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EVALUATION OF THE ORNL AREA FOR FUTURE WASTE BURIAL FACILITIES 

T. F. Lomenick 
D. W. Byerly 
Serge Gonzales 

ABSTRACT . 
Addit ional  waste-burial  f a c i l i t i e s  w i l l  be needed a t  ORNL 

w i t h i n  t h i s  decade. In  o rde r  t o  f i n d  environmentally acceptable  
s i tes ,  t h e  ORNL a r e a  mst  be sys t ema t fca l ly  evaluated.  This 
document r e p r e s e n t s  t h e  f i r s t  s t e p  i n  t h a t  s e l e c t i o n  process. 
Geologic and hydrologic  d a t a  from t h e  l i t e r a tu re  and minor f i e l d  
i n v e s t i g a t i o n s  are used t o  i d e n t i f y  mre favorab le  sites f o r  
So l id  Waste Storage Area (SWSA) 7. Also underway a t  t h i s  t i m e  i s  
a companion study t o  l o c a t e  a Cen t ra l  Waste Storage Area which 
could be used i n  t h e  f u t u r e  t o  accommodate wastes generated by t h e  
X-10, Y-12, and K-25 f a c i l i t i e s .  

From t h e  s e v e r a l  watershed op t ions  a v a i l a b l e ,  t h e  Whiteoak 
Creek drainage bas in  i s  s e l e c t e d  as t h e  most promising 
hydrologic  regime. 
waste-disposal f a c i l i t i e s  and i s  thus a l r eady  w e l l  monitored. 
The seven bedrock u n i t s  w i th in  t h e  ORNL area are eva lua ted  as 
p o t e n t i a l  b u r i a l  media. Shales of t h e  Conasauga Group, which 
are c u r r e n t l y  used f o r  waste b u r i a l  i n  t h e  Whiteoak Creek 
drainage bas in ,  and t h e  b o x  Group are considered t h e  l ead ing  
candidates .  

This area con ta ins  a l l  p a s t  and present  

Although t h e  residuum derived from and ove r ly ing  t h e  Knox 
dolomite has  many favorable  c h a r a c t e r i s t i c s  and may be regarded 
as having a high p o t e n t i a l  f o r  b u r i a l  of low-level wastes, a t  
t h e  p re sen t  i t  is  unproven. Therefore,  t h e  Conasauga s h a l e s  are 
considered a p r e f e r a b l e  opt ion f o r  SWSA 7 w i t h i n  t h e  ORNL area. 
Since t h e  Conasauga i n t e r v a l  i s  c u r r e n t l y  used f o r  waste b u r i a l ,  
i t  is b e t t e r  understood. One t ract  i n  Melton Valley t h a t  i s  
u n d e r l a i n  by Conasauga s h a l e s  i s  nominated f o r  d e t a i l e d  
s i t e - c h a r a c t e r i z a t i o n  s t u d i e s ,  and s e v e r a l  o t h e r  tracts are 
recommended f o r  f u t u r e  exploratory d r i l l i n g .  Explorat ion is  a l s o  
suggested f o r  a t rac t  i n  t h e  upper Whiteoak Creek bas in  where 
Knox residuum i s  t h e  shallow subsurface material. 

1. INTRODUCTION 

A sys t ema t i c  approach is d e s i r a b l e  f o r  e v a l u a t i n g  the  O W L  area 

f o r  a f u t u r e  solid-waste b u r i a l  f a c i l i t y ,  which w i l l  be needed w i t h i n  

t h e  c u r r e n t  decade when present  f a c i l i t i e s  are f i l l e d  t o  capaci ty .  

This r e p o r t ,  based on a review of l i t e r a t u r e  and a modest amount of 

f i e l d  s tudy ,  documents t h e  f i r s t  s t e p  i n  t h i s  process - t h e  

i d e n t i f i c a t i o n  of tracts of land wi th in  t h e  area which should be 

eva lua ted  by more d e t a i l e d  s i t e - c h a r a c t e r i z a t i o n  s t u d i e s .  
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S o i l s  and r e g o l i t h  a t  ORNL have been u t i l i z e d  f o r  t h e  shallow b u r i a l  

of low-level r a d i o a c t i v e  wastes s i n c e  i n i t i a t i o n  of ope ra t ions  he re  in 

1943.1 

t r enches  are l o c a t e d  w i t h i n  Melton and Bethel  Valleys on t he  Oak Ridge 

Reservat ion (ORR). These are shown in Fig. 1. The earliest b u r i a l  

f a c i l i t i e s  (SWSAs 1, 2, and 3) were l o c a t e d  in Bethel  Valley nea r  t h e  

sou rce  of t h e  wastes. Because convenience was t h e  primary s i t i n g  

c o n s i d e r a t i o n ,  p r e o p e r a t i o n a l  geo log ica l  i n v e s t i g a t i o n s  were not 

undertaken. SWSA 3, t h e  last t o  be operated i n  Bethel  Val ley,  was  

c losed  in 1951 when geo log ic  cons ide ra t ions  prompted development of 

b u r i a l  grounds in t h e  more f avorab le  Conasauga s h a l e s  w i t h i n  Melton 

Valley.2 

o p e r a t i o n  of SWSA 4 (11 ha) .  Subsequently, SWSA 5 (15 ha) and SWSA 6 

( 2 7  ha)  were developed nearby. 

1973 and is p r e s e n t l y  in use,  but i t  is expected t o  reach capac i ty  

w i t h i n  8 t o  10 years .3  

At p r e s e n t ,  s i x  b u r i a l  grounds and s e v e r a l  waste p i t s  and 

Waste d i s p o s a l  i n  Melton Valley commenced t h a t  yea r  with 

SWSA 6 w a s  placed i n t o  ope ra t ion  in 

H i s t o r i c a l  records of wastes buried p r i o r  t o  1961 are 

incomplete.1 Few records were kept  f o r  SWSAs 1 and 2, and t h e  records 

f o r  SWSAs 3, 4, and some of those f o r  5 were destroyed by f i r e .  Since 

1961, however, e l e c t r o n i c  d a t a  processing has  been used t o  keep 

a c c u r a t e  records of t h e  amounts and l o c a t i o n s  of a l l  buried 

wastes.193 

An inventory of long-lived r a d i o a c t i v e  wastes ( exc lus ive  of t r i t i u m )  

h a s  e s t ima ted  t h a t  U 0 , O O O  C i  were present  in t h e  f i r s t  f i v e  b u r i a l  

grounds.3 

13,000 g of t r a n s u r a n i c s ,  and 100 kg of uranium were buried the re .  

This same s tudy  a l s o  e s t ima ted  t h a t  >50,000 C i  of t r i t i u m ,  

B u r i a l  procedures a t  t h e  f i r s t  t h r e e  f a c i l i t i e s  involved digging 

t r enches ,  dumping i n  t h e  wastes, and b a c k f i l l i n g  wi th  s o i l .  More thought 

has  been given t o  t h e  design and c o n s t r u c t i o n  of subsequent d i s p o s a l  

grounds. For example, t r enches  have been designed i n  accordance wi th  the  

topography and t h e  cond i t ion  of t h e  r e g o l i t h .  Trenches range from 15 t o  

120  m i n  l eng th ,  2.5 t o  9 m i n  width,  and 2.5 t o  4 m in depth and are 

excavated t o  s l o p e  a long  t h e i r  l eng th  t o  f a c i l i t a t e  t h e  c o l l e c t i o n  of 

i n f i l t r a t e d  water. Hydrologic monitoring is by means of cased wel ls .4  

. 
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Fig. 1. Locations of e x i s t i n g  b u r i a l  grounds i n  the ORNL area .  
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Trench bottoms are a t  least 1 m above t h e  h i g h e s t  observed e l e v a t i o n  of 

t h e  groundwater t a b l e .  Trenches are spaced approximately 1.5 m a p a r t .  

A t  least 1 rn of b a c k f i l l  has  been placed on t op  of emplaced wastes, and 

i n  some experimental  t r enches ,  polyvinyl  c h l o r i d e  or b e n t o n i t e  has  been 

i n s t a l l e d  t o  reduce i n f i l t r a t i o n .  In t h e  case of SWSA 4 ,  aspha l t - l i ned  

d i t c h e s  were cons t ruc t ed  t o  d i v e r t  surface-water drainage around the  

b u r i a l  ground. 4 

Monitoring t h e  q u a l i t y  of s u r f a c e  water d r a i n i n g  from t h e  ORNL 
area has been more or less continuous s i n c e  1943, when a water-sampling 

program w a s  i n i t i a t e d  on Whiteoak Creek.5 

Dam r e p r e s e n t s  drainage from a l l  ORNL f a c i l i t i e s  and has been monitored 

s i n c e  t h e  1960s by a continuous c o l l e c t i o n  u n i t  t h a t  samples in 

p r o p o r t i o n  t o  t h e  flow volume. In t h e  l a t e  1950s r ad ios t ron t ium was  

d e t e c t e d  in Whiteoak Creek. In o r d e r  t o  l o c a t e  p o t e n t i a l  sou rces ,  

continuous samplers were i n s t a l l e d  on Melton Branch and Whiteoak Creek 

above t h e i r  confluence,  and a l s o  on Whiteoak Creek nea r  t h e  p l a n t ' s  

d i scha rge  (Fig.  1). The f i r s t  w e l l s  t o  monitor groundwater i n  b u r i a l  

grounds were i n s t a l l e d  i n  1 9 6 4 .  

exists f o r  SWSAs 3, 4, 5, and 6 t o  provide r o u t i n e  monitoring of 

groundwater behavior and q u a l i t y . l , 5  

'Ihe d i scha rge  a c r o s s  whiteoak 

An ex tens ive  network of w e l l s  p r e s e n t l y  

The d i s p o s a l  of low-level r a d i o a c t i v e  wastes a t  ORNL has Improved 

s i g n i f i c a n t l y  s i n c e  t h e  f i r s t  material was  buried in 1943. Not only have 

b u r i a l  techniques improved, but a l s o  t h e  s e l e c t t o n  and monitoring of sites. 

Nevertheless ,  more should be learned concerning t h e  p o t e n t i a l  of geologic  

media ( o t h e r  t han  t h e  Chickamauga or Conasauga), such as t h e  residuum above 

t h e  Knox Group, f o r  t h e  shallow b u r i a l  of wastes on t h e  ORR. The Knox 

Group is, moreover, t h e  focus of a s tudy f o r  a " c e n t r a l "  d i s p o s a l  f a c i l i t y  

f o r  wastes generated by t h e  X-10, Y-12, and K-25 p l a n t s ,  and ex tens ive  

s t u d y  w i l l  be r equ i r ed  before  i t  can be proven s u i t a b l e .  In t h e  i n t e r i m ,  

t h e r e  remains t h e  need t o  l o c a t e  and develop SWSA 7 t o  handle wastes when 

t h e  e x i s t i n g  b u r i a l  ground is f i l l e d .  

The l o c a t i o n  of SWSA 7 should be on t h e  b a s i s  of a sys t ema t i c  

e v a l u a t i o n  of t h e  geology and hydrology of t h e  area such t h a t  t h e  maximum 

number of proposed g u i d e l i n e s  or cr i ter ia  are achieved. The d i v e r s e  

e 
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geologic  condi t ions  a t  ORNL present  a number of op t ions  t h a t  are reviewed 

and eva lua ted  i n  t h i s  repor t .  

2. GENERAL SETTING 

2.1 GEOLOGY 

The 24,000-ha ORR l i es  physiographical ly  wi th in  t h e  Valley and Ridge 

province,  which i s  cha rac t e r i zed  by a l t e r n a t i n g  va l l eys  and r idges  t h a t  

t r end  northeast-southwest.  Although composed of geologic  materials t h a t  

are more res i s tan t  t o  e ros ion  than those found i n  t h e  v a l l e y s ,  t he  r idges  

vary morphologically depending upon t h e  composition of bedrock beneath 

them. Steep-sided, r e l a t i v e l y  high r idges  with shal low,  a c i d i c  s o i l s  are 

developed above sands tones and s i l t s t o n e s ,  whereas low-lying , gene ra l ly  

knobby r idges  (sometimes found wi th in  broad va l l ey  f l o o r s )  are under la in  by 

sha le s .  Broad, r e l a t i v e l y  high r idges  with th i ck  residuum and summits 

s epa ra t ed  by in t e rven ing  swales are formed upon cher ty  dolomi t ic  rocks.  

Val leys  have formed through t h e  e ros ion  of rock sequences t h a t  are 

dominantly l i m e s  tone o r  sha le .  

The a l t e r n a t i o n  of rock types and t h e  no r theas t e r ly  o r i e n t a t i o n  of the  

r i d g e s  and v a l l e y s  are a t t r i b u t a b l e  t o  deformation of t hese  s t r a t a  Q200 

m i l l i o n  years  ago. Rock u n i t s  were folded and f a u l t e d  during L a t e  

Paleozoic  deformation, thereby c r e a t i n g  an imbr ica te  p a t t e r n  of u n i t s  t h a t  

are i n c l i n e d  t o  t h e  sou theas t  and resemble a series of overlapped sh ing le s .  

Subsequent d i f f e r e n t i a l  e ros ion  has produced a t r e l l i s  drainage p a t t e r n  and 

t h e  c h a r a c t e r i s t i c  r idge  and va l ley  topography t h a t  is c l e a r l y  shown i n  t h e  

geo log ica l  map of t h e  Whiteoak Creek drainage bas in  (Fig.  2 ) . 6  

Bedrock exposed over  most of t he  Reservat ion c o n s i s t s  of near ly  3200 m 

of Lower and Middle Paleozoic  sandstones,  s i l t s t o n e s ,  s h a l e s ,  and cher ty  

carbonates .  Besides t h e  tendency of these  rocks t o  c r e a t e  t h e  a l t e r n a t i n g  

r idges  and v a l l e y s ,  each rock u n i t  i n  t h e  sequence has  d i s t i n c t  

p r o p e r t i e s  t h a t  c o n t r o l  t h e  rates of weather ing,  t h e  composition and 

th i ckness  of r e g o l i t h  ( inc lud ing  s o i l ) ,  and the  behavior of su r face  and 

subsur face  water. Each rock u n i t ,  t h e r e f o r e ,  can be eva lua ted  as an opt ion  

f o r  s i t i n g  waste-burial  grounds. 

t h e  rock u n i t s  present  i n  t h e  ORNL area. 

Figure 3 i s  a geologic  c ros s  s e c t i o n  of 
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LEGEND 

CHICKAMAUGA GROUP ----- APPROX. STRATIGRAPHIC CONTACT 

KNOX GROUP 
,-VV APPROX. FAULT CONTACT 

(BARBS ON UPTHROWN SIDE) CONASAUGA GROUP 

=ROME FORMATION 
--WATERSHED DIVIDE 

Fig. 2. Geologic map of the  Whiteoak Creek drainage basin.  W. M. 
UCC-ND, McMaster, Geologic Map of the  Oak Ridge Reservat ion,  Tennessee, 

Heal th  Physics Divis ion,  ORNL ( 1 9 6 3 ) .  
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2.2 HYDROLOGY 

The humid climate in e a s t e r n  Tennessee provides  an average annual 

p r e c i p i t a t i o n  of 133 c m ,  of which approximately 79% is l o s t  through 

evapo t ransp i r a t ion .  "he balance of t h e  water becomes runoff and recharge 

t o  t h e  groundwater regime w i t h i n  a drainage bas in  t h a t  connects t o  t h e  

Tennessee River. This dra inage  system c o n s i s t s  of numerous suborder  water- 

sheds t h a t  d r a i n  t o  t h e  Clinch River ,  a major t r i b u t a r y  of t h e  Tennessee 

River.  Average annual  flow r a t e s  from t h e  Whiteoak Creek bas in  through t h e  

Tennessee River system are shown i n  Table 1. 

Table 1. Average annual flow r a t e s  downstream from ORNL 

S t a t i o n  Discharge 
m3/s 

Whiteoak Creek (0.16 km above confluence wi th  

M e  It on Branch)* 0.27 

Melton Branch (0.1 km above confluence wi th  

Whiteoak Creek )* 0.07 

Whiteoak Creek ( a t  Whiteoak Dam)* 0.38 

Clinch River  ( a t  Oak Ridge, TN) 130.1 

Tennessee River  ( a t  Chattanooga, TN) 1045.6 

aSee l o c a t i o n s  on Fig. 1. 
Sources of da t a :  J. W. Elwood and Hendersen, "Hydrologic and 

Chemical Budgets a t  Oak Ridge, Tennessee," in: A. D. Has le r  [Ed. 1, 
Coupling of Land and Water Systems, pp. 31-51, Springer-Verlag 
Ecologica l  S tud ie s  S e r i e s  (1973) and D. A. Webster, "A Review of 
Hydrologic and Geologic Condit ions Related t o  t h e  Radioact ive So l id  
Waste B u r i a l  Grounds a t  Oak Ridge Nat ional  Laboratory,  Tennessee," 
U.S.G.S. Open-File Report 76-727 (1976). 

. 
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The r e l a t i o n s h i p  between surface-water drainage and t h e  l o c a l  ground- 

water i s  seasonal ly  dependent, but  i t  a l s o  v a r i e s  among watersheds 

depending upon t h e  bedrock present .  Regional groundwater flow p a t t e r n s  

w i t h i n  c e r t a i n  bedrock u n i t s  are becoming b e t t e r  understood as a r e s u l t  of 

d a t a  provided by t h e  monitoring w e l l s  i n s t a l l e d  i n  proximity t o  e x i s t i n g  

b u r i a l  grounds. 

Water t a b l e s  genera l ly  tend t o  be deeper i n  h igher  t e r r a n e s  where 

water i n f i l t r a t e s  and recharges the  base flow of pe renn ia l  streams such as 

Whiteoak Creek, but are shal lower beneath va l l ey  f 1 0 o r s . ~  

i l l u s t r a t e s  t h e  depth t o  t h e  water t a b l e  r e l a t i v e  t o  topography i n  an area 

unde r l a in  by Conasauga s h a l e s  wi th in  t h e  Whiteoak Creek drainage bas in  of 

M e  It on V a l  ley.  

Figure 4 

3. GEOTECHNICAL EVALUATIONS 

3.1 EVALUATION GUIDELINES 

Proposed gu ide l ines  o r  c r i te r ia  f o r  s e l e c t i n g  shallow land b u r i a l  

s i tes f o r  low-level r ad ioac t ive  wastes have been reviewed t o  deterndne 

t h e i r  a p p l i c a b i l i t y  t o  the  sys temat ic  eva lua t ion  of the  ORNL area f o r  such 

sites. Guidel ines  and cr i ter ia  reviewed tended t o  be similar i n  scope, but  

ranged from being genera l ized  o r  gene r i c  t o  being s p e c i f i c .  Two sets of 

proposed gu ide l ines  app l i cab le  t o  t h e  sys temat ic  geotechnica l  eva lua t ion  of 

t h e  ORNL area f o r  l o c a t i n g  a SWSA are reviewed here.  

Guidel ines  f o r  t h e  d i sposa l  of low-level rad ioac t ive /hazardous  wastes 

i n  t h e  ORNL area have been prepared by the  Engineering Divis ion of Union 

Carbide Corporation, Nuclear Div is ion  (UCC-ND) us ing  a combination of 

f e d e r a l  r egu la t ions  and s t a t e  requirements. The la t te r  were appl ied  

where they are more s t r ingen t .*  

"Design Basis Document" (DBD), are i d e a l i s t i c ,  and it  is  h lghly  

improbable t h a t  any e x i s t i n g  s i t e  on the  ORR can meet a l l  of t he  

r e q u i s i t e s .  Finding a s i t e  wi th  conditions reasonably approximating t h e  

gu ide l ines  appears t o  be achievable .  The s a l i e n t  gu ide l ines  expressed 

i n  t h e  DBD a r e  l i s t e d  he re :  

The gu ide l ines ,  r e f e r r e d  t o  as the  

1. Waste t renches mst  be more than 900 m from any s tanding  body 

of su r face  water. 
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Fig. 4 .  Water t a b l e  depth r e l a t i v e  t o  topography i n  Conasauga 
t e r r a n e .  Depth-to-water contour map of SWSA 6 (Apr i l  22 ,  1965). 

, 
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2. 

3. 

4 .  

5. 

6 .  

7. 

8. 

9. 

so. 

11. 

Waste trenches must be 105 m from any water-supply systems. 

A 6 0 3  b u f f e r  zone uust exist between any t rench  and the  

f a c i l i t y  's b a r r i e r  fence.  

Onsi te  s o i l  pe rmeab i l i t y  should not exceed 10-7 cm/s. 

Waste should be emplaced a t  least 3 m above t h e  maximum known 

e l e v a t i o n  of t he  groundwater tab le .  

Bur ia l  mst be above t h e  500-year f lood  s u r f a c e ,  regula tory  

flood-ways, and w e t  l e v e l  areas, as w e l l  as above a n t i c i p a t e d  

f loods  r e s u l t i n g  from dam f a i l u r e  o r  wave ac t ion .  

Bur i a l  should not  be wi th in  t h e  recharge area of a s ingle-source 

a q u i f e r ,  nor should i t  be wi th in  a zone of ground-water discharge.  

Disposal  f a c i l i t i e s  should not be developed wi th in  a zone of 

a c t i v e  f a u l t i n g .  

Areas s u s c e p t i b l e  t o  e r o s i o n a l  processes  t h a t  might enhance waste 

migra t ion  should be avoided. 

Geologic condi t ions  such as ex tens ive  f r a c t u r i n g  and k a r s t  

development, o r  anomalous hydrologic  condi t ions  t h a t  might 

enhance waste migra t ion  o r  l e s sen  t h e  d e t e c t i o n  of p o t e n t i a l  waste 

migra t ion  should be avoided. 

The f a c i l € t y  should not a f f e c t  an endangered spec ie s  nor i t s  

h a b i t  a t .  

A d r a f t  set  of gene r i c  c r i te r ia  has a l s o  been prepared by t h e  DOE Oak 

Ridge Operations Radioact ive Waste Management Program (ORO-RWMP) . 
c r i t e r i a  are s i m f l a r  t o  those of t he  DBD and provide u s e f u l  guidance f o r  

e v a l u a t i n g  sites by recognizing t h a t  geologic  and geohydrologic d i f f e r e n c e s  

ex is t  between a r e a s  considered f o r  waste bu r i a l .  Assumptions t h a t  can be 

addressed by s i t e - s p e c i f i c  f a c t o r s  were used in e s t a b l i s h i n g  the  cr i ter ia .  

These assumptions include:  (1) t h e  s i t e  w i l l  be s e l e c t e d ,  designed, and 

opera ted  t o  meet performance ob jec t ives ;  zero release is not achievable ;  

( 2 )  performance ob jec t ives  can be met by n a t u r a l  and engineered b a r r i e r s ;  

( 3 )  t h e  s i t e  will be s u i t a b l e  f o r  normal s u r f a c e  u s e  a f t e r  i n s t i t u t i o n a l  

c o n t r o l ,  but w i l l  not  be designed t o  prevent human excavat ions i n t o  t h e  

wastes; ( 4 )  wastes w i l l  be s o l i d  and have low l i q u i d  conten t ;  and (5) 

wastes w i l l  h e  t r e a t e d  o r  processed t o  minimize subsidence.  

These 
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The ORO-RWMP cri teria9 are summarized here.  

1. The s i t e  s h a l l  be of s u f f i c i e n t  area and depth t o  accommodate t h e  

p r o j e c t e d  volume of waste, an  a d m i n i s t r a t i v e  area, and a th ree -  

dimensional b u f f e r  zone of s u f f i c i e n t  s i z e  t o  allow u n r e s t r i c t e d  human 

use  beyond i t s  boundary. 

2. The s i t e  s h a l l  a l low waste t o  be buried e i t h e r  completely above or  

below t h e  t r a n s i t i o n  between t h e  s a t u r a t e d  and unsa tu ra t ed  zones. 

The s i t e  s h a l l  be l o c a t e d  where f lood ing  w i l l  not j eopa rd ize  

performance. 

3. 

4 .  The s i t e  s h a l l  be l o c a t e d  where e r o s i o n  from wind and water w i l l  not 

j e o p a r d i z e  performance. 

5. The s i t e  s h a l l  be loca t ed  i n  areas where hydrogeologic cond i t tons  

allow r e l i a b l e  p r e d i c t i o n  of performance. 

6 .  The s i t e  s h a l l  be loca t ed  where geo log ic  hazards w i l l  not  j eopa rd ize  

performance. 

The s i t e  s h a l l  be s e l e c t e d  wi th  cons ide ra t ion  given t o  those 

c h a r a c t e r i s t i c s  of e a r t h  m a t e r i a l s  and water chemistry t h a t  favor  

inc reased  r e s idence  t i m e s  and/or a t t e n u a t i o n  of r ad ionuc l ide  

concen t r a t ions .  

7. 

8. The s i t e  s h a l l  be s e l e c t e d  with cons ide ra t ion  given t o  c u r r e n t  and 

p r o j e c t e d  populat ion d i s t r i b u t i o n s  . 
9. The s i t e  s h a l l  h e  s e l e c t e d  with cons ide ra t ion  given t o  c u r r e n t  and 

p r o j e c t e d  land use and resource development. 

10. To t h e  e x t e n t  c o n s i s t e n t  with o t h e r  c r i t e r i a ,  t h e  s i t e  s h a l l  be 

s e l e c t e d  wi th  cons ide ra t ion  given t o  l o c a t i o n  of waste gene ra t ion ,  

access t o  a l l -weather  highway and r a i l  r o u t e s ,  and access  t o  u t i l i t i e s .  

11. The s i t e  s h a l l  be s e l e c t e d  c o n s i s t e n t  w i th  f e d e r a l  Laws and 

r e g u l a t i o n s .  

12. The s i t e  s h a l l  not be loca t ed  w i t h i n  areas t h a t  are p r o t e c t e d  from 

such use  by f e d e r a l  laws and r egu la t ions .  

A s  i n d i c a t e d  i n  t h e  g u i d e l i n e s  or c r i t e r i a  above, t h e  geo log ic  and 

hydro log ic  parameters of any area being considered as a cand ida te  s i t e  f o r  

SWSA 7 must be thoroughly comprehended i n  o rde r  t h a t  a sound eva lua t ion  can 

be made. Ea r th  materials, namely bedrock u n i t s  and r e g o l i t h  ( inc lud ing  

s o i l ) ,  must provide t h e  primary confinement f o r  any emplaced wastes and any 
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c 

water t h a t  inf i l t ra tes  i n t o  t h e  b u r i a l  ground. Water is an important 

parameter because i t  is t h e  most l i k e l y  E a n s  by which wastes and waste 

byproducts could be t r ansmi t t ed  t o  the  biosphere.  

S i t i n g  op t ions  may be considered under t h e  two broad ca t egor i e s  of 

e a r t h  materials and hydrology. Fach of t h e  seven d i s t i n c t l y  d i f f e r e n t  rock 

u n i t s  and t h e i r  r e l a t e d  residuum o r  s o i l s  a t  ORNL can be considered as a 

p o t e n t i a l  d i s p o s a l  medium, and each suborder watershed can be viewed as a 

d i s t i n c t  op t ion  f o r  t h e  l o c a t i o n  of a waste-burial  f a c i l i t y .  These 

parameters are interdependent ,  and the  mst  near ly  f avorab le  opt ion i n  one 

category mst be compatible with similar op t ions  i n  t h e  second category. 

For example,  a s u i t a b l e  host-rock medium mst  exist wi th in  an accep tab le  

drainage basin. Favorable opt ions can be determined by gene ra l  s c reen ing ;  

however, d e t a i l e d  s i t e - c h a r a c t e r i z a t i o n  s t u d i e s  w i l l  be necessary f o r  t h e  

u l t i m a t e  s e l e c t i o n  of SWSA 7 from among t h e  v i a b l e  candidates.  

Fac to r s  t h a t  should be considered along wi th  the  above g u i d e l i n e s  f o r  

eva lua t€ng  drainage-basin opt ions include t h e  following: 

1. 

2. 

3. 

4 .  

5. 

SWSA 7 should p re fe rab ly  be s i t e d  e n t i r e l y  wi th in  the  bounds of a 

s i n g l e  surface-water and subsurface-water drainage basin.  This is 

necessary t o  f a c i l i t a t e  i n s t a l l a t i o n  of an e f f i c i e n t  monitoring 

network, as w e l l  as an emergency c o n t r o l  system. Care must be taken 

t o  a s su re  t h a t  ground-water boundaries r e l a t i v e  t o  SWSA 7 d e f i n e  the  

d i scha rge  system f o r  t h e  s u r f a c e  water t o  be monitored i n  the  basin.  

The bas in  geomorphology should lend i t s e l f  t o  t he  establ ishment  of a 

water-qual i ty  monitoring system. 

The bas in  should c o n t a i n  s u i t a b l e  space ( s e e  geologic  f a c t o r s  below) 

s u f f i c i e n t l y  high i n  e l eva t€on  along an i n t e r f l u v e  so  as t o  minimize 

ground-water recharge through any buried wastes. 

The water t a b l e  should be deep enough t o  provide a workable depth f o r  

b u r i a l  w i t h i n  t h e  unsa tu ra t ed  zone and above the  t r a n s i t i o n  i n t e r v a l .  

Both t h e  ver t ical  and h o r i z o n t a l  pathways of water movement wi th in  t h e  

bedrock and t h e  s o i l  should be determined i n  as much d e t a i l  as 

pos s i b l e  . 
C h a r a c t e r i s t i c s  of t h e  rock formations found wi th in  a drainage bas in  

c o n t r o l  t h e  l o c a l  topography, surface-  and subsurface-water behavior,  rates 

of weathering and e ros ion ,  and the  composition and thickness  of r e g o l l t h  
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( i n c l u d i n g  s o i l ) .  The fol lowing geo log ic  f a c t o r s  should be considered i n  

e v a l u a t i n g  t h e  op t ions  provided by rock formations.  

1. 

2. 

3. 

4 .  

5. 

Bedrock must weather t o  form an adequate th i ckness  of workable 

r e g o l i t h  above t h e  water t a b l e .  Workabili ty as def ined he re  depends 

upon eng inee r ing  p r o p e r t i e s  such as c o m p a c t i b i l i t y ,  ease of excavat ion,  

e r o d a b i l i t y  , s l o p e  s t a b i l i t y ,  and drainage. 

Composition of t h e  b u r i a l  mdium should e x h i b i t  optimum s o r p t i v e  

c o e f f i c i e n t s  and exchange c a p a c i t i e s  t h a t  would he lp  t o  a t t e n u a t e  t h e  

mig ra t ion  of any radionucl ides .  

The cand ida te  s i t e  should e x h i b i t  a moderately g e n t l e  topography wi th  

s l o p e s  <20%. Steeper  s lopes  accelerate e ros ion ,  tend t o  be u n s t a b l e ,  

and create a c c e s s i b i l i t y  problems. Overly f l a t  t e r r a i n  is  a l s o  

u n d e s i r a b l e  because of p o s s i b l e  poor su r f  ace drainage. 

Bedrock should have a minimal number of p a r t i n g s  such as bedding 

p l anes  and f r a c t u r e s ,  which, €f  p re sen t  and open, provide condui ts  Eor 

f r e e  movement of ground water and r a d i o a c t t v e  l e a c h a t e s ,  t hus  l i m i t i n g  

t h e  s o r p t i o n  o r  exchange c a p a b i l i t y  necessary f o r  confinement of t h e  

wastes. 

Bedrock and r e g o l i t h  nust be s t a b l e  and not  prone t o  s lope  f a i l u r e  o r  

subsidence.  S t a b i l € t y  nust be evaluated on t h e  b a s i s  of n a t u r a l  

c o n d i t i o n s  as w e l l  as those t h a t  would r e s u l t  from the  c o n s t r u c t i o n  of 

t h e  b u r i a l  f a c i L i t y .  

Table 2 summarizes t h e  a p p l i c a b i l i t y  of g u i d e l i n e s  and cons ide ra t€ons  

used t o  e v a l u a t e  t h e  ORNL area f o r  f u t u r e  waste b u r i a l  f a c i l i t € e s .  

3 . 2  DRAINAGE BASIN OPTIONS 

Geohydrologic i n v e s t i g a t i o n s ,  though c r i t i ca l  during t h e  s i t e  

s e l e c t i o n  p rocess ,  a l s o  mst consider  monitoring of water q u a l i t y  during 

t h e  o p e r a t i o n a l  phase and fol lowing c losu re .  

s i n g l e ,  well-defined drainage b a s i n  is advantageous f o r  such monitoring. 

Although s e v e r a l  subbasins  a t  ORNL mst be considered v i a b l e  op t ions  f o r  

SWSA 7,  t h e  Whiteoak Creek drainage b a s i n  appears most s u i t a b l e  because i t  

i s  a l r eady  e x t e n s i v e l y  equipped with monitoring devices .  

Locatlng a s i t e  w i t h i n  a 

Waste f a c i l i t i e s  w i t h i n  t h e  Whiteoak Creek b a s i n  inc lude  b u r i a l  

grounds, waste p i t s ,  treatment ope ra t ions ,  and a h y d r a u l i c - f r a c t u r i n g  

p l a n t .  During t h e  40 y e a r s  t h a t  t h i s  area has been used f o r  waste 

d i s p o s a l ,  an  e l a b o r a t e  water-qual i ty  monitoring network has been 
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Table 2. Relationships of guidelines, criteria, and considerations used 
to evaluate the ORNL area for future waste burial facilities 

~ ~ ~~~ ~~ 

OR0 - RWMP 

a Site characteristic DBD guideline criteri n Hydrogeologic Rock formatio 
addressed numbera number ’ factor number option number c 

Standing water 1 1, 2, 3 3 

Water supply 2 5 1, 2, 3 

Buffer zone 3 1 4 1 

Permeability 4 5 1, 2, 3 ,  5 
Water table 5 2 1, 2, 3 ,  4 1 
Flooding 6 3 2 

Aquifers 7 5 1, 2, 3 ,  5 

Faulting 8 6 5 

Erosion 9 4 3 ,  5 
Subsidence 10 4 

Legal issues 11 11, 12 
Earth materials 7 1, 2 

Demography 8 

Resources 9 3 

Accessibility 10 
a 

bThese criteria are listed on p. 12 of this report. 
e 

dRock formation options to be considered are listed on p. 14 of this report. 

The Design Basis Document guidelines are explained and listed on pp. 9-11 
of this r e p o r t .  

Hydrogeologic factors are discussed and listed on p .  13 of thie report. 
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e s t ab l i shed , '  and, u n l e s s  abso lu t e ly  necessary,  i t  would be was te fu l  t o  

d u p l i c a t e  t h i s  i n  another  drainage basin.  Therefore ,  i f  an accep tab le  

op t ion  based upon ea r th -ma te r i a l  parameters exists w i t h i n  the Whiteoak 

Creek bas in ,  i t  should be s t rong ly  considered as an area i n  which t o  l o c a t e  

SWSA 7. 

3.3 GEOLOGIC OPTIONS AVAILABLE WITHIN WHITEOAK BASIN 

Based upon t h e  rock u n i t s  present  i n  t h i s  bas in  (Fig.  3 ) ,  t h e r e  are 

seven primary op t ions  from which t o  choose. Due t o  v a r i a t i o n s  i n  

composition, topography, and o t h e r  f a c t o r s ,  each rock u n i t  may o f f e r  

s e v e r a l  secondary op t ions  f o r  f i n a l  eva lua t ton .  The areal ex ten t  of t h ree  

of t hese  u n i t s  has been de l inea ted  t o  da te .  The o t h e r  four  u n i t s ,  a l though 

mapped s e p a r a t e l y  i n  nearby areas such as Walker Branch bas in ,  have been 

c o l l e c t i v e l y  t r e a t e d  as t h e  Knox Group he re  because they e x h i b i t  g ross  

similari t ies.  The gene ra l  c h a r a c t e r i s t i c s  of t h e  f o u r  u n i t s  ass igned t o  

t h e  Knox Group are included i n  t h i s  d i scuss ion ,  a long wi th  desc r ip t ions  of 

t h e  o t h e r  rock u n i t s  exposed i n  t h e  basin.  

3.3.1 Rome Formation 

The Rome Formation u n d e r l i e s  and suppor ts  t h e  p o r t i o n  of Haw Ridge 

which transects t h e  basin.  Although t h e  Rome Formation is t h e  o l d e s t  rock 

u n i t  i n  t h e  bas in ,  It appears  geographical ly  i n  t h e  middle of t h e  bas in  due 

t o  f a u l t i n g .  The formation c o n s i s t s  predominantly of f ine-grained,  maroon 

o r  gray sandstone and s i l t s t o n e  and s h a l e  (commonly green because of t he  

g l aucon i t e  con ten t ) .  I l l i t e  i s  t h e  p r i n c i p a l  c l ay  minera l ,  but  ben ton i t e  

l a y e r s  have been descr ibed  l o c a l l y .  Dolostone a l s o  i s  known t o  be present  

i n  t h e  b a s a l  p o r t i o n  of t h e  rock sequence t n  c e r t a i n  areas. These 

dolos tones ,  a long wi th  a s u b s t a n t i a l  p o r t i o n  of o the r  lower Rome s t ra ta ,  

are missing a long  Haw Ridge due t o  t h e  f a u l t i n g  t h a t  has t h r u s t  t h e  Rome 

Formation onto t h e  younger over ly ing  Chickamauga Group. 

Rome s t ra ta  u n d e r l i e  Haw Ridge even though t h e  average th i ckness  f o r  the  

formatton i s  %300 m. 

About 200 m of 

R e s t s t a n t  sandstones cap Haw Ridge and account f o r  t h e  s t e e p  

topography that  is  characteristic of r i d g e s  unde r l a in  by t h i s  formation 

throughout t h e  Valley and Ridge province.  The a c i d i c  r e g o l i t h  above the  

c 
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Rome Formation i s  normally less than 4.5 m th i ck  and i s  regarded as a 

l i t h o s o l  t h a t  conta ins  abundant s i l t s t o n e  and s h a l e  fragments. Pine 

f o r e s t s  are normally indigenous t o  r idges  under la in  by t h i s  formation. 

3.3.2 Conasauga Group 

The Rome Formation grades upward i n t o  t h e  Conasauga Group which, 

throughout e a s t e r n  Tennessee, e x h i b i t s  a var ied  l i t h o l o g i c  expression.  

Carbonate rocks genera l ly  dominate t h e  e a s t e r n  end of t h i s  s t r a t i g r a p h i c  

i n t e r v a l ,  whereas s h a l e  I s  predominant toward the  western edge. A 

t r a n s i t i o n  zone involv ing  in te rbeds  of both these  l i t h o l o g i e s  sepa ra t e s  t he  

two t rends .  The Conasauga Group underlying Melton Valley sou theas t  of Haw 

Ridge i s  composed mainly of sha le .  

Variegated s h a l e s ,  commonly ca lcareous ,  comprise t h e  lower p a r t  of t he  

Conasauga Group; however, in te rbeds  of s i l t y  t o  pure l imestone may be 

p re sen t  as lenses .  Limestone becomes more abundant i n  t h e  upper p a r t  of 

t h e  sequence as i t  grades upward i n t o  the  Knox Group. The Maynardville 

Formation, normally ~ 1 0 0  m t h i c k  and predominantly carbonate ,  forms t h e  

uppermost d i v i s i o n  of t h e  Conasauga Group a t  t h e  base of t h e  Knox Group and 

pers is ts  throughout most of t he  Valley and Ridge. 

The knobby topography of Melton Valley is t y p i c a l  of weathered and 

eroded sha les .  Rows of knobs run para l le l  t o  t h e  r eg iona l  s t r u c t u r e  from 

above sha ley  u n i t s ,  whereas the  in t e rven ing  low areas are o r d i n a r i l y  

unde r l a in  by carbonates.  

Regol i th  above t h e  Conasauga Group i s  q u i t e  va r i ab le .  It is t h i c k e s t  

on crests OF low h i l l s  ( t o  9 m) and t h i n n e s t  i n  t h e  f l a t ,  low-lying a reas  

(<1.5 m ) .  The t o t a l  th ickness  of t he  Conasauga Group i s  %600 m. The 

con tac t s  wi th  the  underlying Rome Formation and t h e  over ly ing  &ox Group 

are g rada t iona l ;  hence, t h e  s t r a t i g r a p h i c  boundaries are somewhat 

a r b i t r a r y  . 
3.3.3. Knox Group 

In  t h e  ORNL area, t h e  Knox Group is a th i ck  sequence of l imestones and 

dolostones.  Abundant che r t  and some interbedded sands tone u n i t s  w i th in  t h e  

Knox are s u f f i c i e n t l y  r e s i s t a n t  t o  e ros ion  t o  support  broad r idges .  In  t h e  

Whiteoak Creek bas in ,  t h e  Knox Group unde r l i e s  both Chestnut Ridge, which 
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forms t h e  d i v i d e  a t  t h e  headwaters of Whiteoak Creek, and a small p o r t i o n  

of Copper Ridge a t  t h e  s o u t h e a s t e r n  edge of t he  basin.  Configurat ion of 

Knox-supported r i d g e s  can be c o r r e l a t e d  wi th  t h e  two rock u n i t s  con ta in ing  

t h e  h i g h e s t  amounts of c h e r t ,  which form a double set  of p a r a l l e l  crests 

along t h e  broad r idges.  

The Knox Group can be subdivided i n t o  fou r  o r  f i v e  formations;  

however, such s u b d i v i s i o n  i n  t h e  f i e l d  i s  u s u a l l y  d i f f i c u l t  due t o  the  

pauc i ty  of outcrops.  E f f o r t s  t o  subdivide t h e  Knox Group i n  t h e  f i e l d  are 

g e n e r a l l y  based upon t h e  c h a r a c t e r i s t i c s  of c h e r t  and sandstone f l o a t  fourid 

w i t h i n  t h e  ove r ly ing  t h i c k  residuum. The normal vege ta t ion  found on 

uncleared r idges  unde r l a in  by Knox l i t h o l o g i e s  is  mixed hardwood f o r e s t  

c o n s i s t i n g  mainly of oak and hickory. 

3.3.3.1 Copper Ridge Dolomite 
~~I 

The lowest u n i t  i n  t h e  Knox Group i s  a coarse-grained dolostone named 

t h e  Copper Ridge Dolomite which averages %300 m i n  thickness .  

d i s t i n c t i v e  c h a r a c t e r i s t i c  of t h i s  formation i s  t h e  f e t i d  odor generated 

when the  rock i s  f r e s h l y  broken. Residuum developed from the  Copper Ridge 

Dolomite i s  c h a r a c t e r i z e d  by copious q u a n t i t i e s  of c h e r t  f l o a t ,  u s u a l l y  

w i t h  a banded o r  waff le- i ron appearance. 

The most 

Due t o  i t s  high c h e r t  con ten t ,  t h e  Copper Ridge Dolomite forms a 

well-defined series of r idge  crests along t h e  northwestern f l a n k  of t he  

broad &ox-supported r idges.  Lateral and v e r t i c a l  v a r i a t i o n s  i n  che r t  

con ten t ,  as w e l l  as f r a c t u r e  p a t t e r n s  i n  t h e  rock,  l ead  t o  d i f f e r e n t i a l  

weathering. The r e s u l t  i s  a very i r r e g u l a r  bedrock-residuum i n t e r f a c e  

marked by s teep-sided pinnacles .  The clayey residuum between pinnacles  may 

approach th i cknesses  of 30 m o r  more. Clay a l s o  f i l l s  s o l u t i o n  c a v i t i e s  

w i t h i n  t h e  weathered bedrock. 

3.3.3.2 CheDulteDec Dolomite 

The Chepultepec Dolomite is gene ra l ly  less che r ty  than t h e  subjacent  

Copper Ridge Dolomite. Chert present  i n  t h e  residuum de r ived  from t h i s  

formation i s  d i s t i n g u i s h e d  by being porcelainous and dolomoldic. A 

s i g n i f i c a n t  c h a r a c t e r i s t i c  of t h i s  formation is  t h e  presence of s e v e r a l  

a 
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sandstone beds, 30- t o  45-cm t h i c k ,  t h a t  may outcrop i n  t h e  lower po r t ion  

of t h e  s e c t i o n  o r  produce a very sandy residuum. Other than  these  

sandstone u n i t s ,  t h e  Chepultepec Dolomite is  mainly a l igh t -gray ,  f i ne -  t o  

medium-grained dolos tone. 

The th ickness  and development of residuum above t h e  Chepultepec 

Dolomite i s  very similar co t h a t  above t h e  Copper Ridge Dolomite. The 

Chepultepec Dolomite u n d e r l i e s  swales commonly marked wi th  i n s i p i e n t  

s inkholes  and s i t u a t e d  between r idge  crests formed by t h e  underlying Copper 

Ridge and t h e  over ly ing  Longview formations.  An average th ickness  f o r  t h e  

Chepultepec Dolomite i s  210 m. 

3.3 .3 .3  Longview Dolomite --- 

Bedrock i n  t h i s  u n i t  c o n s i s t s  rnainly of s i l i c e o u s  f i n e -  t o  medium- 

g ra ined  dolostone,  but  t he  percentage of l imestone inc reases  as i t  grades 

upward i n t o  t h e  over ly ing  Kingsport o r  N e w a l a  Formations. The most 

d i s t i n c t i v e  a spec t  o€ t h e  Longview Dolomite i s  t h e  massive beds of che r t  

t h a t  outcrop o r  form l a r g e  f l o a t  blocks i n  t h e  residuum. This 

preponder-ance of che r t  forms s lopes  armored wi th  rubble  t h a t  resists 

e ros ion  and creates topographic highs. The th i ckness  and development of 

residuum above t h e  Longview Dolomite i s  similar t o  t h a t  of the Copper Ridge 

Dolomite. The average th ickness  of t he  Longview Dolomite i s  75 m. 

3 . 3 . 3 . 4  N e w a l a  Formation 

S t r a t a  above t h e  Longview Dolomite have been considered i n  s e v e r a l  

ways. Where t h e  rock sequence is  w e l l  exposed, two u n i t s  may be 

recognized. The lower u n i t ,  termed the  Kingsport  Formation, i s  mainly 

l imestone,  whereas t h e  upper formation, c a l l e d  t h e  Mascot Dolomite, i s  

predominantly dolostone. The boundary between these  two u n i t s  has  been 

a r b i t r a r i l y  placed a t  t h e  lowest occurrence of a very t h i n  ' ~ 2 . 5  cm) 

c h e r t m a t r € x  sandstone. "he problem i n  subdivlding t h i s  i n t e r v a l  is  that 

t h e  cher t -mat r ix  sandstone may o r  may not  be observable  i n  t h e  r e s i d u a l  

f l o a t .  Where such d i f f i c u l t i e s  occur ,  t h e  s i n g l e  s t r a t i g r a p h i c  term Newala 

Formation i s  appl ied.  

The Newala Formation i s  conspicuously less cher ty  than t h e  rest of the  

Knox Group, even though i t s  weather ing c h a r a c t e r i s t i c s  are similar. Thick 
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c l a y  residuum and p innac le  development are common. The th i ckness  of the  

N e w a l a  Formation v a r i e s  considerably due t o  an unconformity developed at  

t h e  top of t h e  Mascot Dolomite. A n  average th ickness  i s  285 m. 

3.3.4 Chicakamauga Group 

The Chickamauga Group, l i k e  t h e  Conasauga Group, c o n s i s t s  of s e v e r a l  

rock types ,  and i t s  l i t h o l o g i c  express ion  v a r i e s  from place t o  p lace  as a 

r e s u l t .  In gene ra l  t h e  l i t h o l o g y  of t h e  Chickamauga Group varies from 

dominantly c las t ic  rocks (sandstones and s h a l e s )  i n  t h e  e a s t e r n  po r t ion  of 

E a s t  Tennessee t o  a predponderance of l imestone i n  t h e  western p a r t .  

Within t h e  Whiteoak Creek bas in ,  Bethel  Valley i s  unde r l a in  by Chickamauga 

s t r a t a  t h a t  are mainly l imestone;  however, t h e r e  are i n t e r v a l s  which are 

sha ley  o r  s i l t y ,  e s p e c i a l l y  i n  t h e  lower p o r t i o n  of t h e  s e c t i o n .  Chert is 

d i s t i n c t i v e  t o  p a r t s  of t h e  Chickamauga Group, though not comparable i n  

q u a n t i t y  and c h a r a c t e r i s t i c s  t o  t h a t  produced by weathering from the  Knox 

Group. 

Residuum above t h i s  formation is  considerably th inne r  than t h a t  

genera ted  above t h e  Knox Group, and y i e l d s  s o i l s  t h a t  support  vo lunteer  

growth of j u n i p e r  trees,  a c h a r a c t e r i s t i c  bo tan ica l  a s soc ia t ion .  The 

average th i ckness  of Chickamauga s t ra ta  i n  Bethel  Valley i s  525 m. 

3.3.5 Summary o€ Rock Units  - 

A summary desc r ib ing  t h e  rock u n i t s  i n  t h e  Whiteoak Creek bas in  

o f f e r i n g  op t ions  f o r  waste b u r i a l  i s  presented  i n  Table 2. A r e l a t i v e  

r a t i n g  of t h e  most l i k e l y  candida te  u n i t s  a p p e a r s  i n  Table 3. This 

s u b j e c t i v e  comparison rates t h e  Conasauga and Knox Groups as t h e  two most 

a t t r a c t i v e  opt ions  f o r  s i t i n g  SWSA 7. Both c l e a r l y  have f avorab le  and 

unfavorable  a t t r i b u t e s ,  and one u n i t  may not  be p r e f e r a b l e  t o  t h e  o the r  i n  

t h e  f i n a l  ana lys i s .  Because low-level r ad ioac t ive  wastes have a l r eady  been 

success fu l ly  emplaced w i t h i n  t h e  Conasauga Group, i t  seems t h e  b e t t e r  
choice f o r  t h e  l o c a t i o n  of a new waste d i s p o s a l  s i te .  495 

The Knox Group remains a v i ab le  candida te  f o r  t h e  f u t u r e  d i s p o s a l  of 

r a d i o a c t i v e  and hazardous wastes, provided t h a t  s e v e r a l  geohydrologic 

u n c e r t a i n t i e s  about t h e  u n i t  can be favorably resolved.  The Knox Group i s  

c u r r e n t l y  endorsed f o r  waste d i s p o s a l  by Tennessee s ta te  o f f i c i a l s ,  i s  
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Table 3. Summary d e s c r i p t i o n  of rock u n i t s  

General l o c a t t o n  General composition Time-stratigraphy 

Chickamauga Group 

Newala Formation 

Longview Dolomite 

Chepultepec Dolomite 

Copper Ridge Dolomite 

Conasauga Group 

Rome Formation 

Bethel  Valley 

Southeastern f l ank  of 
Chestnut Ridge 

Southeastern crest of 
Chestnut Ridge 

Swale or  low area i n  
middle of Chestnut 
Ridge 

Northwestern crest 
along Chestnut Ridge 
and Copper Ridge 

Melton Valley between 
Haw Ridge and Copper 
Ridge 

Haw Ridge 

Limestone and shaley Middle Ordovician 
l imestone;  blocky 
c h e r t  

Mostly dolos t one wi th  
l imestone;  some che r t  

Do 10s tone ; abundant Lower Ordovician 
massive che r t  

Dolostone and sand- 
s t o n e ;  some che r t  

Do 10s tone ; abundant Upper Cambrian 
c h e r t  

Shale ,  limey s h a l e ,  Middle-Upper 
and some limestone Cambrian 

Mostly s h a l e  with Lower Cambrian 
s i l t s t o n e  and sand- 
s tone  

I 
K 
P 

I 
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Table 4. Rela t ive  r a t i n g  of rock u n i t s  i n  ORNL area 

Rock u n i t a  
Criteria Rome Conasauga Knox Chi ckamauga 

Formation Group Group Group 

Hydrologic d a t a  2 3 2 2 

Thick r e g o l i t h  1 2 3 2 

At tenua t ing  c l a y s  2 3 3 2 

Areas wi th  <20% s l o p e s  1 3 3 3 

S t a b l e  surf  ace, 1 
i n c l u d i n g  subsidence 

3 1 1 

Performance d a t a  1 3 3 2 

T o t a l  r a t i n g  8 17 15 1 2  

%sing a r e l a t i v e  scale of 1 t o  3, 1 = low degree of 
a c c e p t a b i l i t y  based on a v a i l a b l e  d a t a ;  2 = moderate a c c e p t a b i l i t y ,  w i th  
u n c e r t a i n t i e s  war ran t ing  thorough f i e l d  i n v e s t i g a t i o n s ;  3 = accep tab le  
based on a v a i l a b l e  data .  
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p r e s e n t l y  used as t h e  b u r i a l  medium f o r  waste generated a t  t h e  Y-12 

f a c i l i t y ,  and has  been proposed as the t o p i c  of study f o r  t h e  c e n t r a l  waste 

d i s p o s a l  f a c i l i t y  which is intended t o  dispose of low-level wastes 

generated by t h e  X-10, Y-12, and K-25 p l an t s .  

Therefore ,  a prudent s i t e - s e l e c t i o n  program f o r  t h e  ORNL Reservation 

a t  t h i s  time c o n s i s t s  of s i t e - c h a r a c t e r i z a t i o n  i n v e s t i g a t i o n s  of t he  

Conasauga Group i n  t h e  Whiteoak Creek bas in  and eva lua t ion  of t h e  Knox 

Group's p o t e n t i a l  f o r  poss ib l e  f u t u r e  use. 

4. GEOTECHNICAL EVALUATION OF MELTON VALLEY 

The p o r t i o n  of Whiteoak Creek bas in  unde r l a in  by t h e  Conasauga Group 

i s  r e s t r i c t e d  t o  Melton Val ley,  bounded on t h e  northwest by Haw Ridge and 

on t h e  sou theas t  by Copper Ridge. Melton Branch d r a i n s  most of t h i s  v a l l e y  

and e n t e r s  Whiteoak Creek about 0.5 km upstream from Whiteoak Lake. 

A geo log ic  survey i n  t h e  e a r l y  1950s suggested t h a t  t h e  s h a l e s  of t h e  

Conasauga Group i n  Melton Valley were more s u i t a b l e  f o r  t h e  b u r i a l  of 

low-level wastes than t h e  residuum of the  Chickamauga Group then being 

u t i l i z e d  f o r  b u r i a l  i n  Bethel  Valley.2 

5, and 6 were developed i n  t h e  Melton Valley. Considerable knowledge 

concerning t h e  c h a r a c t e r i s t i c s  of t he  Conasauga s h a l e s  has been gained 

through t h e  ope ra t ion  of t h e s e  b u r i a l  grounds. 

Based on t h i s  assessment,  SWSAs 4 ,  

4 

The depth t o  which t h e  s h a l e s  and s i l t s t o n e s  are weathered t o  form 

r e g o l i t h  v a r i e s  w i th  t h e  topography. This depth a l s o  con t ro l s  t h e  a b i l i t y  

t o  excavate  t h e  rock. In lower areas, t h e  depth of weathering may be 1.5 m 

o r  Less; on the  crests of low h i l l s ,  r e g o l i t h  m y  be 9 t o  1 2  m i n  

th i ckness .  Water-table e l e v a t i o n s  a l s o  tend t o  conform t o  t h e  topography. 

I n  low areas such as those ad jacen t  t o  pe renn ia l  streams l l k e  Melton Branch 

o r  t o  t h e  ephemeral streams i n  g u l l i e s  d i s s e c t i n g  t h e  low h i l l s  i n  Melton 

Val ley,  t h e  water t a b l e  i s  found wi th in  1.5 m below t h e  land su r face .  

Around h i l l  summits, t h e  depth t o  t h e  water t a b l e  can exceed 6 m. One w e l l  

d r i l l e d  i n  SWSA 6 d i d  not encounter t he  water t a b l e  u n t i l  a depth of 
1 0  ' ~ 1 0  m. 

The clay content  of t h e  Conasauga s h a l e s  i s  mainly i l l i t i c .  This i s  a 

f avorab le  c h a r a c t e r i s t i c ,  because these  c l a y s  normally have t h e  high 
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s o r p t i v e  c o e f f i c i e n t s  and cation-exchange c a p a c i t i e s  necessary t o  a t t e n u a t e  

t h e  movement of c e r t a i n  radionucl ides .  

Measurement of ground water movement i n d i c a t e s  a p r e f e r r e d  l a t e ra l  

d i r e c t i o n  a long  t h e  s t r i k e  of t h e  bedding ( p r i m a r i l y  northeast-southwest) .  

J o i n t i n g  and o t h e r  f r a c t u r e s ,  if l o c a l l y  p r e s e n t ,  can modify t h i s  p a t t e r n .  

An average rate of 15 cm/d has been determined f o r  ground-water flow i n  

t h e s e  Conasauga s h a l e s . l O , l l  

been de tec t ed  above t h e  r e g i o n a l  water t a b l e ,  due t o  compositional changes 

o r  i r r e g u l a r i t i e s  i n  t h e  degree of weathering caused by minor s t r u c t u r a l  

f e a t u r e s .  Most i nhe ren t  c h a r a c t e r i s t i c s  of t he  Conasauga sequence t h a t  

pose p o t e n t i a l  problems f o r  b u r i a l  ope ra t ions  have been addressed by v i r t u e  

of o p e r a t i o n a l  experience.  However, a d d i t i o n a l  d e t a i l e d  s i t e -  

c h a r a c t e r i z a t i o n  s t u d i e s  focused on t h e  petrology and hydrology of t he  

Conasauga Group and a c a r e f u l  pathway a n a l y s i s  should improve upon t h i s  

experience and r e s u l t  i n  t h e  s e l e c t i o n  of an accep tab le  s i te .  

In some cases, perched water t a b l e s  have a l s o  

The outcrop b e l t  of t h e  Conasauga Group i n  Melton Valley extends from 

i t s  lower con tac t  w i th  t h e  Rome Formation (along t h e  base of Haw Ridge) t o  

i t s  upper con tac t  w i th  t h e  Knox Group (along t h e  base of Copper Ridge). 

The average width of t h i s  b e l t  is  1.3 km and t h e  average l eng th  of t he  

v a l l e y  i s  %4.3 km. The t o t a l  area of exposed Conasauga s t r a t a  i n  t h e  

Whiteoak Creek Basin (Melton Val ley)  t h e r e f o r e  approximates 550 ha. Of 

t h i s  area, e x i s t i n g  p h y s i c a l  faci l i t ies ,  inc lud ing  a l l  d i s p o s a l  areas, 

occupy about 80 ha; roads,  stream beds, and areas wi th  s l o p e s  exceeding 20% 

account f o r  ano the r  366 ha. This leaves % l o 4  ha t h a t  can be considered 

f o r  l o c a t i n g  SWSA 7. 

Within t h i s  remaining acreage,  t h e r e  are 17 tracts (designated &Q), 

which vary i n  s i z e  from 2 . 6 1 5  ha (Fig.  5 ) .  

encounter ing unfavorable  water- table  depth,  t h e  usab le  s i z e  of each of 

t h e s e  tracts w i l l  probably be reduced f u r t h e r .  For t h i s  reason, tracts 

con ta in ing  <8 ha should be e l imina ted  from f u r t h e r  cons ide ra t ion .  The 

remaining tracts des igna ted  H, I, L, M, and P t h a t  are shown i n  Fig. 5 on 

t h e  northwest s i d e  of Melton Branch, and tract N t o  t h e  s o u t h e a s t  w i l l  be 

d i scussed  f u r t h e r .  

Because of t h e  p r o b a b i l i t y  of 

Tracts L and M are near ly  contiguous; t o g e t h e r  they c o n s t i t u t e  an area 

of nea r ly  20 ha con ta in ing  s u i t a b l e  s lopes  of 20% o r  less. Also, t h e r e  are 
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LEGEND 

AREA WITH < 20% SLOPE 

,,e\, KNOWN DEPTH TO WATER 
\- /  ' TABLE>16ft ( 7 4 . 8 m )  

Fig.  5. Tracts i n  Melton Valley wi th  <20% s lope  and unoccupied by 
e x i s t i n g  f a c i l i t i e s .  
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Fig. 6.  Depth t o  water t a b l e  ( i n  meters )  i n  t h e  v i c i n i t y  of tracts M 
and L. 
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11 water-monitor ing wells t h a t  have provided prel iminary d a t a  on the  depth 

t o  the water t a b l e  loca t ed  on t h i s  acreage. About 6.5 ha on these  t racts  

have depths  t o  w a t e r  >5.0 m, which may be considered favorable  (Fig.  6 ) .  

Deta i l ed  s i t e - c h a r a c t e r i z a t i o n  s t u d i e s  of t h i s  t rac t  should d e l i n e a t e  t h i s  

area more p rec i se ly .  

Tract N i s  next l a r g e s t  i n  s i z e  and con ta ins  15 ha s i t u a t e d  on the  

sou theas t  s i d e  of Melton Branch i n  t h e  upper po r t ion  of t h e  Conasauga 

Group. 

t h i s  l oca t ion  could pose excavat ion and water problems. 

e l e v a t i o n  of 250 m, t r a c t  N r ece ives  i t s  ground-water recharge from the  

main drainage-basin d iv ide  along Copper Ridge ( e l eva t ion  nea r ly  360 m) 

immediately t o  t h e  southwest. This r e l a t i o n s h i p  could r e s u l t  i n  r e l a t i v e l y  

shal low depths t o  water over most of t he  tract. Severa l  d r i l l  ho les  are 

needed t o  make t h i s  de te rmina t ion  and appear warranted because of t h e  l a rge  

s i z e  of t h e  tract .  

The more abundant l imestone wi th in  t h e  upper Conasauga Group i n  

With an average 

Tracts H and I c o l l e c t i v e l y  cover 1 4  ha and should have favorable  

bedrock, because they l i e  along s t r i k e  wi th  SWSAs 5 and 6. However, no 

d a t a  on water condi t ions  are ava i l ab le .  There i s  specu la t ion  t h a t  favorable  

water - tab le  depths  might be encountered only along t h e  north-south t rending  

h i l l  designated H i n  Fig. 5. This area would account f o r  %35% of the  t o t a l  

area, reducing t h e  land useable  f o r  b u r i a l  t o  no more than 5 ha. 

Tract P, involv ing  1 0  ha,  l i e s  wi th in  t h e  headwaters of Melton Branch, 

and is t h e  only s i t e  i n  proximity t o  the  Whiteoak Creek Basin d iv ide  where 

i t  c ros ses  the  outcrop b e l t  of t h e  Conasauga Group. A l o c a t i o n  near  t h i s  

i n t e r f l u v e  might provide favorable  water- table  condi t ions  as w e l l  as a 

reduced runoff volume. Eleva t ions  throughout tract P range from 250 t o  

270 m. As i n  tracts H and I, t h e  bedrock should be c o r r e l a t i v e  wi th  rocks 

encountered i n  SWSAs 5 and 6. Even wi th  a conserva t ive  30% reduct ion  i n  

s i z e  due t o  poss ib l e  unfavorable  f a c t o r s ,  t h i s  t ract  could p o t e n t i a l l y  

provide 7 ha of b u r i a l  space. Several  d r i l l  ho les  are a l s o  needed here  t o  

e s t a b l i s h  t h e  f e a s i b i l i t y  of f u r t h e r  c h a r a c t e r i z a t i o n  s tud ie s .  

In  summary, t h e  fol lowing s ta tements  can be made concerning t h e  

l o c a t i o n  of SWSA 7 w i t h i n  Conasauga t e r r a n e  i n  Melton Valley: 
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1. The most promising s i t e ,  based on c u r r e n t  d a t a ,  i s  t h e  area embraced 

by tracts L and M. A t  least 6 ha appear s u i t a b l e  f o r  waste b u r i a l ,  

and t h i s  t o t a l  might be inc reased  as more d a t a  are gathered during 

s i t e  c h a r a c t e r i z a t i o n .  

2. Seve ra l  bore h o l e s  should be d r i l l e d  i n  both tracts N and P t o  

determine water- table  depths;  p e t r o l o g i c  information about t h e  bedrock 

and t h e  r e g o l i t h  would a l s o  be acqu-ired. 

5. SUMMARY AND CONCLUSIONS 

This  r e p o r t  completes t h e  i n i t i a l  s u r v e i l l a n c e  of t he  ORR area f o r  

s i t i n g  SWSA 7 and has  considered as parameters t he  watersheds and t h e  bedrock 

f o r m t i o n s  and r e g o l i t h  forming t h e  land s u r f a c e  wi th in  t h e s e  watersheds. 

For t h e  i m d i a t e  f u t u r e ,  a l o c a t i o n  w i t h i n  t h e  Whiteoak Creek 

watershed appears t o  be t h e  b e s t  b u r i a l  s i t e  op t ion  because (1)  i t  con ta ins  

a l l  waste-burial  f a c i l i t i e s  p r e s e n t l y  u t i l i z e d  wi th  reasonable success  by 

ORNL; ( 2 )  i t  has an  e x i s t i n g  water-qual i ty  monitoring system; ( 3 )  p o r t i o n s  

of t h e  b a s i n  are u n d e r l a i n  by formations t h a t  are accep tab le  as b u r i a l  

media; ( 4 )  a p p r e c i a b l e  hydrologic  data are a v a i l a b l e ;  and (5) t h e  watershed 

i s  nea r  t h e  sou rces  of law-level wastes. 

O f  t h e  seven rock u n i t s  t h a t  form t h e  bedrock a t  OWL, two have 

c h a r a c t e r i s t i c s  t h a t  make them t h e  mst  l i k e l y  choices as b u r i a l  media f o r  

low-level wastes. These u n i t s  are t h e  Conasauga and Knox Groups, both of 

which occur wi th in  t h e  Whiteoak Creek basin.  The Conasauga Group appea r s  

p r e f e r a b l e  because of i t s  performance under t h e  waste-disposal program 

c u r r e n t l y  a c t i v e  on t h e  ORR. Knox residuum, while  appa ren t ly  s u c c e s s f u l  

f o r  s a n i t a r y  l a n d f i l l s  i n  East Tennessee, has  not been s u f f i c i e n t l y  

i n v e s t i g a t e d  a t  t h i s  t i m e  t o  e v a l u a t e  i t s  p o t e n t i a l  as a b u r i a l  medium f o r  

low-level r a d i o a c t i v e  wastes a t  OWL. However, a t rac t  i n  n o r t h e a s t e r n  

Whiteoak Creek b a s i n  unde r l a in  by Knox strata ("R" i n  Fig. 5) should be 

c h a r a c t e r i z e d  i n  d e t a i l  f o r  cons ide ra t ion  as a f u t u r e  b u r i a l  ground. 

Four tracts,  each con ta in ing  >8 ha, w i t h i n  t h e  550-ha Melton Valley 

p o r t i o n  of t h e  Whiteoak Creek drainage b a s i n  are unde r l a in  by t h e  Conasauga 
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Group and have been t e n t a t i v e l y  evaluated as deserving f u r t h e r  site- 

c h a r a c t e r i z a t i o n  s t u d i e s .  Based upon t h e  g u i d e l i n e s ,  cri teria,  and con- 

s i d e r a t i o n s  he re in ,  tracts L and M, when considered t o g e t h e r ,  are t h e  

l e a d i n g  candidates  f o r  t h e s e  f u t u r e  s t u d i e s ,  s i n c e  they a l r eady  have m n i -  

t o r i n g  w e l l s  i n s t a l l e d  on them and l i e  along s t r i k e  with t h e  same rock 

u n i t s  i n  which e x i s t i n g  d i s p o s a l  f a c i l i t i e s  are located.  Of secondary 

i n t e r e s t  are tracts N and P, which con ta in  approximately 15  and 10 ha,  

r e s p e c t i v e l y ,  and appear t o  have c h a r a c t e r i s t i c s  p o t e n t i a l l y  s u i t a b l e  f o r  

waste b u r i a l .  

Our recommendations are t h a t  s i t e - c h a r a c t e r i z a t i o n  s t u d i e s  should 

proceed on t h e  combined L and M tracts with an  i n t e n t  toward u t i l i z i n g  t h i s  

area f o r  SWSA 7. Exploratory d r i l l i n g  i s ,  however, warranted f o r  tracts N 

and P. As noted, a l l  t h e s e  t racts  are unde r l a in  by st ra ta  of t h e  Conasauga 

Group. Detai led geo log ic  mapping and exp lo ra to ry  d r i l l i n g  should a l s o  be 

performed on a t rac t  unde r l a in  by t he  Knox Group and loca ted  i n  t h e  extreme 

n o r t h e a s t e r n  p o r t i o n  of t h e  Whiteoak Creek watershed. 
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