ia l  considerat ion of a new s i t e  recommended by 

Stockdale f o r  s torage o r  b u r i a l  of so l id  radioact ive waste and 

contaminated items. 

I n  June 19b9, Earry J. Klepser, Associate Professor of Geology 

a t  t h e  University of Tennessee, w a s  employed as a consul tan t  by the  

Atomic Ehergy Commission a t  Oak Ridge t o  assist i n  the  study, especial ly  

i n  the de ta i l ed  geologic mapping involved i n  the. second phase of the 

program. The f i e l d  mapping was then pursued by him during a port ion of 

the  ensuing summer. H e  a l so  assisted i n  various-nays i n  l a te r  phases 

of t h e  s tudy, and is responsible for the, preparat ion of the geologic 

maps and s t r u c t u r e  section i n  t h i s  report .  

-4t the conference mentioned above, on June 23, 1949, the following 

persons were present  : 

A. E. Goman, Sani tary Engineer, Atomic Energy Commission, Washington 

J. -4. Lieberman, Assistant Sani tary Engineer, Atomic h e r g y  , 

Commi s si0 n, Washing ton  

Harry Stoeckle, Chief of the Biology and Medicine Division, Atomic 
Energy Commission, Oak Ridge 

R. A. Laurence, Regional Geologist, U. S. Geological Survey, Knoxville 

A. M. Piper, Staff Sc ien t i s t ,  U. S .  Geological Survey, Washington 

A. N. Sayre, Chief of the Ground Nater Branch, U. S. Geological 
Survey, Washington 

P a r i s  B. Stockdale, Head of t he  Department of Geology-Geography, 
University of Tennessee, Knoxville 
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In the g o u p  conference which followed a f i e l d  excursion, concurrence 

was given t o  t h e  three-phase program of study as proposed by Stockdale, 

and agreement was reached f o r  col laborat ion of personnel from the  Ground 

Water Branch of the U. S. Geological Survey to work, especially,  on t h e  

hydrologic aspects of the geological survey as involving water-table 

corlditions and movements of ground water. Sayre s t a t ed  that ,  logically, 

it would be most appropriate t o  assign t o  the projec t  George D. DeBuchananne 

who was i n  charge of the Knoxville o f f i c e  of t he  Ground fiater Branch of 

t he  Survey. However, it w a s  pointed ot l t  t ha t  inasmuch a s  DeBuchananne 

d id  not have appropriate s ecu r i ty  clearance, a substi tute person could 

be temporarily assigned f o r  work u n t i l  such time as GeBuchananne 

could be %learedJtf  and t h a t  the subs t i t u t e  should devote his e f f o r t s  

toward making a surface appraisal  of ground-water feaibures, t o  be 

completed no la te r  than September 30, 1949. 

conference :vas prepared by Piper  under d a t e  of June 25, 1949, 

person assigned temporarily from the  Ground Water Branch o f  t h e  U, S. 

Geological Survey to  m a k e  the proposed inventory of ground-water fea tures  

and avai lab le  hydrologic da ta  was E. S .  Simpson from Albany, N. Y., who 

ar r ived  a t  Oak Ridge on July 25, 19b9. 

f i e l d  w i t h  Stockdale ge t t ing  acquainted w i t h  t h e  problem i n  general. 

H i s  work w a s  completed by the expressed da te  and r e s u l t s  of h i s  s tud ies  

were transmitted d i r e c t  t o  the  Ground Water Branch of the ‘J. 5 ,  

Geological Survey. 

A typed memrandum of this 

The 

He spent  h i s  f i rs t  day i n  the  

I n  an t ic ipa t ion  of t h e  next, o r  th i rd ,  major phase of the s t u d y ,  

a planning conference w a s  held i n  O a k  Ridge on September 21, 1949. 
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Present were: 

award  McCrady, Chief, Biology Division, Office o f  desearch and 
Ltedicine, Atomic Energy Commission, Oak Ridge 

R. A. Laurence, Regional Geologist, U. S .  Geological survey, Knoxville 

E, S o  Simpson, Ground dater  Branch, iJ. S e  Geological Survey, Albany, N.Y. 

Harry J. Klepser, As;ociate Professor, Department of Geology-Seography, 
Uciversi ty  of Tennessee, Knoxville 

Paris B. Stockdale, Head o f  the Department of Geology-Geography, 
University of Tennessee, Knoxville 

A t  t h i s  conference f i n a l  p lans  f o r  the next s tage i n  t h e  s t u d y  were 

reviewed and agreed upon, and t h e  general  scope f o r  t he  proposed core- 

d r i l l i n g  pro jec t  wes drawn. 

George D. DeBuchananne of the Knoxville o f f i c e  of the Ground dater 

Branch, U. S. Geological Survey, began his work on the program on 

November 4, 1949. 
completed on Uarch 22, 1950. Fifty-one holes, t o t a l l i n g  4500 feet, were 

Core d r i l l i n g  s t a r t e d  on December 16, 19b9, and was 

dr i l l ed .  From the time d r j l l i n g  commenced t o  date, DeBuchananne, KhpSer, 

and Stockdale, along with personnel from the Health Physics Division of  

t h e  C a k  Ridge Na+Lonal Laboratory, have been in te rmi t ten t ly  engaged i n  

the  study, involving planning and supervision of d r i l l i n g ,  logging of 

core, sampling, obtaining hydrologic data, analyzing samples, etco The 

ground-water study has been the chief respons ib i l i ty  of DeBuchmanne; the 

de ta i led  f i e l d  mapping, of Klepser; and the general  s t ra t igraphy and 

s t ructure ,  the overa l l  d i rec t ion  of t he  study,and the preparation of '  

t h i s  report ,  of Stockdale. 

sponsorship and guidance of the Biology Division, Office of Research 

and Xedicine, of the  U .  S. Atomic Energy Commission, a t  Oak Ridge, 

Edward McCrady, Chief. 

The ent i re  proqram has been under the 
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FUNDAWNTAL, PROBLEM AND OBJECTIVES OF 'THE STJDY 

General Statement - - 
h e  chief concerns of t h i s  s t u d y  were the  geologic and ground-water 

:features as c r i t i c a l  f ac to r s  i n  the over-al l  problem of safety discharging 

radioact ive waste products f r a n  t h e  operations a t  the X-IO u n i t  of the  

(Dak Ridge National Laboratory of t h e  U. S ,  Atomic Energy Commission, 

3ak Ridge, Tennessea. 

waste problem completely and f inal ly ,  bu t  r a the r  t o  undertake a coverage 

i n  d e t a i l  of t h o s s f e a t u r e s  of geology and ground water, as a bas i s  f o r  a 

f u l l e r  evaluation arid understanding of t h e  disposal problem and f o r  bet* 

It i s  not the i n t e n t  of Lhis report  to analyze the 

guidance of fu tu re  inves t iga t ions  a d  operations. The stu&J leads t o  some 

m e d i a t e  recommendation and paves the way for fu r the r  inves t iga t ions  

per t inent  t o  complete understanding of the problem. There has been no 

pr ior  geologic study bearing d i r e c t l y  upon the problem of waste disposal  

at, Oak Ridge. 

Waste Disposal Systen a t  the  6a& Ridge National Laboratory (X-10) 

Safe disposal  of l i q u i d  radioact ive wastes, ' as  well as s o l i d  wastes 

and contaminated materials and equipment, a t  t h e  X-10 u n i t  of the Oak 

itidga National Laboratory, has been a problem 6f paramount importance 

s ince  the beginning of operations* Disposal of s o l i d  w a s t e s  and 

contaninated equipment i s  by bu r i a l  i n  t he  ground. Alpha-contaminated 

materials are f i r s t  covered with concrete  before bur ia l .  I t  is l iqu id  

waste d isposa l  a t  t he  Laboratory which presents t h e  greatest problem. 

To understand i t s  bearing upon the geologic f ac to r s  involved, a b r i e f  

descr ipt ion of the complicated d isposa l  system is here offered. The 

information has been extracted mainly from a technical  r epor t  by 
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F. N. Erowder, en t i t l ed  "Liquid Haste Disposal a t  Oak Ridge National 

Laboratory,!' WNL 323, issued May 17, 1949, and i n  p a r t  f r o m  l a t e r  

reports  by Browder. 

Liquid wastes from Oak Ridge National Laboratory processes are 

c l a s s i f i e d  i n t o  fou r  types according t o  composition and P adioact ivi ty ,  

nmely: ( a )  radiochemical waste, which i s  highly radioact ive and which 

ccmes from spec ia l  "hot'! s inks and vesse ls  i n  c e l l s  devoted to "hot" 

work; ( b )  m3tal waste, which i s  highly radioact ive plutonium, uranium, 

o r  thorium-bearing waste; ( c )  , w a r m  radiochemical waste, which i s  

moderately radioactive; and ( d )  process waste, t heo re t i ca l ly  non- 

radioactive,  which i s  derived from cooling water, laboratory sinks, and 

f l o o r  drains. 

The l i qu id  waste disposal  system, as described by Browder, i s  

divided i n t o  three main sect ions,  namely: ( a )  the  north tank farm, 

containing two u00-gallon, and two 40,000-gallon gunite tanks; 

(b) - t h e  sou th  tank farm, containing six 170,000-gallon gmite  tanks, 

one l3OO-gallon guni te  tank, and one 700-gallon stainless s teel  tank; 

and ( c )  the  s e t t l i n g  basin area, - containing four  earthen-diked ponds, 

the  main cne of which i s  agproximately 200 fePt  square wi th  a capacity 

of 1,600,000 gallons, two with capaci ty  of 293,200 gal lons each, and 

one, known as the  r e t en t ion  pond, of 32,600 gallons- (For locations,  

see P l a t e  2.a All of the tanks i n  the  two tank farms are below ground 

l eve l  and a re  ear th  covered, ,Ill rest upon a concrete saucer-shaped 

pad t o  catch any leakage which i n  tu rn  dra ins  i n t o  a !'dry well,!' and 

thence, throngh a pipe l ine ,  i n t o  the re ten t ion  pond of t he  basin area. 

In addi t ion  t o  t h e  main system, described above, there  are smaller waste 
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tanks and p i t s  located near t h e  various process and development buildings. 

Specific d e t a i l s  a r e  given by Browder, 

The function of the two tank farms i s  t o  co l l ec t  and s t o r e  metal 

waste and t o  c o l l e c t  and hold radiochemical waste over a period of time 

long enough f o r  Yufficient decay. 

radiochemical waste i s  discharged in to  the  main set . t l ing pond where it is 

d i lu t ed  with sur"ficient quan t i t i e s  of  non-radioactive waste t o  permit 

From the  tank farms the  decayed 

discharge i n t o  adjacent vvhiteoak Creek a t  a rate not exceeding f i v e  cu r i e s  

of rad ioac t iv i ty  per  week, with an average of  about 2.34 cur ies  

as of  June, 1950. Intermit tent ly ,  hoKever, excess waste i s  dumped i n t o  

the smaller, 293,000-gallon ponds before being run i n t o  t h e  main s e t t l i n g  

per  week 

pond. The several  l e s s e r  tanks near t h e  process and development 

buildings serve as  intermediate hold-up before the  f l u i d s  a r e  s e n t  t o  the 

main tank farm. The d i lu ted  wastes which a r e  discharged from the 

s e t t l i n g  ponds in to  iVhiteoak Creek a r e  car r ied  downstream for a dis tance 

of approximately one mile t o  ' W t e o a k  Lake for the f i n a l  hold-ap of  the  

disposal system before discharge i n t o  the Clinch River. I n  early June of 

1949, t he  disposal  system wirs modified by t he  i n s t a l l a t i o n  of an 

evaporation system to permit t h e  radiochemical wastes t o  be concentrated 

f o r  longer r e t en t ion  i n  t h e  tank farms. 

Poten t ia l  Hazards Involved i n  the - Disposal System 
-I 

The s e t t l i n g  ponds, described above, were constructed simply by 

scooping up the  s o i l  down to bedrock and using the soil to make the 

enclosing earthen dikes. The p r inc ipa l  pond, of ten  referred t o  as  "the 

s e t t l i n g  basin," i s  nearly square i n  outlkne, with bottom dimensions of 

190 by 200 feet. The others  are much smaller. ?here was no provision 
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made to seal the bottom and w q l l s  of t h e  ponds to prevent seepage and 

contamination underground, Likewise, a t  the b u r i a l  grounds, the so l id  

wastes and contaminated item are placed d i r e c t l y  upon bedrock without 

protect ion against  contaminated drainage underground. Thus, t he re  e x i s t s  

t he  p o s s i b i l i t y  of radioact ive contamination of underground waters and the 

uncontrolled migration of such to unknown d i s t a n t  sites, providing there  

exist permissible geologic condi tiions beneath the po ten t i a l  sources o f  

contamination. Greatest r i s k  i s  beneath the ‘ s e t t l i n g  ponds, especial ly  t h e  

la rge  one; l e s s  r isk,  beneath the bed of mi t eoak  Creek adjacent t o  the  

ponds; and fu r ths r  r i sk ,  a t  the  b u r i a l  grounds. Additional r i s k  would 

r e su l t ,  of course, from s p i l l s  of l i q u i d  wastes thrnugh breaks i n  t a n k s  

and pipe l i nes ,  

Pr inc ipa l  Objectives -- of the  Study 

The pr inc ipa l  object ives  of the study were: t o  obtain as much 

information as possible  on geologic and ground-water conditions which 

bear o r  may bear upon po ten t i a l  hazards from waste-disposal prac t ices  

a t  the X-10 u n i t  of t he  O a k  Ridge National Laboratory; t o  determine 

whether or p o t  there now ex i s t s  any radioact ive contamination which has 

nigrated underground; t o  determine the  form o f t h e  water t a b l e  and the 

movsment of ground waters a s  po ten t i a l  c a r r i e r s  of radioact ive contamination; 

t o  prcjpose recommendations i n  l i g h t  of findings; and, f i na l ly ,  to  bring 

together i n t o  a s ing le  report  a l l  per t inent  information bearing upon the 

problem. A fu r the r  object ive was t o  determine the  geologic conditions, as 

regards both s t ra t igraphy and s t ruc ture ,  as a bas is  f o r  a r ch i t ec tu ra l  and 

engineering considerations r e l a t i v e  t o  foundations f o r  buildings and t o  

o ther  s t ructures .  
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CHAPTEH 11. LOCATION A N I  PHYSIOGRAFHY 

U C A T I O N  UF THE AREA 

The s i t e  o f  the X-10 u n i t  of the Oak Ridge National Laboratory is i n  

Eethel Valley, Rome County, eastern Tennessee. In  terms of l a t i t u d e  and 

longitude the approximate center  of the s i te  is located a t  350 55' 30" 

north l a t i t u d e  and 81r0 19' nest longitude. It is  e ight  and one half 

a i r l i n e  miles south-southw-est of Jackson Square i n  the  hea r t  of t h e  City 

of Oak Ridge, and 214 lniles west-southwest of t h e  cen t r a l  business sec t ion  

of the c i t y  of Knoxville. 

Authority-U.S. Geological Survey topographic map of the Bethel Valley 

qdadrangle, designated as No. 130-NE, published i n  1941. 

The sca l e  of t h i s  map i s  1/24,000 and the contour in te rva l ,  20 fee t .  

s e r i e s  of topogra@ic sheets  drawn t o  the sca l e  of 1 inch  t o  100 feet  

The s i t e  is  covered by the Tennessee Valley 

(See P la t e  1,)  

A 

with a contour i n t e r v a l  of 5 feet  was issued by Stone & Webster Ehgineer- 

ing  Corporation under da te  of June b, 1943. The sec t iona l  sheets  of 

t k i s  series which involve the  laboratory si te and immediately adjoining 

areas a r e  Nos. B2-22, B2-23, B2-2b, F2-25, B2-27, B2-28, B2-29, B2-30, 

(See Plates 3,4,5,6,7,8,9, and 10,) These large-scale sec t iona l  sheets 

a r e  subdivisions of "Topographic Map-Section B-2", sca le  1 inch to 400 

feet ,  contour in t e rva l  10 f ee t ,  i s sued  under date  of October 31, 1942, 

(See P la t e  2.) 

TOPOGRABY AM, DRAINAGE 

Bethel Valley, i n  w h i c h  t h e  X-10 u n i t  of the Laboratory is located, 

i s  not  a simple stream va l l ey  i n  the  ordinary sense. Instead, it i s  a 

port ion of an elongated, northeast-southwest trending trough drained by 

several  small streams t r ibu ta ry  t o  t h e  Clinch River. It has been 



d,eveloped upon a b e l t  of non-resistant limestones and shaley limestones 

of t h e  Chickamauga formation, s t r i k i n g  north 560 east. 

hounded on the southeast  by Haw Ridge, a narrow, dissected hogback held 

up by reeistant sandstone of the Rome formation, and on the  opposi te  

s i d e  by Chestnut Bidge which is developed on the cherty dolomite of the 

Knox formation. 

northeestward from Bethel Valley i n t o  Raccoon Valley. 

Bethel Valley port ion of the  trough is seven and one half  miles. 

(of the  trough has an average width of about 1000 fee t .  

The  trough is 

The trough and its bounding p a r a l l e l  r idges extends 

'The l ength  of t h e  

The floor 

"he p a r t  of Bethel Valley which holds t he  s i t e  of the Laboratory 

is drained by Whiteoak Creek and i t s  t r i b u t a r i e s .  

Laboratory this stream flows a u t  of Bethel Valley thru a narrow water 

gap which has been c u t  across  Haw Ridge. From this gap the stream flows 

south-southwestward along a m t h e r  trough, developed in  the soft sha les  

of' t he  Conasauga formation, t o  the Clinch River tno miles away a t  an 

elevat ion of 7bl feet.. Approximately one half  mile upstream from t h e  

mouth of 'IRhiteoak Creek at the Clinch River, at the Mghaay which leads 

t o  the White Wing Gate, there  i s  an earth dam with s t e e l  cofferdam and 

ga te  (e levat ion 750 feet  at top)  which holds back a shallow water 

reservoi r  known as Whiteoak Lake. 

f o r  l i q u i d  uas t e  products which are discharged frdtm operations a t  t he  

Laboratory. (See Plate 1.) 

Jus t  south of the 

This serves as a f i n a l  s e t t l i n g  basin 

The lowest e levat ion o f  Beth 6L V a l  l e y  f l o o r  within the Laboratory 

a rea  i s  where Whiteoak Creek passes t h  Haw Gap a t  770 feet. From here 

t h e  f l oo r  rises t o  t h e  w e s t ,  north, ami northeast. Whiteoak Creek i s  at 

an elevat ion of 800 feet one mile upstream (northeast)  of t h e  gap. 

t he  northwest s i d e  of t he  val ley f l o o r  there  is a b e l t  of elongated 

On 



knolls  which r i s e  t o  e levat ions lip t o  900 feet. 

p l an t  operations are located on these  knolls;  o thers  on t h e i r  slopes 

and on the  val ley f l o o r  io  the southeast. 

southeast  of  the Laboratory s i t e  reach above 1,040 fee t  i n  elevation, 

whereas points  on Chestnut Ridge t o  the northwest range i n  e levat ion 

from 1,100 t o  over 1,290 fee t .  

Some of the Laboratory 

Highest points  on Haw Ridge 

(See P la te  1. ) 

FTYSIOGRAPHIC SETTING 

ilith respect t o  physiographic location, Bethel Valley l i e s  i n  the  

midst of t he  Tennessee Section of the Valley and Ridge Province, a 

subdivision of the Appalachian Highlands Division. 

Province, sometixes re f  erred t o  a s  t h e  "newer Appalachians" i s  c h a r a c k e z e d  

bj a l t e rna t ing  elongated and p a r a l l e l  valley-troughs and ridges,  trending 

northezst-southwest i n  general accordance with t h e  s t r i k e  of the underlying 

rock s t r a t a  which a r e  of Paleozoic age. 

i n  the b e l t s  of non-resistant rock, whereas t h e  r idges occupy s i t e s  of 

r e s i s t a n t  s t r a t a .  These be l t s ,  i n  turn, r e f l e c t  t he  underlying s t ruc tu re  

of p a r a l l e l  fo lds  and th rus t  fau l t s .  

The Valley and Ridge 

The va l leys  have been developed 

The Valley and Ridge Province i s  bounded on t h e  northwest by the  

Apl-talachian Plateaus Province (Cumberland Plateau i n  Tennessee) and on 

the  southeast by the  Blue Ridge Province wh'ich contains t h e  highest  

mountains of the Appalachian system. 

Plateau i s  but nine miles t o  the  northwest of Bethel Valley, whereas t h e  

Blue Ridge Province i s  some 35 miles d i s t a n t  a t  i t s  c loses t  point  t o  the 

southeast. 

The southeast  edge of t h e  Cumberland 

"he Great Smoky Mountains l i e  within the  Blue Ridge Province. 

Across the O a k  Ridge "larean the  succession of a l t e rna t ing  r idges  and 

valleys,  i n  order from southeast to northwest, i s  as  follows: Copper Ridge, 
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Melton Valley, Haw Ridge, Bethel Valley, Chestnut Ridge, Bear Creek 

Valley, Pine Ridge, Gamble Valley, East Fork Ridge, East Fork Valley, 

and Black Oak Edge. Each of the ridges attains elevations of over 

1200 feet a t  their highest points, whereas the val ley bottoms range 

i n  elevation from 713 f e e t  8t the Clinch River to over 900 feet. (See 

Plate 1.) 

adjacent Black Oak Ridge to the northwest, f r o m  which the town name watt 

The Oak Ridge tuwnsite l i e s  upon East Fork Valley and the 

taken. 



c w m  III. BREAL G ~ U X ; Y  

GENERAL STATEUNT 

The geology of t h e  region which embraces the Oak Ridge a rea  has been 

mapped and described i n  a general way i n  two folios of the Geologic Atlas' 

of the United States Geological Survey, namely, t h e  Loudon Folio, No. 25, 

by Arthur Keith, published i n  1896, and the Br icevi l le  Folio, No. 33, 

also by Arthr Keith, 1897. 

quadrangles includes reconnaissance topographic shee ts  and geologic maps 

on t h e  small sca l e  of 1/125,000 (one inch t o  about two miles) w i t h  contour 

i n t e r v a l  of 100 feet. 

necessar i ly  devoid of accurate de ta i l s .  

lies i n  the southern p a r t  of the Bricevi l le  Quadrangle, whereas the 

several. p lan t  operations of the  U. S, Atomic Energy Commisuion, including 

the  Oak Ridge National Laboratory, are within the  northwestern port ion of 

the Loudon Quadrangle. 

These well-known f o l i o s  covering 30-minute1 

The s tud ie s  were highly generalized and were 

Most of the  town of Oak Ridge 

STRATIGRAPHY 

All of the  bedrock formations of the  O a k  Ridge area are of sedimentary 

origin, deposited during the Paleozoic Era of geologic time. More 

spec i f ica l ly ,  they range i n  age from middle Cambrtan to early yississippian. 

The grouping and c l a s s i f i c a t i o n  of the s t r a t ig raph ic  u n i t s  is shown i n  

P la te  11. The s t r a t a  which underlie the s i t e  of the X - 1 0  un i t  of the 

O a k  Ridge National Laboratory i n  Bethel Valley belong to t h e  Chickamauga 

group; those w b i c h  uphold Haw Ridge t o  the southeast, t o  the Rome 

fowat ion;  those which unde r l i e  Yelton Valley adjacent t o  Haw Ridge on 

the southeast, t o  t he  Conasauga group; and those which fonn.Chestnut 
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Ridge a t  t h e  northwest s i d e  of Bethel Valley, t o  the  Knox group. 

s t r a t a  which are most pe r t inen t  to this study are those which l i e  

The 

underneath the immediate source3 of rad ioac t ive  contamination a t  the  

Oak FUdge National Laboratory operat ions and beneath Whiteoak Creek i n to  

which rad ioac t ive  w a s t e s  are drained; namely, t h e  Chickamauga limestones 

which are of greatest importance, t h e  Rome sandstone and shale ,  ard the 

Conasauga shale. The areal d i s t r i b u t i o n  and t h e  s t r u c t u r a l  arrangament 

of these geologic f o m a t i o n s  are shown on Pla tes  2 and 12. 

previously s ta ted ,  t he  problem of fundamental concern i n  t h i s  study ie 

t he  poss ib le  migration i n  various d i r ec t ions  underground of radioact ive 

f l u i d  wastes or of o the r  contaminated waters, i t  is  important t o  under- 

Since, as 

stand the  physical propert ies ,  espec ia l ly  the permeability, of t h e  

geologic f ormatione i n  three-dimensional d i s t r ibu t ion .  Therefore, this 

calls for accurate understanding of both t h e  sur face  d i s t r i b u t i o n  of the 

geologic formations and the a t t i t u d e  and arrangement of the  strata 

(geologic s t ruc tu re )  with depth. 

Throughout the Oak Ridge area the  severa l -geologica l  formations, 

which a r e  i n  sedimentary layers, crop out  along p a r a l l e l  belts trending 

northeast-soubhwest. A8 previously indicated,  these belts conform w i t h  

t he  va l l ey  and ridge topograplg.. The d i rec t ion  of  s t r i k e  i s  nearly 

constant throughout t h e  area -- average, north 5 6 O  easto 

departure from this average i s  noted from place t o  place. 

everywhere in t h e  area the formatiomdip toward the southeast. 

most common angle of d ip  is between 30 and 40 degrees with occasional 

var ia t ion  in considerable amount a t  some l o c a l i t i e s .  

paragraphs descr ip t ion  of t h e  severa l  formations will. be t r ea t ed  i n  the  

A s l i g h t  

Nearly 

The 

I n  the  following 



order of ascending succession of t h e  rocks -- older  t o  younger. 

those irmaediately involved i n  t h e  problem of t h i s  paper have been s tudied 

i n  much d e t a i l .  

Only 
I 

Rome Formation 

The Rome formation, of middle Cambrian age, cons is t s  mainly of 

--- 

evenly-bedded, fine-grained sandstone and shale, A s t r i k i n g  

cha rac t e r i s t i c  i s  the  variegated banding of b r i l l i a n t  shades of maroon, 

red, greenish-blue, olive-green, yellow, brown, gray, and drab. I n  

some sect ions i n  the  upper por t ion  of t h e  formation there  occur massive, 

d a r k  gray, dolomite lenses which are non-persistent, 

s h d y ,  t he  bulk of t he  forna t ion  is  soft, s l i g h t l y  s i l t y ,  argi l laceous 

shale, containing scat+,ered, t h i n  s i l t s t o n e  l aye r s  l e s s  than  an inch 

thick. 

the  Rome sandstone ( s i l t s t o n e )  which preva i l s  i n  comparatively thin, 

but r e s i s t a n t  layers up t o  three o r  four feet  thick,  separated by 

shale  partings.  

v i r t u a l l y  t o  a quar tz i te .  Pr imary  fea tures  such as r i p p l e  marks, rill 

marks, and others,  charac te r ize  the bedding surfaces  of  the sandy layers. 

I n  the  Oak Ridge area, the  sandstone port ion of t h e  Rome does not  contain 

layers  which are near ly  as massive as i n  o ther  eastern Tennessee regions. 

Nevertheless they are s u f f i c i e n t l y  resistant t o  erosion to  have caused 

the development of prominent hog-back ridges,  such as Haw Ridge and Pine 

Ridge. 

shale  and shaly s i l t s tone  which grades upward i n t o  the  typ ica l  shale  of  

the overlying Conasauga formation. The thickness of t h e  Rome formation 

i s  undetermined, 

I n  the  a rea  of t h i s  

The upper 150 feet  o r  so of the formations contains most of  

A t  plades these sandstone beds haveteen a l t e r e d  

Above the  sandstones of t h e  Rome is a zone of drab-colored, sandy 

Nowhere i n  the  area of t h i s  s t u d y  is the base of t h e  
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Rome formation exposed; everywhere it i s  undergmund at unknown depth, 

Enough of t h e  formation is above cover, however, t o  i nd ica t e  a thickness 

i n  excess of 1000 fee t .  

Laboratory, a good exposure of the Rome formation occurs i n  fhe road cu ts  

where the highway leading to White Wing Gate crosses  Haw Ridge. 

Near the X-10 u n i t  of the Oak Ridge National 

A t  t h i s  

place the Rome i s  thrus t - fau l ted  aga ins t  t he  ChickamaNga strata to the  

northwest, 

along t h e  highway a t  Bear Creek Gap, thru Pine Ridge, about one a d  

three four ths  miles northwest of the Laboratow. 

A more coaplete  s ec t ion  of the Rome formation i s  exposed 

Conasauga Group 

This rock u n i t  i s  mainly shale ,  mostly drab to olive-gray i n  color, 

w i t h  considerable reddish-brown t o  black s t a in ,  Although i t  is somewhat 

variegated i n  places, it does not possess the co lo r  b r i l l i a n c e  which 

t y p i f i e s  t he  Rome rocks beneath. 

to s l i g h t l y  s i l t y  with some p a r t s  slightly calcareous. 

t o  weather t o  a flaky appearance. 

quan t i t i e s  a t  different horizons t h i n  s i l t s t o n e  layers ,  general ly  less 

than one inch thick,  which stand out  as r i b s  on weathered slopes and 

which d i s in t eg ra t e  into small angular blocks. 

Conasauga sha le  has been re fer red  to by Rodgers a s  the Punpkin Valley 

forma tion. Not f a r  above the base of t he  Conasauga, and on top of the 

Tn the  main the  sha le  is argi l laceous 

The shale  tends 

Thriout there  occur i n  varying 

The basal. port ion of the 

Pumpkin Valley uni t ,  is a zone with a super abundance of s i l t s t o n e  r ib s ,  

su f f i c i en t  i n  r e s i s t ance  t o  account f o r  a l i n e  of l o w  h i l l s ,  or knolls,  

which r i s e  above the  val ley  f l o o r s  carved i n  the  s o f t e r  shales.  Such 

i s  exhibited along the  northwest s i d e  of Bear Creek Valley, and along 

the northwest s ide  of Melton Valley between Haw Ridge and Copper iiidge. 

The Shale is  highly impervious. There occur i n  t h e  upper 200 f e e t  o r  



more of the Conasauga group beds of gray limestone of various t ex tures  

and thicknesses separated by sha le  zones. 

c rys t a l l i ne ;  some o o l i t i c  i n  texture. Many of t h e  limestone beds are 

but a few inches thick; o thers  are massive, up t o  severa l  feet  thick. 

Some are  dense; some coarsely 

'This limestone portion of the  Conasauga group is known as t h e  Maynardvilla 

limestone. Detailed s tudies  and measurements of sec t ions  were not made 

by t he  writer. 

is a t  least 1500 f ee t .  

u n i t s  occur a t  many places  i n  Bear Creek Valley, and along the highmy 

The t o t a l  thickness of the Conasauga, in the Oak Ridge area, 

R c e l l e n t  exposures of both the shale and limestone 

t o  t he  mite Wing Gate between Haw Ridge and Copper Ridge sontih of the 

X-10 u n i t  of O a k  Ridge National Laboratory. 

Knox Group 

Next atmve t h e  Conasauga u n i t  l i e s  the Knox group, composed mainly 

of l i g h t  t o  dark gray, dolomilAclimestone m t h  prominent che r t  zones. 

It is of la te  Cambrian and ea r ly  Ordovician age. This group, which is 

of ten  spoken of as  the  "Knox dolomite," is one of t h e  most widely 

d i s t r ibu ted  s t r a t ig raph ic  u n i t s  i n  e a s t  Tennessee. 

a r e  aparse since near ly  everywhere the  rock is deeply weathered, leaving 

a deep cover of whitish to  red residual ,  clayey soil characterized by 

abundant nodules and chunks of chert .  Because of the preponderance of 

che r t  a hilly or ridge topography is  generally developed. Underground 

so lu t ion  channels, maw of cavern proportions, charac te r ize  the b o x .  

Numerous large sink holes give f u r t h e r  testimony ta the r o l e  of so lu t ion  

and underground drainage i n  t h i s  calcareous group. Since de ta i led  s tudies  

of t h e  Knox i n  the Oak Ridge area have not  been made, the f ive-fold 

subdivision which has been establ ished f o r  the group in  areas  f a r t h e r  

Bedrock exposures 
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no:rtheast has not been determined. Such is not  important i n  t h i s  study, 

however, s ince  the Knox formations are no t  re levant  to the immediate 

problem. 

determined because of t he  sharp l i t h o l o g i c  cnntrasts  with the 

Mayllardville limestone of t h e  Conasauga group a t  t h e  base and w i t h  t he  

limestones and shales of t h e  Chickamauga group at the top. 

best-exgosed sect ions of t he  Knox, i n  the  13ak Ridge area, is along the  

new Knoxville-Oak Ridge h i g h w q  across Chestnut ridge, two miles south- 

southeast  of Jackson Square i n  the  tcmn of Oak Ridge. 

t ' he  Knox group is 2600 f e e t  thick.  

The s t ra t igraphic  boundaries of the Knox group are easily 

One of t h e -  

I n  this sec t ion  

Chickamauga Group 

The rocks of g rea t e s t  concern i n  t h i s  s t u d y  are those Df the  Chickaniauga 

group which i s  comprised mainly of limestone beds. They are the ones 

which l i e  beneath the  X - 1 0  p l an t  s i t e  of t h e  Oak Ridge Nation& Laboratory 

-=- t h e  ones which under l ie  the  s e t t l i n g  pond o r  holding basin, enclosed 

by earth-dikes, into which are discharged f l u i d  wastes from the  X-10 

aircooled p i l e ,  t h e  hot, p i l o t  plant, and other operations, and which also 

under l ie  the o r ig ina l  bu r i a l  grounds for b u r i a l  of so l id  wajtes and 

contaminated materials and discarded equipment. Furthermore, vJhiteoak 

Creek flows over these rocks f o r  a dis tance of approxiinately 1700 feet  

from t he  poin t  where i t  receives the  discharge of radioact ive e f f luen t  

from the  s e t t l i n g  pond t o  where i t  crosses t h e  f a u l t  aga ins t  the Rome 

formation i n  t he  water gap a t  Haw Ridge. (See Plates 1 and 2.) Since 

limestone may be suscept ible  t o  underground so lu t ion  by migrating ground 
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waters, w i t h  consequent development of a network of open channels and 

voids, o f ten  permitting easy access of  surface waters and f r e e  movement 

of waters undergrcund, the  rocks of the  Chickamauga group were of 

especial  concern because of t h e i r  po ten t i a l  %ulnerabi l i ty t l  with respect 

t o  movement and escape of contaminated waters underground. Detailed 

s tudies  and mapping were made, therefore,  of t he  Chickamauga uni t s .  

The Chickamauga group is of middle and l a t e  Ordovician age. 

l i t e r a t u r e  the group is  most frequently spoken of a s  Chickamauga 

I n  the  

111imestone,t8 even though shales, s i l t s tones ,  and cher t  beds comprise a 

prominent but minor por t ion  of t h e  group. 

Ridge National Laboratory, the group i s  surpr i s ing ly  thick, namely 1735 

A t  t h e  X-10 s i te  of the Oak 

fee t .  The e n t i r e  sect ion of the Chickamauga i s  not t o  be seen a t  any 

continuous exposure; instead i t  must be gleaned from the  composite of 

several  sections.  A t  t he  time of t h e  writer’s first f i e l d  studies,  out- 

crops were much more p l e n t i f u l  than today. Subsequent grading, seeding, 

and landscaping have covered many of the former outcrops so t h a t  today 

some of t h e  sections which contributed toward knowledge of the 

s t ra t igraphy a r e  concealed. 

helpful  detai ls  i n  p a r t  of t h e  rock column. 

The core-dr i l l ing phase of t h e  study revealed 

Strat igraphic  Subdivisions. -- I n  the  O a k  Ridge area, and pa r t i cu la r ly  - -- 
i n  Bethel Valley a t  t h e  X-10 s i t e  of the Oak Ridge National Iaboratory, 

variati t ins i n  types of rock i n  t h e  Chickamauga group permit separation 

i n t o  e ight  dis t inguishable  and mappable subdivisions. (See P l a t e  11.) 

For p rac t i ca l  purposes i n  t h i s  s t u d y  these are re fer red  to as “membersa 
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or  u n i t s  and are designated by l e t t e r s  nA" t o  "Hn i n  ascending order i n  

the  column. A summary ou t l ine  of t h e  composite sec t ion  of the Chickamauga 

group, in descending order of un i t s ,  follows: 

Unit 
4- 

H 

F 

E 

Thickness 
Description of Rock (in feet)  

S i l t s tone ,  calcareous, gray, olive,  maroon; 
with shaly par t ings  and th in  limestone lenses  . 85 

Limestone of varied types, gray, olive-gray 
buff drab; mostly thin-bedded; with a r g i l l -  
aceous par t ings;  weathers to  shaly appear- 
ance; with f o s s i l i f e r o u s  zones * . . . * * . * .180 

Limestone, argi l laceous ( caha reous  silts tone I D  
gray, olive-gray, "pinkish" maroon; even- 
bedded, with sha le  par t ings  * . . . b o * . 

Limestone of varied types, dark gray t o  
brotmish gray; mostly nodular with abundant 
black i r r e g u l a r  c lay  partings;  dense t o  medium- 
grained; mostly thin-bedded, p a r t l y  massive; 
with shale partings;  weathers t o  a Lighter 
colored shaly o r  "nodular" appearance; lrrith 
sane f o s s i l i f e r o u s  horizons; mostly covered i n  
lowlands . . . . . . . . . . . . . 300 

Si l t s tone ,  calcareous, a l t e rna t ing  w i t h  shale; 
olive-gray t o  maroon; even-bedded; laminated; 
weathers to  a red shaly appearance; produces a 
s l i g h t  rise i n  topography; a very d i s t i n c t i v e  
u n i t *  o o 0 0 e 25 

Limestone, mostly gray t o  drab, p z r t l y  pinkisfi 
maroon, mottled; b r i t t l e ,  thin-bedded t o  
massive; with shaly par t ings  . e . . 60 

Limestone, s imi l a r  t o  "Gn above, mostly covered 
i n  lowlands . . o o o o w . e 220 

Calcareous sha le  and argi l laceous limestone, gray 
t o  buff; i n  a l t e rna t ing  th in  even beds; y ie ld ing  
small roundish s l abs  upon weathering, with 
yellow-buff co lor  o o a o o o 45 
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u n i t  - 

D 

C 

F 

A 

Description of Rock 
Thickness 
( i n  feet)  

Limestone of varied types, gray; mostly a r g i l l a -  
ceous and nodular; i n  t h i n  i r r egu la r  beds 
with sha le  par t ings;  abundant f o s s i l s  . . . 55 m 

Limestone and chert;  limestone i s  gray to ol ive-  
gray, i n  p a r t  nodilar,  shaly, and thin-bedded; 
i n  p a r t  mss ive ;  w i t h  abundant cher t  i n  thin, '  
even, bands, breaking i n t o  angular fragments 
upon weathering; produces a chain of l o w  hills . 160 

Shale, calcareous, olive-gray t o  light-rparoon; 
f i s s i le /  evenly-laminated . . . . . . . . 10 

Limestone of varied types, gray; f i n e  to  coarse- 
grained;, p a r t l y  c rys t a l l i ne ,  p a r t l y  nodular; 
mostly massive; with occasional patches of 
chert;  pa r t ly  fos s i l i f e rous ;  "quarry beds" . . 105 

Si l t s tone , in  even beds up t o  2 f e e t  thick,  lamin- 
ated, a l t e rna t ing  with calcareous shale; ol ive-  
gray, buff, maroon; some limestone, non-resis- 
tant ;  more shale  a t  base . . . . . . . o 215 

Limestone of var ied types, dark gray t o  buff;  
with shale  par t ings;  with gray to  black cher t  
i n  nodules and lenses . . . . . . . 80 

15 Chert, thin-bedded, with shaly par t ings . . . 
Siltstone, calcareous, olive-gray t o  maroon; 
weathers to shaly appearance . . . . . . . . o 30 

Si l t s tone  and chert ,  i n  a l te rna t ing  beds; s i l t -  
stone i s  calcareous, gray, olive, maroon; 
weaUlers to shaly appearance; w i t h  abundant 
granular che r t  i n  even beds up t o  6 inches thick,  
breaking i n t o  angular blocks upon weathering. . . 90 

Limestone; mostly covered . . . . . . . . . 25 m 
Total Thickness 1735 

Special  Features. - Although severa l  still-smaller subdivisions 

can be  recognized and traced across  the area, the e ight  u n i t s  as outl ined 
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above suggest sharpest  con t r a s t s  and g r e a t e s t  p r a c t i c a l  worth i n  t h i s  

study. Treatment of maw academic aspects  and problems associated wi th  

t h e  s t r a t ig raph ic  d e t a i l s ,  e spec ia l ly  as regards re la t ionships  w i t h  t h e  

Chickamauga rocks i n  o ther  l o c a l i t i e s ,  is/omitted. 
here  

Because the basa l  u n i t  

"An i s  character ized by superabundance of c h e r t  it has been confused with 

t h e  Knox dolomite which l i e s  d i r e c t l y  beneath, and w a s  so mapped by Keith 

i n  the  Loudon fo l io .  The next  higher  u n i t  lrBn carries t h e  most prominent 

calcareous s i l t s t o n e  beds, maroon t o  olive-gray, with a l t e rna t ing  shale  

and w i t h  occasional pure limestone layers. It lacks  the bedded che r t  

which p reva i l s  i n  the  u n i t  beneath. Unit  Tn carries the  pures t  and 

most massive limestone of  the group. It is, therefore,  t h e  most valuable 

quarry stone, and is u t i l i z e d  as such in  the Oak Ridge area. This u n i t  

contains some c r y s t a l l i n e  layers which resemble the  Holston %arbleil 

found i n  b e l t s  f a r t h e r  east .  Next above i s  another cher ty  unit, 'IBn 

It differs mainly from the basa l  che r t  u n i t  by the lack  of t h e  prominent 

maroon color,  ard by having "s1abby1I limestone, i n s t ead  of s i l t s tone ,  

a l t e rna t ing  with the  chert .  

even bands, i t  cons t i t u t e s  such a high proportion of the  rock as t o  

cause a chain of low hills as a topographic expression along the northwest 

s i d e  o f  Bethel Valley. The southeast  dip-slopes of these hills are strewn 

wi th  a heavy cover of angular c h e r t  blocks which came from t h e  weathering 

of this uni t .  I n  u n i t  "EJt there  are lumped together non-descript, gray 

limestones of var ied types, with t h i n  shaly partings.  

fo s s i l i f e rous  beds of the Chickamauga group occur a t  the  base of t h i s  

un i t .  

c lose ly  spaced, i r r egu la r ,  black clay-partings which g ive  the  rock a 

Although most of the c h e r t  occurs i n  thin,  

The most highly 

Most of t h e  limestone of the u n i t  i s  character ized by numerous, 
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9 m d d a r "  appearance where weathered. 

t o  be massive, they readi ly  separace i n t o  thin, *slabby,ft b r i t t l e  layers  

upon weathering. 

purposes, u n i t  'IF" is the  most important of the graup. 

s i l t s t o n e  and shale  separates  t he  rock of u n i t  "E" below from the  similar 

non-descript limestone, u n i t  "F, " above. 

i t s  argi l laceous and s i l t y  predominence serves  qu i t e  l i k e l y  as a 

s t r a t ig raph ic  t r a p  t o  ave r t  free flow and interchange of ground waters 

between the thick adjoining limestone uni ts .  

decomposition is  expressed by a s l i g h t  r ise i n  topography with but a 

t h i n  cover of so i l .  

t ha t  of I1EIf described above. 7M.s i s  t h e  u n i t  t h a t  l i es  beneath both 

the s e t t l i n g  pond and t h e  Bethel Valley b u r i a l  grounds a t  the Oak Ridge 

National Laboratory. The next uni t ,  JtH,tf  contains a wide variety of 

l i t no log ic  types t h a t  are not  d i f fe ren t ia ted  i n  this study. 

occurrence of pinkish-maroon, calcareous s i l t s t o n e  beds 

marks the l i n e  of separat ion from the underlying uni t .  

mixture of limestones which are p a r t l y  similar to those of u n i t  ItGn. 

S t i l l  higher there occur somewhat variegated, laminated s i l t s tones ,  

limestones, and shale,  o f  p reva i l ing ly  dull-maroon color. T h i s  laminated 

zone weathers t o  considerable depth leaving a reddish shale-like appearance. 

It is  conceivable t h a t  this zone m a y  belong to the Rockwood (Sequatchie) 

formation ins tead  of the Chickamauga. Its uppermost l i m i t  i s  c u t  out in 

the Laboratory area by t h e  t h r u s t  f a u l t  along Haw R i d g e .  

Although the f r e sh  l aye r s  appear 

For s t r a t ig raph ic  discrimination as w e l l  as f o r  mapping 

This maroon 

Although i t  is  p a r t l y  ca lcarems,  

I ts  g rea t e r  r e s i s t ance  t o  

The preva i l ing  l i tho logy  of unit "Gn i s  much l i k e  

The 

a t  the base 

Higher up is a 
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Higher U n i t s  

Within t h e  O a k  Ridge area  there a r e  i so l a t ed  occurrences of the 

13ockwood, Chattanooga, and Ft. Payne formations. However, discussion 

(of them is omitted i n  this repor t  inasmuch as they do not  occur i n  the 

:X-10 area of the Oak Ridge Nationdl Laboratccrg and have no bearing, 

therefore,  upon t h i s  studyo 

G E O W G I C  STRUCTURE 

The d i r ec t ion  of d ip  of a l l  of t h e  rock formah ions i n  t h e  Oak Ridge 

National. Laboratory (X-10) area i s  southeast ,  cons is ten t  w i t h  the  prevalent 

s i t ua t ion  thruout t he  Valley and Ridge Province of eas te rn  Tennessee. 

With t h e  exception of a few outcrops, t h e  angle of  dip is within t h e  range 

of 30-40 degrees, the average being 36 degrees. The average d i rec t ion  of 

s t r i k e  within t h e  laboratory a rea  is north $80 east. T h i s  is  a slight 

departure from t h e  average of north 5 6 O  e a s t  f o r  Bethel V a l l e y  as a whole. 

Minor f lexures  i n  t h e  rock a re  unusual i n  cont rae t  with t h e  monotonous 

regular i ty  of most of t he  s t r a t a .  

i s  a small an t i c l ine  i n u n i t  "AN of t h e  Chickamauga formations, exposed 

Most s t r i k i n g  of such secondary f o l d s  

i n  a cut aiong the r ih i te  W i n g  road across  Chestnut Ridge, w e s t  of the 

Laboratory. On the whole, however, the a t t i t u d e  of the formations i s  

remarkably uniform within the  immediate s i te  of t h e  Laboratory. (See 

Plates 2 and 12 . )  

A s igni f icent  t h r u s t  f a u l t  occurs along Haw Ridge at the  southeast  

s i d e  of Bethel Valley where the r e s i s t a n t  s i l t s t o n e  ( q u a r t z i t i c )  strata 

of the Rome formation have been th rus t  over t he  upper i i n i t s  o f  t he  much 



younger Chickamauga group. 'he trace of the faillt follows along the  

northwest-facing s lope of the ridge,  a t  various eleva.cic;s below the  

c res t ivh ich  i s  on the upthrow side. The average s t r i k e  of t h e  fau l t -  

sdr face  i s  north 56' east ;  the dip i s  t o  the southeast  a t  an undetermined 

angle. F ie ld  observations and ca lcu la t ions  suggest a f a i r l y  high angle 

of dip  probably as grea t  as bSo, Y i . s  s l i g h t l y  i n  excess to  t h a t  of t h e  

bed-rock layers .  

f e e t .  

The s t r a t ig raph ic  throw of the  f a u l t  is more than 5500 

9hiteoaR Creek crosses  the  f a u l t  where it enters  the gap through 

Haw - i d g e  j u s t  south of the laboratory. 

core d r i l l  i n  two places  i n  this v ic in i ty ,  namely i n  holes  Nos. 29 and 

50. 

The f au l t  w a s  pierced by the 

(See Plates 2 and 12.) 

GWLoc3IC U P  AND STRIJCTJJRE SECTION 

The geologic maps and accompanying s t r u c t u r e  sect ion of t h e  X-10 

area of the  Oak Ridge National Laboratory, Plates 2, 3-10, 12, were 

prepared by Harry J. Klepser. 

of 1 inch t o  100 f e e t  was  considered r eqd i s i t e  t o  t h i s  s tudy .  

Plates 3-10.} 

The de ta i l ed  mapping p ro jec t  on the sca l e  

(See 

From them can be seen the  accurate  pos i t ions  of the various 

ty-pes of rock strata i n  r e l a t i o n  to  po ten t i a l  sources of  contamination, 

and, i n  turn,  t o  f a c t o r s  involved i n  movements of ground waters. Greatest 

f i e l d  a t t e n t i o n  was gjven the e igh t  u n i t s  of t h e  Chickamauga group which 

have been ca re fu l ly  traced and mapped individually.  The numerous dip- 

s t r i k e  symbols readi ly  reveal the s t r u c t u r a l  conditions. The various 

formations and sub-units come to the surface along northeast-southwest 

trending, p a r a l l e l  be l t s .  Since the  d i r ec t ion  of d ip  is  southeast ,  the 

strata are  oldes t  a t  t he  northwest s i d e  of the area and are progressively 



younger southeastward as far a s  the f a u l t  where the  much o lder  Rome 

formation occur$. Hence from there,  southeastward, t he  s t r a t a  are 

likewSse progressively younger across  Uelton Valley to Copper Ridge. 
e 

?'he maps show some, but  not  al l ,  of t h e  bui ldings and p lan t  s t ruc tu res  

of the  Laboratory, a s  well  as contour l i n e s  and drainage pattern.  Since 

the maps were made there  have been many changes i n  roads, buildings, and 

o the r  s t ruc tu res  a t  t he  X-10 s i t e .  

c;Ex)IDGIC FORMATIONS AT POTENTIAL SOURCES OF CONTAMINATION 

A t  the  X-10 u n i t  of the Oak Ridge National Laboratory t h e  tank farms 

in to  which f l u i d  wastes from various sources a r e  piped l i e  upon u n i t  "EN 

of the Chickamauga group. me earthen-diked s e t t l i n g  ponds which receive 

the  f l u i d  discharges from the tanks rest upon u r d t  fV o f t h e  group, and 

t h e  small re ten t ion  pond nearby upon the  same uni t .  

receives the  over€low from these ponds, runs f i r s t  along u n i t  "G" f o r  a 

short distance,  then across u n i t  "€I* t o  Haw Ridge gap where the  f a u l t  i s  

crossed. 

onto the Conasauga shale which holds Whiteoak Lake. 

ground, some 300 feet south of the main settling pond, where canned solid 

waste ha6 been buried, rests upon limestones of u n i t  nrH.n The main 

b u r i a l  ground i n  cur ren t  use, where s o l i d  wastes and contaminated mater ia ls  

and discarded equipment a r e  bupied, l i es  upon u n i t  IlG," the  same u n i t  

which holds t h e  s e t t l i n g  ponds. Unless there  should be breaks and leaks 

i n  the tanks, drainage l i nes ,  etc., of the l i q u i d  disposal  system, the  

p o t e n t i a l  sources of underground contamination are the r e t en t ion  and 

s e t t l i n g  ponds, Whiteoak Creek, and the  b u r i a l  grounds. 

Whiteoak Creek, which 

The creek thence flows across  the Rome formation and f i n a l l y  

A small old b u r i a l  

Greatest  of a l l  

i s  the main s e t t l i n g  pond with a capacity of 1,600,000 gal lons and an area 
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t o  where i t  crosses the f a u l t  i n  the gap, rest upon limestones, u n i t s  " G N  

and "H," which are suscept ible  to underground solut ion and t o  t h e  

of about 62,000 square feet .  (See P la t e  2.) 

Unfortunately, the  s e t t l i n g  ponds and the course o f  Whiteoak Creek / 



Interbedded w i t h  it are thin Itsheetstt of dense s i l tstone,  generally less 

than  one inch thick, and occasional limestone lenses. An air-pressure 

t e s t  of a d r i l l  hole i n  t h i s  shale suggested a lack of obvious permeability. 

Ih.e southeas tern s ide  of Whiteoak Lake encroaches upon interbedded limestone 

anudst the shale in the upper part of tbe Conasauga unitc  



CHAPTER IV. SUB-SURFACE GEx>IBtiY AS REVEALED THRU CORE DRILLING 

MULTIPLE PURPOSE OF 'rm DRILLING PROGRAM 

Core d r i l l i n g  i n  connection with the study of geologic conditLons a t  

the  X - 1 0  s i t e  of t h e  Oak Ridge National Laboratory was undertaken f o r  

severa l  purposes, namely: 

and s t ruc tu re  obtained from surface, areal studies;  

(a) t o  supplement the.knowledge of s t ra t igraphy 

(b) to  reveal, 

through rock cores, d e t a i l s  i n  l i thology, espec ia l ly  as bearing upon 

tex ture  and porosity; 

solut ion channels ( i f  any) i n  the  rock; 

( c )  t o  determine t h e  existence and magnitude of  

(d)  t o  provide rock cores to be 

analyzed for  radioactive contamination; 

co l lec t ing  water samples f o r  analysis;  

( e )  t o  provide w e l l s  f o r  

( f )  t o  provide exploratory w e l l s  

f o r  rad ia t ion  detect ion by means of radiologging; and (g) t o  provide 

per t inent  data  on the  hydrology of the area, espec ia l ly  as regard water- 

tab le  l eve l s  and migration of ground waters. 

SCOPE OF THE DRILLING PROGW 

'Ihe program c d  l e d  f o r  a t o t a l  of 4500 feet  of NX core d r i l l i n g  

d is t r ibu ted  among 51 holes, ranging i n  length from 50 t o  300 feet. 

holes except one were d r i l l e d  ver t ica l ly .  

operated simultaneously. 

ended on March 22, 1950. Hole No. 1, underneath the main s e t t l i n g  pond, 

w a s  d r i l l e d  f o r  300 fee t  a t  an angle of 5s degrees from the horizondl so 

A l l  

Three d r i l l i n g  r i g s  were 

Dri l l i ng  s t a r t e d  on December 16, 1949, and 

as t o  c u t  the  bedding planes of the strata a t  approximately r i g h t  angle. 

Forty e ight  d r i l l  holes are located i n  Bethel Valley; two on t h e  f lank  

of Haw Ridge a t  the margin of Bethel Valley; and one near t h e  northwest 

margin of \hitmakc Lake i n  Idelton Valleyo The holes were numbered 
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approximately i n  the  chronological order of the d r i l l i ng .  

see Pla tes  2 and 13.) ?he spacing of t he  holes  was  dstermined from p r i o r  

study and knowledge of the areal geology i n  r e l a t i o n  t o  po ten t i a l  sources 

of contamination, and from the  contemplated needs f o r  hydrologic data. 

me lve  holes, spaced from approximately 75 to 100 f e e t  apart ,  enc i rc le  the 

s e t t l i n g  pond; 10 holes  enc i rc le  t h e  main b u r i a l  grounds; two holes are 

located so as to p ie rce  the f a u l t  a t  Haw Ridge; one hole i s  i n  t h e  

Conasauga sha le  near M t e o a k  Lake; and the remaining holes are s i tua t ed  

along Bethel Valley bottom between the s e t t l i n g  pond and the main b u r i a l  

grounds and i n  otherwise appropriate pos i t ions  f o r  purposes of hydrologic 

information. Depth of mantle rock, a t  the time of d r i l l i n g ,  ranged from 

(For locations,  

th ree  t o  25 feet .  

w a s  l e f t  protruding w e l l  above the  surface of the ground. 

holes start i n  u n i t  nGtt of the Chickamauga rock group; 

seven i n  u n i t  !!En; two i n  uni t  nF"; two i n  t h e  Rome formation a t  t h e  

fault ;  and one i n  the  Conasauga sha le  a t  Whiteoak Lake. 

ships can be gleaned best from Plate 2 and from Table 1. 

A t  a l l  holes NX casing w a s  set  thru the overburden and 

Thir ty  of the 

nine i n  u n i t  "H"; 

These re la t ion-  

RECORD OF EDLORATCRY DRILLING 

Table 1, which follows, gives spec i f i c  data on the  51 exploratory 

wells which were d r i l l ed .  The X - 1 0  p l a n t  coordinates of all  well-locations 

have been accurately determined by a prec ise  horizontal  survey. 

coyes of  a l l  wells have been logged and t h e  records placed on f i l e .  

boxes of rock core have been s tored  and are ava i lab le  for any fu ture  

ref  e r enc e . 

The 

The 
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1 Dec'. 1 9  - Jan. 10 55 

2 Dec. 16 - Dec. 22 90 

3 Dec. 21 - Jan. 6 90 

4 Dee. 27 - Jan. 5 90 

5 Jan. 9 - Jan. 11 90 

6 Jan. 4 - J a n .  9 90 

7 Jan. 10 - Jan. 15 90 

8 Jan. 11 - Jan. 13 90 

9 Jan. 12 - Jan. 16 90 

10 Jan. 16 - Jan. 20 90 

11 Jan. 16 - Jan. 18 90 

12 Jan. 19 - Jan. 2.5 90 

13 Jan. 20 - Jan. 26 90 

1b Jan. 26 - Jan. 31- 90 

15 Jan. 1 7  - Jan. 20 90 

16 Jan. 23 - Jan. 26 90 

17 Jan. 26 - Jan. 30 90 

18 Jan. 31 - Feb. 2 90 

19 Feb. 2 - Feb. 7 90 

300.0 

100.0 

250.7 

100.2 

100.0 

100.0 

100. 0 

100.0 

100.0 

10000 

100.0 

100.0 

100.0 

loo. 3 

100.0 

100.0 

100,o 

100.0 

1000 3 

-7.7 
10.5 

11.3 

9.0 

8.0 

22.0 

10.0 

9.0 

9.0 

10.0 

10.2 

25.0 

12.0 

. 9.0 

13.0 

13.5 

780.20 

778.52 

848 . 28 
780. OS 

778 59 

778 53 

787.87 

788 . 83 

848 . 89 
840.25 

782.16 

778.36 

783.35 

G, F 

If 

i;, F 

G 

G 

cr 

G 

G 

If 

20 Jan. 27 - Feb. 3 90 100oO 12.5 836.22 8i9.20 F, E 
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DATA ON EXPLORATORY r;CELLS 

NO. - 
2 1  

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

3 2  

33 

34 
35 

36 

37 

38 

39 

40 

When 
11949 -- 

n 
a 

5 %  
d r i l l e d ,  Angle g c  - 1950 Degrees c)- 

Feb. 7 - Feb. 10 

Feb. 13 - Feb. 18 

Feb. 17 - Feb. 21 

Feb. 4 - Feb. 8 

Feb. 8 - Feb. 10 

F8ebo 10 - Feb. 14 
Feb. 9 - Feb. 10 

Feb. 13 - Feb. 15 

Feb. 17 - Feb. 29 

Teb. 15 - Feb. 16 

Feb. 16 - Feb. 17 

Feb. 22 - Feb. 24 

Feb. 20 - Feb. 21 

Feb. 22 - Feb. 23 

Feb. 23 - Feb. 26 

Feh. 28 - Mar. 1 

Mab. 1 - Mar. 2 

Mhr. 2 - Mar. 3 

bid:ar. 7 - Mar. 8 

2ar. 9 - Mas. 10 

100.0 12.0 

100.0 10.5 

100.0 10.0 

100.0 5.0 

50. 0 6.0 

50.0 20.0 

50.0 8.5 

100.0 23.0 

198.0 8.0 

50.0 6.7 

50. 0 3.0 

1 O O o O  . 8.7 

50.0 4.0 
50.0 5.8 

50.0 15.0 

50.0 7.0 

50.0 6.2 

50.0 20.6 

50. 0 6.5 

50.0 4. 0 

834. 30 

825.69 

827.50 

779.26 

790.12 

779.62 

778.80 

790. b7 

797.06 

782.78 

786.82 

839.59 

799.40 

794. 30 

801.90 

818 . 47 
800.63 

831.38 

820.62 

806.07 

807 75 
810.60 

818 57 

771.84 

78L. 73 

7700 75 

771.68 

776.lrC 

769.48 

777.01 

781.96 

824.78 

796.53 

788.04 

75 6.48 

8U2 . 14 
7&0& 

803.28 

d r y  

781.90 

Geologic Units 
encountered 

C;, F 

G, F 

G 

G 

G 

H 

H 

H 

Rome, H 

G 

G 

G 

E 

E 

E 

E 

E 

E 

E 

F, E 
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TABLE 1. COdPARATIVE DATA ON EXFUIRAI'ORY -uvELLS 

Yihen drilled, 
NO. 1949 2 5 0  - 

Angle 
Degrees 

,--- 

41 Feb. 24 - Feb. 27 90 50.0 10.0 831.88 799.42 G, F 

42 Feb. 28 - X a r .  2 90 5000 1.0 833.26 811e79 G 

43 M a r .  2 -hr. 3 90 5000 9.5 798.50 792.66 G 

4b Mar. 7 - hiar. 8 90 50.0 9.0 813.10 788.82 G 

45 Mar. 3 - Mar. 8 90 50.0 6.5 791.48 788.57 G 

46 Mar. 9 - Mar. 10 90 50.0 3.0 787.62 783.87 G 

47 Mar. 11 - Mar. 13 90 50. 0 9.0 796.45 78 6.45 G 

48 Mar. 9 - Mar. 10 90 5000 1100 784.90 778.51 H 

49 Mar. 7 - M a r .  8 90 50.0 8.0 778. 9b 774.90 H 

50 Mar. 1 - W. 6 90 90.0 6.0 829.I.l 813.28 Rome, H 

51 Mar. 16 - Mar. 22 90 161.0 3.0 Conas aug a 

- 1/ 
2/ 3/ Measurements by G. D. DeEuchananne 

Hole No. 1 is inclined, 55' from horizontal ;  300 feet  is length,  not  depth. 

- -  

A 
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For t h e  purpose of t h i s  repor t  it i s  regarded unessent ia l  to  publish 

Logs of but two wells a re  submitted below. t,he logs of all t he  51 w e l l s .  

'They i l l u s t r a t e  t he  kind of d e t a i l  revealed i n  the core d r i l l i ng .  

f i r s t  is that of the oblique hole  which runs beneath the  s e t t l i n g  pond; 

t h e  second, of hole  nulnber 29 which c u t s  t he  f a u l t  a t  t h e  gap of ilhiteoak 

The 

Creek across  Haw Ridge. The f i r s t  hole  i s  mainly within the "G" u n i t  of  

the Chickamauga rock group, p ie rc ing  the "Fa u n i t  near t h e  base. 

second starts i n  t h e  Rome formation and then, after penetrat ing t h e  

f a u l t ,  p ie rces  t h e  IT-I" u n i t  of t h e  Chickamauga, 

The 

I;og of d r i l l  hole No* 1, angle sp -------- 
Location, on dike a t  southeast  s i d e  of s e t t l i n g  pond, running 

obliquely northwestward beneath t h e  pond, Length of hole, 300 feet; 

a l t i t u d e  top of casing, 784.L6 feet; a l t i t u d e  bot ton of hole, 538.7 feet  

Core pulls, Length of core, 
i n  f e e t  Kind of rock i n  fee t  

0.0-13 0 Recent mantle rock 

13* 0-22 3 Chickamauga group, u n i t  trGn: 
Limestone, gray, mostly dense to f i n e  7.0 

graihed; occasional  coarser patches 
wi th  s h e l l  fragments; with abundant 
irregular, thin,  dark-gray t o  black 
argi l l a c  eou s par t ings  , c 1 os ely 
spaced, branching and interconnecting, 
producing a brecciated o r  "nodular" 
appearance; occasional sl ickensided 
surfaces  along the  dark par t ings;  
miniature styloli te-seams i n  various 
d i rec t ions  

22 3-32.3 Same as above 

32 3-4 3 0 Same as above 

43.0-53 0 Similar  t o  above; c l ay  par t ings m a r e  
abundant ; w i  th numerous , prominent 
b ryo zo ans 

10.0 

10.0 

10.0 
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Log of d r i l l  hole  No. 1 (continued) 

Core pulls, Length of core, 
i n  feet  Kind of rock i n  feet  - 
53 0-55.0 

55.0-66.0 

66.0-75.0 

75.0-83.0 

8 3 0-93 0 

115.0-125.0 

Same as above 

Same as above 

nNodulartl l inestone,  s imilar  to above but  
coarser i n  appearance due to abmdant 
s h e l l  fragments; Nith finely-disseminated 
p y r i t e  i n  sca t te red  patches 

Same as above 

Limestone, dark gray; vvith abundant thin, 
c los  ely-spac ed, grayi sh-black, a r g i l -  
laceous laminae, s l i g h t l y  calcareous; 
with elongated, f inger - l ike  w h i t e  
c r y s t a l l i n e  masses, t ransverse t o  bedding, 
resembling bryozoans. This limestone i s  
not as "nodxlarrl i n  appearance 2s  t ha t  
above 

Similar t o  above 

Same as above 

Similar t o  above; c lay  laminae become more 
i r r egu la r  and l e s s  abundant downward 

Limestone, gray, dense t o  f i n e  grained; 
occasional coarser patches Kith shell 
fragments; with abundant i r regular ,  thin,  
dark-gray t o  black argi l laceous partings,  
c lose ly  spaced, branching and in t e r -  
connecting, producing a brecciated or 
llnodularll appearance; with miniature 
f rac tures ,  transverse t o  bedding 

Similar t o  above; argi l laceous par t ings  be- 
coming l e s s  abundant downward; lime stone 
has uniforn, fine-grained texture  

Same a s  above 

Similar t o  above 

2.0 

10,o 

8.5 

10.0 

3.5 

7.5 

9.9 

10.0 

10 00 

10.0 



Log of d r i l l  hole No. 1 (continued) 

I 

Length of core, sore pulls ,  
i n  f ee t  Kind of rock i n  feet 

15 5 . 0 -165 . 0 

165.0-174.0 

17 IJ . 0-184 0 
18L.O-188 -0 

188.0-196 0 

196 .O-202 00 

202.0-212.0 

212.0-216.6 

216.6-218 . 6 
218 . 6-225 0 
225.0-235.0 

235.0-2L5.0 

2ll5.0-255 05 

L h s t o n e ,  gray, mostly dense t o  f he-grained 
with few coarse-grained patches; with 
abundant irregular, th in ,  dark-gray t o  
black a rg i l laceous  par t ings ,  c lose ly  
spaced, branching and interconnecting, 
producing a llnodularn appearance 

Same a s  above 

Same a s  above 

Same a s  above 

Same as above 

Same as above 

Same as above 

9 00 

10 00 

4.0 

7.8 

6.0 

9 .6 

Rock, same a s  above; with two, small s o h -  4.5 
t i o n  cavities (channels),  about one-half 
inch w i d e ,  a t  214.6 and 215.6 f e e t  

llNodularll lime st one, similar t o  above 2 00 

Same as above 5.5 
Sane as above 10.0 

Same as above 10 00 

S h i l a r  t o  above; with numrous, t h i n  cal-  10.0 
s i te  ve ins  

S imi la r  t o  above; fewer c a l c i t e  ve ins  10 00 

Same as iibove 10 .o 

Similar  t o  above; a rg i l laceous  laminae becom- 10.0 
ing more regular and th inner  downward; be- 
coming more shaly i n  appearance 

Laminated limestone, s imi la r  t o  above, grad- 2.7 
ing i n t o  s i l t s t o n e  beneath 
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Log of d r i l l  ho le  No. 1 (continued) 

Core pulls, Length of core, 
i n  f e e t  Kind of rock i n  f e e t  

Chickamauga group, u n i t  llF1l t 

Si1  tstone,  calcareous, mostly purple-maroon; 7.3 
with bands of  gray limestone,. containing 
thin,  maroon, s i l t y  laminae 

2 95 5 -300 0 Limestone, s i l t y ,  olive-gray; with thin,  4.4 
maroon, s i l t y  laminae 

278 . 8 Total  amount of core 
Total length of hole 300.0 

Log of d r i l l  hole No. 29, angle 900 ---- -- 
Location a t  gap of Hhiteoak Creek thru  Haw Ridge. Ikpth of hole, 

198 f e e t :  a l t i t ude  top of casing, 797.06 f e e t ;  a l t i t u d e  bottom of hole, 
599.06 f e e t  

Core pu l l s ,  Length of core, 
i n  f e e t  Kind of rock i n  f e e t  

0.0-8.0 Recent mantle rock 

Rome format ion: 
8.0-21.6 Sandstone, broken pieces 1.6 
(two pulls) 
2 1 . 6-31.0 Sandstone, gray, brown, maroon; fin6 1.5 

grained, qua r t z i t i c ;  with sca t te red  
clay partings;  w i t h  c a l c i t e  veins; 
badly broken; poor recovery; missing 
rock probably shale 

31 eo-3 7 0 Same a s  above 

37.0-4i .O Same a s  above 

L7.0-56*6 Same a s  above 

56.6-63 .O Dolomite, s i l i ceous ,  dark gray; saccaroidal 
texture;  abundant c a l c i t e  veins; poor 
recovery, with shaly rock missing 

63.0-67.6 Same a s  above 

2.7 

4.7 

2.8 

67 6-73 00 Same a s  above 

1.8 

1.8 
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Log of d r i l l  hole No. 29 (continued) 

core pul ls ,  Length of core, 
i n  feet  Kind of rock i n  fee t  

77.0-81.0 

8 1 0-86 6 

86 6-96 6 

96.6-101.6 

101.6-103.6 

1.86.0-187 00 

187.0-190.0 

190.0-194.0 

19L.0-198 0 

Same as above; more massive; b e t t e r  
recovery 

Same a s  above 

Same a s  above; massive 

Same as above 

Same a s  above 

Sandstone, gray t o  pinkish-maroon; f i n e  
grained, qua r t z i t i c ,  with c lay  partings;  
w i th  c a l c i t e  veins;  brecciated i n  places 

Same! as above 

Same as  above 

Same as above 

Same as above; dolomite a t  base 

Faul t  zone, with confused broken mixture of 
brecciated dolomite, q u a r t z i t i c  sandstone, 
and shale; gray, o l ive ,  buff,  pink, maroon; 
with sl ickensided black partings.  Thin 
zones of dark-gray gouge a t  112 feet ,  127 
f e e t ,  and 186 feet  

Chickamauga group, u n i t  "Hn: 
Limestone, gray, dense to f i n e  grained; with 

grayish-black, i r r egu la r ,  wavy, argi l laceous 
partings;  "nc?dular" appearance 

Same as above 

Same as above 

Same a s  abovs 

2 a 9  

2 *7 

5 -3  

9.5 

4 00 
1.L 

3.5 

1.9 

3 *6 

3 *O 

1.0 

2.5 

3 00 

2.5 

Total  amount of core 
Total  length of hole 

- ~~ 

106 0 
198 .O 
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SlJMvlARY OF GEOLOGIC FINDINGS FROM CORE DRILLING 

A study of  the cores substant ia ted the general s t r a t ig raph ic  and 

s t r u c t u r a l  re la t ionships  which had been determined from surface explora- 

t i o n s  and revealed many addi t ional  d e t a i l s  brought out i n  the preceeding 

chapter. As previously s ta ted,  t h e  non-descript. limestones of zone "G" 

of the Chickamauga group, which underl ie  the s e t t l i n g  pond and the  b u r i a l  

ground, are quite  compact and non-porous except where secondary voids 

have been developed- 

solut ion channels of small s ize  i n  these limestones. Most are but an  

inch o r  so  i n  diameter; the l a r g e s t  t o  be pierced, about one foot.  

Dr i l l ing  waters were l o s t  through underground channels i n  holes Bs. 13, 

16, 21, 38, 39,  and 44. 
a t  Haw Ridge. 

uni t  ls%ll of the Ciiickamauga rocks beneath the f au l t  surface. The cores 

reveal t h a t  the f a u l t  breccia and gouge are t i g h t l y  cemented and there- 

fore  are  qui te  impermeable. Quite l ike ly ,  therefore,  the f a u l t  would 

The d r i l l i n g  revealed several ,  though not numerous, 

Holes Nos. 29 and 50 pierced the t h r u s t  f a u l t  

These holes s t a r t e d  i n  the  Rome formation and f in i shed  i n  

block any horizontal  migrat.ion of ground waters t h a t  might come from the 

Chickamauga rock b e l t  which l i e s  on the northwest. Furthermore, the un- 

broken rock o f  the dome fornat ion adjoining t h e  f a u l t  i s  a l so  non-porous, 

consisting of shale,  qua r t z i t i c  s i l t s tone ,  and s i l iceous  dolomite. 

* 

Hydrologic conditions as  revealed from the d r i l l  holes are discussed 

i n  Chapter V. Findings as regards underground radioactive contamination 

are given i n  Chapter V I .  
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CHAPTER V. HYDROLOGIC EATUFLES 
(gY George D. De Buchananne) 

CLIMATE IN GENERAL 

Character is t ics  of the climate bear  d i r e c t l y  upon the hyd-rologic 

fea tures  of any area. Temperature range, duration of groming season, 

and the p rec ip i t a t ion  in t ens i ty  and d i s t r i b u t i o n  as t o  tine, influence 

the recharge t o  and discharge from ground-water bodies. The climate of 

-the Oak Ridge area  f a l l s  within the humid subtropical  c l a s s i f i ca t ion .  

‘Table 2, following, gives r a i n f a l l  and temperature da t a  f o r  the Oak Ridge 

,area as supplied by t h e  United S t a t e s  Weather Bureau: 

Table 2 

Jan. 
Feb. 
March 
Apri l  

June 
July 
AUg 
Seat . 
Octo 
NCW e 
Dec. 

Monthly Pmcip i t a t ion  and Temperature, Oak Ridge, Tennessee 

Normal 
R z i  nfall  

4.9 
5.0 
5.1 
5.5 
4.0 
4.2 
4.8 
4.8 
3 06 
2.6 
3 e8 
lA.1 

Maximum 
Rainfall 
1944-50 

11.22 
8.52 
5*75 
6.11 

6.05 

7.01 
5-87 

4-90 
12,84 
6.43 

12  000 
5.55 

Xinimum 
-Rainfall 
19U-50 

2.ho 
1.89 
3.18 
l O l r 0  

1.85 
1.70 
2 .h7 
1.80 
1.07 
1.20 
1.01 
2.74 

Normal 
Temperature 

36.4 
38.8 
45.9 
56.9 
65.2 
72.8 
76.2 
73.8 
68.7 
57.4 
47 01 
hO.4 

Annual 52.4 

Table 2 ind ica tes  t h a t  t h e  normal temperature ranges from 76.2 degrees 

Fahrenheit in Ju ly  t o  36.4 degrees i n  January. 

period of about 196 days extends from Apri l  11 t o  October 24, thus pmviding 

The average f ros t - f ree  

ample t i m e  f o r  a l l  crops normally grown i n  thisarea.  Frost  has been 

recorded a s  l a te  a s  May 10 and as e a r l y  a s  September 26. Transpiration and 



evaporation, of course, would u t i l i z e  a subs tan t ia l  pa r t ,  or  perhaps most 

of t h e  p rec ip i t a t ion  during the  f ros t - f r ee  period. Thus, recharge t o  t h e  

ground w a t e r  would be a t  a minimum during the growing season. 

Table 2 , a l so  shows t h a t  the  average annual p rec ip i t a t ion  is  52.4 

inches and tha t  the  high and low prec ip i t a t ion  months a re  April  and 

October respectively.  

two monthly extremes, ind ica tes  t h a t  r a i n f a l l  d i s t r i b u t i m  i s  f a i r ly  

uniform through the year. Normally some of  t he  annual prec ip i ta t ion  

f a l l s  as snow during the  winter, but it general ly  melts within a day o r  

two. 

The n o m 1  range of only 2.9 inches between the 

SURFACE WATER 

I n  Chapter 11, llLocation and Physiography,11 the  surface drainage in 

re l a t ion  t o  topography a t  the  X-10 site of t h e  Oak Ridge National Laboratory 

is  discussed. Ihe immediate site o f t h e  Laboratory l i e s  i n  Bethel Valley 

and i s  drained by a small stream, Whiteoak Creek, and i t s  t r ibu ta r i e s .  Low 

divides i n  the trough of Bethel Valley separate  the  Whiteoak drainage from 

that of Raccoon Creek t o  the  southwest and Bearden Creek t o  the northeast. 

(See P la te  1.) Jus t  south o f  t he  Laboratory, Whiteoak Creek flows out of 

Bethel Valley through a narrow water gap across  Haw Ridge, t o  where it i s  

joined by Melton Branch and then flows south-southwest along another trough 

in to  the Clinch River some two miles away. Between the junct ion with 

Melton Branch and the Clinch River, however, the mi t eoak  Creek is  ponded 

i n  mi t eoak  Lake ress rvoi r ,  a s  discussed i n  Olapter 11. The elevat ion of 

the junction of mi t eoak  Creek and the Clinch River i s  t h a t  of Watts B a r  

Reservoir, 7 4 l  f e e t ;  of the  top of the spillway a t  mi teoak  Lake, 750 feet; 

of mi t eoak  Creek a t  Haw Ridge gap, 770 f e e t ;  of t h e  drainage divide i n  

B e t h e l  Valley northeast of t he  Laboratory, approximately 860 feet;  and of 
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the divide southwest of t h e  Laboratory, approximately 835 fee t .  The 

surface drainage of t he  Laboratory area, therefore ,  i a  t o  the  Clinch 

River, by way of Whiteoak Creek. 

Discharge f igu res  on Whiteoak Creek are not avai lable  as gaging 

s t a t i o n s  were only recent ly  i n s t a l l e d .  It is  possible,  however, t o  draw 

some t en t a t ive  conclusions by analyzing the  two years of record from the 

Buffalo Creek drainage bas in  ( loca ted  some 24 miles northeast of t h i s  

area) which is  s imi l a r  topographically and geologically t o  the Whiteoak 

Creek drainage bas in  above Hax Ridge. The drainage basin of miteoak 

Creek above a point opposite t e s t  w e l l  No. 30 is about tm sq. miles. 

The drainage basin above t h e  gaging s t a t i o n  on Buffalo Creek is 9.45 sq. 

miles. 

Discharge f igures  from the Buffalo Creek gaging s t a t i o n y  f o r  

9 Unpublished records supplied by the U. S .  Geological Survey, Surface 
Water Branch. 

the  period of September 1947 t o  September 1949 indica te  that peak 

discharges general ly  occur during December, January, February, and March, 

and minimum flows occur during September and October. 

discharge, f o r  th? b r i e f  period of record, i s  13.7 see.-ft. which represents 

a runoff of about 1.45 sec.-ft. per sq. m i l e .  

see.-ft. occurred on February 13, 1948, and a minimum discharge of .3 sec.-ft. 

on September 1 7 ,  1948. 

which the  t o t a l  r a i n f a l l  had been .be& inches during a 48-hour p r i o d .  

minimum discharge occurred af ter  a period during which no r a in  had fallen 

f o r  seven days and onlyO.68 of an inch of rainfall had f a l l e n  during the 

preceding 31 days. 

The mean annual 

A peak discharge of 757 

The peak discharge occurred a f t e r  a period during 

The 
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If the minimum discharge of Euffalo Creek is assumed t o  represent 

only ground-water discharge, then  a bade runoff of about .03 sec.-ft. 

per sq. mile i s  indicated. This, however, would not  be the t o t a l  ground- 

w a t e r  discharge, f o r  it does not take i n t o  account evapotranspiration 

losses  and losses v i a  subsurface drainage through caverns which a re  

presumed t o  e x i s t  i n  t h e  area, based on knowledge of caverns occurring 

downstream from the gaging s t a t ion .  Considering tk  types of vegetation 

and amount of agr icu l ture  i n  the respective areas, and noting the  lack 

of known large so lu t ion  cav i t i e s  i n  the  Whiteoak Creek watershed it i s  

assumed that the minimum runoff per  square m i l e  would be h i g h e r  f o r  

Whiteoak Creek than f o r  Buffalo Creek. It i s  estimated t h a t  the  m i n i m u m  

runoff would be approximately .1s sec.-ft. per sq:mile f o r  the  two-square- 

mile port ion of the  Whiteoak Creek watershed that l i e s  upstream from the 

point where discharge from the Oak Ridge Laboratory s e t t l i n g  basins en ters  

the stream. 

GROUND WATER 

Water t h a t  f a l l s  on the e a r t h ' s  surface is  disposed of by evaporation, 

by i n f i l t r a t i o n  i n t o  the ground, o r  by overland runoff. 

overland i s  cal led surface water and tha t  which inf i l t ra tes  in to  the ground 

T h a t  which runs o f f  

i s  ca l led  subsurface water. 

Subsurface water i n  turn has been subdivided i n t o  two general 

c1ass i f i ca t ions .g  T h a t  pa r t  of subsurface water which is i n  the zone 

Meinzer, 0. E., The Occurrence of Ground Water i n  the United S ta tes ,  
U. S. -01. Survey Water-Supply Paper 489, 1923. 

of sa tura t ion  i s  ca l led  llground water" o r  'Iphreatic water," and t h a t  part 



of subsurface water above the zone of sa tura t ion  -- ca l led  t h e  zone of 

aera t ion  -- is  termed suspended subsurface water" o r  "vadose water.I1 

I n  the  zone of sa tura t ion  a l l  i n t e r s t i c e s  o f  permeable rocks are sa tura ted  

with water under hydrostat ic  pressure,  whereas i n  the  zone of aera t ion  t h e .  

i n t e r s t i c e s  are not  f i l l e d  w i t h  water o r  are only temporarily f i l l e d  with 

water i n  t r a n s i t  from the land surface to the  zone of saturat ion.  The 

zone of sa tura t ion  i s  the zone which y ie lds  water t o  wells while the zone 

of aera t ion  supplies moisture to t i e  roots  of plants.  

?he occurrence of water i n  the rocks of the  e a r t h ' s  c rus t  is 

influenced la rge ly  by the character,  d i s t r ibu t ion ,  and s t ruc ture  of the 

rocks, and by the s i ze ,  shape and cont inui ty  of the i n t e r s t i c e s  i n  the  

rocks. 

o thers  a re  characterized by a few l a rge  openings, such a s  j o i n t s  or  

caverns. I n  many rocks the i n t e r s t i c e s  are connected, permitt ing water 

t o  percolate  through; i n  some rocks, however, the i n t e r s t i c e s  are l a rge ly  

i so l a t ed  with l i t t l e  or no opportunity f o r  movement of water. 

property of a rock containing i n t e r s t i c e s  i s  ca l l ed  i ts  porosity.  

i s  expressed a s  the  percentage of t h e  t p t a l  volume of rock t h a t  i s  not 

occupied by so l id  material .  

shape and arrangement of i t s  p a r t i c l e s  and t h e i r  degree of assortment, the 

amount of cementation and compaction, the  amount of solut ion by c i rcu la t ing  

waters, and the amount of f rac tur ing .  The r a t e  a t  which water can be 

transmitted through a u n i t  cross  sec t ion  of rock under u n i t  difference of 

pressure per  un i t  distance is  a measure of i t s  permsahility. 

and porosi ty  are not synonymous. 

porous of ea r th  mater ia ls ,  but t h e  pores are so small t h a t  it is one of the 

l e a s t  permeable. A rock tha t  i s  devoid of i n t e r s t i c e s ,  o r  contains only 

i so la ted  i n t e r s t i c e s ,  would be ca l l ed  impermeable. 

Many rocks have numerous i n t e r s t i c e s  of very small s i z e  whereas 

'Ihe 

Porosity 

The porosity of a rock depends ch ief ly  on t h e  

Permeability 

For example, cl2y i s  one of t h e  most 
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The upper surface of the  zone of s a tu ra t ion  i n  ordinary permeable 

s o i l  o r  rock i s  ca l led  the water t ab le ,  If a well i s  d r i l l e d  s o  a s  t o  

penetrate  t h e  sa tura ted  zone, water will flow i n t o  the wel l  and w i l l  

s tand i n  t h e  well a t  the  same e leva t ion  a s  the  adjacent water table .  

The water tab le  w i l l  be a f fec ted  by c l imat ic  conditions, r i s i n g  during 

wet periods and f a l l i n g  during d ry  periods.  During periods of excessive 

p rec ip i t a t ion  the water tab le  may r i se  t o  the land surface; ground water 

being discharged i n  seeps where the  water t a b l e  i n t e r s e c t s  the land 

surface. I n  some geologic s e t t i n g s  one o r  more saturated zones may occur 

above the water t ab le  as a r e s u l t  of discontinuous impermeable zones 

which, by re ta rd ing  downward movement of s o i l  water, cause s m a l l  perched 

water bodies t o  form. During dry weather these perched water bodies 

commonly l o s e  t h e i r  water by evapotranspiration processes, by seepage a t  

the surface,or by slow drainage t o  t h e  t rue  water t a b l e  below. 

group of formations, o r  p a r t  of a formation t h a t  is water-bearing i s  t e r m d  

an aquifer.  

A formation, 

Accretions of water t o  the  ground water reservoi rs  are ca l led  

recharge. 

a t  the  surface minus surface runoff,  evaporation, and t ranspi ra t ion .  The 

physical p roper t ies  of the  s o i l  and of t h e  underlying sa tura ted  zone, the 

amount and d i s t r ibu t ion  of prec ip i ta t ion ,  t h e  temperature, the kind of 

topography, and the  types of v e g e t a t b n  on the land surface are a l l  f a c t o r s  

determining t h e  amount of recharge. 

The amount of recharge i s  equal t o  the  amount of water avai lable  

The water i n  an aqui fe r  i s  constant ly  moving from poin ts  of recharge 

t o  points  of discharge. 

of the  aqui fe r  and the steepness,of the gradient from t h e  poin t  of recharge 

t o  the poin t  of discharge; and the  th i cke r  t he  aqui fe r  the l a rge r  w i l l  be 

The r a t e  of movement depends on the permeabili ty 
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t he  volume of water moved. 

of Darcy's law of laminar flow which s t a t e s  t h a t  the quant i ty  of  water 

moved is  t ine  product of t h e  permeability of tk aquifer,  the  cross  

sec t iona l  a rea  through which the movement occurs, and the  hydraulic 

gradient . 

This pr inc ipa l  i s  expressed by an adaptatLon 

Several d i f f e ren t  methods may be used t o  determine the ra te  and 

d i r ec t ion  of movement of ground water. Tracers i n  the form of dyes or  

e l ec t ro ly t e s  may be added t o  ground water t o  determine the time required 

f o r  novement from one point  t o  another. 

mater ia ls  ray be determined i n  the laboratory e i t h e r  by mchanica l  

analyses or by use of discharzing o r  nondischarzing apparatus; and i n  

the  f i e l d  by conducting control led pw-ping tes t s  pe rn i t t  ing computation 

of t he  hydrologic propert ies  of the aquifer.  

showing the configuration of the water tab le  and f a c i l i t a t i n g  de teminat ion  

of hydraulic gradients  and the d i r ec t ion  of ground-water mvement. A l l  of 

these methods are i n  use, but each presents  problems. I n  using t racers  

The permeabilit:? of water-bearing 

Contour maps can be constructed 

Consideration has t o  be given 50 absorption, adsorption, and d i lu t ion  a s  

w l e l l  as  de tec t ion  of t h e  t r ace r  a t  the observation point. Laboratory 

determinations of permeabili ty u t i l i z e  a t  bes t  only a small portion of t h e  

water-bearing mater ia l  which of ten has been disturbed i n  the  co l lec t ion  

process and thus i s  not t r u l y  representat ive of the aquifer.  

techniques a re  based on the assumption tha t  the  aquifer  i s  homogeneous, 

i so t ropic ,  and of i nde f in i t e  extent,  whereas i n  prac t ice  t'nzse conditions 

a re  r a r e l y  completely sa t i s f i ed .  

Pumping t e s t  

Ground-water recharge and movement away from areas  of  recharge 

necessi ta te  some corresponding discharge of ground water a t  o ther  locations.  

T h i s  discharge i s  by evaporation, t ranspi ra t ion ,  and by spr ings and seeps 
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t o  surface streams. A moist zone, called the  cap i l l a ry  f r inge ,  i n  which 

water is  dram up by molecular a t t r a c t i o n  a c t i n g  aga ins t  g rav i ty  e x i s t s  

j u s t  above the water table .  

inversely with the s i z e  of the  i n t e r s t i c e s .  

near the  land surface t h a t  t he  cap i l l a ry  f r inge  in t e r sec t s  it, a considerable 

The tnickness of  t h i s  cap i l l a ry  f r inge  var ies  

'/hen the water t ab le  i s  so  

amount of ground-water evaporation takes  place. Roots of p lan ts  which 

extend down i n t o  the  cap i l l a ry  f r inge  and i n t o  the zone o f  saturat ion,  

conduct water up t o  the surface t o  be t ranspi red  through the leaves.  I n  

places  where the water t ab le  i n t e r s e c t s  t he  surface,  ground water is  

discharged as permanent, springs,  wet-weat'ner springs, and seeps. These 

a r e  the chief means by which ground water i s  discharged. Changes i n  aqount 

of  ground-water storage are determined by tke surrmation of t h e  measured 

discharge by each o f  these means. 2/ 

Xeinzer, 0. E., Outline of Methods f o r  Estimating Ground Water 
U. S.  Geol. Survey Nater-Supply Paper 6384,  1932. SupFlies: 

The chemical q u a l i t y  of ground water i s  influenced by both the  q u a l i t y  

of the recharge water and the chemical character  of t h e  material thmugh 

nhich t h e  water moves. Under na tura l  conditions the main source of recharge 

i s  prec ip i ta t ion ,  so t h a t  the  chemical q u a l i t y  of the ground w a t e r  i s  

governed pr imari ly  by the character  o f  t he  rock through which i t  moves. 

However, where the  recharge water i s  contaminated ( f o r  example, surface 

streams which are contaminated by i n d u s t r i a l  waste), under c e r t a i n  

ground-water conditions, contaminated water from the stream may percolate 

i n t o  t h e  ground-water reservoir .  

a l l ev ia t ed  because concentrations of c e r t a i n  types of contamination may be 

Fortunately t h i s  s i t u a t i o n  i s  o f t e n  

reduced by absorption, adsorption, chemical react ion o r  ion exchange processes 

occurring i n  the  mater ia l  thrcugh which the contaminated water percolates ,  



GROUND-WATER CONDITIONS AT THE OAK RIDGE NATIONAL LABORATORY 

The tater-table map (P la t e  13) of t h e  Oak Ridge National. Laboratories 

area shows, by i t s  c lose  co r re l a t ion  with the topography and surface 

drainage, that ground water occurs under water-table r a t h e r  than a r t e s i an  

conditions. 

the  surface streams i n  t h i s  area, and ul t imately augments the flow of t he  

Clinch River. 

Thus ground-water discharge contr ibutes  t o  the base flow of 

The water-table map w a s  constructed by using depth-to-water-level 

observations on 50 t e s t s  w e l l s  dispersed throughout t h e  area. 

l eve l  observations were all made on the same day t o  give,as c lose ly  as 

was  feasible, an instantaneous representat ion of the water-table 

configuration. Each measurement w a s  converted to  feet above mean sea 

l e v e l  so that a l l  would be r e l a t e d  t o  a common datum plane. Contour 

l i n e s  a t  f ive- foot  i n t e r v a l s  were then constructed through points  of 

equal elevations,  i nc iden ta l ly  r e f l e c t i n g  the  cont ro l  of topography and 

surface drainage. The loca t ion  of numerous wells around t h e  s e t t l i n g  

basins  made it possible  t o  d r a w  contour l i n e s  a t  one-foot i n t e r v a l s  i n  

this area  with a fair degree of assurance. 

show i n  d e t a i l  the  effect of water s tored  on the  land surface i n  open 

basins above the w a t e r  table. A t  present  adequate cont ro l  i n  the form 

of observation wells i s  not  ava i lab le  t o  allow f o r  the  preparation of a 

map t h a t  presents  an absolutely accurate p i c tu re  of t h s  water table;  

however, this map represents  t h e  most reasonable in t e rp re t a t ion  of the 

da ta  now avai lable ,  a d  doubtless is f a i r ly  re l iab le .  

?he water- 

These one-foot contour l i n e s  

The depth to  the water table v a r i e s  with regard t o  t h e  land surface. 

In general, t h e  water t a b l e  i s  a subdued r e p l i c a  of the land surface, 



r i s i n g  s l i g h t l y  below the h i l l s  bu t  occupying posi t ions c lose r  t o  t h e  

land surface i n  the  val leys .  The amount of soil overlying t h e  bedrock 

s e m s  t o  have l i t t l e  r e l a t i o n  t o  the depth t o  water. This is as would be 

expected i n  limestone te r ranes  where weathering and amount of res idua l  

s o i l  cover var ies  with ?,he s o l u b i l i t y  of t h e  parent  rock. 

water l eve l s  in wells adjacent t o  permanent streams cons is ten t ly  ind ica te  

Hecords of 

t h a t  ground water i s  being added to the streuns; t h a t  is, the streams are 

e f f luen t  with r e s p e c t  t o  ground watero 

"ne p lan t  f a c i l i t i e s  cons t i t u t ing  the X-10 u n i t  of Oak Ridge National 

Laboratories may be divided a r b i t r a r i l y  i n t o  three broad groups, namely: 

(1) the laboratory bui lding s i t e  and t a n k  farms; ( 2 )  the  main bu r i a l  

grounds; and ( 3 )  the l i q u i d  waste-disposal sites. The laboratory buildings 

and tank farms a r e  loca ted  on the  northwest sbpe of Bethel Jalley where 

the depth t o  the water t a b l e  is fa i r ly  g rea t  ranging from 5.6 t o  25.1 

feet .  

depth t o  water ranges from 3.9 t o  33.3 feet  beflow the land surface.  

The main bu r i a l  ,grounds a r e  a t  a surface drainage divide where the 

The 

l iqii id waste disposal s i t e s ,  t h a t  is the s e t t l i n g  basins, are l x a t e d  i n  

the val ley bottom near AWteoak Creek where the depth t o  t h e  water t a b l e  

rarlges from om t o  6.3 fee t  below the land surface. 

Under water-table conditions, recharge of tl?o aqui fer  can occur any 

place where water can inf i l t ra te  the so i l .  In the  area covered by t h i s  

study it would appear t h a t  recharge can a d  does take place throughout 

t h e  area. "he l i tho logy  of underlying geologic fornabiions, the degree 

of f r ac tu r ing  of these rocks, and the amount and type of  s o i l  cover, all 

influence the r a t e  of recharge. Detailed s tudies  were not warrented over 

the  e n t i r e  a rea  t o  determine the more permeable areas ,  but var ia t ion  i n  



f luc tua t ions  of the  water t a b l e  ind ica t e s  t h a t  c e r t a i n  areas  are more 

suscept ible  to  recharge than others. This is  believed t o  be due i n  p a r t  

t o  t he  somewhat thinner cover anrl more permeable nature of the  s o i l  in 

the  val ley bottoms, versus t h e  th icker  more clayey cover and less permeable 

nature  of t h e  s o i l  on the  slopes. 

The addi t ion  of l i qu ids  t o  the  s o i l  by operations i n  t h e  X-10 area 

causes recharge of * e  ground-water reservoir .  Similarly,  any f l u i d s  

arhich might be released, e i t h e r  through accident or s t r u c t u r a l  f a i l u r e  

of tanks o r  pipe l i nes ,  would pass downward through the zone of a e r a t i m  

i n t o  the zone of s a tu ra t ion  where they would mingle with t h e  na tura l  ground 

water. 

I n  the area  covered by the  X-10 p lan t  s i t e  there  are severa l  places  

where na tu ra l  recharge m a y  be augmented by operations now practiced. 

These p o t e n t i a l  s i tes tha t  should be considered a r e  along t h e  courses of 

p ipe  l i n e s ,  buried tanks t h a t  r e t a i n  o r  hold f l u i d s ,  the open s e t t l i n g  

basins, and the  streams i n t o  which waste f h l i d s  are discharged. 

Pipe lines and s torage tanks can be grouped together f o r  consideration 

s ince  both are presumed t o  be f r e e  of any leakage. However, should 

leakage r e s u l t  because of disturbance by man o r  n a k r e ,  o r  through 

weakness caused by the fa t igue  of t h e  mater ia l s  used i n  the s t ruc tu res  

themselves, t he  released f h i d s : ,  would i n f i l t r a t e  downward through the  

zone of ae ra t ion  t o  the  sa tura ted  zone to  recharge the aquifer.  In most, 

if  not all, cases the  fluid-conveying o r  s torage s t ruc tu res  are buried i n  

areas  where the  cap i l l a ry  f r inge  does not extend to  o r  very near  the  land 

surface.  Accordingly, i f  released, t he  f l u i d s  would be subjected 
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p r i m r i l y  t o  gravi ty  forces  tending to move t h e m  downward t o  the sa tura ted  

zone 

The open s e t t l i n g  basins, which were c o n s t r x t e d  w i t h  no measures 

taken t o  prevent the downward percolat ion of  f l u i d s  (constmxtion discussed 

i n  Chapter I), should be recognized as a source of ac tua l  recharge. 

basins were constructed i n  an area where the  soil cover i s  presumed t o  

These 

be t h e  most permeable and where t h e  water tab le  i s  close t o  the land surface. 

Nater-level observations i n  t h i s  a r ea  show a quick response t o  p rec ip i t a t ion  

and t o  the  f luc tua t ions  of  Whiteoak Creek ind ica t ing  t h a t  the water has 

l i t t l e  d i f f i c u l t y  moving through t h e  s o i l .  

Details are given i n  Chapter IVof t M s  repor t  concerning a d r i l l i n g  

program which included the  d r i l l i n g  of an oblique wel l  beneath the l a r g e s t  

s e t t l i n g  basin. 

interconnection exis ted between t h e  w e l l  and the basin i teel$.  The 

'&is w e l l  was l a t e r  pressure-tested t o  determine whether 

tes t ing  w a s  accornplished i n  50-foot c u m l a t i v e  increments working upward 

from the  250-foot l e v e l  t o  t h e  t h e  50-foot level.  From the 50-foot l e v e l  

t o  the bottom of the caving the  w e l l  w a s  t e s t ed  i n  separate  5-foot sections.  

A i r  pressures  of about 90 lbs.  pe r  sq. inch were used t o  make these tests. 

Testing showed t h a t  from the  sur face  t o  a depth of  50 f e e t  i n  the inc l ined  

w e l l  there  were four  zones, each approximately f i v e  feet  i n  lenglih, where 

a i r  could r ead i ly  excape from the  w e l l  through the  openings i n  the rock 

formation t o  discharge, u l t i na t e ly ,  a t  t h e  basin surface. 

remainder of the  well below the  50-foot depth several  o ther  zones of air 

leakage were noted, but s u f f i c i e n t  cont ro l  could not  be maintained t o  

determine t h e i r  exact posit ion.  The t e s t i n g  d id  establ ish,  however, t h a t  

whenever the  elevat ion of the water t ab le  underlying t h e  basin and adjacent I 

I n  t e s t i n g  t h e  
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areas f e l l  below the bas in ' s  surface elevat ion (about 788 f e e t )  f l u i d s  

from t h e  basin could move downward i n t o  the aquifero 

Thus, these basins are po ten t i a l  sources of  contamination of the  

water resources of t h e  area. The volume and extent o.f t h e  downward 

leakage f r o m  t h e  basins i s  not known, nor the extent  t o  which rad ia t ion  

products have accumulated i n  the material underlying the basins  by processes 

of i on  exchange and adsorption. It is not known whether these processes 

permanenkly f i x  t h e  rad ia t ion  products, or hold them u n t i l  t h e  l eve l  of 

rad ioac t iv i ty  i s  below the l i m i t  considered safe; o r  whether these 

processes may be reversed by normal p l a n t  oporation, o r  by accident. 

i t  i s  not  knom whether r.he mater ia l  s o  f ixed  t o  da te  represents  a small 

And 

f r a c t i o n  o r  a la rge  f r a c t i o n  of t h e  capaci ty  of t h e  s o i l  ard rock t o  f ix  

such materials.  Studies t o  determine these unknown f a c t o r s  should be 

undertaken a t  the  e a r l i e s t  p rac t icable  t i m e .  

- h i t e o a k  Creek receives discharge directly f rom the s e t t l i n g  basins 

mentioned above and it i s  poss ib le  t h a t  i n  extended dry periods this 

discharge excezds the  na tu ra l  f low of 4hiteoak Creek a t  the s i t e  of the 

basins. As long as ground-water discharge accounts for t h e  total flow 

of a stream there  w i l l  be  no recharge from the  stream and i f  the  stream 

should become completely dry then the water t a b l e  could conceivably 

decl ine below the  stream bed. Recharge t o  the  aqui fe r  would thus occur 

whereever water was added t o  t h e  stream channel, as  f o r  example where t h e  

discharge from the  s e t t l i n g  basins  is s p i l l e d  i n t o  t h e  channel of Whiteoak 

Creek. 

Whiteoak Creek, during f lood periods, permitt ing ground-water recharge 

t o  occur. 

Contaminated water occasionally spreads over t h e  flood p l a i n  of 
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Natural  ground-water recharge would be augmented i n  t h e  event of 

an  accident which q i l l e d  Contaminated f l a i d s  a v h e r e  within the X-10 

area. 

evaporation, some would be re ta ined  as soil moisture, and some would be 

held through absorption, adsorption, o r  base-exchange proper t ies  i n  the 

Although some of the f l u i d s  thus s p i l l e d  would be l o s t  by 

s o i l  and rocks, but  some would ac tua l ly  reach t h e  water t a b l e  and move 

dorm gradient  i n  the aquifer. Bven though the r e t en t ive  processes 

mentioned above could conceivably account f o r  a l l  of t h e  f lu id ,  it 

should be remembered t h a t  t h e  contaminating material i tsel f  would n o t  

be evaporated but would be l e f t  e i t he r  on the  lard surface o r  j u s t  below 

the sur face  from where i t  might be ca r r i ed  downward during t h e  next 

period of recharge; o r  perhaps it might be attached to the  s o i l  p a r t i c l e s  

and la te r  be sca t te red  about as dust during dry periods, 

As w a s  pointed out  before, it i s  believed tha t  the  aqui fe r  can be 

recharged anywhere i n  the  area. 

may be subjected to  the  downwind percolat ion of water may be added to t he  

This means that  any contamination t h a t  

ground water. Pa r t i cu la r  sources o f  danger are the "bur ia l  grounds,I1 

and any o ther  places where contamination may have f a l l e n  on the  land 

s u r f  ace. 

The "blirial grounds," which a r e  described in d e t a i l  i n  Chapter I, 

a re  used to  bury mater ia ls  which were contaminated through use o r  

accident. 

s o i l  mantle down t o  bedrock, placing contaminated material i n  the  

trench, and back-f i l l ing the trench with the o r i g i n a l  soil. The 

contaminated mar?erial i n  t he  "bur ia l  ground," being used a t  present, i s  

The b u r i a l  process cons is t s  of digging a t rench through the 
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located i n  t h e  zone of aera t ion  and probably above the c a p i l l a r y  f r i n g e  

of the water table. 

%urial ground,'" the  contaminated material i s  subjected to leaching as 

the w a t e r  moves through the zone of aerakion. Possibly, however, owing 

to  the nature of t he  contamination, i t s  downward movement may be re tarded 

by absorption of  the s o i l  so  that it i s  merely t ransferred from the  buried 

a r t i c l e s  i n to  t h e  so i l .  rVhere t h i s  is  the case consideration should be 

given t o  the  poss ib le  f u t u r e  re lease  of t h e  contamination from the  s o i l  

As recharge occurs from p rec ip i t a t ion  a t  t h e  

' under some unforeseen conditions. 
' 

might suddenly be added t o  the  ground water r a t h e r  than the  gradual 

1 addi t ion of s m d  1 amounts over a long period of time, 

If this should happen :Large concentrations 
, 

i 
Contamination which may be added t o  the  atmosphere i s  ca l l ed  

' 'air-borne contamination. ?his can o r ig ina t e  from t h e  normal operation 

prac t icss  o r  from burning of  contaminated waste materials. Regardless 

of i t s  or ig in ,  i f  the  contamination f a l l s  t o  the  ground i t  e i t h e r  w i l l  

be car r ied  off with t h e  surface runoff o r  w i l l  be ca r r i ed  downward through 

the s o i l  with the ground-water recharge. 

accumla t ion  of this contanination through absorption by the  s o i l  and 

subsequent r e l ease  requi res  t h e  same consideration as the  similar type 

of concentration and possible  subsequent r e l ease  of contamination from 

t h e  %ur ia l  ground" areaso 

The p o s s i b i l i t y  o f  the 

BdOVEMENT OF CrROUFJD IVATEE IN THE X-10 AREB 

From the water-table contour map (P la t e  13) the general  d i r ec t ions  

of  movement of ground water and contamination can be  inferred.  n e  flow 

pa.ttern of the ground water w i l l  be e s s e n t i a l l y  a subdued r e p l i c a  of t he  
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topography. 

low elevat ion and the pri-ncipal movement i s  i n  d i rec t ions  normal t o  the 

contour l ines .  

pa t t e rn  shown t h a t  f l u i d s  from the s e t t l i n g  bas ins  are recharging t h e  

Thus w a t q  flows from areas  of high elevat ion t o  ayeas of 

Displacement of t h e  contour l i n e s  from the  normal expected 

aquifer,  forming a r idge-l ike s t ruc tu re  on the  water table.  

pa r t i cu la r  the displacement of  t h e  780-foot contour, t o  include t h e  two 

sizaller s e t t l i n g  basins which have a surface' e leva t ion  of about 782 feet, 

and the bending of the  778-foot contour t o  include the  la rge  sett l ing 

basin, which has a surface elevat ion of about 778 f e e t .  

Note i n  

The unilsaal pa t t e rn  of water-table contours northwest of the 

s e t t l i n g  basins i s  caused by recharge from the  s e t t l i n g  basins and the  

presence of a more permeable area created by a buried p iae  l i n e .  This 

pi2e l i n e  i s  i n  a d i tch  excavated i n  a c l ay  s o i l  and backfil led,  which 

increased the s o i l s  permeability. This back-fil led d i t c h  a c t s  as a 

drainage channel which allows a more rap id  movement of ground water 

along i t s  co?lrseo 

of  i t  due t o  recharge from the pond. 

e f f e c t  on the ground water as would an open ditch. 

The water-table divide a t  the west end of the ' ' b u r i a l  ground'' 

tfater l eve l s  of the d i t ch  a r e  higher  than those w e s t  

This f i l l e d  d i t c h  has the same 

shows t h a t  ground water on the w e s t  s i de  of the divide will flow toward 

tne west i n t o  t h e  Iiaccoon Creek drainage while w a t e r  on the  e a s t  s i d e  of  

the divide w i l l  flow east i n t o  :Vhiteoak Creek drainage. (See Plate 13.) 

The r a t e  of ground-water flow i n  this area i s  no t  known. Water 

l e v e l  f luc tda t ions  indicate ,  however, that during rainy periods the water 

table i s  recharged rap id ly  through the  permeable s o i l  cover and following 



these  periods the ground water i s  r ap id ly  discharged. "his i s  due in 

p a r t  t o  t h e  topographic expression which provokes rapid drainage, and 

j.n p a r t  to t h e  low poros i ty  of  t h e  material which bears  importantly upon 

t h e  amount of water t h a t  can be stored. 

t,est w e l l s  shows t h a t  t h e  poros i ty  of these rocks is  low and t h a t  the  

f'ew ex i s t ing  openings are primarily small f r a c t u r e s  and so lu t ion  channels. 

The smallness of these  openings and the slow recovery of water l e v e l s  

i n  t e s t  #ells a f t e r  pumping suggest t h a t  the movement of  water i n  t h e  

bedrock i s  r e l a t i v e l y  slow. 

Ecarnination of cores from t h e  

AREAS OF DISCHARGE 

It i s  known t h a t  ground-water discharge from the  X - 1 0  area occurs 

t,hough springs,  wet-weather seeps, the banks of Whiteoak Creek and i ts  

t , r ibutar ies ,  and by evaporation, a d  t ranspi ra t ion ,  The spr ings  i n  t h i s  

chainage area a r e  all small with ind iv idua l  discharge rates of less than 

1.0 gallons a mimte. idost of them are above the p lan t  s i te  and a l l  are 

- control led by geologic factors,  In w e t  w e a t h e r  small perched water bodies 

clevelop and discharge i n  numerous seeps d o n g  the s lopes of the valley. 

:mme of t h i s  seep water i s  evaporated, bu t  some a g a i n f i l t e r s  i n t o  the 

s o i l  and eventual ly  reaches the water table.  

The discharge of ground water i n t o  Whiteoak Creek and its t r ibu ta ry  

streams va r i e s  with c l imat ic  conditions, and increases w i t h  higher pos i t ions  

of the  water table .  During dry and drought periods the ground water 

p r o d d e s  t h e  t o t a l  flow of M t e o a k  Creek as w e l l  as evaporstion and 

t1''ansPiration losses-  

t h a t  the low flow of 'fiiteoak Creek above t h e  s e t t l i n g  basin would be 

about 135 gal lons pe r  minute, equivalent t o  a runoff of about ,3  sec.-ft. 

for the  contr ibut ing port ion of the watershed. 

A s  s t a t e d  e a r l i e r  in t h i s  chapter i t  i s  estimated 

During fl-ood periods the  
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groznd-water discharge wodd be much g rea t e r  but  w a l d  c o n s t i t u t e  a 

smaller percentage of the  t o t a l  flow. After avy flood, some water from 

the pools l e f t  by the receding streams would be added t o  the aqui fe r  i n  

p a r t  to be l a t e r  discharged as seepage i n  t h e  stream banks. 

Reconnaissance surveys have. shown tha t  contaminrdion does exist on 

the f lood p la ins  and i n  t h e  stream channel of ihi teoak Creek. 

Contamination i n  the  stream tends t o  be b u i l t  up on small stream deposits,  

such as sand bars  and along stream meanders. 

The 

From a study of Plate 13, i t  appears tha t ,  with t h e  exception of t he  

area near the west end of t he  "bur ia l  ground" any contamination of the 

ground water i n  the X-10 area will be r e s t r i c t e d  t o  t h e  Whiteoak Creek 

watershed. 

contr ibutes  to  the flow of Whiteoak Creek, and s ince  the creek discharges 

i n t o  rhitsoak Lake aw contarninated ground water surviving the  f i l t e r i n g  

act ion of  the soil, the  t i n e  el2ment of slow underground flow, and the  

time element of more rapid surface flow, i s  eventually added t o  the 

contamination already prevent i n  the waters of Nhiteoak Lake. 

tircund water moving down gradient  i n  t h e  X-10 area, 

The exception to t h i s  pa t t e rn  of ground-water movement i s  found 

a t  the westermost  po r t ion  of the  present  % u r i a l  ground.I1 Here the  

water-table contour map indica tes  the existence of a ground-water divide 

between Whiteoak Creek drainage and Raccoon Creek drainage. T h i s  div ide  

possibly s h i f t s  toward the  eas t  during dry per iods and toward the  w e s t  during 

wet periods. I t  would be possible, therefore,  f o r  contamination to en ter  

the Raccoon Creek drainage during dry periods. If the 'burial ground" is 

extended to  the  west, then the period during which contamination could 

enter  t h e  Haccoon Creek drainage system would be lenthened. 
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C H Z i I C A L  $ J U T T Y  OF GROUND NATER IN 'ME X-10 AREA 

Table 3 l ists  chemical analyses of water from t e s t  wel ls  i n  the 

X - 1 0  area and a l s o  gives analyses of ground water from adjacent areas. 

The analyses apparently are typ ica l  of water from these formations i n  

other  p a r t s  o f t h e  Valley and Ridge province, and exhib i t  a hiKh degree 

of uniformity, with the exception of the ana lys i s  f o r  w e l l  NO. 26. 

It is believed t h a t  t h e  difference i n  t h e  qua l i t y  of water i n  well 26 

r e s u l t s  from i ts  being d r i l l e d  i n  an area of a r t i f i c i a l  f i l l  consis t ing 

of cinders and other lnaterial  containing su l fa te .  The radiometric 

determinations included i n  Table 3 provide important background data  

concerning the  n a t w a l  radium content of ground waters of t h e  area. 

However, this information has no present  bearing on t h e  contamination 

problem s ince  the  contaminating material does not  contain radium. 
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CHAPTEXI VI. F I N D I N G S  KI'E 2ESPECT TO UNDZRGROLJND C O N T A X N A T I O N  

GDJEEAL STATEUENT 

Several aethods have been used t o  determine whether o r  n o t  t h e  

ground water and mck formatiomin the Oak Ridge National Laboratory (X-10) 

area have been contaminated by rad ioac t ive  wastes. 

being continued and addi t ional  ones are contemplated. 

of  examination and experimentation havs already been made: 

Some procedures are 

The following types 

1. Air-pressure tes t  of d r i l l  hole  No. 1 which runs obliquely 

beneath the  main s e t t l i n g  pond, t o  a sce r t a in  inter-connections, if any, 

between the contadnated  waters of t h e  pond and the rock beneath. 

2. Assays f o r  gross beta  a c t i v i t y  of d r i l l i n g  sludge samplis 

col lected during core d r i l l i n g  of the  51 exploratory w e l l s .  

3 .  

d r i l l  holes. 

4. 

Assays f o r  gross beta  a c t i v i t y  of ground-water samples f r o m  

Radiochernical analysis  f o r  f i s s i o n  products of water from d r i l l  

holes . 
5. Drill-hole radiologging with a water-proof submergible counter 

probe. 

6. Chemical analyses of water samples from h!i exploratory holes. 

AIR-PRESSURE T E S T  OF DRILL HOLE NO. 1 

Hole No. 1 was dril ledobljquely,  a t  an angle of 55 degrees, beneath 

the  s e t t l i n g  pond s t a r t i n g  a t  the  dike on t h e  southeast  s i d e  and .running 

northwestward beneath the pond. 

angle of approximately 35 degrees i n  a d i rec t ion  S 32' E. 

was d r i l l e d  i n ' a  d i rec t ion  N 32' W s o  BS t o  cu t  t h e  rock l ayers  a t  r i g h t  

The rock s t r a t a  a t  t h e  s i t e  dip a t  an 

The hole 
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angles t o  the bedding. It p ierces  300 f e e t  of strata, s t a r t i n g  i n  u n i t  

lt(;n of t h e  Chickamauga formations a d  extending 4.b f e e t  into u n i t  'IF, n 

m a ,  295.6 f e e t  of the hole cu t s  through the beds of gray "nodular" 

L-mestone of the u n i t  Ti.." These rock l aye r s  extend upward to the  bottom 

of the s e t t l i n g  pond. (See Plate 2.) 

After hole No. l w a s  d r i l l ed ,  i t  w a s  pumped by the air-lift method 

t o  remove the d r i l l i n g  water. Likewise, subsequent ho:les w e r e  pumped 

imediately a f t e r  d r i l l i n g  and then allowed t o  recover t h e i r  nati iral  

ground waters. However, during the pumping operation o f  hole  No. 1, 

small a i r  bubbles were noticed on t h e  sur face  of the plond along a l i n e  

above t h a t  of the d r i l l  hole, suggesting t h a t  a i r  was leaking t h r m g h  the  

rocks i n t o  t h e  overlying s e t t l i n g  pond. 

pressure tes ted ,  a t  f ive-foot  i n t e rva l s ,  under 100 pounds of a i r  pressure, 

t o  determine, if  possible,  where t h e  strate. were leaking. 

showed t h a t  within the  f irst  50 f ee t  of t he  w e l l ,  a i r  escaped easily 

from four of the .five-foot zones. A t  one point,  escape was  so vigorous 

as t o  c r e a t e  prominent turbulence o r  %oi l s t t  r a the r  than s m a l l  bubbles 

i n  the  pond waters. Thruout t he  remainder of the hole  the test  revealed 

no prominent escape routes,  although small bubbles api eared on the surface 

along the  l i n e  of the hole, as w e l l  as along the d i r ec t ion  of s t r i k e  a t  

r i g h t  angles t o  it. 

arr ival  of these small bubbles from the time the  air pressure w a s  applied, 

su$gesting slow passage of air through the  rock. 

t h e  limestone was fa r  frm impermeable and tha t ,  on the  o ther  hand, a free 

connection d i d  e x i s t  between the Dond and the  bed rock many f e e t  beneath. 

A t  a la ter  da te  the hole was 

The tes t  

There w a s  a de l ay  of some several  minutes i n  t h e  

The t e s t i n g  showed t h a t  



T h i s  suggests tha t ,  under proper hydrologic conditions, contaminated water 

from t h e  pond could move downward to t h e  ground waters beneath by the  

route of  solut ion channels i n  the limestone. 

ASSAYS OF SLUDGE AND WATER S W L E S  FROM DRILL HOLES 

During tbe  d r i l l i n g  of the  exploratory w e l l s  sludge samples were 

col lected and assayed f o r  gross be ta  ac t iv i ty .  

the core d r i l l i ng .  

s e t t l i n g  pond 61 sludge samples were collected,  mostly a t  f ive-foot  

in te rva ls .  

collected,  moat of them from t h e  s o i l  overburden and the  immediately 

underlying bed rock. 

i n t e rva l s  during d r i l l i n g  of the  bed rock, except i n  t h e  case of ho le  No. 1. 

After each w e l l  was d r i l l e d  i t  was pumped by a i r  l i f t  method to remove 

the d r i l l i n g  water. 

second time and allowed to  f i l l  again. 

from sludge, were taken by means of a hand pump. 

f o r  gross beta ac t iv i ty .  

d i f f e r e n t  d r i l l  holes. 

Tap water was used f o r  

From hole No. 1 which runs obliquely beneath t h e  

From 25 other  holes a t o t a l  of 60 sludge samples were 

Sludge samples were not taken a t  regular depth- 

After f i l l i n g  with ground water, it was  pumped a 

Then f r e sh  water samples, free 

These were a l so  assayed 

Forty-nine water samples were taken from 45 
Assays o f  t he  sludge and wa5er sanples were made 

by the Area Monitoring Unit of the Health Physics Division of t h e  O a k  Ridge 

National Laboratory. Results were given i n  two reports ,  namely, Report 

No.. 

July 21, 1950, and supplemental Report No. MON-196-50, December 8, 1950, 

by R. 6 .  Lawler. 

IdON-l&3-50, by h. D. C o t t r e l l  and R. G. L a w l e r ,  under da te  of 

As reported by C o t t r e l l  and L a w l e r  "the assays were made by reducing 

t o  dryness small volumes of sludge and/or water i n  aluminum sanple 
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dishes  and counting i n  a standard end-window be ta  counter a t  approximately 

10%; geometry. The results were t r ea t ed  s t a t i s t i c a l l y  using the 0.05 

l e v e l  of significance. .  . . .. 
Volumetric methods were used i n  sample preparation. Since the  

amount of s o l i d  mater ia l  i n  the  sludge var ied widely from sample t o  sample, 

and since t h e  sanples were not  weighed to  determine the  amount of  so l id  

material i n  each ind iv idua l  sample, an estimate of t h e  average s o l i d  

content  per  sample was made. This estimate,  0.3 gms. per  s a q l e ,  w a s  

used i n  making ca lcu la t ions  of  t h e  rad ioac t ive  content of t h e  sludge i n  

terms of microcuries of a c t i v i t y  per gram of d r y  sludge. 

the s p e c i f i c  a c t i v i t y  value of any indiv idua l  sample, i n  terms of pc/gm, 

Because of this 

may be somewhat i n  error. However, the average of a l l  samples should 

give a fa i r ly  r e l i a b l e  idea  of the order  of magnitnde of t he  a c t i v i t y  

involved. IS 

See table 4 f o r  the tabulation of r e su l t s  of assays of all samples of both 

sludge and water, as submitted by R. G. Lawler i n  h i s  Report No. MON-196-50: 

It will be observed from inspect ion of  t h e  above t a b l e  that the 

a c t i v i t y  l e v e l s  of the 1 2 1  sludge sanples ranged zero t o  a m a x i m i m  of 

16.5 x 10-5 pc/gm, and t h a t  t h e  l e v e l s  of the  49 w a t e r  samples ranged 

from zero to  23.8 x lO-7pc/cc. 

a c t i v i t y  of 3.0 x 10-5 pc/gm o r  more, with a n  average of 5.4 x lO'Syc/gm, 

was considered s i g n i f i c a n t  by C o t t r e l l  and Lawler, i n  t h e i r  r epor t  MON-168- 

50, who m o t e :  "the magnitude of t he  r e s u l t s  otl sludge sanples indica tes  a 

That twenty-three sludge samples showed 
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l e v e l  of r ad ioac t iv i ty  above t h a t  which might be expected from the na tu ra l  

rad ioac t iv i ty  of the s o i l e a  

Cot t r e l l  and Lawler a l s o  noted t h a t  19 of the water samples showed - 
ac t iv ihy  of 6.0 x lo'? pc/cc o r  more, with an average of 15; x 10-7pc/cc 

and concluded tha t  " th i s  value i s  quike high when compared t o  a value of 

2.5 x 1 0 - 8 ~ c / c c  observed i n  waters of the Clinch Rivert1 and tha t  " th i s  

i s  ind ica t ive  of r ad ioac t iv i ty  i n  excess of tha t  observed LO be occurring 

na tu ra l ly  i n  t h i s  area." 

Seventeen d r i l l  holes produced sludge samples with a c t i v i t y  l eve l s  

of 3.0 x 10-5pc/gm o r  more, namely holes Nos. 1,2 ,~ ,7 ,10 , l l ,12 ,13 , l4 ,17 ,  

19,26,27,28,30,35 and 38. 

loca t ions  of all t h e  drill holes, s b w o  t h a t  those with higher a c t i v i t y  

levels are s i tuated,  w i t h  two exceptions, around the  main s e t t l i n g  pond 

Reference t o  P la tes  2 or  13 which g i v e  the 

and along Whiteoak Creek. 

from t h e  pond and/or the creek. 

one w i t h  highest of all a c t i v i t y  among the  sludge samples) and No. 28. 

%is suggests contamination from seeping waters 

me exceptions a r e  holes No. 38 ( the  

ne f i r s t  of these i s  located a few feet  northwest of the north tank 

f a r m ,  and thus r a i s e s  the  question of a leak o r  s p i l l  a t  sometine i n  t h e  

l iquid  waste disposal  system, w h i l e  t h e  second i s  a t  the  edge of a small, 

abandoned b u r i a l  ground. 

The 19 d r i l l  holes which produced water samples with a c t i v i t y  higher 

than 6.0 x pc/cc are: Nos. 1,4,0,10,12,13,17,22,23,26,27,30,31,34, 

35,36,37,40 and 42. (See Plates 2 and 13*) Most of these-  l i k e  those 

involving sludge samples, a re  located around t h e  s e t t l i n g  pond and along 

tv'hiteoak Creek. Six of them, holes nos. 34,35,36,37,38,40, are located 
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northwest of the  s e t t l i n g  basins, i n  t h e  v i c i n i t y  of the t a n k  farms and 

o ther  u n i t s  of the waste disposal  system. Two holes, Nos. 22 and 23, are 

located next  t o  the main b u r i a l  ground. It is s ign i f i can t  t h e  holes which 

are located at considerable d is tance  from the s e t t l i n g  pond and dhiteoak , 

Creek are t h e  ones which produced wa+,er samples showing leas t  or no 

activity. 

46,47,48, and 49. 

Reference is rnade par t iccl lar ly  to  holes Nos. 24,25,L3,44,&, 

RADIOCHEUICAL ANALYSES OF L'ATEJI FROM DRILL YULES 

Two sam?les of water from d r i l l  hole No. 1 were analyzed f o r  f i s s i o n  

products. 

pond and which revealed, t h m  air-pressure test  described above, connection 

with the  contanhated  waters o f  t h e  overlying pond. 

This hole  i s  the  one which runs obliquely beneaihthe s e t t l i n g  

i iesul ts  of the analyses 

were reported by A. E. Emmons of the Waste Disposal tiesearch Section, Health 

Physics Division of the Oak Ridge National Laboratory, i n  a menorandurn under 

date of June 7, 1950. 

Water sample A A "  consis ted of 45 gallons co l lec ted  from hole No. 1 on 

April  6, 1950, and sample 'tBt1 consis ted of  14*7 gal lons col lected on 

Apri l  20, 1950. Concerning analysis procedure, Emmons wrote: "one ml. 

of aluminum s u l f a t e  so lu t ion  (821 g/gallon H20) w a s  added f o r  each gallon 

of sample. The pH w a s  adjusted to  7.0 

was agi ta ted  for 20 minutes. 

se t t le  fo r  1 2  hours and the c l e a r  supernate was siphoned o f f  a d  discarded. 

The f l o c  was then washed from the mixing basin (a 5s gallon drum), f u r t h e r  

concentrated by centr i fugat ion,  dissolved i n  6 - Id HNQ3 and f i l t e r e d .  

t-his poin t  there  w a s  a d i s t i n c t  evolution of hydrogen s u l f i d e  which w i l l  be 

aentioned l a t e r ) .  

0.1 with Na2C03 and the sample - 
The A l ( . O H ) j  f l o c  formed w a s  allowed t o  

( A t  

The !!NO3 f i l t r a t e  w a s  counted for gross be ta  a c t i v i t y  
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ar.d the residue w a s  igni ted,  mounted 2nd counted. '&e residue contained 

t h e  na jo r i ty  of the be ta  a c t i v i t y  present  i n  the  sample s o  an absorption 

curve w a s  run on i t  which indicated a s t rong be ta  (Ruthenium106; B' > 3 mev). 

"A qua l i t a t ive  group separat ion was 2erfcrmed on the f i l t r a t e  t o  . 

determine what the soluble  beta  ccnponent w a s .  A cer iua  analysis,  and a 

study of the growth of the Pr144 17 minute daughter back in to the  cerium, 

indicated the presence of ceriurn144. Any other  f i s s i o n  products present  

were below t h e  detect ion limits of this method. The eff ic iency of 

scavengering of t r a c e  elements from l a rge  volumes o f  water by f loccula t ion  

methods var ies  with t h e  elements sought. Tracer experiments i nd ica t e  a 

carrying e f f ic iency  of approximately 50% f o r  ruthenium and 60% f o r  cerium 

Resul ts  of the analyses were tabulated by h o n s  as followst 

"Sample A, 45 gallons, 5-6-50 

'Total gross be ta  present  = 664 c/@ 

Total  Ruthenium'& i d e n t i f i e d  = 430 c/m 

To ta l  Ceriumll" i d e n t i f i e d  = 119 c/m 

Percent of t o t a l  gross a c t i v i t y  i d e n t i f i e d  = 82% 

Correcting f o r  carrying e f f ic ienc ies ,  the total  Ru and C e  present 

and i d e n t i f i e d  = 1178 c/m. 

water, from the standpoint of ac t iv i ty ,  is potable. 

This i s  3.1 K 1 0 - 8 ~ c / c c  which means the 

Sample B, 14.7 gallons, 5-20-50 

Total gross be t a  present = 50 c/m 

No pos i t ive  i d e n t i f i c a t i o n  pcssible"  
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DRILL-HOLE RADI0LX)GGING W I T H  A COUNITR PROBE 

Upon completion of t h e  d r i l l i n g  o f  the 51 e x p l o r a t o e  w e l l s ,  a 

program of radiologging was begun by the  Area Monitoring iJnit o f  t h e  

Health ?hysics Division of t h e  O a k  Hidge Naticnal Laboratory. 

has been ca r r i ed  on  in te rmi t ten t ly  and has not  been.completed. 

o f  progress w a s  prepared by J. 2. Garner under da t e  of tiarch 15, 1951, i n  

which the equipment and procedure used, and f indings t o  date ,  were 

s:unmari zed. 

The work 

A r epor t  

Equipment and 2rocedure 

The following i s  quoted from t h e  Garner report :  "The equipment Iised 

cons is t s  of a thin-walled gliss G e i g e r - h e l l e r  Tube, w i t h  pre-amplifier and 

impedance matching network, housed i n  bake l i t e  tube 13n outs ide  diameter 

w i t h  1/1611 w a l l  thickness, connected by about 310 f e e t  of cable  t o  a 

counting r a t e  meter and Esterline-Angus recorder. 

"Thirty radio-logs on 2 3  wells  were made by love r ing  t h e  probe by 

hand and taking measurements f o r  r ad ioac t iv i ty  a t  'one yard in t e rva l s .  

,>ke.re an increase  of  rad ia t ion  was detected the region was explored i n  

one f o o t  i n t e r v a l s -  

pu t  i n  use. This device A i l 1  lower t h e  detectox b s c r i b e d  above a t  a 

pre-determined r a t e  and give a continuous log ol ,he w e l l .  

(detector reaches a pre-set  depth the equipment iz 

Thus the equipment does not  requi re  constant  a t t e n t i o n  of a n  operator. 

Thir ty  logs on lb wells have been made with t S s  equipment." 

On November 11, 1950 a motor-driven cable  reel  was 

when t h e  

i tomatical ly  cu t  o f f r  

Observations and Findings 

A t  t h e  time of t h e  Garner r epor t  30 d r i l l  holes  had been logged 

a t  l e a s t  once. 'The detected radiat ion,  expressed i n  counts p e r  minutes 
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a t  various d e p t k ,  i s  given i n  Table 5. The readings f o r  a given drill 

hole  a t  any p a r t i c u l a r  depth which exceed the  average f o r  other  holes 

a t  t he  corresponding depth are pointed o u t  by an  a s t e r i s k  (it). 

Concerning observations and conclusions, the following i s  copied 

from %he Garner report:  

"Cosmic radiat ion,  na tura l  r ad ioac t iv i ty  of the :;eological formation, 

md the  r ad ioac t iv i ty  o f '  groiind waters cont r ibu te  t o  t h e  measured c o u t s  

pe r  minute. No attempt has been made t o  cor roc t  f o r  cosmic rad ia t ion  and 

the  r ad ia t ion  from s t r a t ig raph ic  layers. A beta  GM tube is now being 

developgd f o r  use i n  the de tec tor  unit which will increase the s e n s i t i v i t y  

t o  rad ioac t iv i ty  i n  t h e  ground waters. dh i le  spec i f i c  conclusions cannot 

be drawn from t h e  data,  without information f o r  i n t e rp re t a t ion  of t h e  

e f f e c t  from cosmic r ad ia t ion  and na tura l  r ad ioac t iv i ty  of geological 

strata, some ganeral  observations are indicated.  

!From examinations of the  radio-lcg and the geological log  of w e l l  

number 1 it appears t h a t  f rac tured  rock a t  about 86 f o o t  depth permits 

interconnection of this w e l l  with the  s e t t l i r i  basino The radio-log of 

w e l l  number 17 suggests seepage i n t o  this w e l l  from e i t h e r  t h e  east o r  

*-est pond or  the s e t t l i n g  basin which surrounds it o r  a highly contaminated 

surface dra in  near-by. 

"The i n t e n s i t y  of t h e  r ad ia t ion  detected i n  w e l l s  numbers 38 and 39 

cannot be explained by any known o r  suspected contamination of t h e  ground 



water by na tura l  percolat ion from t he  l i qu id  waste disposal system. 

findings of these wells which are loca ted  a t  considerable e levat ion above 

the  waste disposal  system suggests t he  d e s i r a b i l i t y  of searchjng f o r  a 

broken “hot drain” i n  this v ic in i ty  as a possible  30urce of contamination. 

The 

“The i n t e n s i t y  of rad ia t ion  i n  the  bottom of we:Lls number 1 ard 3, 

which j u s t  penetrated a maroon s i l t s t o n e  formation, a s  w e l l  as radon 

determinations made on samples of t h e  s i l t s t o n e  confirm the predict ion 

t h a t  the  na tura l  rad ioac t iv i ty  of t he  s i l t s t o n e  i s  higher than t h e  

na tura l  rad ioac t iv i ty  of t he  overlying limestone. 

a c t i v i t y  i n  well  number 50 cannot be explained on the basis of present 

knowledgeo It is located on the opposite s ide  of t h e  va l ley  from the  

disposal  system and i s  a t  a higher elevation. Other wells i n  which 

there  appears to  be some elevation of rad ia t ion  i n t e n s i t y  above t h e  

general average include numbers 5,7,19,28,29,33,35, and 36. a 

?he intensi ty  of t h e  



CHAPTER V I I e  RECOLIMENDATIONS AKD CONCXJSIONS 

FIIRTHiB INVFSTIGATIONS NEEDED 

It i s  recognized t h a t  the  inves t iga t ions  of t he  ground-water and 

geologic conditions a t  t h e  X-10  s i t e  of the Oak Ridge National Laboratory 

have not  been completed, t h a t  some of the f indings are not conclusive, and 

t h a t  some problems are s t i l l  unsolved. 

however, have been at ta ined.  Findings t o  date,  w i t h  respect to underground 

contamination, are summarized i n  Chapter V I .  

continuation of some of the s tud ies  tha t  have been s tar ted.  

Major object ives  o f  t h e  s tudies ,  

These suggest the  need f o r  

The following are proposed: 

1. 

2. 

3. 

bb 

That there  be radiochemical analyses of water drawn from d r i l l  

holes 1,17,28,38 and 50. 

That radiologging of all d r i l l  holes be continued and repeated 

periodically.  

That s tud ies  be made of t+e na tu ra l  rad ioac t iv i ty  of rock samples, 

obtained from areas known t o  b e  uncontaminated, of t he  same geologic 

formations as those i n  the exploratory wells, f o r  purposes of 

comparing with the  f indings obtained by radiologging of the  d r i l l  

holes. 

That periodic check on the  water l eve l s  i n  a l l  explor i tory wells 

be continued thru the year  1952, o r  longer, f o r  t he  purpose of 

ascer ta ining seasonal and non-periodic va r i a t ions  i n  the  posi t ion 

of the water table ,  and t h a t  study of other  per t inent  matters 

re levant  t o  hydrologic conditions be continued. 
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5. mat consideration be given t o  t h e  possibility of a leaking or 

broken .ho t  drain* i n  the v i c i n i t y  of d r i l l  holes  Nos. 3s and 39 

where an abnormally high i n t e n s i t y  of radiakion was d e b u t e d  by 

t h e  counter probe. 

That d r i l l  hole lo. 50 be given spec ia l  study w i t h  the view of 

(Discussed i n  Chapter V I .  ) 

6. 

determining, i f  possible, the cause of i ts  bigh i n t e n s i t y  of 

a c t i v i t y  which cannot be explainmi 021 t h e  bas i s  of present  

kn0~10dge. (Discussed in Chapter V I . )  

That there be pumping tests on one or more exploratory well8 to 

determine, if possible,  (a) t he  coe f f i c i en t  of s torage of ground 

w a t e r ,  and (b)  the t r ansmiss ib i l i t y  of the rocks. 

7. 

GENERAL RECOMMENDATIONS 

W i t h  respec t  t o  future expansions and operations a t  the Oak Ridge 

l a t i o n a l  Laboratory, the following are recommended: 

1. That geologic inves t iga t ions  precede the se l ec t ion  of sites for 

new buildings and other operations. 

That no new settling ponds, f o r  the hold-up of radioacMve 

l i q u i d  wastes, be constructed i n  the limestone b e l t  of Bethel 

valley (the present  s i te  of X-lP). 

2. 

3. That a l l  f u t u r e  b u r i a l  of contaminated s o l i d  waste be i n  the  

Conasauga shale belt of Meltan Valley (discussed i n  the follouing 

sec t ion)  
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PROPOSED NEM BURIAL GROUND 

A t  the  Oak Ridge National Laboratory disposal of radioact ive so l id  

uastes  and contaminated equipment and materials *s by burfal i n  the gmund. 

Tho prac t ice  I s  simply to renovethe s o i l  down to  bed rock, generally l e s s  

than 15 feet deep, dump the  wastes i n t o  t h e  excavation and then cover with 

the s o i l ,  except in t he  case of alpha-contaminated materials which are 

f i r s t  covered with conorete before burial, 

three d i f f e r e n t  burial sites had been used. Ihe f i r s t  tu0 sites t o  be 

used had been abandoned and t h e i r  locat ions l e f t  none too-clearly defined. 

The one which was in current  use was i n i t i a t e d  i n  Yay 1946, 

Valley a t  a distance of some 3000 f e e t  s cx l thes t  of the present boundary 

of the I(-10 p lan t  site. 

ground area has grown i n  s i z e  t o  f i v e  and one-half acres. 

t o  the radioact ive and contaminated s o l i d  waste8 from the  operations a t  

the  Oak Ridge National Laboratory, there  was also being received for 

bu ia l  a t  this s i t e  wastes from other  AEC-project producers a s  w e l l  as 

from users  of BEC-distributed isotopes. 

as w e l l  a8 i n  quantity and var i e ty  of waste t o  be disposed, is steadily 

When this s t u d y  was begun 

I t  l i e s  i n  Bethel 

(See P la t e  2.) In f o u r  and one half yearn this b u f i d  

I n  addi t ion 

The steady increase i n  customers 

magnifying the problem of b u r i a l  a t  the Oak Ridge Nation& Laboratory, 

and c a l l s  for cautious consideration of long-range b u r i a l  operations. 

The vulnerabi l i ty  of t h e  b u r i a l  ground si te  w i t h  respect to 

contamination of migrating undeeground waters was pointed ou t  by 

Stockdale during the init ial  s t a t e s  of t M s  study, 

matter, especial ly  by the  Health Physics Division of the Oak Ridge 

National Laboratory, led t o  a f i e l d  conference on May 19, 1949. 

Concern f o r  the 

Tho 



74 

foll.offing persona par t ic ipated:  

Edward McCracty, Senior Biologist ,  Office of Research and Medicine, 
Atomic Ehergy Commission, Oak Ridge 

T. H. J. Burnett, Health Physics Mvision, O a k  Ridge National 

H. J. McAlduff, Health Physic8 Mvision,  Oak Ridge National Laboratory 

Laboratory 

P a r i s  B. Stockdale, Head o f  t h e  Department of CIeology-Geogr@hy, 
University of Tmnesset, Knoxville 

Four possible  burial graund s i t e s ,  t e n t a t i v e l y  recommended Q Stockdale, 

were v i s i t e d  and inspected i n  the f i e l d .  Under date  of llcsy 25, 1949, a 

m i t t e n  memorandum was submitted by Stockdale t o  the Off ice  of Research 

and Medicine of t he  Atomic Ehergy Commission a t  Oak Ridge point ing au t  the 

po ten t i a l  hazards of the  present  b u r i a l  ground and making recommendations 

on the se l ec t ion  of a new and prefer red  s i t e .  

A t  8 conference held on August 3, 19&, t h e  whole matiter involving 

sel.ection of a new bur i a l  ground s i te  was reviewed before the folloning 

representa t ives  of  the Oak Ridge National Laboratory: D. C. Earah*ell ,  

L. B. M e t ,  E. J. Urphy, A. M. Weinberg, Forrest Vestern, and E. J. 

Wi-tkowski. 

regards the po ten t i a l  hazards a t  the currently-used b u r i a l  ground, and 

a l so  iad ica ted  tha t ,  from a long-range viewpoint, usable  space a t  the 

s i t e  is quite l imi ted  by outcropping bedrock so +&at, eventually, a m o r e  

colnmodius site must be chosen. 

Stockdale again eummarized the geologis t ' s  viewpoints as 

I n  a previous chapter  i n  this report it has been pointed out t h a t  t h e  

Bethel Valley b u r i a l  ground l i es  upon u n i t  nGfs of the Chickamauga limestone 

where there  exists the  p o s s i b i l i t y  of radioact ive contamination of pnderground 

waters and t h e  uncontrolled migration o f  such to unknoun d i s t a n t  sites. 
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This r i s k  r e s u l t s  f r o m  the  f a c t  t h a t  t he  underlying bed rock i s  limestone 

which i s  suscept ib le  t o  underground solut ions and t o  the  development of 

small Void8 with consequent increase in permeability and free movement of 

ground raters which may have been contaminated from dmward  percolation 

of meteoric waters thmugh the  b u r i a l  ground. 

contamination has taken place is shown by the probing of  drill hole8 

located outs ide the boundaries of the  b u r i a l  ground. 

discussed i n  t h e  preceding chapter of this reporte  

- 

ThatmigratAon of such 

This has been 

From the viewpoint of the geologist ,  a preferred s i t e  f o r  burial of 

radioact ive s o l i d  wastes and contaminated materials i n  the Oak Ridge 

v i c i n i t y  would be a t  a place underlain by shale. Such rock i s  generally 

qu i t e  iqermeable  and i s  not subjec t  t o  so lu t icn  which might lead to  the 

development of underground channels t o  permit t h e  free t r ans fe r  of gramd 

w a t e r s .  

which i s  composed of snale is  t h e  Conasauga. The formatdon is a t  l e a s t  

1500 feet  thick. Where weathered, i t  forms a s o f t  c lay s o i l  which can be 

easily handled with power shovels. 

In t h e  Oak Ridge area the  most extensive geologic formation 

I n  t h e  general v i c i n i t y  of t h e  X-10 u n i t  of the  Oak Ridge National 

Laboratory there are two signiZicant, broad b e l t s  of t he  Conasauga shale. 

One is  s i tua t ed  on the northwest side of Bear Creek Valley, between Pine 

Ridge and Chestnut Ridge. 

t o  the southeast  o f t h e  X-10 site. The lat ter belt has th advantage of 

being accessible  from t h e  Laboratory without t r z v e l  over any of t h e  main 

roads. It can be reached by going through Rhiteoak Creek gap which c u t s  

thmugh Haw Ridge just south of the  Laboratory. A second advantage l i e s  

i n  the fact that any surface waters which might becme contaminated a t  

?he other is between Haw Ridge and Copper Ridge, 



76 

a bur i a l  s i t e  would dra in  d i r e c t l y  i n t o  the  alreadjj-contanlinated lake. 

The spec i f i c  s i te  t o  be se l ec t ed  within t h e  b e l t  of Conasauga shale  

would depend upon several  factors. One m u l d  be the nature of the 

topograpw - a f a i r l y  f l a t  area m u l d  be favored, preferably a t  a 

comparatively l o w  level .  The 

depth of weathering mst be considered s ince  such wmld determine ease and 

depth of excavation. 

Another would be the amount of area needed. 

A site which is most favored, and which has been recommended by 

Stockdale on the  bas i s  of an examination of the surface shale a d  the 

topography, lies southeast  of Haw Ridge immediately northwest of the 

lower end of the Whiteoak Lake, approximately one and one half  miles 

south-southwest of the X-10 p lan t  site, where there  is a l a r g e  acreage of 

comparativly f l a t  topography underlain by shale  which is s o f t  and w e l l -  

weathered and where the ground is barren of trees. 

in p a r t  a r e w e n t  of a gravel-covered terrace.  

needed severa l  places  might be picked within c loser  range of t h e  Laboratory 

and within the Pumpkin Valley memer of the Conasauga shale belt. 

(See Plate 1.) It is 

If bu t  a small si te  were 

Steps have recent ly  been taben to abandon the  Bethel Valley b u r i a l  

ground and t o  e s t ab l i sh  b u r i a l  s i t e s  i n  t h e  Conasauga sha le  b e l t  southeast  

of Haw Ridge, discussed above. 
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GENERAL CONCWSIGNS 

That some radioact ive contamination occurs i n  the  underground waters 

and the rock formskiions a t  the  X-10 s i t e  of the Oak Ridge National Laboratory 

has heen discussed i n  the  preceding chapter of t h i s  report .  

detected contamination came from the l i qu id  waste disposal system; doubtf'ul 

contamination from t h e  Bethel Valley b u r i a l  ground (recent ly  abandoned). 

Since by the very nature of the disposal system, discussed in Chapter I, 

underground contwina t ion  seemed inevi table ,  important objectives a t  t h i s  

study were t o  determine the  conditions of the underlying rock formations 

and t h e  resu l t ing  form of t he  water t a b l e  and the movement of ground waters 

as po ten t i a l  carriers of radioact ive contamination. I n  this connection, 

therefore, an important question t o  be s e t t l e d  was whether or not simple 

water-table conditions, or a r t e s i an  conditions preva i l  underground. 

Most of t h e  

Altho t h e  bedrock a t  t h e  X-10 s i t e  of the Laboratory is predominahtly 

limestone, the program of core d r i l l i n g  revealed t h a t  the rock i s  a t  present  

apparently devoid of s izeable  underground so lu t ion  channels, or caverns, 

which conceivably might have exis ted and were feared, and which might have 

exerted s ign i f i can t  control  over t he  d i rec t ion  and amount of flow of ground 

waters. Instead, t h e  limestone is comparatively "t ight ,  poesessing 

abundant, closely-spaced, closed f r a c t u r e s  and j o i n t s  with only an 

occasicnal solution channel of small size.  

Studies by the Ground Water Branch of the  U. S. Geological Survey, 

as reported by G. D. DeBuchananne i n  Chapter V of this report ,  reveal that 

%y i t s  c lose  cor re la t ion  w i t h  the topography and surface drainage, ground 

water occurs under water-table r a the r  than a r t e s i an  conditions." (See 
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P la t e  13. ) DeEucharnane wrcte fu r the r :  "thus ground-water discharge 

contri t :utes to  *e base flow of the surface s t r eans  i n  t h i s  area, ard 

u l t imate ly  augments the flow of t he  Clinch River...... 

water t a b l e  i s  subdued r ep l i ca  of t h e  land surface,  r i s i n g  s l i g h t l y  below 

I n  general, t h e  

t h e  hills but  occupying posi t ion c l o s e r  t o  the land sur face  i n  the valleys." 

FJnder these ccnditions,  for tunztely,  all drainage a t  and belcw the  surface 

koday apparently converges ta empty u l t imate ly  i n t o  the intended l i q u i d  

waste d i s p o s a l  system of dhiteoak Creek and Vhite Lake. Thus, my graund 

water recharge which might come from the  operations of the l i q u i d  waste 

dispcsal  systen; a t  X-10, even t h o  contaminated, would be held up f o r  awhile 

underground and would f i n a l l y  emerge i n t o  the intended d isposa l  system, 

thus assuring no haztird t o  areas  no t  already under con t ro l  o r  unknown. 

An exception t o  this s i tua t ion ,  perhaps r e l a t i v e l y  ins igni f icant ,  occurs 

a t  the w e s t  er,d of the recently-abandoned b u r i a l  grounds where t h e  ground 

water on t h e  v e s t  s i d e  of a ground-water d iv ide  will flow toward the 

w e s t  i n t o  ilacoon Creek drainage r a t h e r  than i n t o  M t e o a k  Creek. 

but a small amount of area i s  involved and there  i s  yet no proof of 

However, 

underground contamination. 
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Tab l e  3--Analyses of Naturally Occurring Waters i n  the Vicini ty  of the X-10 A r e a  of the 

(Chemicsl Analyses by the U. S. Geological Surwy) 
(Radiouetric Analyses by the  National Bureau of Standards) 

Chemical Analyses in  Parte Per Million 

O a k  Ridge National Labc 1ratol-y 

i 
ia 

1 
2 
3 
4 
5 
6 
7 
0 
9 
10 
1 1  
1 2  
13 
14 
15 
16  
17 
1 p  
19 
X I  
a 
22 
23 u 
25 
26 
27 
28 
29 
30 
3l 
32 
33 
3J4 
35 
F 
37 
w 
39 
u, 
w 
I&! 
b3 
44 
45 
lo6 
47 
I& 
49 
50 

Wells Owned by A .  E. C. i n  the X-10 Plant  Site Area 
( f o r  locat ion see P l a t e  13) 

0 

rr 
v 

w 

2/2P/x, 8.2 0 .3 0 
l?/30/49 1 2  0 .2 0 
3/3c/P 11 0 .2 0 

2/2F/50 ll 0 .2 0 
1/19/50 ll .5 .a o 
1/19/50 ll 0 .5 0 
1/26/50 10 c .6 o 
2/211/50 4.4 0 0 0 
1/31/50 11 0 .4 0 
1/26/50 11 0 .2 0 
1/n/x, 2.0 0 .5 0 

2.8 c o o 
.7 0 
.4 0 1/32/50 6.4 0 

3/9/50 9.4 c .2 0 
&'?/!io L.C 0 1.4 c 
2/7/50 11 0 .7 0 

3/x1/50 9.7 0 0 0 
3/3@/5@ 1 5  0 .2 0 
3/3C/50 9.2 0 .1 0 
3/Y/W 3.p @ .1 0 
4/6/H' 9.P c .7 0 

f+/6/50 n o 2.2 o 
3 / 3 0  7.c 0 c 0 
3 / ~ / 5 0  9.r r @ o 
3/3@/5c 11 c -1 e 
I&F 11 0 1.3 0 
4/6/50 13 0 1.0 o 

5.2 0 .2 c %%? 9.2 C 1.3 0 
4 / 6 / V  7.6 C 1.0 0 
4/6/50 11 0 .7 0 
4/6/50 9.6 C 1.3 0 
4/6/50 1'1 c .8 0 
4/6/50 1 5  0 1.0 0 

I / l2 /X ,  9.0 1.6 .7 0 

%%? 3.P 0 

cell rat 0 m p l . a  

We11 nut samld 

Rsll not eiM$lled 

w a l l  not o q l e d  
4/6/50 i o  0 .9 0 

4/6/50 6.C 0 .3 0 
1/6/50 9.0 0 .1 0 
1/6/50 11 0 0 0 
IJ6/50 i c  o .5 0 
1/6/50 L1 0 .3 0 
rJ6/5O 6.4 0 1.3 0 

4/6/50 7.8 0 1.6 o 
P l d l  nnt Luqilad 

Y e l l  mt aarq?'ed 

0 
0 
0 

0 
- 
- 

- 
- 1  
0 

0 
0 

- 
- 

.06 

.02 

.06 

.or, 

.c6 

.CA, 

.Ob 

.04 

.12 

.03 

.c3 

.oe 

.16 .a 

.06 

.26 

.07 

.5. 

4 6 P  61 2.6 0 3% 
m u ,  46 4.6 0 329 

117 n 1.6 C 476 

54 21 3.4 0 340 
3.3 0 w 72 20 43 

87 17 .6 0 350 n n  l7 w 1.7 0 374 
63 6.5 6.5 1.0 0 232 
a 18 12 1.5 0 350 
63 26 23 3.2 0 W 
39 14 ll 3.3 0 178 
72 5.5 3.1 2.6 0 224 
65 4.0 6.6 1.3 0 P O  
63 22 5.7 1.1 0 264 
X 15 22 3.0 0 244 
45 3.6 7.6 1.5 0 148 
5 6 %  37 1.6 0 345 

l7 x 3.4 0 352 
R8 l3 31 

a 10 
26 3.5 
40 2.4 
l5 4.4 1.4 

l3 11 38 
' 8.6 28 
5.2- 

21 6.7 1.5 u ll 
11 10 
32 5.2 
16 3.8 
13 2.9 
24 10 
ur 13 

l.7 5.4 
ll 3-1 

0 .a 53 17 19  2.2 0 256 25 4. 5 - .02 62 19 1 5  3.1 0 3'X 1S 2.1 - .02 63 18 2.8 1.2 0 242 e.8 5.6 - .@3 106 12 5.0 .9 0 325 23 u - -16 21 10 % 3.2 0 330 25 6.0 

.c4 

.07 
-04 
.e4 
.@? 
.04 
.c3 
.I7 
.04 
.ob 
.02 
.c5 
.12 

le3 2R 
$6 R.@ 
86 1 R  
17 9.7 
59 25 
61 31 
92 12 
56 1 5  
94 6.5 

117 6.6 
99 12 
73 n 
m 5.5 

16 2.1 c 
7.P 1.5 0 

19 h.3 0 
4.0 7.4 0 

37 2.8 0 
P.0 3.2 0 
4.3 1.0 0 n 2.c r. 
2.2 .6 0 
2.7 .7 0 
7.1 .u 0 

17 7.0 0 
3.0 .5 0 

376 
33 
74 

27 
17 
32 

19 

26 
33 

7.8 

i a  
6.5 

b.9 

30 

14 
6.9 

1.0 
7.6 
1.8 
1.6 

2.6 
3.9 

6.6 
6.4 

14 

13 

- -05 123 17 6.7 1.2 0 4X 43 3.2 

- -03 83 28 5.5 2.6 0 339 47 1.1 

-05 % WC b.2 2.8 0 452 45 1.4 - -06 61 14 9.5 1.7 0 no 5.3 1.2 

e03 64 ll 6.4 1.2 0 ?38 17 1.5 

- .16 70 6.2 2.6 1.2 0 P 8  15 1.8 

- .07 n 9.4 5.1, 1.2 o zn 4.0 2.6 

- .a 34 16 54 3.0 0 3C8 8.9 2.2 

.5 .2 0 
.6 .1 0 
.1 .2 0 
.1 .5 0 
-0 .7 0 
.7 .3 0 
.1 .4 0 

1.1 .1 0 
.1 .e 0 
.2 .1 0 
.4 1.1 0 
.3 .1 0 
.1 3.6 0 
.1 1.1 0 
.2 1.2 0 
.2 .4 0 
.2 1.6 0 
.r, .1 0 

.4 .2 0 

.2 .2 0 

.1 .o 0 

.1 .1 0 
1.6 1.6 0 

.3 1.5 C 

.1 .9 0 

.1 .8 0 

.1 .1 @ 

.5 .9 0 

.2 1.b 0 

.1 .1 0 

.4 .6 0 

.O 1.6 0 

.o .2 0 

.o 4.1 0 
-3 c.2 .1 
.o .1 0 

.1 .2 0 

.2 .9 0 

.1 .7 0 
-2 1.0 0 
.2 .7 0 
d 1.8 0 
.l 1.2 0 

.o .1 0 

337 m 5 9 l  7.8 5 0.79 
313 198 538 7.5 6 0.70 
LL5 hM 759 7.7 1 0.75 . -- ._. 
325 273 574 i;, 5 0.i6 

376 262 652 7.h 1 5  0.90 
267 2p 5l.5 7.8 3 0.86 

ge2 
577 
337 
548 
563 
342 
367 
353 
h64 
Lbk 
274 
569 

437 
qeo 
433 
593 w 

ti€u 
4% 
613 
19l 
579 
522 
526 
625 
kE.7 
586 
552 
5% 
ws 
be0 

5% 
wt5 
745 
429 

396 
365 

473 

337 
3 a  
le6 
302 
PO 
1- 
a 3  
201 
255 
a5 
1% 
3i2 
2b.l 
268 
23 
339 
335 

8t10 
2Fs 
369 
105 
326 
295 
302 
355 
273 
325 
3 l l  
330 
255 

393 

w 
2ht4 
US m 
268 

203 

a 6  

. .  

7.4 5 
7.5 5 
7.9 5 
7.3 3 
7.4 5 
7.6 5 
7.6 2 
7.4 lo 
7.8 1 
7.9 3 
7.3 3 
7.4 5 

7.8 8 
7.7 3 
7.5 2 
7.2 4 
7.9 5 

6.8 2 
7.0 5 
7.4 t 
8.1 5 
6.4 5 
6.3 3 
7.3 7 
6.7 7 
6.7 1 
6.9 5 
6.7 2 
7.5 1 
7.b 7 

7.3 3 

7.3 5 
7.4 3 
7.2 4 
6.6 2 
6.3 3 
6.5 1 

7.6 2 

0.3 
1.X 
0.8l 
3.97 
0.70 
1.15 
0.91 
1.33 
1-33 
0.n 
0.99 
0.82 

0.97 
0.44 
0.44 
1.23 - 
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[ole No, 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
'1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

* 1  
1 
1 

' 1  
1 
1 
1 
1 

. 1  
1 
1 

' 1  

Table k 

ASSAYS OF SLUDGE AND ~ 4 r a  XYPLES FRCL DRILL HOLFS 

a m p  le 
Number 

1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

A .  S l i d g e  Samples 

Sample 
Depth 

5 f t .  
10 
15 ' 
18 
23 = 
28 
33 
38 
43 = 
48 e 
53 
58 ' 
63 " 
66 ' 
73 ll 

78 r, 

83 ' 
88 'I 

93 " 
98 
103 
108 
113 
118 I' 

123 
128 tt 

133 
138 
143 '* 

148 
153 * 
158 
163 ' 
168 
173 " 
178 
183 
188 * 
L93 
198 
203 * 
208 
213 " 
218 " 
223 v t  

228 e 
233 
238 " 

Sample 
s ize  

10 ml 
10 
10 - 
5 n  
E "  

10 
10 = 
10 = 
10 
10 
10 " 

10 = 
10 " 
10 ' 
10 fl 

10 
10 
10 e 
10 
10 " 
10 
10 
10 = 
10 = 
10 (1 

10 " 
10 ll 

10 
10 
10 
10 e 
10 
10 " 
10 
10 
10 
10 
10 = 
10 
10 
10 
10 
10 = 
10 
10 
10 
10 = 
10 

0 
3 
2 
0 
0 
1 
2 
1 
0 
1 
1 
0 
0 
1 
0 
0 
0 
0 
2 
0 
1 
1 
0 
1 
0 
0 
2 
2 
0 
0 
1 
1 
0 
0 
1 
0 
1 
1 
1 
0 
1 
1 
1 
1 
0 
1 
0 
0 

ml 

0.0 
0.3 
0.2 
0.0 
0.0 
0.1 
0.2 
0.1 
0.0 
0.1 
0.1 
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.2 
0.0 
0.1 
0.1 
0.0 
0.1 
0.0 
0.0 
0.2 
0.2 
0.0 
0.0 
0.1 
0.1 
0.0 
0.0 
0.1 
0.0 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.0 
0.1 
0.0 
0.0 

0.0 

85. 

- 
/y 10-0 

0.c 
0.4 
3 .O' 
0.0 
0.0 
1.5 
3 B O  

1.6 
0.0 
1.5 
1.5 
0.0 
0.0 
1.5 
0.0 
0.0 
0.0 
0.0 
3 e 0  
0.0 
1.5 
1.5 
0.0 
1.5 
0.0 
0.0 
3 -0 
3.0 
0.0 
0.0 
1.5 
1.5 
0.0 
0.0 
1.5 
0.0 
1.5 
1.6 
1.5 
0.0 
1.5 
1.6 
1.5 
1.5 
0 9  
1.5 
0.0 
0.0 

ro/w 



Sludge Samples Cont'd. 82 

,;ole No. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Sample 
Number 

49 
50 
5 1  
52 
53 
54 
55 
56 
57 
58 
59 
60 
6 1  

Sample 
Depth 

243 ft. 
248 
253 I) 

258 
263 I) 

268 
273 
278 
283 
288 
293 
298 " 
300 19 

~- ~~ 

Sample 
S i t e  

10 m l  
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 )' 
10 I' 

. ~~~~ 

Net C t a /  
Minute 

0 
2 
1 
0 
0 
0 
0 
1 
0 
1 
1 
1 
1 

c t a ,hi n/ 
m l  

0.0 
0.2 
0.1 
0.0 
0.0 
0.0 
0.0 
0.1 
0. e 
0.1 
0.1 
0.1 
0.1 

0.0 
3 e 0  
1.5 
0.0 
0.0 
0.0 
0.0 
1.5 
0.0 
1.5 
1.6 
1.5 
1.6 



1 '  

_ -  

Sludge Samples Cont ' d  e 

- 

Hole NO. 

2 
2 
2 
2 
2 
2 

3 

4 
4 
4 
4 
4 

6 
6 
6 

7 
7 

8 
8 

10 
10 

11 
11 
11 

12 
12 
12 
12 

13 
13 
13 
13 

14 
14 
14 

Sample 
Number 

1 
2 
3 
4 
u 
5 

1 

1 
2 
2A 
4 
c 
3 

1 
2 
3 

1 
2 

1 
2 

1 
2 

1 
2. 
3 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 

Sample 
Depth 

6' - 10" 
9' - 10" 
14' - 2" 
19' - 2n 
9' - on 

20 '  - 0" 

81' - 8" 

5' - o* 
10' - 0" 
13' - 0" 
4 1 '  - 0" 
Special 

5' - 0" 
10' - 0" 
13' - 0" 

5' - OH 

15' - 0" 

5' - 0 I' 
10' - 0" 

5' - OW 
10' - 0" 

5' - 0" 
10' - 0" 
12' - 0" 

5 '  - 0" 
10' - 0" 
15' - 0'' 
19' - 5" 

5' - O', 
9' - 0" 
10' - 0" 
16' - On 

5' - 0" 
11' - OW 
13' - 0" 

Sample 
s i ze  

10 ml 
10 
5 
5 "  

200 " 
10 

10 

10 " 
20 " 
2 0  
10 
10 

5 n  
5 t'' 

10 " 
5 "  
5 #  

5 "  
5 "  

10 
10 rl 

10 * 
10 
15 ' 
15 " 
5 "  
15 I' 

15 " 
5 "  
5 n  
5 "  
5 "  

15 
15 " 

15 " 

Net C t a /  
minute 

2 .o 
2 .o 
1.0 
0.0 
4 .O 
0.0 

0.0 

0.0 
2.0 
3 .c 
0.0 
1 .o 

0.0 
0.0 
0.0 

2 .o 
0.0 

1.0 
1.0 

2 .o 
2 .o 

2 .o 
1.0 
1.0 

3 -0 
0.3 
3 a 0  
6.0 

2 .o 
0.2 
2 .o 
0.6 

3.0 
6.0 
3.0 

C t  s h i n /  
ml 

0.20 
0.20 
0.20 
0.00 
0.02 
0.00 

0.00 

0.00 
0.10 
0.15 
0.00 
0.10 

0.00 
0.00 
0.00 

0.40 
0.00 

0.20 
0.20 

0.20 
0.20 

0.20 
0.10 
0.07 

0.20 
0.06 
0.20 
0.40 

0.40 
0.04 
0.40 
0.12 

0.20 
0.40 
0.20 

83 

10-5 
uc/gm 

3 .O 
3 .O 
1.6 
0.0 
6.0 
0.0 

0.0 

0.0 
3 .o 
4.5 
0.0 
1.5 

0.0 
0.0 
0.0 

3 .O 
0.0 

1.5 
1.5 

3.0 
3 e 0  

3 e 0  
1.5 
1.5 

4.5 
0.5 
4.5 
9.0 

3 e 0  
0.3 
3 .O 
0.9 

4.5 
9.0 
4.5 



Sludge Se.mples Cont'd. 84 

17 
17 

18 
18 

24 

25 
25 

26 

27 
27 

26  
28 
28 

2 9  
29 

30 

35 

37 

38 
3 8  
3 8  
38 

3 9  

50 
50 

Sample 
Number 

1 
5A 

1 
1A 

1 

1 
2 

1 

1 
2 

a 
2 
3 

1 
2 

1 

1 

1 

1 
2 
3 
4 

1 

1 
2 

Sample 
Depth 

5' - o* 
5' - 0" 
5' - o w  
11' - 0" 
5' - 0" 
5' - 0" 
10' - ott 

6 '  - On 

0' - 6" 
5' - 0" 
5' - 0" 

10' - 0" 
15' - 0" 

5 '  - 0" 
10' - 0" 
5' - 0" 

5 '  - ow 

5 '  - 0" 
5' - 0" 

10' - 0" 
15' - 0" 
20 '  - 0" 
10' - 0" 
5' - 0" 

10' - 0" 

Sample 
Size 

5 m l  
15 " 
15 " 
15 

10 " 

15 * 
10 " 
15 '' 

5 "  
5 "  

15 '' 
10 " 
10 

5 "  
5 *  

15 I t  

5 lt 

5 "  

5 "  
5 
5 "  
5 "  

5 It 

10 
10 " 

~ 

Net C t s /  
minut e 

~~ ~ 

1.0 
6.0 

0.0 
3 .o 

1.0 

1 .o 
0.0 

6 -0 

1 . 0 
2 .o 

8 . 0 
1.0 
2 .o 

1.0 
0 .Ol 

3.0 

2 .o 

1 .o 

1.0 
2.0 

11.0 
4 .O 

1.0 

1.0 
1.0 

0.20 
0.40 

0.00 
0.20 

0.10 

0.07 
0.00 

0.40 

0.20 
0.40 

0.53 
0.10 
0.20 

0.20 
0.00 

0.20 

0.40 

0.20 

0.20 
0.40 
2.20 
0.80 

0.20 

0.10 
0.10 

1.5 
9.0 

0.0 
4.5 

1.5 

1.5 
0.0 

9.0 

1.5 
3 e 0  

12 00 
1.5 
3.0 

1.5 
0;o 

4.5 

3 -0 

1.5 

1.5 
3.0 
16 m5 
6.0 

1.5 

1 m5 
1.5 

- 



B. Water Sample8 

Hole NO. 

1 
1 
1 

2 
2 

3 

4 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 

Sample Size  

5 ml 

5 "  

200 = 
10 " 
10 )' 

2 0  = 
20  " 
10 

10 

10 

c : n  

10 

10 " 

10 

15 " 

15 ' 
15 

15 

10 

15 

15 

15 

15 

15 

15 

10 

10 

1.4 
1.0 
0.0 

4 SO 
0.0 

1.0 

3.0 
2 00 

0.0 

0.0 

0.0 

4.0 

0.0 

2 .O 

1.0 

6.0 

4 00 

2 00 

0.0 

1.0 

6.0 

0.0 

0.0 

1.0 

7.0 

2 .o 

1.0 

- 

c t s /mi n/m 1 

0.28 
0.10 
0.00 

0.02 
0.00 

0.10 

0.15 
0.10 

0.00 

0.00 

0.00 

0.40 

0.00 

0.20 

0.07 

0.40 

0.26 

0.13 

0.00 

0.07 

0 . 4 0  

0.00 

0.00 

0.07 

0.46 

0 . 2 0  

0.10 

12.6 
4.5 
0.0 

0.9 
0.0 

4.6 

6.7 
4.5 

0.0 

0.0 

0.0 

18.2 

0.0 

9.1 

3.2 

18.2 

11.7 

5.8 

0.0 

3 - 2  

18.2 

0.0 

0.0 

3.2 

20.7 

9.1 

4.5 



Special Water Samples C o n t ' d .  
86 

I- 
Ho le No . 

_. 

26 

27 

28 

29 

30 

31 

32 

33 

'3 4 

:3 5 

:3 6 

3 7 

3 0 

3 9 

4L 0 

4:2 

43 

44 

45 

46 

47 

49 

- 

Sample S i z e  

10 ml 

15 )c 

10 = 
15 ' 
10 l4 

10 I' 

15 

10 ' 
15 

10 

10 = 
15 

15 " 

10 1( 

10 

10 l4 

10 " 
15 

Y r I  " 

10 

10 ' 
10 I) 

Net/cts/min. 

2 .o 

3.0 

1.0 

1.0 

2 .o 
2 .o 

1 .o 
1.0 

7 .O 

2 .o 
4 .O 

8 .O 

2 00 

1.0 
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Plate 11 

System 1 
Generalized Geologic Section of the Bedrock Formations 

in the Oak Ridge Area 
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