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EXECUTIVE SUMMARY 

The U.S. Department o f  Energy (DOE)  has issued Orders 5820.2 and 
5480.14, which p rov ide  p o l i c y  and gu ide l i nes  f o r  t h e  management o f  
r a d i o a c t i v e  wastes and t h e  implementation o f  t h e  Comprehensive 
Environmental Response, Compensation, and L i a b i l i t y  Act  (CERCLA) 
program, f o r  i n a c t i v e  waste d isposal  f a c i l i t i e s .  E x i s t i n g  DOE waste 
~ a n a ~ e m e n t  F a c i l i t i e s  a r e  requ i red  t o  comply w i t h  both o f  these 
orders.  S o l i d  Waste Storage Area 6 (SWSA-6) i s  t h e  on ly  c u r r e n t l y  
ope ra t i ng  low- level  r a d i o a c t i v e  waste (LLW) d isposal  f a c i l i t y  a t  the 
Oak Ridge Nat ional  Laboratory (ORNL). To ma in ta in  operat ions i n  SWSA-6 

and t o  comply w i t h  t h e  c losu re  requirements, i t  i s  necessary t o  o b t a i n  
s i t e  c h a r a c t e r i z a t i o n  i n fo rma t ion  s u f f i c i e n t  t o  v e r i f y  t h a t  t h e  s i t e  
w i l l  not  represent  a s i g n i f i c a n t  r a d i o l o g i c a l  hazard t o  f u t u r e  
generat ions and t h a t  minimum maintenance and surve i lance w i l l  be 
requ i red  t o  ma in ta in  t h i s  cond i t i on .  CERCLA compliance w i l l  r e q u i r e  
e s s e n t i a l l y  t h e  same type o f  ana lys i s .  Although SWSA-6 i s  a LLW b u r i a l  
f a c i l i t y ,  i t  i s  poss ib le  t h a t  some p o t e n t i a l l y  hazardous chemical 
wastes were a l s o  b u r i e d  p r i o r  t o  enactment o f  t h e  Resource Conservation 
and Recovery Act o f  1976. 
contaminat ion i n  SWSA 6 i s  n o t  known. 

A t  t h i s  t ime, t h e  ex ten t  o f  nonradioact ive 

Operat ion 's  o f  SWSA-6 began i n  1973, p r i o r  t o  t h e  requirement f o r  
d e t a i l e d  p reopera t i ona l  s i t e  eva lua t i on  techniques (such as those 
c u r r e n t l y  imposed on new shal low land b u r i a l  s i t e s  by DOE o r  t h e  
uclear Regulatory Commission). As a r e s u l t ,  much o f  t h e  s i t e  

j n fo rma t ion  now requ i red  t o  assure compliance was n o t  c o l l e c t e d  p r i o r  
f a  waste b u r l a l s .  Host o f  t h e  e x i s t i n g  SWSA-6 s i t e  data were obtained 
a f t e r  operat ions were i n i t i a t e d  and r e l a t e  main ly  t o  ac t i ons  performed 
t o  prevent  entrance o f  water through t h e  t rench  cap, t o  lower the  water 
t a b l e  i n  t h e  v i c i n i t y  o f  trenches known t o  con ta in  water, and t o  
i s o l a t e  t h e  LLW by g rou t  i n j e c t i o n  o r  l i n e r  systems. As a r e s u l t  o f  
these s tud ies,  considerable i n f o r m a t i o n  has been gathered on p o r t i o n s  
o f  t h e  SWSA-6 s i t e .  The purpose o f  t h i s  p lan  i s  t o  rev iew the e x i s t i n g  
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i n fo rma t ion  on S SA--6 and develop c o s t  estimates and schedulef;  For 
ob ta in ing  a d d i t i o n a l  i n fo rma t ion  necessary t o  cha rac te r i ze  t h e  s i t e .  

The u l t i m a t e  goal o f  t h e  s i t e  character~zation e f f o r t  i s  t o  p rov ide  
i n fo rma t ion  s u f f i c i e n t  t o  conducting a pathways ana lys is ,  t o  e s t a b l i s h  
t h a t  contarninant m i g r a t j o n  f rom S S A 4  w i l l  n o t  represent a h e a l t h  
problem t o  p resent  o r  f u t u r e  popu la t ions ,  Because modeling a c t i v i t i e s  
( b o t h  t r a n s p o r t  and exposure) represent t h e  major e f f o r t  i n  the  
pathways ana lys is ,  i t  i s  e s s e n t i a l  t h a t  d a t a  c o l l e c t i o n  be t a i l o r e d  t o  

meet t h e  needs o f  t h e  models selected, Q t h e r w l ~ e ,  considerable t ime 
and e f f o r t  could be devoted t o  c o l l e c t i n y  unncessary data .  

The follow,;ng approach has been use i n  developing t h i s  plan:  
(1)  i d e n t i f i c a t i o n  o f  e x i s t i n g  i n fo rma t ion  regard ing  t h e  
c h a r a c t e r i s t i c s  o f  t h e  s i t e ,  ( 2 )  develop en t  o f  p r e l i m i n a r y  conceptual 
models desc r ib ing  our c u r r e n t  understanding o f  t h e  s i t e ,  and 
( 3 )  development o f  a p l a n  f o r  ob ta in ing  whatever a d d i t i o n a l  s i t e  
i n fo rma t ion  i s  requ i red  t o  v a l i d a t e  t h e  preliminary conceptual modeis 
and a l l o w  f u t u r e  pathways ana lys i s  and performance as%essmen$. o f  t h e  
s i t e .  

The format o f  this r e p o r t  f o l l o w s  t h e  approach o u t l i n e d  above. 
Sect ians (1 through 5 )  present b a ~ ~ ~ ~ o u n ~  in fo rma t ion  on t h e  s i t e ,  t h e  
approach t o  t h e  p lan ,  a su ary  o f  the pathways ana lys i s ,  and t h e  
development of  source terms f o r  t h e  ana lys i s .  Also inc luded i s  a 
d e s c r i p t i o n  o f  the  c u r r e n t  s ta tus  o f  i n fo rma t ion  regard ing  SlidSA-6 used 
i n  d e f i n i n g  a d d i t i o n a l  data needs. 
t h e  a d d l t i o n a l  s tud ies  requ i red  t o  cha rac te r i ze  t h e  s i t e ,  and Sect. 7 
presents costs ,  manpower requirements, and schedules f o r  accomplishing 
the a d d i t i o n a l  work. 

Sect ion  6 inc ludes  a d e s c r i p t i o n  o f  

PAPNMAYS ANALYSIS AMD PERFORMANCE ASSESSHE 

The pathways ana lys i s  t o  support  t h e  SGdSA-6 performance assessment 
w i l l  i nc lude  t h r e e  major phases: development of conceptual models t o  
d e f i n e  t h e  p o t e n t i a l  pathways t o  man; s e l e c t i o n  o f  appropr ia te  
numerical codes f o r  q u a n t i f y i n g  the  contaminant m i g r a t i o n  along t h e  
pathways o f  i n t e r e s t  and c a l i b r a t i o n  o f  these numerical models;  and 
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simulation of possible releases of contamination from the site, using 
parameters and/or scenarios describing future events. As currently 
envisioned, most of the Phase 3 efforts will be undertaken when site 
characterization has; been completed. 

SOURCE TERM 

Characterization o f  the source term is probably the most  important 
task in the site characterization activity. The most common approach 
reported for determining the source tern is to determine the inventory 
of Contaminants present and assume that some fraction o f  each 
contaminant is released at a specified rate. This approach requires an 
accurate determination of the total amount o f  each contaminant present, 
some estimate of release rate, and assumptions relative to the physical 
and chemical form of the wastes. 
material is also a major consideration. 

The presence and type of packaging 

A wide variety o f  wastes, waste forms, and radionuclides have been 
buried at SWSA-5. 
chemical and physical characteristics o f  the waste is currently 
available. Additionally, no infomation has been maintained regarding 
the possible content of  hazardous materials, chelating agents, or 
solvents in the waste. For radionuclides, information exists only for 
the period starting in 1976. Much of this radionuclide inventory is 
based on "less than" type numbers or descriptions such as ''inmixed 
fission products". Thus it appears that some methodology other than 
inventory and release factor approach will be required to quantify the 
source term for SbJSA-6. 

Essentially no information on waste form or the 

The approach selected for estimating the groundwater source term 
for the trenches is to measure contaminant concentrations in the trench 
leachates and combine this information with the groundwater flux to 
yield a source term. 
focusing the performance modeling directly on soluble contaminants 
(i.e., those found in the leachates) and avoids the requirement for 
detailed knowledge of the total contaminant inventory. 

TRis approach has the advantage of automatically 
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Unfortunately, this approach may n o t  be satisfactory f o r  the auger 
holes, since the methodology used in constructing and operating the 
auger holes, as well as safety a n d  health physics considerations, 
appear t o  preclude drilling holes far sa ling into the disposal 
units. The source term for wastes in th auger holes ( a  much smaller 
volume than in the trenches, b u t  the location o f  91 o f  the total 
radioactivity) wfll have to be estimated based on existing inventory 
data., 
the  presence o r  absence of eontamiwants t h a t  ay have moved from t h e  
holes. I t  should be pointed out, however, t h a t  although the auger 
holes contain most o f  tire activity, the locations o f  these holes ( i n  
t he  upper reaches of t h e  facility where ‘the water table is deep), and 
the nature of the waste (sealed sources, metal parts containing induced 
activity, etc . !  may limit the potential for the re lease of 

Monitoring wells will be drilled near the  auger holes t o  detect 

radionuclides from t h e s e  types o f  disposal units. 

will be based on i n v e n t o r y  data and release r a t e s .  Typical unit was te  

The source term for the air a n d  surface water- t r a n s p o r t  pathways 

masses (TUMM), representing the average content o f  radionuclides in the 
waste disposed o f  i n  t h e  trenches and auger hales, w i l l  be constructed 
based on available records. These TU M and the results of erosion 
studies, water budgets, and meteorologica? observations will be the 
basis for constructing the source terms f o r  the ais and sur face  water 
transport pathways 

Previous waste disposal  research and develop ewt activities 
conducted near SWSA-6 have produced a considerable amount sf 
infomatian regarding the local geology. However, on a site-specific 
b a s i s ,  additional investigations are required t o  provide information on 
overall geologic characteristics and specific information on fracture 
netksorks. Geologic characterization can be divided into five tasks: 
installing core wells, geophysical studies; shallow trench 
characterizations; laboratory analyses; and data interpretation. The 
results o f  these investigations will increase t h e  basic understandSng 



o f  geolog ic  processes t h a t  were o r  a r e  a c t i v e  i n  SWSA-6 and prov ide 
phys i ca l  boundaries f o r  and c o n s t r a i n  numerical models o f  SWSA-6. 

- S p e c i f i c a l l y ,  processes t h a t  were i nvo l ved  i n  t h e  t rans fo rma t ion  f rom 
bedrock t o  s a p r o l i t e  t o  s o i l  w i l l  be b e t t e r  understood and s t r u c t u r a l  
f a b r i c s ,  which appear t o  c o n t r o l  groundwater movement, w i l l  be 
cha rac te r i zed  a 

S o i l  p r o p e r t i e s  must be i n v e s t i g a t e d  t o  f a c i l i t a t e  understanding o f  

t h e  a b i l i t y  o f  t h e  s i t e  t o  i s o l a t e  o f  t h e  waste, as w e l l  as t h e  s i t e ' s  

long-term s t a b i l i t y .  Although much general i n fo rma t ion  on l o c a l  s o i l s  
- ( i nc lud ing  a newly prepared s o i l s  map) e x i s t s ,  s i t e - s p e c i f i c  s tud ies 
t h a t  support  t h e  hyd ro log i c  and geochemical i n v e s t i g a t i o n s  requ i red  as 
a p a r t  o f  t he  performance assessment a re  s t i l l  needed. Measurements o f  
so i l  phys ica l  p r o p e r t i e s  p rov ide  t h e  i n fo rma t ion  needed t o  evaluate 
hyd ro log i c  and s i t e  s t a b i l i t y ,  whereas s o i l  chemical and m ine ra log i ca l  
i n v e s t i g a t i o n s  p rov ide  t h e  i n f o r m a t i o n  needed t o  p r e d i c t  contaminant 
t r a n s p o r t  (both chemical and rad ionuc l i de ) .  

Observations a t  LLW disposal  f a c i l i t i e s  s i t e d  over Conasauga Group 
bedrock on t h e  Oak Ridge Reservat ion (ORR) suggest t h a t  t h e  dominant 

athway f o r  t r a n s p o r t  o f  waste c o n s t i t u e n t s  i n  SWSA-6 i s  subsurface 
f l o w  t o  sur face streams c a r r y  t h e  waste cons t i t uen ts  o f f s i t e .  Thus, 
r h a r a c t e r i m a t i o n  o f  t h e  SWSA-6 groundwater f l o w  system i s  c r i t i c a l  t o  
evaluat ions o f  t h e  p o t e n t i a l  f o r  o f f s i t e  exposures and should be 

and est imat ions o f  f l o w  r a t e s  and v e l o c i t i e s  along t r a n s p o r t  pathways. 
Some shal low groundwater may penetrate t o  g rea te r  depths, p a r t i c u l a r l y  
a long t e a r  f a u l t s  o r  o t h e r  geolog ic  s t r u c t u r e s  t h a t  c u t  across 
s t r a t i g r a p h i c  boundaries; however, very  l i t t l e  i s  known about t h e  
E x t e n t  o f  v e r t i c a l  water movement on t h e  ORR. 

i r e c t e d  toward determinat ions of t h e  d i r e c t i o n  o f  contaminant movement 

Another impor tant  hyd ro log i c  requirement i s  es t ima t ing  the  f l o w  o f  
water i n t o  t h e  trenches, i t s  residence t ime, and the  r a t e  o f  seepage o f  
leachate from t h e  trenches. This i n fo rma t ion ,  coupled w i t h  t rench  
water analyses, w i l l  be used t o  est imate t h e  groundwater source term 
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f o r  use i n  t r a n s p o r t  modeling, A l s o  needed will  be a d d i t i o n a l  
i n v e s t i g a t i o n s  aimed a t  determining t h e  s i t e - - s p e c i f i c  hydrology o f  
SWSA-6 and t h e  measurement o f  hydro log ic  parameters requ i red  f o r  
groundwater t r a n s p o r t  modeling. Much o f  t h i s  i n fo rma t ion  w i l l  be 
obtajnned from ai number o f  new wells i n s t a l l e d  t o  p rov ide  a d d i t i o n a l  
water-level observat ions and groundwater samples. Gcaphysical logging 
o f  these w ; l o  w i l l  be conducted as a p a r t  o f  the geologic 
charac te r i za t i on .  

The e x i s t i n g  stream gauging s t a t i o n s  i n  SWSA-S w i l l  be upgraded t a  
a more permanent s t a t u s ,  and t h e  c u r r e n t  rnea5uremea-t and sa 
program w i l l  be continued. E x i s t i n g  meteoro log ica l  s t a t i o n s  OD SWSA.6 
w i l l  cont inue t o  be operated awd maintained, 

G E OC W E W I ST R Y 

Nost sf the  geoche I c a 1  i n v e s t i g a t i o n s  requ i red  i n  the 
c h a r a c t e r i z a t i o n  p lan  w i l l  be d i r e c t e d  a t  determining t h e  source  t e r m  
f o r  use i n  t h e  pathways ana lys i s .  
determine the  r e t a r d a t i o n  p r o p e r t i e s  o f  t h e  s i t e  s o i l s ,  f o r  use i n  
modeling contaminant t r a m p a r t  (both rad ionuc l i de  and chewica l ) .  
l i m i t e d  leach ing  program w i l l  a l r o  be estab l i shed i n  an a t t e  
c o r r e l a t e  observed leachate concent ra t ion  wl%h waste campasit ion. 
a d d i t i o n ,  groundwater samples w i l l  be used t o  p rov ide  background 

e x i s t i n g  contaminant m ig ra t i on .  

It w i l l  a l s o  be necessary t o  

A 

In 

i c a ?  i n fo rma t ion  on t h e  s i t e  and te, establ i ish t h e  e x t e n t  o f  

COSTS AND SCHEQULES 

The c h a r a c t e r i z a t i o n  p lan  o u t l i n e d  i n  t h i s  repart  has been 
developed on t h e  b a s i s  t h a t  a t o-year period i s  a v a i l a b l e  i n  w 

i n s t a l l  a d d i t i o n a l  f a c i l i t i e s ,  c o l l e c t  data, analyze t h e  i n fo rma t ion  
obtained, and conduct a pre ’ l i  a r y  pathways ana lys i s .  S e c t i o n  7 

d e t a i l s  t h e  estimated cos ts  and scheduler; s q u i r e d  t o  complete t h e  s i t e  
c h a r a c t e r i z a t i o n  e f f o r t  and prov ide  t h e  i n fo rma t ion  needed t s  c ~ n d u c t  
t h e  pathways ana lys i s  and performance assessment. 

, 
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ABSTRACT 

BOEGLY, W. J., Jr . ,  R. 5. D R E I E R ,  D. D. HUFF, A. D. KELMERS, 
D. C. KOCHER, S. Y. LEE, F.  R. O'DONNELL, F .  G. P I N ,  and 
E. 0. SMITH. 1985. Charac ter iza t ion  p lan  f o r  s o l i d  
waste storage area 6. ORNL/TH-9877. Oak Ridge Nat iona l  
Laboratory,  Oak Ridge, Tennessee. 168 pp. 

S o l i d  Waste Storage Area 6 (SWSA-6) i s  t h e  o n l y  c u r r e n t l y  
opera t ing  low- level  r a d i o a c t i v e  waste (LLW) shal low land b u r i a l  
f a c i l i t y  a t  t h e  Oak Ridge Nat iona l  Laboratory.  
Energy (DOE) r e c e n t l y  issued DOE Order 5820.2, which prov ides new 
p o l i c y  and gu ide l i nes  f o r  t h e  management o f  r a d i o a c t i v e  wastes. To 
ensure t h a t  SWSA-6 complies w i t h  t h i s  Order i t  w i l l  be necessary t o  

e s t a b l i s h  whether s w f f i c i e n t  data on t h e  geology, hydrology, s o i l s ,  and 
c l ima to logy  o f  SWSA-6 e x i s t ,  and t o  develop p lans t o  o b t a i n  any 
a d d i t i o n a l  i n fo rma t ion  requi red.  It w i l l  a l s o  be necessary t o  
e s t a b l i s h  a source term f rom t h e  bu r ied  waste and prov ide  geochemical 
i n fo rma t ion  f o r  hydro log ic  and dos imet r ic  ca l cu la t i ons .  

The U.S. Department o f  

Where data 
aps e x i s t ,  methodology f o r  ob ta in ing  t h i s  i n fo rma t ion  must be 

developed. 
on SWSA-6 and develop cos t  est imates and schedules f o r  ob ta in ing  any 
requ i red  a d d i t i o n a l  in fo rmat ion ,  

est imated t h a t  about 29,100 m (1,000,000 f t  ) o f  LLW contadning 
about 250,000 C i  o f  r a d i o a c t i v i t y  have been bu r ied  through 1984. Both 
l o w - a c t i v i t y -  and h i g h - a c t i v i t y - l e v e l  wastes were bu r ied  i n  t renches 
and auger ho les a t  t h e  s i t e .  
were bu r ied  t h a t  would be considered hazardous wastes under t h e  

The purpose o f  t h i s  Plan i s  t o  rev iew e x i s t i n g  i n fo rma t ion  

Rout ine opera t ion  o f  SWSA-6 was i n i t i a t e d  i n  1973, and i t  i s  
3 3 

It i s  poss ib le  t h a t  be fore  1980, wastes 

esource Conservation and Recovery Act. Since SWSA-6 was s i t e d  p r i o r  
t o  enactment o f  c u r r e n t  d isposa l  regu la t ions ,  a d e t a i l e d  s i t e  survey o f  
t h e  geologic  and hydro log ic  p roper t i es  o f  t h e  s i t e  was n o t  performed 
before  wastes were bur ied .  However, du r ing  t h e  opera t ion  o f  SWSA-6 
some i n fo rma t ion  on s i t e  c h a r a c t e r i s t i c s  has been c o l l e c t e d  as a r e s u l t  
o f  var ious research and development programs aimed a t  improving 
d isposa l  p r a c t i c e s  and o f  at tempts t o  i n v e s t i g a t e  c o r r e c t i v e  ac t i ons .  

x v i  i 



This information i s  useful in understandin t h e  e x i s t i n g  problems a t  
the s i t e ;  however, i n  many cases, the i n f o r m a t i o n  I s  not complete 
enough to allow a detailed analysis o f  t h e  long-term performance of t h e  
site f o r  compliance purposes. 

Plan and c o s t  est'lmates have been developed to provide the 
a t i o n  necessary to conduct a performance assessmerpt o f  the site. 

The p lan  i s  based an a tws-year data c o l l e c t i o n  period, at an es t ima ted  
c o s t  o f  $1,650,000. 

x v i  i i 



1. INTRODUCTION 

U.S. Oepartment o f  Energy (DOE) Order 5820.2 prov ides p o l i c y  and 
gu ide l i nes  f o r  t h e  management o f  r a d i o a c t i v e  wastes (DOE 1984). Both 
new and e x i s t i n g  DOE waste management f a c i l i t i e s  a re  requ i red  t o  comply 
w i t h  t h i s  order.  
s i t ed ,  designed, operated, and closed us ing c r i t e r i a  s p e c i f i e d  i n  t h e  
order;  however, e x i s t i n g  f a c i l i t i e s ,  as a minimum must comply w i t h  t h e  
opera t ing  and c losu re  p o r t i o n s  o f  t h e  order .  The purpose o f  t h i s  p lan  
i s  t o  rev iew e x i s t i n g  i n fo rma t ion  on S o l i d  Waste Storage Area 6 

(SWSA-6) and develop cos t  est imates and schedules f o r  ob ta in ing  t h e  
s i t e  i n fo rma t ion  necessary t o  charac ter ize  the  s i t e  f o r  l a t e r  use i n  

New waste management f a c i l i t i e s  are requ i red  t o  be 

evelop ing p lans f o r  i t s  c losure.  
S o l i d  Haste Storage Area 6 i s  t he  on ly  c u r r e n t l y  opera t ing  

low- level  r a d i o a c t i v e  waste (LLW) shal low land b u r i a ?  (SLB) F a c i l i t y  a t  
t h e  Oak Ridge Nat iona l  Laboratory (ORNL). Examination o f  t h e  
opera t iona l  requirements o f  5820.2 i nd i ca tes  t h a t  t h e r e  are  on ly  a few 
areas i n  which t h e  c u r r e n t  opera t ion  o f  SWSA-6 i s  n o t  i n  compliance. 

However, f o r  c losure  o f  SWSA-6, t h e  compliance requirements may be more 
d i f f i c u l t  t o  achleve, 
requirements o f  5820.2 i s  t h e  lack  o f  d e t a i l e d  s i t e  cha rac te r i za t i on  
in fo rmat ion ,  such as t h a t  s p e c i f i e d  f o r  new b u r i a l  f a c i l i t i e s ,  b u t  a l s o  
t h a t  requ i red  f o r  c losure  o f  e x i s t i n g  s i t e s .  

The major  obs tac le  t o  meeting t h e  c losure  

The i d e n t i f i c a t i o n ,  i n v e s t i g a t i o n ,  and cleanup o f  e x i s t i n g  o r  
abandoned waste management f a c i l i t i e s  have been mandated by t h e  
Comprehensive Environmental Response, Compensation, and L i a b i l i t y  A c t  

o f  1980 (CERCLA), which es tab l i shes  a federa l  program t o  i d e n t i f y ,  
assess, and abate uncon t ro l l ed  and nonpermit ted sources o f  t h e  re lease 
o f  hazardous substances i n t o  t h e  environment. QOE has issued an order  
(DOE Order 5480.14) e s t a b l i s h i n g  a CERCLA-like program t o  i d e n t i f y  and 
evaluate abandoned DOE waste s i t e s  and o the r  p o t e n t i a l  sources o f  
hazardous substance releases and t o  p lan  f o r  t h e i r  cleanup. The 
requirements o f  t h i s  o rder  a re  cons is ten t  w i t h  t h e  techn ica l  
requirements o f  CERCLA. 



Chat-acted za t ian  sf S SA-6 is an essential s t e p  toward compliance 
with DOE Orders 5480-118 and 5820.2. To ensure t h a t  SWSA-6 corn 
with DOE 5820.2 and 54 .14, it will be necessary t o  establish whether 
sufficient data exist t o  characterize the geology, hydrology, soils, 
and climatology, and if they do not ,  t o  develop plans t o  obtain any 
additional information re uired. It will a l s o  be necessary t o  
detescmine if sufficient data  exist t o  establish a source term and 
provide t h e  required geochemical information for hydrologic and 
dosimetric calculations. Hhere data gaps exist, methodolo 
ohtd in ing  this information must be developed. 

1.1 B R I E F  HISTORY OF ORNL 1.LM DISPOSAL 

Solid LLkJ has been buried at 08Nb since the Laboratory's 
inception; t o  date ,  six burial grounds (called solid waslie storage 
areas or  SMSA) have been used f o r  this purpose (Sease et, al. 1982; 
Evaluation Research Carparation 1982). Figure 1 illustrates the 
locations of the six SWSAs relative t o  ORWL. The first three locations 
were chosen mainly f o r  their proximity to the  w a s t e  sources, whereas 
t h e  l a s t  three were located based on the reco endations made i n  
geologic and hydrologic studies (Boyle e t  al. 1982; Webster 1976). It 
is estimated t h a t  at least IXI,OOQ m 

been buried at ORWL through 1980 (Gilbert/Commonwealth 1980), 

3 
( 6  x 10' f t 3 j  of LL 

As F i g .  1 shows, the first t h r e e  ORHL burial grounds were located 
in Bethel Valley and were relatively small [less than 4 ha (10 a c r e 5 ) I .  

In 1843, concern was expressed regarding t h e  continued use of SWSA-3 as 
LLW disposal area because o f  t h e  lack o f  kno ledge about radionuclide 
transport t h r w g h  fractures in the underlying Chickamauga limestone 
formation (bkstern 1 9 4 9 ) .  According ts Nesturn (1949),  Stockdale 
recormended that the best b u r i a l  ground s i t e ,  readily accessible from 
OWL, was n o r t h  o f  White Oak Lake I n  the Conasauga Shale,  All of  the 
subsequent LLM facilities (SBrlSAs-4, 5, and 6 )  were located in the 
Conasauga Group o f  elton Valley, ra ther  than in the Chickamauga 
Limestone o f  Bethel Valley. 
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ORNL-PHOTO 3513-79R 

Fig .  1 .  Aerial view of  Oak Ridge National laboratory showing 
approximate locations of  sol id waste storage areas. 



The area selected f o r  S SA-6 (see F i g ,  a i )  was located i n  
Valley, northwest of White Oak Lake and southeast o f  Lagoon Road and 
Haw Ridge (Webster 1976). The s i t e  included 28 ha ( 6 8  acres) ,  of which 
abou t  one-third was reported to be su i tab le  f o r  waste burial .  The 
balance o f  the s i t e  consisted of s teep slopes and areas having shallow 
groundwater, whicb  m i g h t  not be sa t i s fac tory  f o r  burial operations 
(Lomenick and Wyriek 1965) .  

burials  a t  the s i t e  d i d  not begin wnti SA-5 was closed i n  1973 

(Nebsterr 1976). Both trenches and auger holes have been used f o r  
burials  i n  SWSA-6. A i x  A contains a l i s t  of the trenches and 
auger holes i n  S SA-6 as  o f  June 1985" Wastes c l a s s i f i e  
transuranic wastes (TRU) a r e  current ly  stored i n  S 94-5; none of  these 
wastes a re  stored i n  SWS - 6 .  Figure 3 shows t he  general areas of 

SA-S i n  which the  trenches and auger holes a r e  located, Although 
these a r e  not shown i n  F i g .  3, ORNL maintains detai led drawings o f  the  
location of each trench and auger hole (QRML-0 os. e-21 205--EA-01 OF 
and C-21205-EA-011F) and loq-book recards o f  the  t y p e  o f  waste (low- o r  
high-activity-level, biological ,  asbestos,  compacted hales,  o r  
chemical) placed i n  each trench o r  auger hole (high-level o r  f i s s i l e ) .  
In general, high-activity-level wastes are buried i n  trenches or  auger 
holes i n  the  northern or  higher portions of the burial  ground, where 
the water t a b l e  i s  f a r t h e s t  below the  surface.  Boegly (1984) reports 
t h a t  2¶,100 m3 (1 x 106 f t 3 )  of LLW had been placed i n  SWSA- 
the  end o f  September 1984 (Boegly 1984) .  

Although some LLW was buried i n  S 6 as ear ly  as  1969, major 

1.2.  C U R R E N T  DISPOSAL PRACTICES 

L disposes of or s tores  a l l  radioactive sol id  was te  generated 
a t  the Laboratory, as well as sol id  waste f o r  w h i c h  the  DQE-Oak Ridge 
Operations Office ( Q R O )  authorizes acceptance from other DOE 
contractors,  l icensees,  o r  other government agencies. For 
disposalistorage purposes, OR L c l a s s i f i e s  sol id  radioactive wastes as 
being i n  one o f  f i v e  categories: 233~/transuraniu w a s t e ,  2 3 5 ~  w a t e r ,  
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ORNL-PHOTO 0079B-78 

Fig ,  2 .  A e r i a l  view o f  SWSA-6, looking northwest over White Oak Lake. 



showlng generalized locations of  trenches 
and auger holies, 
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general radioactive waste (radwaste), mixed wastes, and low-hazard 
~ o ~ t a ~ ~ n a t e d  waste. Essentially a l l  of the waste buried i n  SWSA-6 
f a l l s  i n t o  the l a s t  th ree  categories.  Transuranium wastes must be 
re t r ievably stored f o r  a m i n i m u m  of 20 years (DOE Order 5820.2); 
wastes a r e  no longer generated i n  s ign i f icant  quant i t ies  a t  ORNL.  
General radioactive wastes a r e  divided i n t o  two subclasses, ~epending 
on the  radlatdon level .  High-activity radwaste has a radiation level 

rea te r  than 2 mSv/h (200 mremlh) a t  the surface of the  containero 
and low-level radwaste i s  2 mSv/R (200 mremih) o r  l ess .  Low-level 
Tadwaste i s  further subd'rvided i n t o  compactible and n o ~ ~ ~ ~ ~ a c t i b l e  
f ract ions so t h a t  the compactible material can be reduced t o  minimum 

or  t o  bur ia l .  General radwastes a r e  disposed of i n  trenches 

235u 

auger holes, w i t h  auger holes being used f o r  t he  
high-activity f rac t ion  when required. 
""mixed'' waste does not i m p l y  a mixture of chemically hazardous and 
radioactive wastes; ra ther ,  Q R N L  mixed wastes contain a combination of 
two of  the  f i r s t  three categories of wastes. The f i n a l  category 
(low-hazard contaminated waste) has no measurable contamination; 
however, i t  has been judged by the  generator t o  be radioactively 
contaminated above ORNL "Health Phys ics  a t e r i a l  Transfer Clearance 
lag'1 ( f r e e  of  radiation o r  contamination hazard) l imits .  Th4s waste i s  
a l so  described as "suspect" waste and i s  segregated from LLlnl and 
disposed of  i n  separate areas .  In addition t o  t h e  burial  areas f o r  the 
waste types described above, separate areas a r e  provided i n  SlnlSA-6 f o r  
the disposal o f  animal carcasses and biological wastes and f a r  
asbestos-containing wastes. 

generator dnto compactible (paper, p l a s t i c s ,  c lo th ,  e t c . )  and 
n ~ n c ~ m p a ~ t ~ b ~ e  waste (metals, g lass ,  concrete, e t c . )  p r i o r  t o  
col lect ion and disposal.  Current disposal procedures do not allow the 
presence of f r e e  l iquids i n  the sol id  waste. Handling procedures f o r  
radwastes generated a t  ORNL a r e  described i n  Sect,  5.1 of the "Health 
Physics Procedure Manual." 

I t  should be noted t h a t  the  term 

Currently, LLW from ORNL i s  segregated a t  the source by the waste 



1 .2.1 Trenches 

Trenches are usually 15 rn (50 f t )  lon and 3 m (10 ft) wide, 
depending on specific site topography. Their depth ranges From 4.25 t o  

determined by the depth of t he  water table. ‘The bot tom o f  each trench 
must be a t  least 0.6 m (2 f t )  above the water t a b l e .  When a trench is 
excavated and water is found, the trench is backfilled using Conasauga 
shale to a depth a t  least 0,6  m ( 2  Ft) above the observed water depth. 
Minimum spacing between trenches is limited to 1.5 m (5 ft). D e t a i l s  
of a typical trench are sho n in Fig. 4 .  When the level of waste is 
0 - 9  m ( 3  ft) below the top o f  the trench, the trench is backfilled with 
soil and packed by running heavy equipment over the trench. Once the 
trench is backfilled, the area is seeded t o  minimize erosion. 

The monitoring pipe shown i n  F i g .  4 ,  is no longer installed prior 
to the addition of waste; instead, it is installed after t h e  trench is 
filled and cowered. The monitoring pipe i s  located on the centerline 
of  the trench, about 1.2 rn ( 4  ft) from the lower end of the trench. 
Prior t o  trench closure the area is surveyed and the location o f  the 
corners of  the trench identified. At present, markers are not placed 
at the corners o f  the  trench; the location o f  the monitoring pipe is 
used t o  designate the general location of the trench. 

(14  t o  l8 ft), with the depth of a specific trench being 

1.2.2 Auger Holes or  Wells 

Auger holes are basically a specialized f o r m  o f  trench burqal that 
allows greater control of radiation exposures during disposal 
operations. Betailed practices and procedures have been developed over 
many years of experience, Auger hole diameters are not standardized 
but vary depending can the function and the material being e 
(see Table A.1). Most of the holes are approximately 1 m (40 in.) in 
diameter, and the depth is such that at least 0 . 4  (2 ft) of earth 
separates the bottom of t h e  hole and the highest known water t a b l e .  In 
the case o f  S er holes are 18 ft o r  less in depth; 
existing equipment does n o t  allow excavation below 18 f t ,  Auger holes 
are spaced a minimum of 0.9 rn ( 3  ft) apart, edge t o  edge. No liner is 
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Fig. 4. Cross section of a typical ORNL disposal trench ( 1  f t  = 0 . 3  m ) .  
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used and soil is added t o  the h o l  hen necessary t a  limit radiation 
levels t o  less than 1 rnSv/R (108 m/h) at the s u r f a c e  o f  t he  hole.. 
The auger hole is sealed when either the waste is w i t h i n  0.9 
o f  t h e  surface or, in the case o f  fissile mater-ial, whew 308 g o f  
fissile isotopes are disposed o f ,  Au er holes are normally sealed by 
adding concrete to the hole ,  followed by t h e  additiosa o f  1 t o  2 f t  o f  
s a i  1. 

Auger holes are  loca ted  in the higher elevations o f  SWSA-6, where 
the water table is deepest. Figure 3 shows the  general locations of  

auger- holes, and Appendix A lists the number’ and sizes ~f each used t o  
date. 
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2. RATIONALE FOR THE SOLID WASTE STORAGE AREA 6 CHARACTERIZATION PLAN 

To maintain operations in SMSA-6 and comply with the closure 
requirements outlined in DOE 5820-2 and 5480.14, i t  is necessary to 
ensure that sufficient site information is available t o  verify that the 
site will not represent a significant radiological hazard to future 
generations and that minimum maintenance and surveillance will be 

without detailed site evaluation techniques (such as those jmposed an 
new SLB sites by DOE 5820.2 or NRC 10 CFR Part 611,  a considerable 

uired to maintain this condition. Because SWSA-6 was established 

ortion of the site information necessary to ensure compliance was not 
collected before operations began and must be collected now, with 
burials well under way. This situation exists for essentially all of 
the operatjng and inactive DOE burial sites. 

plan. 
t o  gather data on all of the parameters thought t o  be necessary to 
understand the site and, using these parameters, calculate the 
long-term performance of the site. 
the approach suggested for siting new facilities by DOE 5820.2 and 
10 CFR Part 61, as described by Siefken et al. (1982) and Lutton e t  al. 
(19832) for NRC facilities. 

The second approach, which is probably more applicable t o  
apeltatdng facilities, would be to evaluate the concerns that. have 
surfaced during past operations and develop a characterization plan 
based on these concerns. During SWSA-6 operations, i t  has been 
observed that the waste in many trenches is n o t  isolated from water, 
thus a limited number of remedial actions and corrective measures have 
been proposed and carried out. 
specific studies and measurements have been made which allow the 
development of hypothetical models for the performance of the site, 

which might be different from that assumed prior to operation. 
approach allows the site characterization t o  concentrate an the 
parameters required to analyze the site for future performance based on 
operational experience. 

Two approaches are available for developing a Characterization 
The first, which ma be more applicable to new sites, would be 

In many ways, this appears to be 

As a result o f  t ese observations, 

This 



In the case o f  SGJS - 6 ,  the methodology adopted f o r  planning the 
characterization o f  the site has been to (1) identify a l l  existing 
information regarding the characteristics of the  s i t e ,  ( 2 )  develop 
conceptual models that describe our current understanding o f  the site, 
and ( 3 )  develop a plan f o r  obtaining the additional site information 
required to validate the conceptual models and allow future pathways 
analysis and perfon-nance assess ent of the site. A t  present, the first 

ethodolagy has been completed (6oegly 1984). This report, 
which corresponds t o  the third step, de?scribes the? conceptual rn 
suggested for sws -6 on the basis o f  the currently available site 
information (step 2) and the requirements for co  pleting the site 
Characterization. 

Following collection and a n a l y s i s  of the site information, 
preliminary pathways analysis and performance assessment can be 
conducted t o  determine whether t h e  site will meet the assumed 
performance objectives, and if not, what corrective measures would have 

to be incorporated into the site t o  provide the necessary assurances 
that closure can be achieved. Section 3 describes briefly the 

ethedology used in conducting a path ays analysis and performance 
assessment. 
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3 .  PATHWAYS ANALYSIS AND PERFORMANCE ASSESSMENT 

To provide reasonable assurance that the performance objectives 
will be met, reliable predictions o f  site performance are required for 
periods o f  time extending at least 500 years into the future or for as 
long as the waste has the potential to affect public health adversely. 
To this end, a pathways analysis must be performed to define the modes 
and extent of radionuclide migration from the site and to assess its 
probable impact on current and projected populations and nearby 
facilities. Should the results of the site characterization and the 
pathways analysis show conditions that could jeopardize attainment of 
the performance objectives, corrective measures may be implemented in 
SWSA-6. 

The pathways analysis to support the SWSA-6 performance assessment 
will include three major phases (see Fig. 5). The development of 
conceptual models to define the potential pathways t o  man constitutes 
the first phase o f  the analysis. For SWSA-6, this development phase 
has been completed in some areas, but the majority of  the conceptual 
models need characterization data to be finalized. 
models will serve as a basis for the development o f  the numerical 
models to quantify the pathways. 

appropriate numerical codes to quantify contaminant migration along the 
pathways of interest and the calibration of the numerical models. 
During the calibration phase, the values of the modeling parameters are 
adjusted within the probable ranges, using sensitivity analyses and 
comparisons of simulation results with existing conditions. 

In the 'last phase of the analysis, parameters and/or scenarios 
describing future events are defined and used as the basis for 
simulating the possible release of contamination from the disposal 
unlts. Simulations of contaminant migration along the pathways of 
interest are performed and contaminant concentrations at locations of 
probable exposure are calculated for various times during the 
postclosure period. 
o f  exposure. 

The conceptual 

The second phase of  the analysis includes the selection of  

Doses to man are then evaluated for various modes 
Due to the predictive nature of this part of the analysis, 
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F i g .  5. Flow c h a r t  of  modeling a c t i v i t i e s  f o r  SbJSA-5 pathways analysis 
and performance assessment. 
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large uncertainties are generally associated with the model results. 
To allow reliable interpretation of the results, these uncertainties 
would be carefully evaluated using sensitivity and uncertainty 
analysis. Well-established methodologies and analytical tools are 
available for this purpose. 

Figure 6 illustrates, generally, a two-step transport of 
contaminants from the disposal site to man. 
the transport of contaminants from possible release points (burial 
trenches, auger holes, or surface spills) to environmental compartments 
(air, soil, surface water, and groundwater). The transport modes f o r  
this step, referred to as transport pathways, are site specific and 
thei r analysis requi res in-depth site characterization. Conversely, 
the modes of transport for the second step, which involves transport 
from the environmental compartments to man, are less site specific and 
their analysis probably can be performed largely on the basis of 
generic data, given the site-specific results for the first step o f  the 
transport process. The modes of transport for this second step are 
referred to as exposure pathways. 

For analysis of each pathway and predictive simulation of site 
behavior, data are necessary to characterize fully the site-specific 
source terms, the modes of contaminant transport to the environment, 
and the exposure pathways. 
information needed to analyze the two steps of contaminant transport 
(Fig. 6), that is, the transport and exposure pathways. 

The first step involves 

The following sections briefly describe the 

3.1 TRANSPORT PATHWAYS 

Possible mechanisms for the transport of contaminants from the 
sources to offsite and onsite environmental compartments are outlined 
in Tables 1 and 2 respectively. Contaminants can be released from the 
trenches o r  auger holes via the influx and e f f l u x  of infiltrating 
water, the emanating o f  gaseous (volatile) species, and resuspension 
into the air after disruption of the trench cover. A characterization 
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Table 1 .  Transport mechanisms from sources t o  offsite 
environmental compartments 

Source 
Environmental 
c ompa rtmen t Trench Spi 1 lage Secondarya 

Air 

Soi 1 

Suspension of Suspension of 
particulates particulates 
( atmo s phe r i c ( a tmo s p he r i c 
trans port) trans port ) 

Emanation of 
volati les 
(atmaspheri c 
transport) 

Surf ace water Runoff 

Groundwater Infiltration 

Runoff 

Irrigation 
from surface 
water and 
groundwater 

Depos i ti on 
from air 

Discharge from 
groundwater 

~ 

aTransport rnechani sms between envi ronmental compartments. 
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Table 2. Transport  mechanisms from sources t o  onsite 
environmental compartments 

-- Source 

Trench Spi 1 lage see ondarya 

A i r  

S o i  1 

Suspension o f  Suspension o f  
p a r t i c u l a t e s  p a r t i c u l a t e s  

Emanation o f  
v o l a t i  les 

Overf 1 ow/ D i r e c t  
depos i t i on  depos i t i on  

Eros 3 on 
Herman d is rup t i onb  

Surface water Runoff 

Groundwater I n f  i 1 t r a t i o n  

Runoff 

I r r i g a t i o n  from 
sur face water 
and groundwater 

Discharge from 

echani sms between envi  ron en ta l  compartments. 
h n c l u d e s  a c t i v i t i e s  such as plowing and cons t ruc t ion .  
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o f  t h e  modes of contaminant re lease requ i res  t h e  determinat ion o f  t h e  

f l u x e s  o f  contaminated water, a i r ,  and gases out o f  t h e  trenches. 
Since human a c t i v i t i e s  can i n f l u e n c e  some o f  t h e  contaminant release 

ra tes ,  t h e  f l u x e s  should be de f i ned  both du r ing  the  i n s t i t u t i o n a l  
c o n t r o l  per iod,  and d u r i n g  t h e  p o s t i n s t i t u t i o n a l  per iod,  when 
maintenance and c o n t r o l  o f  t h e  s i t e  w i l l  have ceased. 

The pathways ana lys i s  should consider  two t ime per iods:  a 
near-term p e r i o d  (e.g., I O U  years), du r ing  which t ime t h e  s i t e  w i l l  be 
a c t i v e l y  maintained and c o n t r o l l e d ,  and t h e  long-term pe r iod  ( e . g . ,  

a f t e r  100 years and f o r  as long as t h e  waste remains hazardous), when 
c o n t r o l  and maintenance w i l l  have ceased. 
cond i t i ons  a t  t h e  s i t e  a r e  expected t o  be s i m l l a r  t o  t h e  present ones 
o r  t o  be improved as a r e s u l t  o f  remedial act ions.  The s i t e  
c h a r a c t e r f z a t i o n  data a re  t h e r e f o r e  expected t o  be rep resen ta t i ve  of 
t h e  cond i t i ons  a t  t h e  s i t e  du r ing  t h a t  per iod,  and f i e l d  measurements 
can be used t o  est imate source terms and t r a n s p o r t  c h a r a c t e r i s t i c s *  
For t h e  long-term per iod,  major v a r i a t i o n s  i n  the vege ta t i ve  cover, 

i n t e g r i t y  o f  t h e  d isposal  u n i t s ,  demography, s i t e  hydrogeology, and 
o t h e r  c o n t r o l l i n g  f a c t o r s  w i l l  make It necessary t o  use hypo the t i ca l  
scenar ios t o  analyze t h e  pathways. These scenarios w i l l  be designed 
based on present data and w i l l  i nco rpo ra te  probable v a r i a t i o n s  i n  t h e  
major parameters. 
parameters w i l l  a l s o  be def ined, t o  generate t h e  maximum ranges o f  
u n c e r t a i n t y  i n  the  p r e d i c t i v e  r e s u l t s .  
through a s e n s i t i v i t y  and u n c e r t a i n t y  analys is .  

During t h e  near-term per iod,  

Ranges o f  u n c e r t a i n t y  i n  the data and scenar io 

The l a t t e r  ranges a r e  generated 

3.1.1 Groundwater Transport  Pathways 

Groundwater t r a n s p o r t  i s  considered t h e  most s i g n i f i c a n t  pathway 
f o r  t h e  m i g r a t i o n  of rad ionuc l i des  and hazardous c o n s t i t u e n t s  from 
SWSA-6. 
o f  t h e  trenches o r  auger holes i s  by t h e  e f f l u x  o f  i n f i l t r a t i n g  water 
t h a t  has leached rad ionuc l i des  and hazardous cons t i t uen ts  from the  

waste. A t  SWSA-6, both v e r t i c a l  i n f i l t r a t i o n  o f  water through t h e  
t rench  caps and l a t e r a l  I n f l u x  through t h e  t rench  w a l l s  have been 

The re lease  mode f o r  groundwater t r a n s p o r t  o f  contaminants ou t  
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observed. Estimates o f  these fluxes are therefore necessary to 
characteri ze the re1 ease mo es for groundwater transport and are, 
therefore, discussed in Sect. 4 .3 .  

eling of the groundwater pathway for SWSA-5 requires the 
largest modeling effort by far. Conceptual and nu 
have to be finalized to serve as the basis For selecting appropriate 

A wide variety o f  codes are currently available t o  
treat the flow regimes that occur a t  S SA.--6. The n m  r i c a l  models will 
have to be calibrated against actual field conditions and predictive 
simulations will have t o  be performed. The results will be used in the 
analysis o f  the water path ay for which groundwater .is a secondary 
source, The results will also be used in the analysis of t h e  exposure 
pathways described i n  Sect. 3.2. Because the uncertainties related t o  
the results of the roundwates pa hways are expected to be the largest 
in the analysis and may propagate into the analysis of the other 
pathways, they need t o  be carefully evaluated. Uncertainty analysis 
methods are available for this purpose. 

erica1 codes. 

3.1.2 Surface Water Transport Pathways 

This type o f  pathway involves t h e  release o f  contaminants from t h e  
disposal units to the surface water oyste and t h e  subsequent transport 
of contamination y surface water to a point of probable exposure. 
Release to the surface water system could result either= f r om the 

of  contaminated leachate from a trench o r  from the see 
o r  discharge of contaminated groundwater into the surface water system 
(indicated a s  a secondary source in Tables 1 and 2). 
during the period of institutional contrwl, overflow and overland 
transport of particulates fro the trenches could be considered a 
potential transport mec anism i f  the results o f  erosion studies show 
that total erosion o f  the trench cap is possible wjthin the timeframe 
o f  the analysis (i.e., as long as the wnzte remains hazardous). 

Although unlikely 
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3.1.3 Air Transport Pathways 

Air pathways involve the release of contaminated particulate 
material or volatiles from the disposal site into the atmosphere and 
the transport of contamination by wind t o  a location of probable 
exposure. During operation o f  the site and the subsequent 
institutional control period, the likelihood of this mode of release 
occurring is considered remote since the waste is placed below the 
earth's surface and covered with soil as soon as possible. 
the period of institutional control, reexposure of the waste could 
reswlt from natural causes, such as wind and water erosion o f  the 
trench cover, or as a result of  human ( o r  animal) intrusion, such as 
digging or excavation. 
t o  natural causes, results o f  erosion studies are necessary. 

Following 

To assess the probability o f  waste exposure due 

3.2 EXPOSURE PATHWAYS 

This discussion of the exposure pathways focuses on models and 
data needs for estimating radiation doses resulting from external 
exposures to radionuclides contained in the environmental compartments 
and from internal exposures due to the intake of radionuclides 
transported from the compartments to man (see Table 39. 
methods described below assume that Information about radionuclides in 
each environmental compartment has been provided by the transport 
models. This  information should include the identity and the 
time-dependent concentration of each radionuclide present by solubility 
class (insoluble, soluble, and very soluble) and, for airborne 
radionuclides, particle size. 
include immersion in contaminated alr; exposure to a contaminated 
ground surface and to the trench contents; exposures to surface water 
via swimming and wading, boating, shoreline use, and bathing; and 
exposures to groundwater via bathing. Internal exposure pathways 
considered include inhalation of contaminated air and ingestion of 
contaminated foodstuffs [crops, fish, drinking water, and products 
(milk and beef) from livestock that eat Contaminated crops and drink 

The models and 

External exposure pathways considered 
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contaminated water]. Many of the ingestion pathways require transport 
of the radionuclides from the environmental compartments to the 
foodstuffs. This type of transport is included in the dose-assessment 
models for foodchain pathways, rather than in the models for 
environmental transport in air, soil, surface water, and groundwater. 
Although the discussion that follows is mainly directed at 
radionuclides, similar approaches can be developed for calculating 
internal exposures for chemical contaminants (external exposures are 
probably not a major consideration for chemical contaminants). 

3.2.1 External Exposure 

External exposures, result from radiation (primarily photons) 
emitted from sources outside the body. For shallow-land burial of LLW, 
external exposures can result from radionuclides in air, soil, and 
water. In reality, radionuclides will be transported between the 
environmental compartments by various mechanisms, such as suspension 
from soil to air, deposition from air to soil, runoff from soil to 
water, deposition by irrigation from water to soil, and migration from 
the surface soil t o  subsurface soil. 
that appropriate transport models will give concentrations o f  
radionuclides in each compartment as a function of time. 

Various pathways of external exposure to radionuclides In the 
environmental compartments are possible. Appendix C discusses in 
greater detail the models and data needed to analyze the following 
pathways: unshielded outdoor exposures to radionuclides in the air or 
deposited on the ground; indoor exposures to radionuclides in the air, 
deposited ~n the ground, or deposited on building surfaces; swimming, 
wading, bathing, boating, and shoreline exposures; and exposures to 
activity in soil and trench contents. 

In this discussion, we assume 

3.2.2 E e r n a l  Exposure 

Internal exposures result from radionuclides taken Into the body 
via inhalation of contaminated air and ingestion of contaminated 
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f oods tu f f s .  Base equivalent ra tes  t o  man f r o  such exposures can  be 
calculated using a model of  the fo rm 

where 
COE. = comitted dose equivalent rate (rem per year) t a  organ j 

J 
f r o m  int+ake o f  all radionuclides via a l l  pathways, 

= i n t a k e  rat.@ (microcuries per) o f  radionuclide j via 
pathway p: and 

= dose conver-”son f a c t o r  {rem pet- microcurie) for organ j due 
t o  intake o f  radionuclide i via pathway p. 

i P  
I 

BCF 
ijp 

A committed dose equivalent i s  t h e  dose equivalent that will be 

received over a specified t ime period (usually 50 o r  70 years) as a result 
o f  an a c u t e  intake of radionuclides. The numerical value of a dose 
conversion f a c t o r  depends; on the identity, chemical for% (solubility), and, 
f o r  inhalation, the particle size of the radionuclide taken i n t o  t h e  body, 
The literature includes tabulations of dose conversion f a c t o r s  for adults 
and ch’sidren f o r  different radionuclides, solubilities, and p a r t i c l e  sizes. 

exposures lies in evaluating the  intake rates, ‘ip. for t h e  various 
pathways involved. In general, t h e  intake r a t e  via any  internal exposure 
pathway can be expressed ins 

The major effort in a t i  ating dose equivalent rates from tmtel-nal 

Iip = 6 ip u p “Xp(-kirt$ 

- 
Cip = t h e  concentration (microcurie per u n i t  mass or volume of 

U = human intake ra te  (mass o r  volume per year)  of material 
aterial) o f  radionuclide 1 for  pathway p ,  

P 
f o r  pathway p p  
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= radioactive decay constant (l/time) o f  radionuclide 'i r 

tD = delay time between harvest and consumption o f  material for 
i, and 

pathway p .  

Generic estimates of human intake rates o f  air and various 
foodstuffs are available in the literature, but site-specific values of 
the intake rates may be needed for a realistic dose assessment. 
Radioactive decay constants of  most radionuclides are well known. 
Delay times between t h e  harvest and consumption o f  foodstuffs, which 
can vary from essentially zero to a few months, also  are reported in 
the literature. Appendix C discusses in greater detail some of the 
models and data needs for analyzing the following pathways: breathing 
contaminated air; drinking contaminated water or milk; and eating 
contaminated fish, vegetation, or beef. 
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4 .  SOIJRCE.-TERM C H A R A C T E R I Z A T I O N  

To predict the short- and lang-ter future performance o f  a LLW 
disposal site for SLB, it is necessary to understand the nature (both 
chemical and physical) of the waste, the rate a t  which contaminants 
(radionuclides or hazardous materials) are released from the bulk 
wastes, and the meteorologic, geologic, and hydrologic characteristics 
of the site. A s  i s  discussed in Sect. 3 ,  there are a number o f  

mathematical models which can adequately provide such predictions once 
all of  the needed data are available. 
disposal sites is one of  determining w h a t  information exists, o r  can be 
developed, ta provide source-term input. t o  the transport models. 
Development of  a realistic and defensible source term, a component o f  
all transport models, for SWSA-6 is an important and high--priority task. 

The basic problem a t  existing 

Two types o f  source terms are required to conduct a ~ e ~ ~ o ~ a ~ c ~  
assessment: those for the transport pathways (see Sect. 3.l), and 
those f o r  the exposure pathways (see Sect. 3.2). Far the transport 
pathways, the source terms are the mass fluxes of contaminants in the 
transporting medium (air, surface water, groundwater). For the 
exposure pathways, t h e  source te s are provided by t h e  results 
obtained from analysis of the transport pathways (i.ee, the conta 
concentrations at a given point at a specified tine). 

4.1 HElHODOL GY FOR DEVELOPING SWSA-6 S O U R C E  T E R  

on approach t o  deter lrsing a source tern ir t o  
determine! the inventory of each contaminant present and assume that the 
contaminant is released a t  some specified rate ( E P R I  1983; EPRI 1984). 
This t y p e  o f  approach requires an accurate determination of the total 
amount of  each contaminant present, so a t e  o f  release ra te  ( o r  
leach testing o f  representative waste samples), and assumptions 
relative ‘to the physical and chemical form o f  the wastes. The presence 
and type o f  packaging material used can also be a: consideration- For 
most existing LLM disposal facilities, including SWSA-6, this type o f  
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detai led inventory information o r  representative samples i s  not 
avai lable  (MacKenzie e t  a l .  1985; Dayal e t  a l .  1985a). This i s  
especial ly  t r u e  f o r  po ten t ia l ly  hazardous chemical wastes, since 
knowledge of these contaminants seems t o  have received l i t t l e  a t tent ion 
a t  radioactive waste disposal s i tes  before now. 

Two types of disposal operations have been performed i n  SklSA-6: 

disposal i n  trenches and disposal i n  auger holes (Sect. 1 . 2 ) .  

r e s u l t  of these disposal pract ices ,  most o f  the  radioact ivi ty  
located i n  the auger holes, and most o f  the  waste volume . is  i n  
trenches (Appendix A ) .  Because the auger hole design was deve 
handle h igher -ac t iv i ty  wastes, the auger holes were located i n  
SWSA-b where the water t a b l e  was deepest and the p o s s i b i l i t y  o 

As a 

S 

the  
oped t o  
areas of 

groundwater contacting t h e  waste was considered minimal. The design o f  
the  auger holes does not allow the placement o f  wells o r  sampling 
points w i t h i n  the  disposal u n i t s ,  as was the case f o r  the trenches. I n  
most instances,  the auger holes a r e  capped w i t h  concrete and may a l so  
have been f i l l e d  w i t h  s o i l ,  m a k i n g  i t  d i f f i c u l t  t o  obtain l i q u i d  
samples from the holes, i f  any l iquid exists, t h a t  i s .  T h u s ,  SWSA-6 

can be considered t o  be made up of disposal units containing large 
volumes o f  lsw-activity wastes (trenches) and localized c lus te rs  of 
u n S t s  containing small volumes of high-activity wastes (auger holes) 
( F j g .  3 ) .  

on poten t ia l ly  hazardous const i tuents  i n  buried wastes and because 
concerns have been expressed regarding the va l id i ty  o f  the  records, the 
use of inventory records f o r  estimating the  source term from the  
trenches may not be the preferred approach. 
sample and analyze trench water, the best  approach may be t o  estimate 
the groundwater source term by using leachate concentrations and water 
flux through the trenches. On the  other hand, water samples probably 
cannot be taken from the auger holes, thus another approach w i l l  be 

Because the  current inventory system does not include information 

Since i t  i s  possible t o  

uired.  I t  appears t h a t  the  best  approach t o  determining the  
groundwater source term from the the auger holes w i l l  be an inventory 
and release r a t e  methodology, using estimates of release ra tes  based on 
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knowledge o f  chemical f o rm and packaging of the wastes .  (Since there 
a r e  fewer shipments disposed of in the auger holes, it should be 
possible to obtain this infer 
f o r  the trenches). 
can be estimated using release fac tors  and s o m ~  average contaminant 
concentration derived f r o m  the volume and  quantity o f  the disposed o f  

contaminant, 

re accurately than can be done 
For air and surface water pathshlays the source term 

4.1 .I Groundwater 

The approach selected for  est1 aQing the groundwater source t e rn  
for the trenches is to measure the contaminant concentrations in the 
trench leachates and combine t h i s  information w i t h  the groundwater 
flux, t o  yield a S Q U ~ C ~  term. 
automatically focusing the performance modeling directly on mobile 
contaminants (i-e., those found in the leachates) and avoids t h e  
requirement f o r  detailed knowledge ~f the contai inant inventory. The 
contaminant concentration in the leachate may be 1 imited by contaminant 
inventory, solubility, or leach/dissolution rate from the bur"red 
waste. It i s  probable that all of  these limits could be effective i n  
controlling the leachate concentration of some o f  the different 
contaminants a t  t he  S SA-6 site, Thus, deriving an accurate 
description o f  a source t e r m  for the trenches will be a significant 
effort requiring considerable sampling and analysis and hydrologic 
mndeling. 

This approach wjll not be satisfactory for the auger holes ,  since 
the methodology used in constructing and operating t h e  auger- holes, as 
well as exposure considerations, appear t o  preclude drilling wells i n t o  
the  waste.  The source t e r n  f o r  wastes in t h e  auger  holes ( a  much 
smaller volume than in the trenches b u t  containing much of the  
radioactivity) will be estimated based on existifig inventory data  and 
groundwater flux. Since the inventory data may be inaccurate and 
incomplete, it will be important t o  drill monitoring wells near t h e  
clusters of auger holes (Fig, 39 t o  detect the presence or absence o f  
contaminants t h a t  may have moved fram the Roles. 

This approach has the added advant.agc o f  

Although t he  auger 
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holes contain most o f  the  a c t i v i t y ,  the location of these holes ( i n  the 
uppe r  reaches o f  the  f a c i l i t y  where t h e  water t a b l e  i s  deep), and the 
nature of the wastes (sealed sources, metal par ts  containing induced 
a c t i v i t y ,  e t c . )  should minimize the potential  f o r  re lease o f  
radionuclides from these disposal uni ts .  In u s i n g  th i s  approach, a 
detai led analysis  should be conducted t o  maximize the accuracy of  the 
inventory data f o r  these disposal u n i t s  and t o  obtain additional 
information on the  physical and chemical f o r m  of the  auger hole wastes. 

4.1.2 Air and Surface Water 

The following methodology i s  proposed t o  define the source term 
f o r  a i r  and surface water t ransport  pathways. Typical u n i t  waste 
masses ( T ~ ~ ~ ~ ,  representing the average content of  radionuclides and 
hazardous const i tuents  i n  the  waste masses disposed o f  i n  the  trenches 
and auger holes, w i l l  be constructed from avai lable  records and ongoing 
waste characterization s tudies .  These TUWM and, as  mentioned 
previously, the r e s u l t s  of erosion s tudies  and water budgets wil l  serve 
as the basis f o r  constructing t h e  source terms f o r  the  a i r  and overland 
water t ranspor t  pathways. 
framework f o r  delineating the source terms f o r  the auger hole 
groundwater pathways. 
the s ta tus  o f  the  ORNL waste inventory system which would be used t o  
determine t h e  TUWMs. 

They wil l  a l s o  cons t i tu te  a portion of  the 

T h e  following section i s  a brief description of 

4.2 ORNL WASTE INVENTORY SYSTEM 

Prior  t o  i n i t i a t i o n  of the  DOE Solid Waste Management Information 
System (SMIMS) i n  1976, m i n i m a l  information was recorded on the  
radionuclide content of the  wastes buried i n  SWSA-6; however, some 
volume estimates were maintained (Bates 1983). Up t o  now, essent ia l ly  
no information has been requested on waste form or chemical and 
physical charac te r i s t ics  (other  than radionuclide) f o r  the  wastes. 
Elxisting information (mainly f o r  the  period a f t e r  1976) consSsts o f  
indlvidual generators, best  estimates o f  the t o t a l  a c t i v i t y  and 
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principal nuclides present in each waste shipment. Often, radionuclide 
estimates are reported as less-than values, or by descriptions such as 

'Pxed fission products" or unidentified radionuclides. Thus, ma 
isotopes that might be anticipated in the waste ,  based on past ORNL 
research and development activities, a r e  not identified in t h e  
inventory. Furthermore, depending an t he  nature of the estimates, the 
total quantity of radionuclides buried may be higher o r  lozder thaw the 
inventory data indicate. 

being hazardous aterials were buried in SWSA-6 prior t o  enact 
the Resource Conservation and Rec.overy A c t  o f  1936 ( R C R A ) .  O W L  

records do not provide infomation on which t o  base estimates o f  the 
ount or types of h a ~ a r ~ ~ ~ ~ ~  materials that may have been buried. 

Since 1980, wastes known t o  contain hamarclous mateyials have been 
excluded from burial in S SA-6 (Personal communication, T .  Oakes, 1983) .  

data base maintained by the ORHL Operations Division. Data on volume 
(entered in one of five different classifications), radioactivity (as a 
total amount and as individual nuclides), type  o f  disposal unit (trench 
or auger hole), and location (identification number af  trench or auger 
hole and position within the disposal unit) are entered into the data 
f4les for each individual shipment. Appendix A provides data retr-ieved 
from the ORNL data base an individual radionuclides buried in trenches 
or auger holes. 

It is possible that wastes conta-ining contaminants now listed as 

Waste generation information has been entered into a computerized 

S i n c e  the input ta the ORNk data base consists o f  estimates of t h e  
t sf  activity and principal radionuclides i n  the  waste shipment, 

concern has been expressed regarding t h e  accuracy and completeness o f  
the inventory. The lack of infarmatian on waste form o r  chemical 
speciation of the radlonuclides could lead ta erroneous conclusions 
regarding t h e  availability o f  so e o f  the radionuclides for 
environmental transport. As a result of these concerns, an attempt has 
been made t o  contact the originators o f  so e o f  the waste ship 
get  an indication o f  the chemical form and containerization o f  the 
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wastes and the accuracy of the  estimates {Personal communication, 
S. @. Van Hoesen, 1985). Preliminary f i n d i n g s  indicate  t h a t  the 
generators fee l  t h a t  the volume estimates a r e  good and t h a t  
considerable information i s  avai lable  on the chemical form o f  the  
radionuclides, b u t  t h a t  the  numbers reported f o r  radionuclide content 
were very rough and represent only best guesses. 

some in te res t ing  f i n d i n g s  regarding the burial  operations i n  SWSA-6 can 
be obtained from the  exjs t ing data (see Appendix A ) .  
t o t a l  a c t i v i t y  reported as  being buried i n  SWSA-6 (250,000 C i ) ,  about 
62% is  represented by the 155,000 C i  of europium isotopes [control 
p la tes  from the High Flux Isotope Reactor {NFIR)] buried i n  auger holes 
i n  1980 and 1981; t h i s  means t h a t  62% of the t o t a l  reported 
radioact ivi ty  i n  SWSA-6 i s  contained i n  f i v e  auger holes (Nos. 235, 
236, 251, 252, and 272) .  Second, of the t o t a l  a c t i v i t y  buried i n  
SklSA-6 during the period 1977 t o  1984, 91% i s  contained i n  the auger 
holes and only 9% i n  the  trenches {Table A.3). During the  same period, 
however, about 1% of the reported waste volume was buried i n  the  auger 
holes and 99% i n  the trenches (Table A.4) .  T h u s ,  the  trenches contain 
a large proportion of the volume b u t  only a f ract ion of the a c t i v i t y ,  
whereas the very small volume of  waste i n  the  auger holes contains most 
o f  the  a c t i v i t y .  These f i n d i n g s  indicate  t h a t  SWSA-6 can be considered 
t o  be composed of  r e l a t i v e l y  small areas i n  which large concentrations 
of  radioact ivi ty  a r e  present (auger holes) ,  w i t h  the  balance of the 
s i t e  containing large volumes of low-activity wastes ( t renches) .  Using 
the information i n  Appendix A t o  calculate  an average cur ie  content per 
cubic f o o t  of waste buried, the auger holes contain 34.8 C i / f t  and 
the trenches 0.03 C i / f t  of the wastes buried. 

Regardless of the  accuracy o r  completeness of the inventory data ,  

F i r s t ,  of the 

3 
3 



ORN h/TM-9 87 7 32 

As s ta ted  e a r l i e r ,  t h e  ultimate goal of t h e  characterization plan 
for SlpbSA--S i s  t o  ou t l ine  t h e  information needed t u  es tab l i sh  t h a t  the 
s i t e  wi l l  meet the stated performance objectives.  
t h a t  SLB has been perfarmed i n  t h e  Conarauga Shale, information has 
been accumulated t h a t  suggests t h a t  cer ta in  conceptual models can be 
developed t o  describe t h e  geology and hydrology o f  t h e  SWSA-6 s i te . .  
Unfortunately, although a considerable amount of i n f o r  
ava i lab le ,  additional information wi l l  be required t o  demonstrate t h a t  
SWSA-6 wi?l  meet DOE c los  re requirements, This section of  the  
p1aa;ning document attempts, i n  general terns ,  t o  describe the  s i t e  
characterization infomation both currently ava i lab le  and being 
developed f o r  SWSA-6. Far ease i n  compiling t h i s  p l a n ,  the  curren t  
information has beerr divided in to  geology and s o i l s ,  hydrology, and 
geochemical areas;  i t  should be emphasized, however, t h a t  a l l  of these 
d isc ip l ines  a re  in t e rac t ive ,  and, as  a r e s u l t ,  some of the information 
described i n  one c a t e  ory  would also be used i n  another (e.g, sa i l  
c hemi s t r y  ) - 

During the  35 years 

5.1.1 & . ? O l ~ ~  

Understanddng three-dimensional gromdwater  ~ ~ ~ ~ e ~ ~ ~ t  and 
rock-water in te rac t ians  a t  SWSA-6 demands knowledge of site-specSfic 
geologic s t ruc tu ra l  and chemical systems., Spec i f ica l ly ,  several 
d i f f e ren t  types o f  information a r t  required: ( 1 )  The or ig in  and 
cha rac t e r i s t i c s  of f rac tures  ( i - e . ,  a planar fabr ic )  needs t o  be 

delineated. This  i s  especially impartdnt because permeability i s  
believed t o  be strongly controlled by a secondary porosity formed by 
f r ac tu re  networks. ( 2 )  The geochemistry (including sorp t ion /desnrp t fon  
properties) o f  any materials ( rock matrix, f r ac tu re  surfaces ,  and 
f r ac tu re  f i l l i n g  minerals) t h a t  may CQI-W i n  contact w i t h  po ten t ia l ly  
contaminated groundwater needs t o  be characterized. Hydrologic data 
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from the Engineered Test Fac i l i ty  (ETF) s i t e  i n  SWSA-6 suggest t h a t  
there  may be downward ver t ica l  flow i n t o  unweathered bedrock. ( T h i s  i s  
discussed i n  Section 5 .2 .3 .4 ) .  Studies associated w i t h  the 
hydrofracture s i t e  show t h a t  bedrock may a c t  as a re tardant  i f  the  
appropriate mineralogy i s  present (Haase e t  a l .  1985).  Therefore 
bedrock geochemistry becomes an integral  par t  of groundwater 
characterization or  retardation s tudies .  ( 3 )  The dynamics of s a p r o l i t e  
formation needs t o  be b e t t e r  understood, and the  character  of the 
bedrock-saprolite/saprolite-soil in te r face  needs t o  be determined. 
Dur ing  s a p r o l i t e  formation, carbonate cement i s  leached from bedrock. 
Examination o f  sapro l i te  fabr ics ,  however, shows no collapse s t ructures  
resul t ing from a volume change, and, presumably, the leaching r e s u l t s  
i n  overall  increased porosity. The geochemical behavior of the  
residuum i s  expected t o  d i f f e r  from t h a t  of f resh bedrock. In 
addition, the interfaces  between s o i l  and s a p r o l i t e  and between 
s a p r o l i t e  and bedrock are  not necessarily planar o r  sharp and do not 
necessarily correspond t o  hydrologic boundaries. 

geologic models o r  from detai led geologic s tudies  from other  nearby 
s i t e s  and refined by s i t e - s p e c i f i c  detai led geologic studies. Such 
refinement i s  often necessary when the  scale  of required data i s  l e s s  
than 100 m. F o r  example, geologic models describe depositional 
environment; rock provenance; and subsequent diagenetic,  thermal, and 
s t ruc tura l  h i s t o r i e s .  These models allow one t o  predict  rock type, 
rock body shape, and or ientat ion and a generalized mineralogy, 
porosity,  and s t ruc tura l  fabr ic  b u t  do not give information on specif ic  
location, morphology, o r  chemical charac te r i s t ics  of these features ,  
which may vary from w i t h i n  0.1 t o  50 m .  Characterizing the  s a p r o l i t e  
requires s i te -spec i f ic  investigations.  Therefore, f o r  the purpose of 
t h i s  study, s i te -spec i f ic  detai led data and generalized geologic models 
a re  needed. 

The f i r s t  two types of information may be predicted from regional 

In addition t o  improving our understanding of local geologic 
systems, these geologic s tudies  w i l l  supplement hydrologic and s o i l s  
characterization and w i  11 provide data necessary f o r  the  numerical 
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1s discussed in Sect. 4 (Transport Modeling and Pathways Analysis) 
and the hydrology section (Sect. 5.2) of this report. 

5.1.1.1 Site-Specific Information Currently Available. Very few 
site-specific geologic data from SkdS -6 exist, and available data  are  
concentrated primarily at t h e  ETF site (approximately 1200 

. 7). Because available data are concentrated in a fe 
locations, they give little o r  no indication of lateral variability in 
geologdc parameters. ETF data are gathered from three sources: 
boreholes - sam Be cores and geophysical logs; shailow geophysical 
surveys - seismic refraction and reflection, electrical resistivity, 
and ground-penetrating radar; and experimental trench photographs. In 
addition, photographs are available f r o  the French Drain project and 
from waste trenches constructed after August 1934. These data provide 
minimal infor ation on clay mineralogy (core samples), depth t o  the 
soil bedrock interface (geophysical surveys), depth t o  the 
MaryvilleiRogeroville contact (geophysical logs), and a qualitative 
description of deformation styles (photographs), All ETF wells except 
ETF 1 6  are t o o  shallow and have too few recoverable core logs  a n d  no 
geophysical logs t a  be o f  use, Also, the geophysical log package For 
ETF 16 is too limited t o  describe more than ge era1 lithologic. 
changes. 
infomation. In addition, the borehole deviation sf well ETF 16 is n o t  

; theref ore,  quanti t t i v e  thickness and relative orientation 

A complete package wlpadld provide considerably 

information can not be determined, No site-specific geoche 
ic studies have been conducted on any of the geologic units 

that underlie sws 
5.1 -1 .2 Site-Specific Information Current11 Being DevelgmJ. A t  

present, three ddfferent types o f  data acquisition are being 
investigated for use in geologic stu i e s  of  SWSA-S, ( F i g .  7). T h e  first 
involves interpretation of a seismic survey line located along the 
western boundary of SMSA-6 that was acquired for oil and gas 
exploration, The line will provide control on lar e-scale lithologic 
structures (depths of 100 t o  4000 m) and thus constrain cross section 
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F i g .  7.  SWSA-6 showing l o c a t i o n  o f  e x i s t i n g  t renches,  auger holes ,  and 
shal low explemental  t renches.  
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interpretations and help predict regions o f  more intense defor 
(and, thus, probably enhanced secondary porosity). This is the f i r s t  
opportunity OR L has had to make interpretations from laterally 
continuous subsurface data. Seis jc data  on shallow horizons (less 
than 1800 m) need t o  be reprocessed to achieve better resolution of  
geologlc structures. 

on a package o f  four (possibly five) Hydrostatic Mead Monitoring Syste 
(HHNS) well clusters. ell locations were p l c k e d  9 0  provide 
stratigraphic continuity between clusters. Interpretation o f  the t h e  
geophysical lags will provide information on lithologies, large--rcale 
structures, and fracture s y s t e  s a t  the  well sites. The only rock 
samples available from these boreholes will be from cuttings, n o t  f r o  
cores. Therefore, little information may be derived on fracture 
geochemistry because fractures a r e  poorly preserved in cuttings. 
Initially, seven well clusters were planned to characterize SWSA-6. 
Because o f  monetary constraints, however, the construction o f  three o f  
the clusters has been postponed; initial construction o f  the remaining 
fou r  clusters may begin during late 1985. Thus, at present, NO HH 

we11 clusters will be drilled either t o  characterize the northern area 

The second data group would be collected from geophysical logs run 

SA-6 or to determine along-strike structural and stratigraphic 
variations. 

The third data group is collected from a series o f  
strike-perpendicular trenches that approximate a grid north-south 
traverse across SWSA-6. Geologic structures (bedding, joints, folds, 
and faults) were measured a t  a scale of 1:120. Preliminary t-esan1t.s 
show two primary fracture sets, one o f  which is roughly 
strike-perpendicular, the  other, strike-parallel. The dominant ret 
appears t o  be strike-perpendiculak. 
hydrologic transmissivity results wh 
transmissivity. Preliminary results 
portion o f  ShdSA-6 shows an increased 
greater intensity o f  folding and fau 

Th-is orientation does plot match  
ch  show increased strike-parallel 
also suggest that the southerki 
degree o f  deformation, with a 
Ping. T h i s  kmrk is still 
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preliminary, and additional field work includes mapping strike-parallel 
trenches, as well as conducting tests a t  trench sites to exa 
qualitatively the influence o f  fractures in concentrating groundwater 
movement. Unfortunately, little room exists in SWSA-6 for the 
construction of additional study trenches. Hence, it is not possible 
to construct relatively complete strike-parallel and 
strike-perpendicular transects across SWSA-6. 

Although measurements of  fractures in saprolite give statistical 
results of fracture orientations, little information on the 
character of fractures may be determined from this type of analysis. 
Understanding original fracture development in bedrock is essential t o  
understanding the character of altered fractures in saprolite. 
Unfortunately, these details are either obscured or destroyed in the 
weathering process and must be examined in fresh bedrock, in this case, 
as oriented core retrieved from boreholes. 

A complete fracture analysis at SWSA-6 incorporates several 
different approaches that include field mapping, geophysical log 
analysis, and core analysis. In addition, remote sensing techniques 
can be used to map larger-scale fracture networks. 

5.1.1.3 =of Data from Other Regions Within the DOE 
Reservation. Available data from the DOE reservation that would be 
approprlate for SWSA-6 investigations are collected from Melton Valley 
t o  the east o f  SWSA-B and from Bear Creek Valley (Table 4 ) .  
valleys underlie rocks of  the Conasauga Group and are in approximately 
the same structural positions in adjacent thrust sheets (The Copper 
Creek thrust sheet - Melton Valley, and the hlhite Oak Mountain thrust 
sheet - Bear Creek Valley). 
several questions need to be answered: 

Both 

Before reservation-wide data may be used, 

1. What is the lateral continuity of stratigraphic facies and 
diagenetic packets? 
continuity on the scale o f  hundreds o f  meters and correlation 
w i t h  Bear Creek Valley requires continuity on the scale o f  
hundreds of ki lometers. 

Correlation with Melton Valley requires 
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Table 4 .  Geologic data available f r o m  the DQE Reservation 

I n fo rma t ion  available Coments 

Stratigraphy and p e t r o  hy, minor structure 

Davis e t  a1 . 1984 
Waase, 1983 
Maasc e t  al. l W 5 a  
Haase et al. 1985b 
Haase (in prep.) 
Rothschild e t  ai, 7984 
Vauyhan e t  al. 1982 

de laguna et a l .  1968 

Sledz and Muff 1981 

OREQB. photographs 
( 1  950-present) 

Dreier 198!ia 

Dreier 1985a 

Dreier 1985a 

de I.aglana e t  a1 . 1958 

Bear Creek and Melton valleys; in 
addition to geologic descriptions, 

ary C O W  logs a r e  presented in 
these reports. 

Joy 1 well d a t a ,  Plelton Valley; 
borehole devlation unknown.  

St ructu r e  

Joint study .  
Bear Creek valleys; minor correlation 
with other p?anar fabrics 

Parts o f  Melton and 

Pits and Trenches, eltan Valley; 
only qualitative information. 
Interpreted photographs not presented 
in any report 

Three balanced cross sections 
perpendicular to strike across 
enti re reservati on 

o r k ,  Mel ton  Valley (limited 
area), measured a11 observed fabrics, 
1 :1200 

Field work, West Bear Creek Valley; 
reeonnaisance study o f  structural 
fabrics ,  1 :2400* 

Pit 4 ,  Melton Valley; primarily 
beddjng planes d a t a ,  few fold axes,  
no fault measurements, no f racture  
information 

Zucker 1985. Senior Thesis; Joint and fabric study, East Pine 
The University of  Tennessee Ridge; Rome formation in the 
Ossi 1979. MS Thesis; K-25 area ;  points ou t  possible 
The University of Tennessee. regional structural differences 

h i t e  Oak Mountain and 
Copper Creek thrust sheets. 
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Table 4. Continued 

General Geology 

Stockdale 1951 Immediate X-10 area, 1:1200 
Law Exxon Nuclear Site Report West Bear Creek Valley 

Information Currenlty Being Developedb 

Y-12 Characterization wells 

(HHMS) we1 1 s 

Hydrof racture research 

Porosity and permeability tests 

Reconnaissance field study 

Bear Creek Valley; 1000 ft; 
continuous core; complete geophysical 
log package. (Haase, Dreier) 

Melton Valley (SWSA 5, P i t s  and 
Trenches); complete geophysical log 
package. (Dreier) 

Three additional DM wells for 
hydrologic monitoring; we71 to Knox 
formation underneath the Copper Creek 
Thrust Sheet. (Haase, Stow) 

Melton Valley; Conasauga core.(Haase) 

K-25 (Ketelle) 

“Work done by 6 .  Zucker under the supervision o f  R .  B. Dreier from 

bNames o f  principal investigators are given in parentheses following 
12/84 to 6/85. A t  the present time, this work i s  unpublished. 

the comment. 



2.. LAJhat is the variation in (pa le s )  fluid cornposi.tion within and 
between thrust sheets? Fluid composition and local che 
environments determine ether a mineral will he precipitated 
along a fracture (or fluid pathway) and, if so, the  
composition of that fracture-filling mineral, 
correlation o f  fracture mineralogy data requires continuity on 
the scale s f  hundreds o f  meters far Nelton Valley and t e n s  of 
kilometers for Bear Creek Valley (or l ess  if fluid migration 
or fracture formation occurred after thrust movement). 

Therefore, 

3 .  What is t h e  degree of influence tear faults have in creating 
independent structural subdomains? Most Vmjoi-"  drainages 
oblique t o  ORML east- est coordinates are ~ $ 5 5 ~  ed t o  represent 
tear faults. Teat- faults may either independently rotate a11 
preexisting structural fabrics or fabrics may be developed in 
association with marove ent along tear faults. Each alternative 
results in substantially different orientations and types of 
fabrics across tear faults- 

Completed studies provide information on stratigraphic continuity 
within the reservation. Additional ork is in progress to further our 
understanding o f  the stratigraphy and t o  characterize paleo fluid/rock 
interactions. A t  present, no data e x S s t  t o  allow discrimination 
between structural domains. A best-guess approach, in t h e  absence o f  
concrete data, assumes that lateral stratigraphic and fluid differences 
a r e  minimal within and between separate thrust sheets and t h a t  
structural subdomains surround probable high-angle faults. 

5.1.1.4 Geologic Interpretation of SWA-6 .  Figures 8 and 9 
present a plane view and cross section geol~gic interpretation of 
SWSA -6 .  

Rock t y p e  is assumed t o  have a strong influence on topography. 
Thus, geologic contacts were placed a t  discontinuities in topographic 
expression. In addition, F i g ,  8 also shows trends of topographic 
depressions that are presumed t o  be structurally controlled and t h t  
probably represent elther m i n o r  thrusts or oblique teat-  f a u l t s ,  

points, These are outlined in bold  in Fig. 8 and have been determined 
from geophysical logs (well ETF-16) or from field checking 
(Maynardville/Knox contact south o f  SdSA-6). Assumptions in cross 

The cross section (Fig. 9) is constrained primarily by two c o n t r o l  
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section construction include the following: (1) thickness o f  Conasauga 
members is taken from Joy 2 well data, located southeast of the burial 
grounds in Melton Valley; (2) bed dips are derived by combining assumed 
bed thickness with map patterns; and (3) lithologic thicknesses remain 
constant. 

Available data do not allow for validation of these assumptions. 
Lithologic thicknesses probably will vary, especially in the shale 
members, because of structural duplication. In addition, because 
geologic contact placement relies only on topographic expression, 
contact location is not exact and may vary by tens of meters. 
variations i n  geologic contact locations alter the three-dimensional 
attitude of lithologic units. Therefore, precise orientations o f  
lithologic units remain unknown. 

the Maryville has a larger areal extent than shown in Fig .  8, and 
regions aayycd as k i n g  Nolichucky shale may actually be Maryville 
limestone. 
(1) a decrease in Maryville bedding planes dips or (2) a duplication o f  
the Maryvjlle section through thrusting. The second alternative is 
also impllcitly supported by Joy 2 well core data (Haase et al. 1985) 
and by struclural fabric analysis measured in trenches in SklSA-6. Both 
interpretations create problems because they reduce the total thickness 
o f  the overlying Nolichucky shale. Therefore, at present, 
identificaliori of  lithologies underlying the current active trenches is 
not possible, and predictions of chemical and physical properties of 
these regions cannot be made because these characteristics vary with 
lithology. 
limestone will not be possible until geophysical log data from SWSA-6 
are available. Problems associated with orientation uncertainties 
cannot be overstated, because potential flowpaths are commonly located 
at lithologic contacts or within particular lithologic horizons, as is 
discussed in the following section. 

In turn, 

Correlation of soil types with bedrock lithologies suggests that 

This modified outcrop pattern may be the result of  either 

Discrimination of the Nolichucky shale and Maryville 
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5.1.1.5 Regions of  Possible Increased Porosity and Permeability. 
Other work QR-I the DOE reservation highlights a t  l eas t  three possible 
regions o f  increased porosity and permeability: ( 1 )  Joy 2 well data 
suggest that the Upper aryville shows increased deformation with 
respect to surrounding Porn Lions. A t  present, it i s  not known if 
there are particular horizons of  increased defor atfon. Interpretation 
of  photographs fro the E I F  site and from current waste trenches 
( F i g .  10) suggest that a t  least the southern port ion o f  S 

similarly high degree of defor ation. In addition, the central and 
northern portions of SWS - 6 ,  although not. highly folded o r  faulted, 
contain e x t e ~ s i v e  fracture systems, Pervasive deformation in Canasau 
Group members is expected in Melton Valley because shales and 
interbedded carbonates are  very susceptible to t h e  applied stresses 
commonly observed in thrust sheets, (2) Contacts between carbonate and 

ay localize s o l u t i o n  cavities and thus increase porosity. 
In SWSA-6, this may develop at t h e  Rogersville shaleJMaryville 
limestone and at the FSaryville l i  estsne/Nol i chusky shale contacts. 
( 3 )  Possible hlgh-angle tear faults within S SA-6 ( F i g .  8 )  m y  act 
either as a conduit o r  as a barrier t s  groundwater. A fault near 
Trench 7 in the pi t s  and trenches area appears to be a barrier to 
fluids. However, although the fault itself may act as a barriet-  t o  
fluid movement, increased deformation spatially associated w i t h  faults 

ay increase local porosity and permeability. 

5.1.2 Soils 

Investigations of soil (including the underlying residuum) are 
required t o  understand the site characteristics influencing isolation 
of the waste and long-term stability of the disposal site. Much o f  the 
general information on local soils can be obtained f ram published 
sources (USDA 1942, 1981). However detalled, site-specific stud-ies 
should be performed to understand the geochemical and hydrological 
processes and t o  support the site performance aasessrvlelnt and closure 
planning efforts. 
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LL, ETF TRENCHES 3,6 AND 9 
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METERS 

NOWT SECTION OF TRENCH 465 SOUTH 

1 POSSIBLE /NCff€AS€D FRACTURE POROSITY, NOTE THAT 
FRACTURE POROSITY IS EVERYWHERE PERVAS1VE. . . 

F j g .  10. Comparison of interpretations from ETF and current waste 
trench photographs. 
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Soils are composed of  solid, aqueous, and gaseous phases. The 
composition, distribution, and spatial arrangement of t h e  three phases 
influence the soil characteristics, including geochemical, hydrological, 
and structural properties. F o r  example, the solid phase o f  m i l  o f t e n  
acts as a purifying filter for contaminated water containing dissolved 
and colloidal materials, Such retardation o f  contaminants released 
from wastes is governed prl arjly by physical and @he i cal properti es, 
including mineralogy, sail solution composition, and hydraulic 
conductivity. The hydrological properties, such as flow path and 
velocity, are related to the structural development and texture of the 
soil. 

performance depends upon the corn rehensiveness o f  the acquired basic 
data related to s o l l ,  geological, and hydrological characteristics. 

The type o f  soil at a given glace depends on the lithalogy o f  t h e  
area (bedrock), the soil forming processes which have taken place, the 
rate a t  which these processes occurred, and the ti e elapsed since soil 
formation began. The nature and intensity of soil-farming processes at 
particular sites depends on soil formdng-factors. Therefore, soil 
surveying and mapping of a given site is a most valua 
understanding t h e  general soil properties of the site. The soil survey 
provides information regarding soi 1 type, slope, vegetation, natural  
drainage, associated soils, depth of  bedrock, susceptibility tca 
erosdon, flooding hazard, and detailed profile description. The soil 
map produced can be use Po select and esti ate the suitable areas for 
trenches within the site boundary. A soil survey of S 

conducted in the  sprin o f  1985 and a soil map ( F i g .  11) was developed 
indicating the presenc of 10 soil mapping units (Table 5). S 

Soil develop ent is a?so related t o  the ~ e ~ ~ ~ r p h ~ ~ ~ g ~  an 
eology o f  the site. Therefore, reliable assess 

apping unit descriptions may be subject to chan 
laboratory analyses of  the roils are co pleted (Lietnka an8 bee, 
in press). 
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Fig .  11. Soi l  Hap o f  SWSA-6 Area (See Table 5 f o r  Soil Happing U n i t  
D e s c r i p t i o n s ) .  



Table 5 .  C l a s s i f i c a t i o n  of  s o i l s  i n  t h e  S 

Pedon No3 
(mappi ng 

u n i t )  Family c l a s s i f i c a t i o n  so11 s e r i e s  

1 

2 

3 

4 

5 

5 

6 

7 &$ 

9 

18 

11 

D y s t r i c  Eutrochrepts,  loamy-skeletal ,  
mixed, thermic, shal low 

Typic Dystrochrepts; loamy-skeletal 

Rupt ic -U l t i c  Bystrochrepts; 
y-skeletal mixed, t h e  

Typic Mapludults; c layey, mixed, 
thermi c 

ults; f i n e - s i l t y ,  mixed, 

I t s ;  f i n e - s i l t y ,  mixed, 
thermic 

and A e r i c  Fluvaquents; f i n e - s i l t y ,  

Udsrthents; loamy-skeletal,  mixed, 

Typic Paleudults; f i n e - s i l t y ,  s i l i ceous ,  
therrni c 

Rupt ic-Aquul t ic  Byst 
l ~ a ~ ~ - s k ~ ~ e ~ a ~ *  m l x e  

ludal fs ;  clayey, 

Petros va r ian t8  

Petros va r ian t$  

L i t z c  

1SuseC 

Leadvale d 

She1 octae 

Tldrkevi 1 l e f  

s 

Tupulo 

%oi l  has morphology o f  Petros but Petros occurs on a c i d  Pennsylva 
shales .  

$Too deep t o  the Cr f o r  Petros. 
b u t  the  geologic  formation i s  not. 

CSoi l  t ~ ~ ~ ~ ~ a ~ ~ r ~  regime i s  them-iic rather t h a n  mesic. 
d# i  xed rather than s i  I i cesus rn? n e r a l  ogy . 
“SPND = s o i l  p r o f l l e  not described. 
fThis se r ies  does n o t  have a s i l t  capping. 

The I l a r  t o  Petros 

=- se r ies  n o t  designated. 
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5.2. HYDROLOGY 

5.2.1 Ratfonale for Hydrologic Characterization 

In evaluating the overall environmental performance of  an SLB waste 
management facility such as SWSA-6, characterization of the hydrologic 
system serves several purposes. Hydrologic transport o f  dissolved 
contaminants is probably the most important mode o f  contaminant 
migration from SLB facilities in humid climates. Informatdon on the 
volume sf water coming into contact with the waste and the mode and 
duraiion o f  such contact is needed, together with data on waste 
leaching behavior, to predict the rates of  release of  dissolved 
contaminants i n t o  hydrologic transport. Potential contaminant 
mjgration pathways ( i . e . ,  subsurface flow paths and surface streams) 
need to be delineated. 
these pathways must be known to predict the extent o f  dilution and 
physical retardation of  contaminant transport. Hydrolo 
a lso  be needed in evaluating the potential for so i l  erosion to lead to 
waste exhumation, andp thus, to exposures via atmospheric or hydrologic 
transport of particulates and direct exposures to contaminated surfaces. 

Flow rates and mixing characteristics along 

5 . 2 . 2  Estimation of Contaminant Release Rates 

In environmental pathways modeling, the rate of contaminant release 

A 
Into hydrologic transport is sometimes assumed to be a constant 
function of time, and conservatively high release rates are assumed. 
more realistic approach to estimating contarninant release woul 
estimate this quantity as a function of the quantity o f  liquid 
available to effect the release, the rate o f  supply o f  liqui 

waste solubility or leaching characteristics. The h y ~ r ~ ~ Q g i ~  source 
term could be defined empirically or by applying a ~ ~ h @ ~ t i ~ a l  model 
of the physicochemical processes involved in waste leaching. 

contaminant release rates include the rate of fluid supply t o  the waste 
disposal unit (i.e.* a trench or auger hole), the rate of  seepage from 
the disposal unit, the volume of fluid in contact with the wastes in 

The hydrologic quantities of  potential importance for estimating 



the  disposal u n i t ,  and the f l u i d  residence time i n  t h e ;  isposal u n i t .  
Some containerlmed l i q u i d  wastes have een disposed O f  -in s 
the  majority of the  wastes a r e  sol ids  (Webster 19761, so waste l iquids 
probably a r e  not a j o r  contributor t o  contaminant t ransport .  Water 

y enter  waste d i s  sal  uni ts  (and t h u s  come i n t o  contact w i t h  the  
s t e s )  i n  one of the follow1 

1 .  

2. 

3 ,  

4 ,  

Rain or surface runoff from surrounding areas  enters  open 
waste-disposal trenches d u r i n g  the per jod  t h a t  the trenches 
a re  receiving wastes. Be s are  constructed around open 

so d i r e c t  en t ry  o f  runoff' should 
sion berms a r e  breached. 

Precipitation o r  runoff can i n f i l t r a t e  throu h the  trench cap, 
par t icu lar ly  through subsidence cracks o r  depressions i n  the 
trench cap, 

ay come i n t o  direct  contact w i t h  grsundw 
waste disposal units t h a t  in te rsec t  a h igh  water table .  

Lateral inflow of  subsurface stormflow may occur above the 
permanent water tab le  ( i . e . #  t h e ?  surface below which a l l  voids 
a r e  saturated and a t  which water i s  under atmospheric 
pressure) when i n f i l t r a t e d  precipi ta t ion becomes perched and 
moves dowsaslope or down i p  along f rac ture  manes, s o i l  
bedding planes, o r  other macropore features .  

Field observations suggest t h a t  a l l  o f  t h e  l i s t e d  mechanisms probably 
t e r  t o  SWSA-6 waste trench conditions have 

been observed i n  the  lower any trenches (Webster '197b), 
and water levels i n  trenches tend t o  be higher than t he  water t a b l e  i n  
surrounding wells (Davis and Stansfield 1984) .  T h i s  apparent "bathtub 
e f f e c t & '  m i g h t  indicate t h a t  more water i n f i l t r a t e s  through trench caps 
( e . g . ,  as a result o f  d i f f e r e n t i a l  se t t le  e n t  of wastes and subsequent 
cracking of  trench caps) than through adjoining s o i l s ,  b u t  the  
preferred explanation i s  t h a t  l a t e r a l  inflows collect i n  t h e  waste 
trenches i n  the  aftermath o f  s t o m  events .  

~ ~ ~ ~ r - ~ u d ~ ~ t  calculat ions,  suck as have been done f o r  similar  

f water, on a unit-area basis ,  
s i t e s  on the Oak Ridge eservation ( O R R )  (see Rothschild e t  a l ,  1984a), 
can provide estimates sf the  volu 
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that infiltrates the sol1 and eventually leaves the site as 
surface-water discharge or groundwater inflow. 
volume of water involved in leachate generation can be obtained by 
assuming that all of the computed infiltration into SWSA-6 will enter 
the waste trenches and contact the waste. A more realistic estimate of 
flux into the trenches could be obtained by using the water-budget 
results in computing the infiltration flux for the land areas that 
contribute flow to waste-disposal units.. 

Water-budget calculations have not been done specifically for 
SWSA-6, but regional water budgets and water budgets calculated for 
such nearby sites as SWSA-7 (Rothschild et al. 7934a) could be used in 
rough calculations of environmental transport of  SWSA-6 contaminants. 
A slte-specific water budget could also be calculated for SWSA-6. 

Available meteorological data (i.e., precipltation measurements from 
the site and non-site-specffic measurements o f  air temperature, solar 
radiation, etc.) described by Boegly (1984) are adequate for 
calculating a site-specific water budget. Additional information 
needed to calculate a site-specific water budget includes data on 
soil-moisture retention and storage characterfstics of site soils, 
trench caps, and trench contents; measurements of seasonal 
groundwater-level fluctuations and groundwater fluctuations in response 
to storms; and flow measurements in the surface streams drainlng the 
site. 
SWSA-7 (Rothschild et al. 1984a) may also be applicable to SWSA-6, but 
new measurements are needed for trench materials and for soil units not 
present at SWSA-7. 
fluctuations are also yet to be made. 
has recently begun on streams draining the site (see Sect. 5.2.4). 

the volumes of water entering waste trenches is mathematical modeling 
of the processes of infiltration and subsurface flow in the region 
above the water table. This approach is significantly more complex 
than the use of water-budget results but should yield somewhat more 
defensible estimates of influent water volumes and should permit 
estimates of the duration of wateriwaste contact under both fully and 

A rough estimate o f  the 

Some of the soilmoisture characteristics data developed for 

The necessary measurements of groundwater 
Surface-water-flow measurement 

Another approach useful for obtaining quantitative estimates o f  
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partially saturated conditions. 
of the flow medium that exists in the soil and saprolite wdll 
difficult ts characterize t h e  flow regime fully or t o  represent it 
accurately in a deterministic ma 

Specific information that w 

Unfortunately, t h e  extreme complexity 

be needed to support mathe 
odeling o f  infiltration and lateral flow in the unsaturated zone 
includes the Following: 

1 .  

2 .  

ents  of t he  vert4cal hydraulic conductivity of  S 
d trench surfaces over a wide range o f  moisture 

contents. Data for some soils in S 
been reported by Luxmoore et al. (19811 1 s  Lux 
Davis et al. (19841, Boegly (1984), and Hats 
but additional in-situ easurernents a r e  needed t o  characterize 
other SWSW--S soil units and t h e  variability that exists w d t h i n  
units. 

Detailed descripti~ns of  SSrlSA-5 soils and saprolite are needed 
t o  delineate the soil struct~rtts and geologi~ s t r u c t u r e s  
likely to perch water or o t h e w l s e  to conduct subsixlrface flow 
in the region above the water table. The recently completed 
soils ~~~~i~~ ( S e c t -  5-1-21 provides t h e  needed information an 
the occurrence of paralithic contacts and other soil structures 
t h a t  may conduct lateral flow, Sledn and Huff  (1981) have 
described bedrock jointing a t t e r n s  in the Conasa 
the ORR; recent site-specif c investigations of S 
saprolite structures (see Sect .  5.1.1) supplement their data. 

ents of  lateral inflow into trenches are needed 
conceptual understanding of lateral inflow 

processes and to provide data s e t s  for model validation. 
Tracer tests that will be done dn the ORWL subsurface 
transport processes research project may provide some o f  the 
necessary infomation, 
the performance O B  the French dra in  area of  SHSA-6 (Davis and 
Stansfield 1984) t o  estimate the spatla1 and temporal 
distribution o f  lateral inflows ta the French drain, t o  
delineate the areas t h a t  continue t o  contribute La the lateral 
inflow t o  the waste tkenches, and t o  determine how geologic 
structure and topography a * f e c t  the s p a t i a l  distribution of 
lateral inflow. The French-drain data set could a lso  be 
suitable for use i n  validatdng a mo el sf  infiltration and 
lateral flow a t  SWSA-6. A ditienal observations o f  lateral 
flow may be needed, particularly if the subsurface-flow site 
and French-drain area a m  found to have atypical soil o r  
geologic conditions. 

I t  may also be possible t o  use data on 



4. Field measurements of additional hydrologic characteristics of 
SklSA-6 soils (e.g., relationships between moisture content and 
rnatric potential) are needed as a basis for modeling. 
Wothschild et al. (1984b) derived moisture characteristic 
curves for several soil units at the SWSA-7 site. Additional 
data for soils in other parts of Helton Valley may become 
available during FY 1986 as a result of ORNL research 
( K .  Watson, personal communication, 1985). 

Neteorological data requirements for infiltration modeling are 
generally similar to those for water-budget calculations. Measurements 
of  temporal variations in rainfall intensity (e.g., at 5-min intervals) 
dur-lng storms might also be needed, however. 
measurements should be continued at existing monitoring stations 
(Boegly 7984). to ensure the availability of appropriate meteorological 

Meteorological 

ata. 

5.2.3 Delineation and Characterization of Groundwater Pathways 

5.2.3.1 Conceptual Basis. Observations at LLW disposal 
facflities sited over Conasauga Group bedrock on the ORR suggest that 
the dominant pathway for offsite transport o f  waste constituents from 
SWSA-6 is subsurface flow to surface streams which carry the waste 
constituents offsite (Webster 1976). Thus, characterization of the 
SWSA-6 groundwater flow system i s  a critical element i n  evaluatfng the 
potential for offsite exposures from SWSA-6. Groundwater flaw system 
characterization should be aimed at reliable determination of the 
directlons o f  possible contaminant movement and estimation o f  flow 
rates and velocjties along contaminant transport pathways. 

SWSA-6 hydrogeology. Research and waste-disposal investigations in 
ather parts o f  the ORR have also ylelded a great deal of 
non-site-specific information on Conasauga Group h ~ d r Q g ~ o l ~ g y ,  much of 
which probably is applicable to SWSA-6. 
have also led to the formulation of conceptual models of  groundwater 
flow in the Conasauga Group that help to gulde e f f o r t s  to characterize 
the SWSA-6 groundwater flow system. 

Boegly (1984) has recently reviewed available information on 

These various investigations 
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A key feature of  all current conceptual sdels o f  subsurface flov 
in the Conasauga Group is the  neat”ral.8 that permeability due to primary 
porosity is quite low and that secondary porosity i s  almost entirely 
r e s p ~ ~ l b l e  for the Conasauga‘s water-transmitting capabilitles. 
Secondary porosity in t h e  Conasauga is associated with bedding planes, 
jofnts ,  faults, folds, and fractures, some o f  which are slightly 
enlarged as a result o f  the dissolution sf  carbanate. Trans 
is greatest parallel to geologdc strike (Webster 1976). sugg 
preferred flow paths are asscsctated with a strike-joint set described 
by Sledz and Huff (1981) or Nith the intersectdons of  bedding planes 
with the strike-joint set  (Smith  and Vaughan 1985b;b. 
and faults formed during regional geologlc deformation have a lso  been 
found t o  be zones of unusually high transmissivity that act as conduits 
for ~ ~ o u n ~ ~ a ~ e r  f l o w  and contaminant transport parallel t o  geologic 
strike (Blsen et al. 1983; Rothschild et a l e  1984a; Smith and Vaughan 
1385a) and may form local impediments to flow perpendicular t o  strike 
(Olsen et a l .  1983).  

as an equivalent porous because ( a s  i s  discussed in S e c t ,  5.2.2) 
the majority of flow in this zone a ear5 t o  be carried by discrete 
geelsglc and so i l  structures (e .g . ,  bedding planes,  fractures, soil 
“pans”). Below t he  water table, however, the high density of j o i n t s  
and fractures in the saprolite generally makes it possible t o  t r e a t  t h e  

as  an equivalent porous edium, The ui7 eathered bedrock 
also can probably be treated as an equivalent porous mediu 
somesdhat lower hydraulic conductivity (Rothschild e t  a l .  1984a) and 
somewhat greater anisotropy (Webster 1976) than the saprolite. 

hydraulic properties of the soil and rock, topography a l s o  exerts a 
strong influence. Water-level manitorlng in the vicinity o f  
radioactive waste dlsposal sites in #e l ton  Valley has shown t h a t  t h e  
groundwater table is reliltlively shallow ( i . t ? . ,  within 0 t o  1 2  i-n o f  t h e  
ground surface) and, as is typical of  hurni regions, i s  generally a 
subdued reflection of surface topography (Webster 1976; Rothschild e t  

S all-scale fo lds  

Above the water table, the flow probably cannot be treated 

i le ~ r o u n d ~ ~ ~ ~ r  flow patter-ns are control led primarl ly by the 
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a l .  1984a). 
percolates down t o  low-permeability surfaces where i t  becomes perched 
and (unless i t  i s  diverted downward by a waste trench, French drain,  
high-angle f a u l t ,  o r  other  h i g h l y  transmissive geologic s t ruc ture)  
flows l a t e r a l l y  t o  nearby watercourses, where i t  contributes t o  storm 
flow. 
predominantly a near-surface phenomenon i n  whlch groundwater follows 
shor t  flowpaths In local flow systems and discharges t o  nearby streams 
(Rothschild e t  a l .  1 9 8 4 ~ ) .  
SWSA-6 probably discharges t o  the surface streams t h a t  drain the s i t e  
o r  t o  White Oak Lake. 

Some of  the water t ha t  i n f i l t r a t e s  i n  upland areas 

Similarly,  flow o f  groundwater below the water t a b l e  seems t o  be 

T h u s ,  most groundwater t h a t  i s  recharged i n  

Some shallow groundwater may penetrate t o  grea te r  d e p t h s ,  
par t icu lar ly  along t e a r  f au l t s  o r  other  geologic s t ruc tures  t h a t  cut  
across s t ra t igraphic  boundaries. 
of ver t ica l  water movement on the ORR (Rothschild e t  a l .  1984c), and 
investigations of  ver t ica l  flow a r e  needed Lo improve the overall  
understanding o f  the hydrologic system and t o  predict  the environmental 
t ransport  of  radlonuclides from several major DRR waste disposal 
f a c q l i t i e s .  Local topographic relief on %SA-6 is  grea t  enough, 
however, t o  induce v i r t u a l l y  a l l  of the  SWSA-6 recharge to remain i n  
local grsundwater-flow systems. T h u s ,  I f  deep flow occurs from SWSA-6, 
i t  probably involves only a small f rac t ion  of the  disposal a rea ' s  
~ r ~ ~ ~ n d w ~ ~ ~ r .  Also, groundwater t rave l  times from SWSA-6 along deep 
flowpaths to s i t e s  of possible o f f s l t e  groundwater use o r  t o  a regional 

t h e  Clinch River] would be very great .  

Very l i t t l e  i s  known about the extent 

roundwater discharge area f ldent i f ied by Rothschild e t  a l .  ( 1 9 8 4 ~ )  as  

5.2.3.2 Unsaturated-Zone Transport Paths. Except i n  areas of 
Sb35A-6 where wastes a r e  i n  d i r e c t  contact w i t h  the  water tab le ,  a 
portion of  the  contarninant t rave l  pathway occurs i n  the  unsaturated 
zone. Characterization o f  unsaturated-zone phenomena has been 

a l so  needed t o  evaluate, contaminant t ranspor t  through t h e  unsaturated 
zone from waste-disposal areas t o  receiving waters. 

iscussed i n  Sect. 5.2.2. Information on unsaturated-zone hydrology i s  



Due t o  the Itbathtub ePfect,'I contaminated Fluids exiting waste  
trenches or auger holes are ge erally Under pasitiV&? pl-essure. Thus ,  

nward hydraulic gradien ts  will cause uch o f  the contaminate 
t o  be delivered t o  the ater table, although some water probably moves 
down inclined surfaces (such as bedding planes) t o  discharge to streams 
and sweles. To support a quantitative evaluation of  transport along 
this pathway, infomation is needed on the  proportions of contaminated 
water  following each of these ~~~~~~~~, transport velocities, and the 
extant o f  fluid contact with sorptive media during transport. 

Direct measurement o f  t h e  properties of the unsaturated flow 
diase?y below trenches and asa e% ho les  is n o t  practicable. 

However, characterization activities discussed i n  S e c t .  5 - 2 . 2  would 
provide generic infomation on the character o f  the unsaturated f l o w  
medium. In addition, t o  provide a basis f o r  estimating the f l u x  of 
contamfnated fluids in the unsaturated zone, water-level Fluctuations 
should be ximitared in those waste trenches f i t t e d  w i t h  monitoring 

surface watercourses would identify the reaches t h a t  receive the  most  
subsurface storm runoff and would thus  identify high uwsatusated-zone 

easurements of stream tritium concentrat lons at closely spaced 

porary gauging devices installed a t  close intervals along 

measuring stations would h e l p  indicate which ones o f  these reaches a r e  
receiving flows f rom waste disposal areas. Repetition of the 

a l s o  help determine which ones of the  high-seepage reaches are 
t-ece-iving contaminated inflows. 

that. can be obta ined t h rough  these activities is qualitative, Ho 
based on this infomation, it should be possible t o  derive reasonable 
est imates f o r  the hydrologic properties o f  unsaturated-reine transport 
~ a ~ . ~ ~ a ~ ~  f o r  USE? i n  hydrologic inodeling. E s t i  a t e s  of unsaturate 
fluxes based on monitoring of trench w a t e r  levels would be very useful 
in parameterizing and calibrating a hydrologic model. 

ravel survey conducted by Cerling and Spalding (1981) woii ld 

N o s t  of t he  infor ation on t r a n s p o r t  paths in the unsaturated zone 

5.2.3.3 Aauife\s Properties. Data on the water-transmitting 
properties, hydraulic storage properties, and effective porosity of 
saturated geologic medla ape needed f o r  calculating cawtarninant 



57 QRNL/TH-9877 

transport velocities and for constructing madels of the groundwater 
flow system. An extensive data set exists on the saturated hydrau~ic 
properties o f  the Conasauga Group on the ORR.  
measurements have been made of the equivalent ~ o ~ o u s ~ e d i ~ m  hydraulic 
conductivdty and transmissivity ( 4  .e., water-transmitting properties) 
of jointed Conasauga Group saprolite and bedrock. Reported values for 
the water-transmltting properties of the Conasauga vary over about two 
orders of magnltude (Rothschild et ala 1984a). Differences between the 
water-transmitting properties of different geologic settings (e .g . ,  
different geologic formations within the Conasauga) have not been 
discerned, and most of the variability seems to be attributable to 
local differences In the extent of structural deformation and to such 
factors as the number o f  Joints intersected by a particular well. 
There are fewer measurements of hydraulic storage parameters ( l . e . ,  
storage coefficle t or specific yield) and effective porosity. 

by Smith and Vau~han (1¶85b), who interpreted aquifer pumping test 
results as indicating that transmissivlty resulting from regional 
jodnting 1s  three to five times greater parallel to bedrock strike than 
is transmissivlty perpendicular to strike; however, zones of locally 
more intense fracturing (e.g., along small-scale folds and faults) 
oriented parallel to strike can increase the apparent a n i ~ ~ t ~ ~ p y  
measured in field tests. There have been several observations of the 
hydrologic significance of these folds and faults, but there are no 
unequivocal direct measurements of their hydrologic properties. 
on the hydraulic conductivity and effective poroslty of these 
structures would be needed to evaluate the velocity of conta 
transport through the "conduitsM formed by these structures, and data 
on their hydraulic storage praperties would also be needed to support 
numerical modeling of the groundwater flow system. 

Mumerous field 

Measurements of the anisotropy of the Conasauga have been reported 

5.2.3.4 Hydrostatic Head Qistribution. Data on the distribution 
of  hydrostatic head (i.e., groundwater elevations In wells) are needed 
to locate the water table, to define groundwater flow systems, to 
evaluate hydraulic gradqents along potential paths o f  contaminant 



t, and to provide a data s e t  f o r  use in model catdbration. 
Delineations o f  the roundwater table and its fluctuations are sleedad 
to determine the vertical distance ~ e t ~ ~ e n  waste  trenches and t he  water 
t a b l e  and t o  calculate a water budget. 

An extensive network o f  ~ r o ~ n ~ ~ ~ ~ ~ r -  mitoring wells has been 
installed ~n SMSA-6 (see Soegly 1984) and nu erous water-level 
measurements have been made, but many o f  the available water-level d a t a  
are of doiabtful validity, e l t h e r  because well dea l  
o r  because neede infomatfdan on well construction is not available 

ster  e t  al. 1981). The exlsting water-level data  s t ,  therefore, 
be interpreted selectively. 
should be sealed and capped, because they are not sources of u s e f u l  
data and they may act as vertical conduits for  conta 

which all voids are saturated and at w h l c h  a t w  i s  under atmospheric 
pressure) in the Conasauga Group presents a challenge. Bdells that 
encounter perched groundwater above the per  anent water table may show 
significantly higher water levels (an a t <  c water-1 eve 1 
fluctuations) than nearby wells that not intersect perched 

ater zones, and it is difficult t a  distinguish between 
water-level elevation differences that are due t o  perched water and 
those that a r e  Que to real differences in the elevation o f  the water 
t a b l e  (e.q., on either side of  a ulic barrier in the subsurface). 

(o r  screened or slotted) only below %he water table do not measure 
hydrastatic head conditions at the water table but a t  discrete 
intervals below the  water table, where hydrostatic heads may be greater 
or lower than at the ater table due to vertical components of flow. 
Past well-construction practices at SkJSh-6 have co csunded the problem 
o f  delineating the water t d b l e  ( ebster  1976);  it i s  difficult to 
d e t x m i n e  the significance o f  t h e  water levels measured i n  deep wells 
that have long,  open intervals (or that have lon gravel-packed 
intervals abuve relatively short screens) o r  in wells that are 
perforated through their entire depths. 
through their entire depths probably accu i a t e  lateral inflows from 

So e of the e x S s t i n g  wells on SMSA-6, 

Delineation of the permanent water table (i.e., the surface below 

ells that are cased and sealed t h the water table and are upen 

11s that are perforated 
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the region a o w  the water table, and water-level determinations in 
these wells do not inddcate true water-table conditions. For example, 
the 1965 depth-to-groundwater map used in locating waste trenches 
(Lomenick and Wyrick 1965) is based on data from several wells of this 
type and significantly underestimates the depth to the permanent water 
table in a few parts o f  SWSA-6. 

interpreted as indicating that at least 13 SWSA-6 wells (Nos. 371 to 
373, 375, 378, 379, 382 to 304, TR1 to TR3, and TR12) are true 
waler-table wells (i.e., their screens intersect the water table). 
Thus water levels measured in these wells are reliable indications of  

Data presented by Webster and McMaster (in press) can be 

roundwater table elevation. Wells 367 to 370, 374, 376, 388, 381, and 
385 to 388 are technically piezometers in that their slotted intervals 
are below the water table, but they are screened closely enough to the 
water table to make t em reasonably reliable indicators of the 
water-table elevation. Figure 12 is a contour map o f  the water table 

-6, based on water-level measurements for these 25 wells on 
May 23, 1983, the date having the highest groundwater levels reported 

Most o f  the wells in the ETF and 
49 trenches areas can also be used to delineate the water table, if 
water levels in all wells are measured synchronously. 

Piezometer installations are also important components of  a 
m ~ ~ ~ t o r i n ~ - w e l l  network. Wells open at discrete intervals below the 
water table are needed to define the three-dimensional distribution of  

rostatic head, to track vertical movement of  contaminants, and as 
faclllties for tests to measure aquifer hydraulic properties. 
useful information on three-dimensional head distribution can usually 
be obtalned from a network of well clusters, each cluster consisting of  
a water-table well and one or more deeper piezometers. 
af a well cluster are located In close enough proximity that the well 
cluster measures a vertical hydrostatic head profile at a sfngle map 
location. There is one piezometer cluster on SWSA-6, comprising ETF 
wells 13, 14, and 15 (Boegly and Davfs 1983). Water-level monitorin 
in this piezometer cluster has indicated a downward hydraulic gradlent 

ebster and McMaster (in press). 

The most 

The components 
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~ e t ~ e e n  the two shallower piezometers (at 14.2- and 28.8-m depths) and 
the 76.4-m-deep piezometer and suggests that groundwater in a brecciated 
zone at the intermediate depth may be under slight confinin 
(Davis et al. 1984). 
piezometer cluster would be consistent with deep groundwater recharge 
From upland portions of the site, and it underlines the need for 
additional well-cluster installations to aid i n  tracing shallow and deep 
roundwater flow (and contaminant transport) paths in the SMSA-6 area. 

Four to seven new piezometer clusters are to be constructed on 

The evidence for a downward gradient in this 

SWSA-6 over the next few years as part o f  an effort to define the 
three-dimensional distribution of hydrostatic head under Faelton 
Valley. Each of these piezometer clusters will include wells open at 
depths o f  about 15, 60, and 120 m. These new piezometers should help 
to ascertain the extent of  deep recharge and the character of downdip 
Flow along bedding planes. 
deep groundwater flow systems are discharging In the White Oak Lake 
area. Additional well and piezometer clusters are needed, however, 
primarily at depths of 30 m or less, to per it three-dimensional 
characterization of f l0w paths near waste-disposal areas. 

They should also help to determine whether 

5.2.3.5 flow-Path Chemistry. Data on natural ~ r o u n d w a ~ e r  
chemistry can be useful in delineating groundwater flow systems (Freeze 
and Cherry 1979), as well as in defining chemical conditions that may 
influence contaminant solubility or sorption. 
already occurred, chemical analyses of groundwater are neede 
the character and extent of  contamination due to waste disposal, an 
they can be helpful i n  delineating flow patterns. The status 
existing information related to SWSA-6 groundwater chemistry is 
discussed in Sect. 5.3.2. 

Where ~ o n t a m i n a t ~ o ~  has 

5,2 .4  Surface-Water Hydrologic System 

Information on the surface-water system to characterize transport 
of contaminants along surface-water flow paths that carry waste 
contaminants to White Oak Lake and off site. 
surface-water data are generally more accessible than other types of  

Xn addition, 



hydrologic d a t a ,  so data on surface ers are often i 
indirect evidence concerning other e 
Whereas the other corn onepats o f  the hydrologic cycle often can only be 
characterized using indlrect ethods, surface watercourses can be 
located an a topographic ap, channelized surface Slows can be gau 
directly, and acceptable surface- l e s  can be collected for 

ents o f  t h e  hydrologic syste 

a1 analysis without great difficulty or ex 
oegly (1984) reported that only limited data  were avallablie an 

delineated; a flooding hazard analysis had been done; flow and water 
istry data were available, but anly for streams draining t he  ETF 

area; and one significant '%r seep had been identified in t h e  
49- t rench area by analyzing gravels in t h e  strea beds f a r  sorbed 
radionuclides, Flow data were available for a stream (BGSE) (which 
drains park of SWSA- as well as large areas outside SWSA-6), for White 

which are  the  offsite receiving waters for S 

(Rothschild et al. 1 9 8 4 ~ ) .  During t h e  spring o f  11985, temporary 
surface-water gauging facilities were installed near the mouths of 

thus, all definable rcourses that drain SMSW-6 are no 
( E .  Davis, personal unicatian, 1985)-  

budget calculations o r  other modeling of SWSA-6 hydrology. 
(Precipitation and ground ater levels should be measured f o r  the sa 
year.) I n  addition, temporary gauging devices a t  closely spaced 
intervals along ~ a t e r ~ o ~ r ~ ~ s  could be used in ide tifying areas of hfgh 
inflow, Monitoring dadsing and after s t a r  events would identify sites 
of  stam inflow Fro flow p a t h s  above the perrnane t water table, and 
monitoring during base-f lo periods ( e . g . ,  in t h e  spring, when 
groundwater levels are relatively high) would identify sites o f  
groundwater discharge. Data on tritiu concentrations of w a t e r s  
collected from closely spaced stations ould assist in locating areas 
where subsurface conta l nan t  transport pathways intersect t he  ground 

surface hydrology. kJaPercoursea and watersheds had been 

Oak Creek a t  hfte Oak Darn, and for the Clinch and Tennessee rivers, 

E and two unname drainages in the central portion o f  SUSW-6; 

A t  least one year's streamflow data are  nee ed to support water 
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surface. 
rock, so tritium monitoring allows relatively early detection of zones 
of  contaminant movement. 
been reported from a stream (near the ETF) which was not yet 
contaminated with strontium o r  cesium radioactivity; the tritium 
appears to have been associated with subsurface discharges from nearby 
waste trenches (Vaughan et al. 1982), indicating that trltiun 
monitoring may be a useful tool for locating subsurface transport 
pathways. Similarly, useful information on contaminant discharge sites 
might be obtained from monitoring surface waters for any nonradioactive 
contaminants present in the wastes or from repeating the 
Cerling-Spalding (1981) stream-gravel survey. 

5.3 GEOCHEMISTRY 

Migration of tritium 1s not retarded by adsorption on soil or 

Significant concentrations of tritium have 

The major purpose of geochemical characteriza ion is -0 support 
pathways-analysis activities geared toward developlng a ~ e r f o ~ a ~ ~ e  
assessment of  the SWSA-6 site. In this discussion, the technical 
iscipline “geochemistryn is construed to encompass both the chemical 

aspects of  the site geologic components (soils, bedrock, and 
groundwater) and the chemistry of the emplaced radioactive and other 
waste constituents. The performance assessment wlll require values for 
a number o f  site aspects, including geochemical data to quantify the 
source tern and site retardation of radionuclides and hazardous 
terials, in order to define probable releases of contaminants from 

the site. SWSA-6 is an active LLW disposal site, and, therefore, 
information will be needed to describe the performance of the variety 
o f  wastes already emplaced in both trenches and auger holes on the 
site, as well as that o f  additional wastes placed in the site until 
closure. Thus, a considerable body of information, including an 
estimation of associated uncertainties and ranges of expected or 

than single values for each parameter. 
ossible variance, will be needed for the pathways analysis, rather 



Two aspects of the s i t e  geochemistry a r e  dominant i n  control l in  
s i t e  performance. These a re  the release o f  contaminants f rom t h e  
and the subsequent retardation o f  these rnobSlimed co  s t i t u e n t s  by s i t e  
s o i l  components. The information needed t o  define the source t e  
been described i n  Sect .  4.  Retardation i s  pri a r i l y  due t o  t h e  
sorption process affect ing solubilized species along t h e  release 

ay from the trench or auger hole t o  the  environ en%, although 
par t icu la te  f i l t r a t i o n  by the s o i l  could be i m  

e of the exis t ing geoche ica l  informati 
arized i n  a recent r e  

sst o f  the  exis t ing s o i l  and groundwater data a r e  from a s t u d y  of a 
small area (0.3 ha) of the  S -4 s i t e  w h i c h  was develope 
demonstration of an ETF (Davis e t  a l .  1984) .  Some a d d l t i o n a l  da ta  have 
been collected d u r i n g  trench grouting studjes (Spa?ding e t  a l .  19235). 
Unfortunately, Q geochemical s tudies  were reported as a p a r t  of  the  
original s i t e  evaluation (Lo 

SWSA-7, c% considerable amount of information has been gathered 
concerning the s o i l s  and geochemistry of  an area of the  Conasatrga Group 
approximately 3 krn eas t  of S thschild e t  a l .  1984a; Lee e t  a l .  
1984; Davis e t  a l e  1984). This infomatjon may be t ransferable  t o  
applicable geologic and s o i l  units i n  SWSA-4. 

A s  a par t  o f  ongoing O R N h  studies  related t o  the s i t i n g  o f  a new 

5 . 3 . 1  Soi l  Chemistry 

M o s t  o f  the  chemical information describing S SA-6 s o i l s  i s  f r o  
ser ies  of  trenches a t  the  ETF.  1Re s o i l s  were descrlbed (Boegly 13 
as being highly leached strongly ac id ic ,  The jneralogy of sa 

consti tuents:  i l l i t e ,  ch lor i te ,  and lesser amo nts o f  smectite and 
vermlculite. If the s o i l s  a t  the  EVF portion of the  SWS 
representative of the s o i l s  throughout t h e  s i t e ,  then suf f ic ien t  
i n i t i a l  s o i l  characterization infomation may already be available.  I t  
would be highly desirable ,  however, t o  confirm t h i s  assumed s imj la r i ty  
by characterization of  additional s a i l  sa 

several wells at the ETF (Davis e t  a l .  1984) shows typical clay 



Since the  contaminant release pathway may jnclude the  weathered 
par t  of the unde r ly ing  s t r a t a ,  the  geochemistry of the weathered 
bedrock ( s a p r o l i t e )  an groundwaters w i t h i n  t h i s  s t r a t a  w i l l  a l s o  be 
important. 
Conasauga Group (Davis e t  a l .  1984). ihe rock cores a re  
~~~~g sllSy tnterclastlc Ilmstone lnterbedded w i t h  mudstone and shale. 

The ETF i s  s i tua ted  i n  the Maryville formation o f  the  

5.3.2 Surf ace-llater and Groundwater Chemistry 

The chemical composition o f  the ambient ( u n c o n t a m i n a ~ e ~ ~  s i t e  
surface waters and groundwaters i s  needed t o  characterize the 
~ ~ o ~ h e m i c ~ l  properties o f  the existing sdte. 

and t h e  salut lon parameters (pH and E h )  play important roles  i n  
determining the  contaminant leachabi l i ty  from wastes contacted by s i te  
water and i n  es tabl ishing the  mobility of solubilized conta 
~ ~ ~ u n d w a t e r .  Thts ~ e ~ ~ h e m i c a ~  information i s  a l s o  needed t o  ~ n d e ~ ~ t a n d  
the changes i n  water chemistry which may occur i n  the trenches f r o m  the  
djssolut ion of b u l k  waste components o r  from biological a c t i v i t y  
i ~ v ~ l v i n ~  waste organics, such as paper or  wood. I t  addi t ional ly  helps 
us understand the water chemistry changes which may occur as the 
leachate moves away from the  trenches or auger holes through the s i t e  
s o i l ,  sapro l i te ,  o r  bedrock. 

The chemistry of surface waters and groundwaters from several 
wells a t  the  ETF a r e  reported by Davis e t  a l .  (1984). The surface 
waters were described as being near neutral i n  pH. T h e  chemical 
composition of  the  surface waters was not reported. 
groundwaters were described as  being low i n  t o t a l  dissolved so l ids ,  
having low e l e c t r i c a l  conductivity, and being neutral o r  a lka l ine  i n  
pH. In general, the  limited information avai lable  indicates  t h a t  both 
surface waters and shallow groundwaters a r e  typdcai d i l u t e ,  unbuffere  
~ r o u n ~ w a t e ~  solutions a t  near-neutral pH+ 
groundwater from the bedrock s t ra ta  was reported. 

Al though  no information was collected on background water qua1ity 
( e i t h e r  surface water o r  groundwater) i n  SWSA-5 p r i o r  t o  i n i t i a l  waste 

The chemical composition 
centration of #a+, K+, ~ g + + ,  cas+, CI-,  SO,, H C O ~ ,  e t c . )  

The s 

No i n f o ~ t i o n  on 



burials, it was possible t o  obtain some indication of ground 
quality in an area of S SA-6 that was reported tu be unaffected by 
previous waste burial operations. Vaughara et al, (19 
in t he  ETF area prior t o  lnltiation of  exper l  ental waste burials. The 
results indicated that all of the e l l s  sampled h a w  calciu 
dsmfnant cation (approximately of  the total) and bicarbonate as the 
dominant anion (approximately 9 f the total). The calciu 

water was reported t o  be typical of li eatone terrains, while the  high 
silicon dioxide (SiO,) level reflects the high pH and silt content of  
t h e  Waryville limestone. #a nesium was the next mast abundant cation, 
indlcating the presence o f  some dolom-ite or high- agnesium calcite. 

requi red to character? E& the SWSA- site water chemistry  in sufficient 
detail t o  support the pathways analysis, The limited ground 

small partion of  the S itional ~ ~ ~ ~ n ~ ~ ~ ~ e ~  sa 
possibly bedrock g ~ a u ~ ~ ~ ~ t e r  sampling and geochemical characterization, 
wlll probably be ecessary. It ay not be possible to assume that all 
waters 2% the SWS -b site, including perched water tables, have t h e  
same geochemistry. 

It seems likely t h a t  additional groundw t e r  infomatiow pnlj7l be 

istry data available are f r o  t h e  ETF site, which comprises only a 

5.3.3 Waste Leachates 

No infomation on the leachate (trench water) for t h e  trenches mh 

as included in Boegly (19 4 ) .  Although some o f  the existing 
trenches are reported t o  have had wells installed, no e x t e n s i v e  
sampling and analysis grog as been carrie ou t  to study 
radionuclide leaching and e limited sampling and 
analys4s of S SA-6 trench solutions for 3H and "St- have been 
conducted, but t he  results have not been publishe . An active program 
to sample a nu ber of the wells repeatedly and analyze t h e  leachate 
solution wtll be necessary. 

holes was reported in Soe ly (1984),  and it seems likely t h a t  none 
exists. 

Wo information describing any solution in existing S 

Since the auger holes are backfilled w i t h  so i l s  and capped 
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with concrete, no ready mechanism exists for subsequent Sam 
even determination of the presence or absence of  groundwater in the 
auger holes. Some monitoring wells exist near some of the auger holes; 

Although no leachate composition data are’currently available for 
owever, no sampling o f  these wells is reported, 

,, 

SWSA-6, it has been reported that trench leachate geochemical 
parameters can be quite different from those of the ingressing 
groundwater due to reactions with the emplaced wastes, Dayal et al. 
(7984, 7985a) report trench leachate compositions for solutions from 
the Maxey Flats LLW site. The leachate’s geochemical parameters were 

Due to 
anerobic digestion of the organic waste in the trenches, the leachates 
were highly reducing (as low as -400 mv) and neutral to mildly acidic, 

rastically changed from background groundwater parameters. 

ue t o  .Increased dissolved C02. 
gents were also present. 

Dissolved organics and chelating 
As the leachate migrated away from the 

trench, the leachate geochemical parameters began to revert to more 

oxidfzed and precipitated. 
parameters are of importance to the performance assessment since 
dissolution from the wastes and subsequent retardation in the 

will be profoundly influenced by the geochemical conditions. 

ical groundwater conditions (Dayal et al. 1985b>, and iron (11) 
The leachate composition and g e o ~ ~ e ~ i ~ a l  

roundwater system of  many radionucl ides and hazardous materials 

5.3.4 Retardation 

etardation o f  radionuclides or hazardous materials dissolved in 
trench leachate solutions, either In the trenches or as the solutions 
~ i ~ r a t e  away from the trench, may result from sorption o f  the dissolved 
spec’ies (either ionic or neutral) by the site soils [Lutton et al. 

R C  19831. The sorption reactions may be ion exchange (usually 
reversible and rapid), chemisorption (sometimes poorly reversible and 
slow), and surface adsorption (usually mare important f o r  noniondc 

ecjes) .  The degree o f  retardatlon relative to the  groundwater 
Sgration i s  usually expressed as a retardation factor ( R ) ,  which i s  



related to the experi 
distribution coefficient (Kd) by t h e  relatisnshlp 

easured sorption equilibriu 

where 
- R =: retardation fac tor  (dimensionless) 

Kd = distribution coefficient (L/kg) 
d bulk d e n s i t y  of geologic 
p = porosity of  geo log ic  dia (dimensionless). 

Phis expression i s  rigorously valid only when Kd i s  i~~~~~~ 
of dissolved species concentration, the sorption process i s  
ther-modynamically reversible, and a s i n g l e  species exists in solution. 
These conditions are %eldo me8 in most practical applications; 
therefore, judgment must be exercised i n  designing t h e  experiments t o  
be used t o  measure the retardation and in extrapolating small-scale 
laboratory test results to predictions o f  geologic-scale behavior o f  
materials, 

Very limited info ation describing radionuclide sorption in the  
sol 1 /groundwater system o f  SbsS -5 is given in B egly (1984). 
tested which would be expected to be present as cations (Am, Sr, Cs, Co, 
Fe, and Sr) generally showe high t o  very h i g h  sorption ratios in batch 
contact experiments; R values ranged fram -10 ‘$0 -1,000 k/kg f o r  
Sr and Co, and from -1,000 Po -100,000 L/kg for Am, Cs,  and Fe. The 

was reported t o  show appreciable sorption, having R values of -1 t o  
-30 E/kg. Anions a re  net usually well sorbed in geologic systems, 

soil/groundwater syste s reported on may be insufficient t o  support 
realistic pathways analysis ~~~~~i~~~ Additional laboratory 

necessary to permit accurate and realfstic ~ ~ ~ ~ ~ a y ~  analysis 

Ele 

18 be expected to be present as an anion, iodine, 

The radionuclide sorption infomation for the WSA-6 

casurements of  radionuclide and hazardous materials sorption will be 
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5.4 SOIL EROSION POTENTIAL 

The site-specific potential for soil erosion to lead to waste 
exhumation must be evaluated as a part of the performance assessment. 
The frequency and intensity of  rainfall are the main hydrologic factors 
in soil-erosion potential, which also depends on soil conditions, 
large- and small-scale site topography, and vegetative cover. Because 
the detachment and transport of eroded sediment are essentially 
hydrologic and hydraulic processes, however, additional hydrologic 
measurements can be useful in evaluating soil erosion potential at a 
specific site. 

The Nuclear Regulatory Comnission staff has recommended (Siefken 
et al. 1982) that soil-erosion potential at proposed LLW disposal sites 
might be evaluated by measuring sediment yields to streams that drain 
the sites. The main advantage of this approach is that it yields 
measurements of actual soil removal, rather than estimates (which are 
subject to uncertainty due to model error). These direct measurements 
are applicable only to site conditions at the time of measurement, 
however, and do not indicate how erosion potential might change under 
different site management practices or after native vegetation invades 
the site. Also, sediment yields do not always indicate the soil loss 
since upland channels can either capture and retain soil particles, or, 
conversely, they can erode themselves, yielding overestimates of soil 
loss .  Therefore, consqderable interpretation must go into estimates of 
soil loss. 

A second approach to evaluating soil-erosion potential would be to 
apply the Universal Sod1 Loss Equation (USLE) (Wischmeier and Smith 
19651, an empirically derived formula for predicting farmland soil 
erosion as a function of six factors characterizing the intrinsic 
erodibility of the soil, climate (i.e., rainfall intensity), slope 
angle, slope length, vegetative cover, and other site management 
practices. Although the USLE has been validated in a variety of  field 
situatjons and has been modified from its original form so that it can 
be applied to nonagricultural settings, predictions made using the USLE 



with published estimates of the individual Input factors are less 
reliable than site-specific erasion measure 

The approach being used t o  evaluate the soil-erosion potential a t  
ake direct, onsite measure ts of $ e ~ i ~ ~ ~ ~  yield and t o  

relate the results to slope, easured rainfall intensity (or the  
intensities of simulated rainfall events applied t o  the s 
characteristics, vegetation, and icrotopography. In essence, the 
~ ~ ~ ~ ~ i ~ ~ ~ t s  upon which the USLE was originally bared are being 

site-specjfic erosion studies on soil plots at S SA--sS. The intent of 
this effort is to calibrate the USLE t o  site conditions at S 
other SLB sites i n  Melton Valley (R. Clapp9 p 
This effort should provide the best-achievable estimates of  
soil-erosion potential at SWS 

The USLE is designed t o  estimate sheet erosion only; soil losses 
due t o  gully formation and the resulting erosion are proble 

S hydrologjc  el (Chemicals, Runoff, and Erosion fro 
Agricultural ~ a ~ a g e ~ e n ~  Systems) which has the USLE built into it plus 
a gully-formation submo el, should be evaluated f o r  est! 
and rill erosion in SWS 

licated a t  the S SA-6 site. 0 NL is currently perfor 
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6 .  ACTIVITIES PROPOSED TO COMPLETE THE CHARACTERIZATION OF SWSA-6 

The current status of information on SWSA-6 has been summarized in 
Sect. 5. 
be undertaken to obtain the missing information necessary to 
characterize SWSA-6 for compliance with DOE 5820.1. 
purposes, it was assumed that data collection and analysis would be 
completed within two years of plan initiation. Based on our current 
understanding of the sdte (through conceptual models) it is apparent 
that a considerable research effort will be required to obtain the 
information. It should also be mentioned that the studies outlined 
below may have to be revised as the results of initial data collection 

the source term (for both the chemical and the hydrologic aspects), 
since the approach suggested is a departure from traditional 
source-term analysis. However, it 1s anticipated that sufficient 
flexibility has been built into the proposed research and development 
rograms to allow alternative approaches to be used as backup, i f  
ecessary. 

The purpose of this section is to describe studies that must 

For planning 

ecome available. This may be especially true in the development of  

.I PATHWAYS ANALYSIS 

?Re pathways analysis to support the SWSA-6 performance assessment 
will include three major phases (see Fig. 5). The development of 
conceptual models to define the potential pathways to man constitutes 
the first phase of the analysis. As indicated previously, this 
development phase has been completed in some areas (e.g., exposure 
pathways) but the majority of the conceptual models need 
characterization data t o  be completed. 
to quantify the pathways will be developed based on the conceptual 
models. 

appropriate numerical codes to quantify the contaminant migration along 
the pathways of  interest and the calibration o f  the numerical models. 

The numerical models to be used 

The second phase of the analysis includes the selection o f  
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During the calibration phase, the values o f  the madellng ~ ~ ~ a ~ ~ ~ e r ~  are 
adjusted w l t h l n  the probable ranges, using se sitivity analyses and 
comparisons o f  simulation results with existing condftions. 

describing future events are defined and used as t h e  basis for 
simulating the possible release o f  contamination from the  blsposal 
units, Simulations of contaminant mjggration along the path 
interest are performed and contaminant concentrations a t  lacations o f  
probable exposure are calculated f o r  various times during the 
gostclosure period. Doses to an are  then evaluated, assu 
modes of exposure. 
analysis, large uncertainties are generally associated w i t h  the madel 
results. To allow reliable interpretation o f  the results, these 
uncertainties ?ifoufd be carefully evaluated, using sensitivity and 
uncertainty analysis. 
tools are available for this purpose, 

In t h e  last phase of the analysis, para eters  and/or sce 

Due to the predictive nature of this p a r t  of the 

Well-established methodologies and analytical 

T h e  Conasauga Group is known t o  be hydraullcally heterogeneous and 
anisotropic, w i t h  differing flow ~~~i~~~ occurring in the matrix, t h e  
bedding planes, the joint sets, and the local geologic features. The 
relative importance o f  each flow regime as well as the spatial 
distribution of hydraulic and geochemical properties (e.g., pri 
secondary porosity, anisotrog-ic values of hydraulic conductivity, 
unsaturated conductivlty- oisture-suction characteristics, s t o r a t i v i t  
dispersivity, distribution factors, water-table fluctuations, moisture 
content, and chemistry of the a ter  system) need to be evaluated. 

zones (o r  layers) in the subsurface. 
in the site hydrology and contaminant transport process, these zones 
may require different numerical treatment. The zone above the water 
t a b l e  includes both unsaturated and saturate (local perched water 
table) materials. It a l s o  includes the majority of  the waste 
material. The hydrologic role o f  this zone is t o  transmit t h e  water 
infiltrating at the surface down to the water table, thus providing a 
recharge for the saturated zone, 

The, conceptual ode1 of the site hydrology includes a t  least two  
Because they play different roles 

The results sought in t h e  analysis o f  
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t h i s  zone a r e  estimates of v e r t i c a l  and l a t e r a l  water f luxes through 
trenches o r  auger hole areas and the areal  d i s t r ibu t ion  of the  ver t ical  
f luxes a t  the  bottom boundary of the zone ( i . e . ,  the aquifer  recharge 
a t  the  water-table e levat ion) .  The portion of t h i s  recharge t h a t  has 
been i n  contact w i t h  the waste would be assigned leachate 
concentrations t o  provide source-term values t o  the saturated zone 
model (see Sect. 6.2.39. 

i t s  recharge area t o  i ts  discharge area.  Modeling of  the  saturated 
zone i s  proposed t o  be handled u s i n g  a two-dimensional, v e r t i c a l l y  
averaged, saturated flow and t ransport  model. 
accomodate d i s c r e t e  layers having contrasting hydraulic propert ies ,  
b u t  aval lable  data do not indicate  t h a t  th is  capabi l i ty  i s  needed f o r  
modeling the Conasauga Group. Several avai lable  computer codes f o r  
two-dimensional groundwater flow simulation include c a p a b i l i t i e s  f o r  
modeling contaminant t ransport ,  so t h i s  flow-modeling approach would be 
compatible w i t h  t ransport  modeling. 
be located on groundwater divides and groundwater discharge 
surface-water bodies. 
would t h u s  be provided by the estimates of ver t ica l  fluxes obtained i n  
the  water-budget analysis  of  the  upper zone. 
applied a t  the c e l l s  o f  the model corresponding t o  groups of trenches 
o r  groups of  auger holes. 
of concentration d is t r ibu t ions  i n  time and space f o r  use i n  the  
pathways and dose analysis .  

To characterize the  overland t ransport  pathway, the results of a 
water-budget analysis  a r e  necessary t o  estimate runoff value a t  the 
s i t e  and t h e  par t  of the runoff t h a t  reaches White Oak Lake v i a  the 
surface water pathways only ( i .e. ,  without i n f i l t r a t i n g  and reemerging). 

trenches t o  the surface water system i s  through the  subsurface. 
Reemergence of groundwater i n  the  surface water system i s  evidenced i n  
SWSA-6 by the existence of a seep In a streambed and by groundwater 
discharge t o  White Oak hake. Shallow and deep flow paths may e x i s t  i n  

The ro le  of the saturated zone i s  t o  transmit water l a t e r a l l y  from 

Such a model would not 

The boundaries o f  the model would 

The aquifer  recharge i n  the simulated domain 

Source terms would be 

The numerical model would provide estimates 

The most l i k e l y  pathway f o r  the migration of contaminants from the  



-6.  The shallow flow paths leading to ree ce o f  groundbd 
are controlled by discrete local geologic features. The mapping o f  such 
features and of  the reemergence locations wlth respect t o  the 
disposal locations in SWSA-5, as e ? ?  as the characterization of the 
hydraulic role of the features in the geehy 
essential to the characterization sf the surface water pathways. 

6.2 SOURCE TERM 

6.2.1 Samplinq and Analysis of Trench Leachates 

As discussed earlier, os8 o f  the trenches at S SA-6 have had a 
well installed in the d ~ ~ ~ ~ r a d i e n t  end o f  the trench. 
wells have been darna ed or destroyed during routine operation or- 
~ a ~ n ~ ~ ~ a n c ~  (grass cutting, excavation, backfilling). However, it wil l  
be possible to install new wells as needed in the trenches and obtain 

ples o f  the trench leachate (if any exists) for use in calculating a 
Net only will leachate analyses be required but a l s o  some 

leaving the trench will be 
. 

estimate o f  the amou 2; o f  water entering an 
requi red. 

of  the source-tern detemjnation. The concentration of the 
radionuclides and hazardous materials (metals and organics) in the 

occur over time. 
develop statistically significant average concentration values and t o  
evaluate the ranges of concentratis be encountered. 
Because encountered of t h e  wide variety of LLM placed i n  the trenches 
since 1969 and w ich will continue to be placed until the site I s  
closedo as well as the ultiplicity o f  disposal ethods, it see 
likely that a number a f  trenches must be sa pled t u  get a satisfactory 
~ ~ a $ ~ ~ ~ ~ e ~ ~  of leachate radionuclide and hazardous 
concentrations. 

ling and analysis of S -6 trench water is a critical aspect 

ust be known in order t o  calculate the releases which may 
A sufficient number of  trenches must be sampled to 

Enit.ially, ten trenches will be selected for sa ling, and i t  i s  
anticipated that based on the results of the initial sam I e S ,  t h r e e  Ob" 

four  trenches can be selected for more detailed evaluations. In 
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addition, initial uncertainties as to the direction of groundwater flow 
through the trench (lateral or transverse) and seasonal variation in 
groundwater flux will necessitate repeated sampling of the wells to 
quantify the ranges of concentration values to be encountered over time. 

with as little contact with air as possible. 
from various depths of each well in order to detect organic 
contaminants which might be water-emissible and might float on the 
surface of the leachate. The leachate pH, Eh, alkalinity, and 
temperature should be measured on a parallel sample in the field. 
After the samples are received in the laboratory, they should be 
promptly analyzed for major and minor cations and anions, as well as 
for radionuclides. Alpha, beta, and g a m  counting techniques should 
be used as appropriate to detect and then quantify the radionuclides 
present. Because o f  the wide range of radionuclides in the wastes at 
SWSA-6, practical experience will have to be gained in the analytical 
program in order to develop the concentration values of the more 
significant radionuclides with a degree of precision which will satisfy 
the pathways analysis.needs. Analyses should be completed for total 
dissolved inorganic carbon, total dissolved organic carbon, and for 
chelating organics. Other analyses should be performed as 
appropriate. If appreciable quantities of dispersed solids are 
present, filtration and examination of  the solids might be desirable. 

Trench leachate samples will be collected anerobically, that is, 
Samples should be taken 

6.2.2 Auger Hole Water Sampling and Analysis 

It is unlikely that leachate samples can be obtained from the 
auger holes. Solid, high-activity wastes have been placed in these 
holes and then the holes have been backfilled with soil and sealed with 
a concrete plug. 
accessible leachate, they will be sampled. 

to determine if contaminants have leached from the auger holes. 
most of  the existing wells are located away from the auger holes, a 
number o f  additional wells will be installed as close to the auger 

If any auger holes can be identified as havlng 

Wells in the vicinity of the auger hole clusters wlll be sampled 
Since 



holes as possible, t o  enable water sampling during "is  period in which 
site characterization is being performed+ 
samples will be slmilar t o  that described f o r  trench leachates in 
Sect, 6.2.1. I f  conta ants are not detected in the injtial samples, 
efforts will be directed toward verifying the accuracy of the inventory 
o f  radioactivity in t h e  auger holes such that reported release f a c t o r s  
or leaching tests can be coupled with esti a te5  o f  potential inflow and 
o u t f l o w  of water through the auger hole to estimate the source t e  

Sa pling and analysis of  

6.2.3 Groundwater-FJux throush Trenches and A g e r  Holes 

A water-budget ~ ~ ~ r o , ~ ~ ~  supported by field measure 
simulation model will be use 
going into and through waste-disposal units. Using this approach, 

ing precipitation I s  distributed am ng surface w a t e r  and 
groundwater discharge, change in moisture storage within both the 
saturated and unsaturated zones, evapotranspiration losses, and deep 
seepage o f  groundwater. 
area and are co pared with field results,  t o  assure their validity, 
For evaluating flow i n t o  and away fro a waste disposal unit, a5 well 

ce time, t h e  contributing area f o r  the uaste-disposal 
unit is determined and coupled with the estimated generation o f  lateral 
subsurface inflow throu trench or awger hole walls, vertical 
infiltration, and saturated zone f l o  through any wastes present a t  
depths greater than t h e  water-table depth,  Monitoring sf changes in 
water storage within waste- isposal units will be used t o  verify 
water-budget calculations of both inflow and outflow rates. For 
specific disposal units, d ~ ~ ~ ~ ~ n a t i ~ n  of drainable poros j ty  e m  be 
used t o  relate an observed change in water level t o  the change i n  the 
quantity o f  water stored.. 
within trenches or auger holes can ke used t o  verify the relationship 
between M a t e r  level and flon rate. Analysis sf  riring water levels in 
waste-disposal units, if observed, w i l l  provide a b a s i s  for quant . i fy ing  
shallow lateral subsurface inflow, Thus, detinfied watsr-budget 
calculations for individual disposal units can be used as the Basis f o r  

t o  estimate the various f l o w  c o ~ ~ ~ ~ e ~ ~ ~  

Mater-budget components are expressed by u n i t  

Observations on t h e  decline a f  water levels 
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estimating both the average contact time between the wastes and water, 
the amount of water and waste in contact, and the flux o f  water away 
from the unit. 

It is likely that a range of conditions exists and that some 
waste-disposal un?ts are never in contact with water, while others have 
water present much of the time. These considerations, together with 
others (e.g., geologic, geochemical), must be combined to estimate 
overall transport. This general synthesis is described further in 
Sect. 6.4.1. 

6 . 3  GEOLOGY AND SOILS 

6.3.1 Geology 

Geologic characterization tasks may be dlvided into five groups: 
core wells; geophysical studies; shallow trench characterlzation; 
laboratory analysis; and data interpretation and management. Data 
acquired from these tasks will increase our basic understanding of 
geologic  processes that were o r  are active dn SWSA-6 and will provide 
physical boundaries for and constrain numerical models of  SWSA-6. Both 
types o f  information, process understanding and modeling requirements, 
are necessary to fully characterize the geologic features of SWSA-6 and 
to predict the long-term stability of  this region. 

6.3.1.1 Site Characterization Activities 

Core we1 Is 

A core well to characterize stratigraphy and fractures should be 
placed south of Whiteoak Lake, as close as possible to the 
Nolichucky-Maynardville contact so that a complete section o f  the rocks 
that underlie SWSA-6 can be sampled. 
total depth of the well would be approximately 1100 ft. This depth 
estimate may be altered after retrieval of geophysical logs from the 
hydrastatic head wells. 

Joy 2 well data suggest that 
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A core well to characterize tear fault will be drilled a t  a 
nonvertlcal angle SO that it will intersect t h e  fault a t  a high angle. 
It wlll be cored so that t h e  borehole walls are s oath (this is 
essential for packer installation). Subsequently, packers will be 
installed to partition o f f  the interval surroundin the fault, and 
hydrologic tests will be run on this interval. 
will be located depends on results of  the geophysical surveys. 
Topography suggests the presence o f  several high-angle faults. If t h i s  
is supported by the surveys, one fault will be chosen t o  be 
investigated as a general case, The well location will be placed so 
that the well intersects the fault at a high angle and 
well construction, Thus, the well location rn y be neat- any of the 
high-angle faults outlined on the gleola ic map (Fig. 8 ) .  

Nhercr this core well 

for ease in 

All core wells must have a corn lcte set of geophysical logs run on 
-k and extend the usefulness o f  care data. Addltionall 
ired to sample potentially complex Fracture networks, 

Geophvsdcal studies 

commended geophysical methods to conduct shallow geophysical 
ground surveys include those used In the S SA-? characterization study 
(Rothschild et a l ,  1984) and may be divided into seismic (refraction 

resistivity, spontaneous potential, electromagnetic resistivity, and 
electrical resistivity) methods. Geophysical transects should c u t  
across possible high-angle tear faults a d should follow all existing 
roads, to maximize coverage, 

Reprocessing seismic data in shallow depth intervals of 0-108 
will improve resolution of geologic structures, which now do not show 
suf f I c 1 ent resol uti on. 

reflection) and electrical (very-la -f requency-el ectro 

Shallow trench characterization 

To establish a C Q  lete photographic record of all trenches; 
photographs should be shot at a scale and angle so that geologic 
structures preserved in the saprolite can be docu ented e Photographs 
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should be taken of all trenches dug by operations and of trenches dug 
specifically for the SWSA-6 closure plan. 

To continue field mapping additional trenches should be 
constructed perpendicular and parallel to geologic strike and should 
sample as much o f  the SWSA-6 area as possible. 
more description.) 
groundwater is concentrated along particular structural planes may 

(See Sect. 5.1.1.2 for 
Tests to determine whether radionuclides or 

either be tracer tests, accomplished by induced flow outside of 
trench, or a detector may be used to measure count variations w 
respect to various planes. These tests can be performed on the 
existing trenches in SWSA-6 (trenches D and E, Fig. 74. 

Possible geophysical transects, outcrop sites, and core we 

a 
th 
two 

1 
Icbcatlons, as well as existing data locations and existing trench 
locations, are shown in Fig. 13. 

Laboratory analysis 

Core samples should be prepared for slabs, thin sections, and 
geochemical analysis (can include stable isotope and fluid inclusion 
analysjs) and possible porosity and permeability tests. These analyses 
should also include th9n section petrography and core porosity and 
permeability tests. 

Data interpretation and manaqertient 

Activities i n  the area of data interpretation and management 
should include interpretation of core fractures characteristics, all 
orientation analyses (including those performed usSng the SCAT method), 
interpretation of fracture networks (SLAR data), geophysical log 
analysis, interpretation of geophysical surveys, interpretation of  
seismic data, and development (or improvement) o f  available software 
for geologic interpretation. 

summarized in Table 6. Essentially, the data will provide information 
on overall geologic characteristics and specific information on 
fracture networks. Because primary geologic characteristics influence 

SWSA-6 data needs and the tasks necessary to obtadn these data are 
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- 1 1 7 1 5  

t 



Table 6. Data needs for SWSA-6 geological characterization 

Type of information 

- 

Method of acq 

enesat 

ock type Geophysical logs, c 
ock body shape and orientation 

Depth to saprolite and to bedrock 
High-angle fault location and 

Structural sub-domains Happing, geophysical 'logs and core 

Saprolite processes Continuous s a ~ ~ ~ i ~ g  from 

Deep seismic data, 
logs and core From several 

Shallow geophysical ground s 
Geophysical ground surveys 

from several we1 1s 

so? l-saprol~te-bedrock(core) 
standard soil ~a~~~~~~ 

orientation 

Tests  for Data Use from Other Regions 

Strati graph i c cont i nu i ty 

F l u i d  contlnuity 

Tear-fault influence 

Mat ri x Cha racteri s t i cs 

Comparison o f  core and geop 
log data from ~ e ~ t ~ ~  and Bear 
Creek valleys 
Comparison o f  stahle isotope 
characteristics, ~ o ~ ~ ~ r i $ ~ ~  of 
groundwater g ~ ~ c h e ~ ~ s t ~ ~  from 
widely separated re nit or in^ wells 
Geophysical logs, core 
hydrauldc tests dn we1 
penetrate faults a t  an 
angle to f au l t  orientation 

Mineralogy Core 
Porosity Geophysical logs, core t e s t s ,  

Permeability 
in s i t u  hydraulic tests 

Core tests that are in ~ ~ ~ j ~ ~ ~ t i o ~  
with I n  s i t u  hy 
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Table 6 .  Continued 

Type of infar ethesd of acquisition 

Fracture Characteristics 

Identification and orientatlon 
different structural fabrics 

Porosity of each fabrSc type 

Denoi ty 
Extent  (thraugh going or not) 
Morphology 

Origin 

(conduit o r  seal) 

ra logy of fracture-filling 

o f  plng, geophysical logs, core 

In situ hydraulic tests (poor 
resolution?), tests on core 

Geophysical logs ,  mapping, core 
Hagpi ng 
care 
Core 

Core 

"In this case, a fracture i s  def'ined as any semiplanar fea ture ,  
such as a fracture, joint, fault, o r  bedding plane, that may 
increase t h e  total porosity and permeability of  the country rock 
and thus enhance fluid move ent. lhis is a considerably broad 
definition of fracture. 



s o i l  d e ~ e l ~ p ~ ~ ~ t ,  groundwater t ranspor t ,  and groundwater geochemistry, 
these data wil l  supplement s o i l s ,  hydrology, and geochemistry studies.  
Specif ical ly ,  processes involved In the transformation from bedrock, t o  
saprolqte ,  t o  s o i l  w i l l  be b e t t e r  understood and s t ruc tura l  fabr ics ,  
which appear to strongly control groundwater movement, w i l l  be 
chasacterdzed+ In addition, a t  l e a s t  two types o f  potential  waler/rock 
interact ions ( i .e . ,  waterhock matrix interactdons and water/fracture- 
f i l l i n g  minerals in te rac t ions)  wil l  be characterized. I f  bedrock 

roundwater sampl i n  i s  conducted o r  I f  there  i s  any potential  f o r  
dow~ward ver t ica l  flow of groundwater i n t o  bedrock, t h e n  i t  i s  
essent ia l  t h a t  these water/rock interact ions be understood. If not, 

f u l  in te rpre ta t ions  cannot be made o f  bedrock groundwater 
eoc hem: st r y  . 

€1~3.2.1 Physical and Engineering Properties. The measurements of  
meters provide the  data base needed f o r  ~ ~ ~ ~ ~ l ~ ~ i ~ a l  

and e ~ ~ j n e e ~ i n g  calculat ions.  Among the physical properties considered 
o s t  useful f o r  s l t e  character1 zation a r e  texture ,  porosity,  s t ruc ture ,  
o i s t u r e  re tent ion,  and dynamic properties of the  s o i l s .  These 

parameters describe the  s i z e  d is t r ibu t ion  of the primary s o i l  
a r t i c l e s ,  the degree t o  which these par t ic les  a r e  packed, t 

08 the secondary arrangement of the  primary p a r t i c l e s ,  water-holding 
capacity and poten t ia l ,  and engineering properties (consistency, 

sometimes be correlated w i t h  water retention and movement, f i e l d  

o f  engineering properties a r e  considered Important i n  constructing 
fac.il1tie.s and d e s i g n l n g  trenches f o r  maximum sidewall s t a b i l i t y ,  

varjous-sized groups (sand, s l l t ,  and clay) on the  basis of  t h e i r  

l a s t i c i t y ,  shear strength, and compaction). These properties can 

odsture regime, so lu te  t ransport ,  and s o i l  erosion. The ~ e a s ~ r e ~ e n ~ s  

ifferent textural  separates i n  s o i l s  a r e  c l a s s i f i e d  in to  

u iva len t  djameter. Sand and s i l t  f rac t ions  do not e x h i b i t  marked 



physical activity and m y be considered the skeleton of t h e  soil. 
Clay is a surface-act4ve f r a c t i o n  w i t h  a high degree o f  chemical and 
physical activity. 
swell and shrink, depending on moisture and s a l t  content and 
mineralogical composition; they a r e  also likely t o  have a low 
permeability" Textura l  infsr at ion I s  available in t h e  soil survey 

Clay soils have 2 tendency t o  be plastic and t o  

o r t ,  and laboratory t e s t s  will improve accuracy of  t h e  field data, 
t ~ x t u r e  o f  the s o i l s  in S SA-6 varies f r o m  clay loa 

loam. 
and w i t h  depth is expected because t h e  present soil textures are t he  
result of the soil-forming factors. The variation w i t h  d e p t h  is caused 
by clay translocation and secondary mineral f a m a t i o w  during 

Such a wide  v a r i a t i o n  of textural  classes within the  survey area 

enesis and by t e i n h e r i t e d  texture af  lithologic strata. 
Porosity, a percentage of pure space calculated f r om t h e  real and 

bulk specific g m v i t y ,  gives the volume percentage o f  the pore sp 
but does n o t  characterize the size o f  the  pores. 
w l t h  t h e  s i z e  of particles and the  state o f  aggregat ion.  
distribution o f  pores can be determined from t h e  moisture-tens?an curve 
that relates the a ount o f  water in t h e  soil in equilibrju 
tension forces applied, 

The porosity plaries 
'The s i z e  

6.3.2.2 Chemical and alogical Prg~er t f e s .  Detailed che 
and mineralogical characterizations of  SWSA-6 so's15 and weathered 
parent rocks are required for understanding t h e  retardatjon behavior o f  
radionuclides, soi 1 solution and groundwater chemjstry, and physical 
and engineering properties. 
radionuclides and hazardous components o f  the emplaced wastes may 
include t h e  underlying weathered bedrock s t r a t a ,  chemical and 
mineralogical characterization of  the rock samples is a l s o  require 
Such investigations will support t h e  pathways analysis  modeling and 
site performance assess 

Ahout 10 t o  20 bore hole samples should be collected f r o  
predetermined locations, The selection sf  the bore hole locations wjll 

Since the release pathway of t h e  

t fer the closure plan. 

ade i n  conjunction ith overall planning of  hydrological and 
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geological invest 
investigations of 
carbonate content 

gatians. 
soil and rock samples include hydrogen ion activity, 

The laboratory chemical and mine~a~ag~cal 

exchangeable acidity and base saturation, catlon 

exchange capacity, amorphous iron and aluminum contents, and 
semiquantitative mineralogical composition. 

and ~ ~ o r ~ h o u s  inorganic solid phases inherited and/or produced by the 
w @ a t ~ e r i ~ ~  of parent rocks. The parent rocks (limestone and shale) are 
composed of detrital and authigenic minerals. Hinerals, especially in 
t h e  clay fraction, control the permeability, moisture-density 
relationship, cohesion, shrink-swelling, soil solution c o m p o ~ ~ ~ l o n ~  
exchange capacity and retardation factor, and other f ~ n ~ a m e ~ t a l  
reperties of soils and bedrock. Because clay minerals fill vo ld  
spaces such as fractures, vesicles, and fissures, they are probab 

contaminants and fluid flaw within the hy rol og i c compa rtment 

Soil minerals are the discrete units which comprise crystalline 

iinant cause of the retardation o f  radioactive and nonratdi 

Mineralogical analyses are normally performed on whole soil and 
edrack and/or specific size fractions of the samples, such as sand, 
silt, and clays. Prior to the partlcle-size separation, carbonate 
minerals and organic matter will be removed by using sodium acetate and 
~ y d r ~ g e n  peroxide treatments respectively. The sand, silt, and clay 
fractions will be separated by wet sieving, sedimentatio~* and 
centrifugation. Free iron oxides in the clay fraction will 
using the citrate-bicarbonate-dithionfte treatment, 
oxides removed from samples are defined as being amorphous materjals 
which provide chemical sorption sites for trace heavy etals. Catfan 
exchange capacities related to cesium fixation and strontiu 
by the clay fractions will be determined, t~ provide an est 
smectlte and vermiculite contents. The amount o f  illite will be 
calculated from total potassium content and kaolinite w-ii’tl be e s t 1  
using differential scanning calorimetric analysis. The clay and s i l t  
fractlons will be examined using X-ray diffractametry a f t e r  various 
chemical and thermal treatments. Mineral phases in the fracture or 
~ ~ c r ~ p o r e  filling materials will be determined using scanning electron 

The free iron 

icroscopy and electron1 microprobe analysis. 



6 .4 HYDROLOGY 

ended ~~~~r~~ for charattevizlng SWSA-6 hydrology has been 
selected Prom t h e  "menu" of  alternatives outlined in Sect. 5.2. The 

I n  criteria f o r  selecting a particular approach t o  be i n c l u d e d  i n  
t h l s  program arc (1) a high probability of its being successfully 
completed within the constraints o f  the resources t h a t  can 
realistically be ~x~~~~~~ to be available, (2) its technical 
defensibility, and (39 t h e  expected accuracy o f  the resu l t s ,  The 

synthesimlng field data ,  in order  t o  yield the  input da ta  needed f o r  
pathways analysis. Section 6.4 .2  lists t h e  measurements that should be 
made as p a r t  of the Rydro'OogSc characterization program, and Sect. 
6 .4 .3  lists the faejlities and equipment t h a t  must  be installed an 

reswainder o f  Sect. 6.4.1 describes t h e  ~~~~~~~~~~~ approaches f o r  

94-6 t o  support the field easureBsient program. 
An empirical approach should be used in e s t i  ating the quantities 

of radionuclides released into hydrolog'rc transport (I . e . ,  t h e  
hydrologic transport Source t e  
t h i s  estimate appears to be a hybrid of  t h e  wates-budget approach and 
the physieal- odeling approach described in Sect. 5 . 2 , l .  Water-budget 
calculations arid field ~~~~~~~~~~s o f  t r e n c h  w a t e r  levels an 
water chemistry would be the b a s i s  f o r  odels that estirn 
hydrologic-transport soureil) term, Initial estimates o f  the volume o f  
water entering waste-disposal u n i t s  f rows infi ltratisn would be derived 

Mater-budgst. estimates o f  unit-area infiltration over the S 
watershed. 

urn method f o r  deriving 

These estimates would be r e f i n e d  (by  applying some s o r t  of 

oriel) t o  account for the obsel-ved effects on trench-water 
levels o f  such factors as the landscape position of the waste dispesa! 
unit, geologic s e t t i n g  sf  the  waste-disposal unit, trench cover 
characteristics, and infiltration characterjsties o f  the catchment di-ea 
that contributes subsurface inflo s Pa the waste-disposal ranit, The 
volume o f  groundwater flowjng through a trench or au 
intersects the pe en% water table would Be est ima 
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~ r ~ u n d w ~ t e r  flow system characterization Is complete by ( 3 )  comparing 
the trench or auger hole base elevation with the water-table elevation 
to determine whether it intersects the water table and (2) using 
arcy’s Law to calculate the annual flux through that portion of the 

Flow and transport in the unsaturated zone will also need to be 
trench or auger hole that intersects the water table. 

evaluated semiempirically, as it is impractical to expect that 
sufficient information can be collected in one year to support 
deterministic modeling of this zone. 
waste-disposal units can be estimated semiempirically from analysis of 
the dependence of trench-water-level fluctuations on waste-trench 
hyd rau 1 i c c haracteri st i cs , measured hydraul i c c haracteri s t i  cs of the 
unsaturated zone, and site water-budget parameters. The proportions of 
infiltration that contribute to short-term subsurface storm runoff and 
long-term saturated-zone groundwater flow can be estimated using stream 

Modeling of saturated-zone groundwater flow is an integral part o f  

Rates of outflow from 

raph separation. 

~ ~ a ~ a c t ~ ~ ~ z i n ~  the hydrologic system. ThDs modeling can be done at 
several dffferent levels of complexity. The simplest type of modeling 
i s  the use o f  Informed professional judgment (i.e., the application o f  
conceptual models) to draw water-table contour maps and flow nets, 
odels range upward in complexity to numerical f l o w  models that 
~ ~ m ~ l a t ~  three-dimensional saturated and unsaturated flow phenomena in 
medSa whose hydraulic properties are heterogeneous in space. ?he 
a ~ ~ ~ ~ ~ r i a ~ ~  level o f  complexity for modeling a given site is determined 
based on data availability, site complexity, and the intended uses of 

del output. The appropriate level o f  modeling complexity for 
appears to be implementation of a two-dimensional numerical 

ode1 o f  saturated flow. Such a model would not accommodate discrete 
layers with contrasting hydraulic properties, b u t  available data do not 
dnddcate that this capability is needed f o r  modeling the Conasauga 
roup. Several available computer codes for two-dimensional 
roundwater-flow simulation include capabilities for modeling 

contaminant transport, so this flow-modeling approach would be 
compatjble with transport modeling. 
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It is probably reasonable to neglect deep recharge 4ri  

SWSA-6 ~ r o u ~ ~ ~ ~ t ~ r - f l ~ ~  system, if for no other reason than that 
n e g l e c t  of deep recharge is conservative with respect t o  offsite 

discharge to the kShite Oak Creek drainage, all of  the radionuclides in 
this discharge would be predicted to leave the OR uch faster than if 
they fallowed longer,  deeper f l o w  paths,) Thus, bd e Oak Lake and the 
creek grideast of SWSA-6 probably can for one boundary of the 
domain (a constant-head boundary), and the !‘bottomn’ of t h e  
can be defjned as t h e  depth below which water does not see 
participate in flow paths to the hlte Oak Creek draina 
on the north and west edges of the model domain ut11 be 50 
difficult to define, but they should be located far  enough 
so that the boundary conditions i posed on these boundaries do not 
artificially control el-predicted hydraulic heads in the area of 

interest. Areal rech e t o  the grown ter system wold? 
directly (i.e., by i mathematical model of  the  

unsaturated zone), but nodal recharge values would be estimated from 
water-budget calculations of rates of trench leakage an i nf i Itrat: on 
below undisturbed areas, The ~~~~1 would assid e an anisotropic f l o w  
~ ~ ~ ~ u ~ ,  punctuated by higher- and lower-permea ility geologic 
structures. 

exposures from SMSA- . (If all of  the groundwater i s  assumed to 

6.4 .2  Site Characterization Activities 

The activities listed ~ ~ l ~ w  should be undertaken t o  provide 
information needed to support the analysjs proposed in Sect, 4.4.1. 

e The regular program of meteorological measurements should be 

contlnued, including various observations a t  the QRNL 
meteorological towers and precipitation measure ents on the s 
area. 



9 Groundwater levels in all suitable groundwater observation wells 
should be measured monthly. Groundwater-level data are required 
for calibrating the SWSA-6 groundwater model and for estimating 
changes in groundwater storage for the water-budget analysis. 
More frequent measurements may be needed during a limited period 
or in a limited area t o  support studies of  trench-water dynamics 
and/or to support transient calibration of  the groundwater f l o w  
model. This  may involve 40 to 50 wells, including at least 30 
existing wells and the 12 proposed new wells. 

Haste-trench water levels should be measured monthly in all 
trenches that have monitoring wells. 
trench water levels are needed in water-budget analyses and -In 
analyses of inflow to waste-disposal units. 

Data on fluctuations of  

e Measurement o f  discharge at the mouths of all SWSA-6 streams 
should continue. 
water-budget calculations, calibration of  the groundwater flow 
model, and calculations of offsite contaminant transport. 
Hydrograph separations should be performed on several storm 
hydrographs from each stream, to facilitate estimations of  t h e  
relative contributions to storm runoff o f  groundwater below (i-e., 
base flow) and above the water table. 

Streamflow data are needed to support 

e Measurements o f  water levels in and discharges from the French 
drain should be continued. These measurements are needed to 
support water-budget calculations and to support the analysis of 
flow i n  the unsaturated zone, particularly flow into 
waste-disposal units. 

e Soil water storage should be measured quarterly, to suppor t  
water-budget analyses. 
if resources permit. 

More frequent measurements are desirable, 
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* Detailed short-term ( e . g * ,  2 t o  3 months) studies of trench- 
dynamics should be carried ou t  i n  five t o  ten trenches repsesenting 
different landscape positions and so i l  types, Contlnanous 
measurements should be made of  trench w a t e r  levels during the t e s t  
period. Also, field observations of the  infiltration of  averland 
runoff should be made during a t  least one stor  

ents should be made o f  t h e  hydraulic properties (i.e., 
drainableporosity and sidew 11 hyd rau l i c  conductivity) of wa5t.e 

trenches. Porosity data are needed f o r  water-budget analysis, and 
data on porosity and hydraulic canduclivity are needed f a r  
analysis of trench-water dynamics. One way t o  make t h e  necessary 
measurements would be t o  f lood four o r  Flve waste-filled trenches, 
measuring t h e  volume o f  water flowing i n t o  t h e  t rench dnd the rise 
and recession of trench water levels during and after the 
flooding, To provide accurate data on waste-trench porosity, 
reliable data on the dimens-ions. o f  the trenches selected f o r  this 
testing will be required. Also, t o  enhance the value of t h e  
water-level recession measurements, it would be desirable t o  work 
w i t h  trenches f o r  which information on s i d e w a l l  geology is 
available. 

e A field survey o f  site wells should be conducted to idesnt-'sfy a l l  
wells t h a t  are not useful f o r  groundwater monitoring b u t  that may 
(due t o  damage, well construction f ea tu res ,  QP 'Docation) cantribute 

t o  cross-conta ination or hydraulic disturbance. Information on 
wells i s  needed t o  interpret the nite hydrslogic system, 

as some wells may be responsible f o r  hydrologic o r  chemical 
alies t h a t  cannot be othe I s e  explained by modeling. 

e Tritium concentrations a t  stream-gaugdng stations should be 
measured under a variety of  flow conditions. Tritium data will be 
useful in determining t h e  relative contributions of  subsurface 
storm runoff and true groundwater Plow t o  transport of contaminants 
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from waste-disposal units. Some samples should be 24-h composites 
during base-flow periods. 
one attempt to sample for tritium during a major storm runoff 
event. 

At each site, there should be at least 

e The vertical hydraulic conductivities o f  trench cover soils and 
in situ soils should be measured to supplement the available data 
on soil hydraulic conductivity from the SWSA-7 area and from 
earlier work on SWSA-6. Optimally, there should be a total of 
about 30 measurements each on trench cover materials (selected to 
represent a wide range of  trench ages) and natural soils. 
Double-ring infiltrometer measurements are appropriate for these 
purposes. 

e An induced-gradient groundwater tracer test should be performed 
in a group of wells that does not seem to be influenced by any 
discrete folds or faults. The primary purpose would be to measure 
apparent dispersion due to the movement of groundwater between 
fractures and the lower-permeability rock matrix. Measurements o f  
this phenomenon are needed so that the effects of "matrjx 
diffusion" on contaminant transport can be accurately reflected in 
subsurface contamlnant-transport modeling. 

Temporary flow-gauging devices at various locations along the 
watercourses during base-flow periods will be used to estimate the 
amount of  groundwater discharge occurring along discrete stream 
segments. The findings of  this activity would be useful in 
locating hydraulically important geologic structures and in 
determining how to treat the streams in the groundwater flow model. 

e Single-hole hydraulic conductivity tests (i.e., slug tests) 
should be performed in all appropriately constructed SWSA-6 
wells. The purposes of this activity would be (1) to ascertain 
that the existing data set on the hydraulic properties of 



9 2  

Csnasaslga Group rocks I s  adequate f o r  
discern any a ea1 trends or patchiness i n  the  d is t r ibu t ion  crf 
hydraulic con aactivjty on SWSA-5, and ( 3 )  t o  determine ~~~~h~~ 
observed geologic d i f f e r  ces ( i . e . ,  d i f f e rences  i n  l i thology, 
s a p r o l i t e  v s ,  unwe bedrock,  or i n  density o f  jo in t ing)  can 
be correlated w i t h  differences i n  hydrauljc conductivity. T h i s  i s  
not a c r i t i c a l  a c t i v i t y  because there  i s  st rong evidence t h a t  an 

ption of  f a i r l y  uniform hydraulic conductivity wil l  be 
adequate f o r  f i r s t - c u t  groundwater flu& modeling, 

e Conduct an aquifer pu ping tes t  and a groundwater t r a c e r  t e s t  i n  
a selected Vypical"  fold or  f a u l t  s t ruc ture ,  The aquifer  pu 
t e s t  resu l t s  could be i n t e s p r e t e  t o  yield estimates o f  the 
transmissivity and hydraulic s torage  parameter ( i . e a o  s p e c - l f i c  
storage or storage coef f ic ien t )  o f  t h e  st ructure .  These are t h e  
parameters needed t o  characterize the s t ruc ture  i n  a 
two-dimensional, ver t ica l ly  integrated groundwater- flow ma 
The t r a c e r  t e s t  resu l t s  would yield an est3 
d i f fus iv i ty  o f  t h e  s t ruc ture  and migh t  be interpreted t o  yield 

parameters could be used i n  analyt jcal  modeling of contaminant 
t r a n s p o r t  alon the s t ruc ture .  By m a n i p u l a t i n g  the  data from the 

hydraulic conductivity and ef fec t ive  porosity of  the s t ruc ture ,  
which a r e  needed f o r  some mo el ing applicationr.  

'ze of t h e  hydraulic 

a t r l x  diffusion along the flow path. These 

o t e s t s ,  i t  would a l s o  be possible t o  derive estimates of 

6 .4.3 Wequire nsi te  Ins ta l la t ions  

* I n s t a l l  one additional recordin rain gauge, preferably i n  t h e  
eastern half o f  SMS -5. A gasaging device i n  the eastern half o f  
the  s j t e  would p e r m i t  monitoring of precipi ta t ion v a r i a b i l i t y  
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6.5 

Upgrade temporary stream gaging stations to permanent status. 

Install piezometers (typically about 100 ft deep) adjacent to 
four existing wells, to create four Swell clusters. 
be made available for water chemistry sampling before 
casing is installed and should be geophysically logged. 

Install up to 12 additional water-level observation and chemical 
sampling wells at a typical depth of 50 ft. Telescoped casing is 
probably unnecessary; finished inside-casing diameter should be 2 
to 4 in. Some of these wells will be used to obtain information 
on groundwater levels and radiochemical data in the vicinity of 
the auger holes. 

Install new in-trench monitoring wells in as many as ten waste 
trenches representative of  different landscape positions, initial 
waste inventories, waste age, etc. 
Unusual construction conditions will largely dictate constructjon 
detai 1 s .  

Typical well depth is 74 f t .  

Install ten neutran-probe access tubes, distributed over the 
different major soil map units in the SWSA-6 watershed, for soil 
moisture measurements. 

GEOCHEMTSTRY 

Based on existing information and the anticfpated data 
requirements for pathways analysis and site performance assessment, 
additional geochemical investigations will be required. These 
investigations Include the following: 

e Sampling and analysis of uncontamlnated site groundwaters (water 
table and perched water tables, if any), to determine background 
groundwater composition and geochemical parameters. Es~ablish~ent 
of the background geochemistry of site surface water and 
groundwater is prerequisite to interpreting the leachin 



of t h e  t rench and auger hole w s t e s  and identifying charsages i n  
geochemistry as water passes through the waste and soils. 

e Sampling o f  site ~ ~ o u n ~ ~ a t ~ ~  and surface water t o  determine the  
extent of existing conta inant migration through, or retardation 
by, t h e  site soils, A t  this ti e ,  some analyses have been 
reported on samples re oved from selected wells in SMSA--FF (8scgly 

1984) *  However, the data are not sufficient t o  establish the 
movement of contaminants; especially nonradioactive components. 

-water level and ptezo e ter  %~e!?s installed in SWSA--6 as p a r t  
sf the ~ l a ~ n ~ ~  hydrologic studdes will be sampled tu establish a 
more detailed description of  the e x t e n t  of contaminant t ransport  

SA-6. T h i s  type o f  information w'all be ~lseful  in identifying 
groundwater pathways ( S e c t .  5.2.3-5) and d e t e r  ining the ability 
o f  the site soils to retard t h e  transport of  contaminants. 

Samples will be! analyzed f a r  grass alpha, be ta ,  and g a m a  

actlvdty. Using these initial data, appropriate analy t ica l  methodology 
will be used t o  quantify t h e  concentrat ion of f n  ividual radionuclides 
present at significant levels in the samples. Total organic carbon 
analyses will be performe t o  t e s t  f o r  the greserlce o f  org 
subsequently, shro atographic o r  s t h c r  techniques will be used t o  
identify and quantify t he  eowcentratjon of  tiamardous organics present. 
Inductively coupled plas a spectrometry and atomic  adsorption 
techniques wlBl be used t o  identify the presence and measure the 
concent ra t ion  o f  hazardous metal co pnnents  in " t h e  sa ples. Because of 
the appreciable c o s t  and Pime involved in a complete analysts o f  water 

l es ,  t h e  ~ ~ ~ ~ a m i n ~ n ~ ~  t o  be studied in futur-e analyses will be 
carefully selected. 
be established as the initial contaminant data  become a v a i l a b l e .  

The scope of the effort for this a c t - i v i t y  can ~ n l y  

8 Laboratory ~ a ~ ~ r ~ ~ ~ n ~  of  radionuclide and hazardous materials 
sorption in t h e  site soil/grsund a te r  and s i t e  bedrockPgroundwater 

t a l  work i s  necessary t o  develop retardation factor 
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values which quantify the retardation of important radionuclide 
and hazardous materials by site components. In the case of 
radioactive contaminants, chemical and hydrologic retardation can 
delay the transit time from the source to accessible environments, 
thereby allowing a portion of the radioactivity to decay. These 
experiments wjll employ samples of site soil, weathered bedrock, 
groundwater, and 'leachate under appropriate geochemical 
conditions. The site soil and weathered bedrock samples used will 
be subsets of the samples obtained for the determination of 
physical and chemical properties (see Sect. 6.3.2). Laboratory 
batch-contact experiments will be conducted under site 
release-pathway-specific geochemical parameters, to measure 
sorption isotherms (sorption ratios as a function of 
concentration) for the important radionuclides and hazardous 
materials. Sensitivity tests under variations or extensions o f  
site geochemical parameters may also be conducted, 
batch contact tests will explore sorption/desorplion 
disequilibrium, to confirm the inherent conservatism of  the 
batch-contact sorption ratio values. 
column chromatographic tests will be conducted to measure 
retardation factors directly and confirm the values calculated 
from batch-contact sorption ratios. These column tests will also 
explore possible multiple speciation and sorption/desorption 
~ i ~ e ~ u i l i ~ r ~ u m  effects on the retardation factor values, 

Selection o f  the radionuclides and/or hazardous materials to 
be studied under this activity and determination o f  the amount or 
depth of study required wlll be an iterative process involving 
other site activities. As specific contaminants are identified 
whish could be considered to be major dose contributors upon 
release, or to be in vlolation of some regulatory requirement, 
greater attention will be directed toward accurately quantifying 
the retardation behavior of these contaminants in the s i t e  
geologic system. 

Additional 

Laboratory once-through 
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In addition t o  the geochemical in s t i g a t l o n s  outlined above, 
there are other studies in whdch geoch istry will p l a y  a 
These tasks are described in greater detail in Sect. 6 . 2  ( 

and include the follo l n g  activities: 

0 Sampling and analysis of  wells neat- t h e  auger holes, t o  

radionuclide and hazardous materials content (see Sect .  6.2.2). 

p l i n g  and analysis of trench leachates, t o  deter 
radionuclide and hazardeus materials content, as well as the 
leachate composition and geoche ical parameters (see Sect. 6.2.1). 

Sheet and gully erosion are o f  greatest concern during and 
ediately following the period over which institutional control will 

be exercised over the closed site. Fsllowing this period, natural 
succession will result I n  the invasion o f  f o r e s t  species, with 
resulting changes in site erosion perfsr ance. Although the goal o f  
the current ORNL studies on erosion includes an evaluation of the 
effects QP crop cover, i t  I s  doubtful that eaningful results sail1 be 

It I s  therefore proposed to use the CREA S model and the 

reestablishing natural co ? t i a n s  will be on the long-term erosion 
potential of the site. 

wjthirr  the  ti e suggested for the c h a r a c t e r j z a t i o n  s t u d i e s .  

SA--6 site data t o  estimate w a t  the long-ter 
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7. COSTS AND SCHEDULES FOR O B T A I N I N G  C H A R A C T E R I Z A T I O N  DATA 

Section 6 describes the additional information needed to 
characterize the SWSA-6 site, to assure compliance with DOE orders 
5820.2 (Radioactive Waste Management) and 5480.14 (the CERCLA 
Program). 
regarding the performance of SWSA-6 (Sect. 5) additional inforination is 
needed to develop a source term for contaminants leaving the trenches 
and auger holes; define the site-specific geology (stratigraphy, 
petrography, characteriratlon of fracture networks and other zones of 
increased porosity, etc.); provide additional information on the 
chemical, mlneraloglcal, and physical properties of site soils; 
determine the hydrologic component of the source term (groundwater flux 
and wastewater contact time); determine the parameters necessary to 
characterize groundwater transport pathways; and evaluate geochemical 
parameters related to contaminant release (source term) and the 
retardation of contaminant transport. For planning purposes, it has 
been assumed that the characterization can be completed within two 
years. 

Based on an evaluation of the current status of knowledge 

Currently, DOE Is funding a number o f  regional environmental 
evaluations related to past and future waste disposal operations at 
Oak Ridge nuclear facilities. 
evaluations, wells are being installed to monitor the hydrostatic head 
distribution of groundwater in Helton Valley and provide groundwater 
monitoring facillties. Where these existing or proposed installations 
can be used to supply information for the characterization plan, t 
costs of drilling the wells has not been included ln the overall cost 
o f  characterizing SWSA-6; only the costs of specific studies related to 
the use of these wells is included. A5 a result, the costs in this 
section do not reflect the total cost that would be incurred i f  the 
additional studies were not ongoing. 

For example, as part. of the L) 



Geochemical i n fo rma t ion  -is needed as a p a r t  o f  t h e  source-term 
d e f i n i t i o n  and t o  serve as i n p u t  t o  t r a n s p o r t  modeling o f  water and 

Concerns expressed regardtng t h e  i n c o  pleteness of  t h e  
c u r r e n t  waste i nven to ry  records an t h e  l ack  o f  data on nonradioactive 
~ o n - t a ~ ~ ~ a ~ ~ s  i n  icate t h a t  t h e  use o f  a t o t a l  inventory-release-Pactar 
approach probably w- i i l l  n o t  produce a de fens ib le  source term f o r  

Rather, a source t e r n  based on t rench  w a t e r  analyses, 
coupled w i t h  e s t i  ated v o l  umetr i  c t h r o u  hgut and residence t imes,  w i l l  
be developed. 
analyads for  r a d l a a c t i v e  and nonradioact ive contaminants, 
a l s o  be obtained from e x i s t i n g  an newly installed w e l l s  i n  tj 
prov ide geochemical i n fo rma t ion  on s i t e  groundwater i n  t h e  v - i c i n i t y  o f  
t h e  trenches and auger holes t h a t  wlJI be use fu l  i n  eva lua t i ng  
contaminant migrat ion.  

t s .  

d e l i n g  SWSA-6. 

This approach requ l res  considerable sa 
Samples w i l l  

i n  extent,  some leach t e s t i n g  sf bb 
t ternpt t o  e s t a b l i s h  a r e l a t i o n s h i p  ~~t~~~~ c u r r e n t  and 

f u t u r e  t rench  water contawslnant concentrat ions.  

Estimates o f  casts  and schedules F o r  t h e  subtasks o u t l i n e d  above 
are inc luded i n  Tables 7 and 8, Because l i t t l e  i s  kno 

ard ing  the r a d i o a c t i v e  and nonradloact ive eonta inants  present i n  
e% hale water, these e s t i m  ay have to be rev ised once 

i n i t i a l  data a r e  accu 

l e  7. Tasks, t ime ,  and ~~~~~~~r needed f o r  source 
t e r m  and geochemistry analyses 

Sub-task 
T i  me 

(months) 
Staff 
(FTEs)  

1 -Characterize t rench  water 1 2  - 24 

2-Extent o f  m ig ra t i on  6 - a2 
3-Haste leaching 12 

0.25 
0.25 

6.25 
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Table 8. Estimated costs  f o r  gather ing source-term and 
geochemistry data, by subtask and f i s c a l  year 

Subtask FY 1986 FY 1987 To ta l  

1 125,000 1 00,080 225 008 
2 50,000 75,000 1 75,000 
3 25,000 25,000 50,000 

T o t a l  200,000 200,000 400 , 000 

7.2 GEOLOGY 

Geologic c h a r a c t e r i z a t i o n  can be d i v i d e d  i n t o  f i v e  subtasks: core 
wel ls ,  geophysical s tud ies,  shal low t rench  cha rac te r i za t i on ,  l abo ra to ry  

analys is ,  and data management and i n t e r p r e t a t i o n  (see Tables 9 and 10). 
For p lann ing  purposes, i t  has been assumed t h a t  most o f  t h i s  work 
(subtasks 1 through 4) w i l l  be done under subcontract  w i th  ou ts ide  
organizat ions.  However, a l though most o f  t h e  work would be done ou ts ide  
o f  O W L ,  a considerable Laboratory involvement w i l l  be necessary t o  
oversee t h e  performance o f  t h e  subcontracts and t o  p rov ide  t h e  
coo rd ina t i on  necessary t o  ensure t h a t  schedules and data needs a re  met. 

7.3 SOILS 

S o i l  samples w i l l  be obtained from selected l o c a t i o n s  in SWSA-6 
and analyzed f o r  phys ica l ,  chemical, and m ine ra log i ca l  p roper t i es .  
Chemical l a b o r a t o r y  measurements w i l l  i nc lude  pH, exchangeable bases 
and a c i d i t y ,  catdon exchange capaci ty,  m ine ra log i ca l  composition, and 
r e t a r d a t i o n  o f  contaminants by SWSA-6 s o i l s .  
as p o r o s i t y ,  bu l k  densi ty ,  t e x t u r e ,  s t r u c t u r e ,  mois ture r e t e n t i o n ,  

compressive s t rength,  cohesion, and shear s t reng th  w i l l  a l s o  be 
determined. This  i n fo rma t lon  w i l l  be used i n  modeling groundwater 
t r a n s p o r t  and i n  eva lua t i ng  s i t e  s t a b i l i t y .  
requirements, and costs  f o r  o b t a i n i n g  a d d i t i o n a l  s o i l s  i n fo rma t ion  a re  

Physical  p r o p e r t i e s  such 

Tasks, manpower 

i v e n  i n  Tables 11 and 12. 
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Table 9 .  Tasks, t i m e ,  and anpower neede far  geology data g a t h e r i n g  

Subtask 
S t a f f  

( FTEs) 

3 
2-Geophysical s tud ies  I2 
3-Shallow t rench  character izat ion 3 
4-Laboratory analysis 12 
5-Data i n t e r p r e t a t i o n  24 

Table 10. Estimated c o s t s  together d a t a ,  by subtask and f i s c a l  year 
- 

Subta s k FY 1986 FY 1987 Toea 1 

1 35,800 75,000 
2 30 000 55,000 
3 5, 000 5,000 10,OQO 

5 50.000 -.L- 98 000 
4 10,QQ 2Q,000 30,060 

Total 135,000 155,000 2963,000 

Table  11. Tasks, t ime, and ~a~~~~~~ weeded Bo conduct s o i l  stud ies  

(months) 
S t a f f  
(FTES) 

l-Soil chemical and 
ineralogical properties 

12 

2-Soil physical p 12  

34ampl ing  and sa 24 
Cant rat t 

0.2 
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Table 12. Estimated costs for soils studies, by subtask and fiscal year 

Subtask FY 1986 FY 1987 Total 

1 
2 

3 

Total 

10,000 20,008 30 ,, 000 
20, OQQ 

20,000 30,000 50,000 
30,000 70,000 1 00, 000 

7.4 HYDROLOGY 

As indicated i n  Sect. 6.4, a number of the hydrology needs will 
require further evaluation, For planning purposes, Four general areas 
have been defined as subtasks. These are basic hydrology, trench-water 
dynamics, surface-water studies, and meteorology. By far, the most 
important o f  these subtasks are those dealing with trench-water 
dynamfcs (hydrologic component of the source term), and basic hydrology 
(hydrologdc transport). 
characterization period will be devoted to these subtasks. However, 
some effort will be required to continue measurements related to the 
surface-water component of the water balance. In addition, it will be 
necessary to continue to operate and maintain the meteorological 
stations in SWSA-6 and to compile Information for the basic hydrology 
and trench-water dynamics subtasks (see Tables 13 and 14). 

monitoring wells for this task are not included in the esti 
reported in Table 14. Ongoing programs related to environmental 
compliance and restoration of ORNL facilities will provide the 
necessary installations. The cost o f  trench wells t o  be used to 
evelop the source term (See Sect. 6.4) i s  included in Table 14. 

The majority o f  the effort during the 

Costs for installing Some o f  the necessary piezometer wells and 



Table 13. Tasks, t i  a ~ p o ~ ~ ~  needed f o r  hydrology studies 

Subtask 
T i  me 

(months) 
S t a f f  

(FTEs)  

1 -Basic h y ~ r o ~ o ~ ~  
2-Trenc ki-wa t e r d yna 
3-Surface water 
4-#etesrology 

24 
18 - 24 

24 
24 

Table 14 .  Estimated costs f o r  hydrology s tudies ,  
by subtask and f i s c a l  year 

Subtas k Total 

1 120,oo 95,00(9 215,000 
2 1 30 000 100, OOQ 
3 5 OOQ 5,000 16,OQO 
4 5.OQ6 1Q.OOO 

Total 260 9 000 205, QQO 465,000 

inary estimates of  time, s t a f f ,  and costs  re  
various a c t i v i t i e s  related t o  s i t e  and ~ a ~ ~ ~ a ~ s  analysis a r e  
indicated In Tables 15  and 15. Only the  modeling a c t i v i t i e s  t h a t  a r e  
coincidental t o  o r  t h a t  shortly follow the s l t e  characterization 
a c t i v i t i e s  [ i . e . ,  t h e  a c t i v i t i e s  included i n  Phases I and 2 of  the  
rpverall performance assessment progra (see F i g ,  6 ) ]  a r e  included i n  
th i s  plan.  The other a c t i v i t i e s  (Phase 31, which are  closeiy t i e d  t o  
any remedial action progra cannot be costed a t  t h i s  t i  e .  Subtask 1 
(Table  15)  w i l l  include a preliminary analysis o f  data collected d u r i n g  
i n i t i a l  stages o f  t h  s i t e  character izat ion,  r ~ ~ ~ ~ ~ ~ e ~ ~  of conceptual 
and nurneri cal odela, and select ion o f  appropriate eades. Subtask 2 
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Table 15. Tasks, time, and manpower needed for pathways 
analysis studies 

Subtask Time 
(months ) 

Staff 
( FTEs) 

l-Data analysis, refinement 
of conceptual models 

12 0.2 

2-Sensitivity analysis 12 0.2 
3-Generic simulations/preliminary 

simulation of  current behavior 6 0.5 

Table 16. Estimated costs for pathways analysis studies, 
by subtask and fiscal year 

Su btas k FY 1986 FY 1987 Total 

1 20 y 000 

2 10,000 
3 

Total 30 000 

40,000 
70,000 
100,000 
210,000 

60,000 

100, OOQ 
248,000 

(Table 15) should be initiated as soon as characterization activities 
for a given pathway are near completion. The plan assumes that 

(Phase 3) will not be Snitfated until at least one year of data 
collection is completed. 

rellminary modeling activities for simulation of current behavior 

7.6 PROJECT COORDINATION AND MANAGEMENT 

To coordinate the various site characterization efforts and ensure 
that work progresses on schedule, it is anticipated that about 0.5 FTE 
wjll be required each year (Table 17). This individual will also be 
responsible for prepardng a final characterlzation report on SWSA-6. 
Estimated costs are given in Table 18. 



Table 7 7 .  Tasks, 91 e r  needed t o  ma 
character1 zation ef  f a r t s  

Staff 
(FTEs) 

2--Report preparati on 
18 

6 

0.5 

0.5 

Table 18, Estimated costs  f o r  management of c h a r a c t e r f z a t i o n  
e f f o r t s ,  by subtask and f i s c a l  yeas 

Slabtask FY 1986 FY 1987 .r 0t.a I 

1 
2 

-rota t 

48,000 75,800 1 1 5 , O O  
25,600 

40,000 100 2 000 140,000 

5~~~~ on the estimates developed f o r  the  individual subtasks i n  
th is  p lan ,  Table 19 presents t h e  t o t a l  subtask c o s t s  f a r  each of the 
f i s c a l  years d u r i n g  which the plan would be carried o u t  and the  t o t a l s  
f o r  the  overall characterization e f f o r t ,  Mate t h a t  (1) not  a l l  o f  the  
c o s t s  a re  included i n  t h i s  tabulat jsn,  since ongoin s t u d i e s  i n  SWS 

related to OR t a l  Westoration and F a c i l i t i e s  Upgr 
f the  costs of  monitoring wells and 

the  hydrology subtask; ( 2 )  some i n s t a l l a t i o n s  (surface- 
water weirs, wells, meteorological station, e tc . )  already existed o r  
were ins ta l led  d u r i n g  t h e  de~elop ent o f  t h e  plan;  and (3)  some 
o f  the p lan  were conducted be fore  o r  d u r i n g  t h e  time the plan wa 
f inal ized ( f o r  example, soil  mapping and water  level me 
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Table 19. Sumnary of SWSA-4 characterization costs, 
by task and f i s c a l  year 

Task FY 1986 FY 1987 Total 

1. S'ource term and geochemistry 200,000 200,000 400,000 
2. Geology 135,000 155,000 290,000 
3. Soils 30,000 70,000 100,000 
4. Hydrology 260,000 205,000 465,000 
5. Pathways analysis 30,000 210,000 240,000 
6 .  Project coordination and management 40.000 100,008 340,000 

Tota 1 695,000 940,000 1,635,000 

7.8 SCHEDULES 

Figure 14 presents the proposed schedule for performing the 
subtasks defined in the development of this plan. 
purposes, it has been assumed that it wSll take two years to install 
needed facillties, collect data, analyze data, and prepare a 
characterization report. Availability o f  funding may dictate 
modifications in the proposed schedule. 

For planning 
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Appendix A 

OAK RIDGE NATIONAL LABORATORY LDW-LEVEL WASTE INVENTORY 

To model hydrology and performance, it will be necessary to 
establish a source tern for the contaminants in Solid Waste Storage 
Area 6 (SWSA-6). 
information related to the radionuclide content and the date on which 
the waste was buried, the chemical form of the radionuclides, and some 
estimte of the rate of dissolution o f  the nuclides. This  section of 
the plan presents the currently available information regarding the 
volume and activity level of the low-level wastes (LLW) buried in 

The derivation of the source term requires 

SWSA-6 
The ORNL Operations Division maintains a computerized inventory of 

Pr jor  to contacting the ORNL Operations all waste shipments to SWSA-6. 
Division for LLM disposal service, the waste generator must fill out a 
form which identifies the waste classification, type of waste, and the 
number and type o f  waste container (Fig. A . 1 9 .  Although this form 
requests a list of the principal isotopes in the waste, in many cases, 
this is only an estimate, and past experience has shown that the 
estimates are often on the high or conservative side. Thus, the total 
activity values obtalned by summing up the individual disposals may be 
higher than what i s  actually buried. 

Since the first burials were conducted at SWSA-6 in 1971 the 
nature of the information entered into the ORNL record system has been 
modified a number of  times. 
into the system using what was called MOQ 1 Snput. For MOO 1, only 
data on waste volume were stored, although fissile waste was noted and 
entered separately. MOO 1 input was used f o r  SWSA-6 data until 1975. 
Starting in 1975, inventory data were input using what was called 
MOD 2, which consisted of information on volume (both combustible or 
noncombustible and compactible or noncompactible) and t h e  activity 
content o f  the waste using certain nuclear material codes. 
shortcoming of the data input is the lack o f  information on 
radionuclides other than those included on the special nuclear 
materials lists. HOD 2 was used for only a short time (1975 to 1976). 

Initially, waste information was entered 

The major 
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UE%T FOR STORAGE Q R - ~ ~ ~ ~ O S A L  OF R A  hS 
REQUESTER EXECUTE$ THlS SECLION BEFORE ARRAYGING MATERIALTRAMSFER 
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2 0 3 0  G A L  SS DPJb"1 
3 0 4  1 / 2  " W A L L  CONCRETE CASK 
4 0 6  IN 'WALL CONCRETE CASK 
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6 a 5 5  G A L  31 DRUh,1 
7 0 3 0  G A L  51 DRUV 
8 [:JWOOD OR METAL BOX 
9 O O i H t R  
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I 3  ONONE 
1 4 O C A S K N O .  -~ ~ 
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1 1  OPLASTIC 

n S 9 I E L D I U C MATE R I A L 

..... ........__I_ -. ... 
HEALTH PMVSICISTTXEC~~~ES%IIS SECTION BEFORE MATERIAL TRANSFER .._______- 

S & D I A T I O I J  D l T b  

____....I ...... ... I ......... ____ I 
STORAGE ARZLA_FOREWAW: COMPLETES AND-SJNDS COPT TO ORIClNATOR ..... AFTER HANDLIWG WASTE ......... ____ 

L3CLITNOh Cl'f 

F i g .  14.1. Farm used a t  ORNL f o r  shipment, storage, Q T  d isposal  o f  
solid r a d i o a c t i v e  waste. 
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In 1976, the National Low-Level Waste Management Program 
established a natimwlde data retrieval system called SWIMS (Solid 
Maste Information Management System) for DOE-generated LLW (Batchelder 
1980). At this time DRML initiated MOD 3 data input, which included 
more detailed infomation on radioisotopes in the waste and provided 
output that was compatible with SMIMS requirements. SWIMS required 
that LLW volumes and activity levels be itemized into eight nuclide 
categories: transuranium (TRU), uranium/thorlum, fission product, 
induced activity, tritium, beta-gamma TRU, alpha, and other. Two of  
these nuclide categorjes (TRU and beta-gam TRU) are retrievably 
stored in facilities outside o f  SWSA-6 and are not of concern I n  
developing this plan (Bates 1983). A more detailed description of the 
eight nuclide categories is given by Batchelder (1980). 
chemical and physical forms of the radionuclides, which would be useful 
in evaluating potential leachability, have not been required in the 
data input. 

kept o f  the dates the disposal units (trenches and wells) are excavated 
and the time at which the unlts are filled and covered (Table A . 1 ) .  
The log also contalns information regarding the intended use (such as 
for storage of hjgh- or low-activity wastes) o f  the disposal unit. 
Table 8.1 sumnarizes the number (and intended uses) of the trenches and 
wells filled in SWSA-6 up to mid-7985 (T. Grizzard, personal 
comunication, 1985) 

amount of specific radlonuclides buried; however, there are estimates 
af the total amount of activity buried in SWSA-6. 
reports it i s  estimated that about 470,000 ft3 o f  waste containing 
41,000 Ci was buried during the period prior to 1977 (flates 1983). 

each of the seven nuclide categories (by totals and by individual 
nuclides) has been required for each waste shipment to t h e  SWSAs. 

Table A . 2  shows that a total of  211,000 C i  o f  radioactivity was 

Qata on the 

Although not entered into the inventory system, a written log is 

The early portions of the ORFOL inventory system do not record the 

Based on existing 

Since 1977, MOD 3 information on the amount o f  radioactivity in 
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Table  8.1. S o l i d  Haste Storage Area 6 
t renches and auger holes 

(Data f roan Tom Gri zmalnd June 1985) 

Depth 
( inches 1 Nos. a t  each depth 

AUGER HOLES (WELLS) 

H i g h - A c t i v i t y  

10 
12  
18 
24 
30 
34 
47 

So lvent  Wel ls 

30 
47 

24 
36 
47 

7 
6 

21 
22 
44 

156 
185 

20 
16 

1 
21 
35 

T o t a l  ~ ~ ~ ~ e r  o f  Wells = 534 (approx.  18 f t  deep) 

TRENCHES 

Law-Act iv i ty  Trenches 
Low-Act iv i ty  Bales 
H igh-Act iv i ty  Trenches 
Asbestos Trenches 
F i s s i l e  Trenches 
Lead Trenches 
Animal Trenches 
Experimental  Trenches 

175 
5 

48 
33 

4 
1 

193 
12  

T o t a l  Number o f  Trenches = 471 ( 1 0  ‘to 1 7  f t  deep) 



A-7 ONNL/TM-9877 

Table A.2. Radionucl ide i nven to ry  i n  SWSA-6 f o r  the 
per iod  1977 t o  1984 (MOD 3) 

A c t i v i t y  ( c u r i e s )  

Radi onuc 1 i d e  Trenches auger holes Tota l  sa 
Wells or 

Am-241 
Am-243 
Be-I 0 
Bk-249 
C - 1 4  
Cd-1131.81 
C f  -252 
Cm-242 
Cm-244 
co-60 
CS -1 34 
cs -1 37 
Eu-I 52 
Eu-154 
EU-1 55 
Fe-55 
H-3 
Na -2 2 
N i  -63 
Np-237 
P~s-1  47 
PU-238 
Pu-239 
PU-242 
Ru-106 
Sm-151 
Sn-1211.9 
Sr-90 
Tc-99 
Th-232 
U-233 
U-235 
u -2 3a 
Zr-93 
Unid 

To ta l s  

3.44 
0.400E -04 
0.213 
0.999E-06 

0.002 
0.009 
0.499E-05 
6.08 

4.42 

7.12 
3.34 
0.0500 
0.755 

0.541 
0.00100 
0.Q00449 

258. 

9950. 

645. 

4320. 

59.7 
0.0270 
0.135 
0.00500 

3.25 
0.5100 

10.0 

251. 
36.2 

2.46 

5.56 

5.11 
1650. .I_ 

227. 

205. 

17,500 

0 e 1 50E-03 
0.1 ObE-04 

0.000 
0.99SE-06 
3.00 
0.000 
0.000 
0.000 

0 a 000 

400. 

22200. 

4460. 
50900 I 

72600. 
31 300 (I 

2790 * 
10.0 

8.000 
0.000 
0.299E-06 
85 .o 
0 001 89 
0.1 OX-04 
0.000 
0.000 

9 -00 

0.612 
0.083 
0.000 
0,015 
0.445 

200. 

2720. 

18.5 
5690. 

1 93,000 

3.44 
0.506E-04 

0.999 E -06 
400. 

258. 
3.00 
0.009 
0.499E-05 
6.08 

4.42 
32200. 

5110. 
50900. 
72600, 
31 300. 

7110. 
10.8 

0.541 
0 I )  001 00 
0.000450 

0.029 
0.141 
Q, 0050O 

145. 

10.0 
203 * 

2971). 
9.50 

36 .a 
2,54 

5.57 
227. 

285. 

-I 7340. 
23.6 

21 1,000 

&Numbers do n o t  add up because o f  rounding and method o f  da ta  en t ry .  
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transferred to SWSA-6 during the reporting pertsd 1977 through 1984. 

It should also be noted that of the 211,000 Ci buried since 1977, 

155,000 Ci was europium isotopes (73.5 ,970 c i  was %r (1.4 

5,110 ci was 13’cs ( 2 . 4  ), 32,200 C i  wa 
was H (3.4%). These nuclides of the total activity 
buried during the period 1977 t a  19 ,400 C i  is listed 
as unidentified or comprises smlle 
Table A . 3  gives an account of the radioactivity buried in S 

calendar year, 
Information on the total volume of waste b u r i e d  i n  SkJSA-6 is 

summarized in Table A.4. This table sho s that since 1971 about 98% of 

the total waste volume was disposed of i n  the trenches and t h e  

and 7,110 Ci 
3 

s of other nuclides. 

in the auger holes or wells. Note t h a t  the  data in 
Table A.4 are givers by calendar year, whereas the data reported 
previously by Boegly (1984) are given by fiscal year (Qct. l-Sept- XI). 

An attempt is being made t o  determine i f  additional information an 
radionuclide content and chem-ical form of the isotopes can be obta-ined 
by interviewing the waste generators. Due t o  anpower limitations and 
other factors, such as the t i m e  interval since the  waste 
and t h e  retirement of some of  the generators, it is not a 
additional information could be gathered. It could be t h a t  additional 
information can only be obtained far large-curie-content sources e 

o f  which were placed in the auger holes. 
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Table A.3. R a d i o a c t i v i t y  bu r ied  i n  SWSA-6 

A c t i v i t y  i n  

t renches auger ho les 
A c t i v i t y  i n  w e l l s  o r  

Calendar year  ( C i )  ( C i  1 Tota ls  

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

To ta l  (1 977-1 984) 

P r i o r  t o  1977b 

To ta l  for SWSA-6 

7 00 

1,700 

1,100 

400 

200 

200 

3,300 

9,600 

17,  200a 

3,300 

2,100 

4,300 

58,000 

114,000 

7,700 

2,700 

1,900 

194, 000a 

4,000 

3,800 

5,400 

58,400 

114,200 

7,900 

6,000 

11,500 

211,000a 

43,000 

252,000 

aData do n o t  add up because o f  rounding. 
bPre-1977 da ta  f rom Bates (1983) a re  g iven by f i s c a l  year. 



Table A.4. Volume o f  low-level waste buried i n  S 

Volume i n  
wells or 

auger h o l e s  
Calendar year Prenc hes ( f a s )  Tota  1 s 

1977 66,400 

69 600 

a00 67,200 

70 408 1978 800 

1979 74 ? 000 74 700 

1980 69 9 900 900 70,800 

1981 

1982 

48,800 

45,700 

500 

600 

49,300 

46,360 

1983 60,300 600 60,900 

1984 
To ta l  (1977-1984) 

P r i o r  t o  1977b 

76,100 
51 1,000a 

478,080 

Tota l  f a r  SWSA-6 987 p 000 

Numbers do not add up because o f  rounding. a 

bPre-1977 da ta  f rom Bates (1983) are given by f i s ca l  year. 
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Appendix 3 

CLIMAlOLQGY DATA SOURCES 

To assess short- and long-term performance it will be necessary to 
obtain detailed records o f  meteorological observatdons. Information on 
precipitation (amount, intensity, and frequency), wind speed and 
direction, humidity, solar radiation, and air temperature, is critical 
to developing an understanding of the hydrology of the site and 
performing the necessary rfsk and performance assessments requlred to 
ensure compliance with regulatory guidelines. In general, it is 
suggested that at least one year o f  on-site measurements be obtained 
(Siefken et al. 1982). 

The type of  meteorologic information currently being taken in the 
vicinity of SWSA-6 is presented in Table B . l ,  along with the period of 
time f o r  which records exist. 

Meteorological stations operated by the U.S.  Department o f  
Comerce, National Oceanic and Atmospheric Administration (MOAA),  exist 
in the city o f  Oak Ridge and at the Knoxville Airport (McGhee Tyson) 
(USDOC 1987). 
southeast o f  SWSA-6 and measurements have been taken since 1942 (QRO-99 
1953); measurements at the Oak Ridge Station [about 14 km (9 miles) 
northeast o f  SWSA-61 were initiated in May 1967 (USDOC 1982)- 

meteorological towers in 1982, to provide measurements of wind speed 
and direction (Boyle e t  al. 1982). 
tall, and the third is 100-m (330 ft) tall. All o f  the towers are 
equipped to measure wind speed and direction, temperature, and humidity 
at 10 and 30 m. 
at IO0 m. Precipitation-measuring devices (rain gages) were inst 
i n  conjunction with the towers. 
operated by the QRNL Environment and Safety Division (Personal 
communication, J. B.  Murphy, March 11, 1985). 

The Knoxville Station i s  located about 32 km (20 miles) 

In addition to the NOAA stations, QRNL installed three 

TWQ o f  the towers are 80-m ( 5  

The tallest tower can also provide these ~ ~ a s ~ ~ ~ m e n t s  

Data are stored i n  a data 
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Table €3.1. Meteorological stations i n  the vlcinity o f  SMSA-6 

Station Period sf  
des c ri p t  i an Location record 

Knaxvl 1 1 ea McGhee Pyson 

Oak Ridge 

ORNL Towers A and B 

USGS 

USGS 

ETF 

EPCOR 

B1dg. 1505 

~i rport 

City 

ORNL 

QRNL 

SWSA-5 

SWSA-6 

SWSA- 

QRNL 

1942-present 
1942-present 
1942-p~sent 
1942-present 

1947-p~sent 
1947-1 979 
1947-present 
1947 -pres en t 

1982-pt~sent  
1982-present 
1982-present 

1982-present 
1 9 8 2 - p r ~ e n t  
1982-present 
1982-present 
1982-present 
1982-present 

1985-present 
1985-present 

1984-present 

Precipitation 
Wind 
Tempe ratu r e  

Precipitation 
Hind 
Tempera t u re 
Temp. Grsndi ent 

Precipitation 
#? nd 
Temperature 
Temp. W a d i  e n t  

Solar Radiation 

Precipitationb 

Precipitationb 

P r e c i p i t a t i o n  
Temperature 

Salal- Radiation 

ents a lso  e x i s t  for the period 1877 Pill t h e  station was 
McGhee-iyson. 

bPrecipitation gages are not equipped to measure sno~fall. 
C A t  various times, meteorological measureme %s have been made 
at the Y-12 plant, K-25, an early X-10 station, and the tower 
shielding facility (ORO-99, OWNL-xxxx). 

Sources: ORO-199; Boyle; USDOC; ORO-99; Oakes group, D a v i s ;  USGS 
Open-File R e p w t  82-254. 
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During the period of December 1975 to January 1976 rain gages were 
installed in SWSA-5 and SWSA-6 by the U..S. Geological Survey as a part 
of their hydrogeologic investigations (Webster 1992). In 1980, an 
additional rain gage was installed in SWSA-6 as a part o f  the 
Engineered Test Facility (ETF) (Boegly and Davis 1983). Thus there are 
two recording rain gages in SWSA-6 at present and one gage located 
approximately 0.6 km distant in SWSA-5. 

In the near future (summer 1985) an additional rain ga 
Installed in SWSA-6, northwest of the ETF site (EPCOR exper 
gage will have the capacity to measure snowfall (Personal 
Communication, E.C. Davis, March 6, 1985). When this new gage is 
installed, a decision may be made to discontinue the readings at the 
ETF site in favor of those of the new gage. 
to he collected at the EPCOR station are included in Table 

Prior to 1982 solar radiation levels had not been measured at any 
o f  the ORML meteorological stations. However, the addition o f  a solar 
cell at ORNL Tower C and the installation o f  a gage on the roof of 
Building 1505 at ORNL in 1984 should provide sufficient information to 
allow estimates o f  evapotranspiration. 

from on-site measuring stations (although there are no continuous 
records for some of the gages), and long-term precipitation data have 
been recorded at nearby stations i n  Oak Ridge and Knoxville. 
there are no on-site measurements o f  wind speed and directian, 
considerable data exist (and are being gathered in the vicinity o f  
SWSA-6 that should supply the necessary information for 
characterization studies. If there are any deficiencies in the 
neteorologlcal Information, it i s  a lack of solar radiation data at the 
SWSA-6 site. The solar radiation measurements recently initiated, 
however, may be suff iclent for estimating evapotranspiration from 

The types of information 

Sufficient S n f o m t l o n  exists regarding preclpftation at SWSA-6 

Although 

SWSA-6. 
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Appendix C 

DOSE ASSESSMENT MODELS 

C.l EXTERNAL EXPOSURES 

C.l.l Unshielded Outdoor Exposure to Radionuclides 
in the Air and on Ground Surfaces 

The dose equivalent rate DE.(out) (rem per year) to or 
3 

to unshielded outdoor exposures to all airborne and surface-deposited 
radjonuclides can be estimated using a model o f  the form 

where 

RCFijA = dose conversion factor (rem per year per microcuries 
per meter) for organ j from exposure to radionuclide i 
that i s  assumed to be uniformly distributed th~oughout a 
semi-infinite atmospheric cloud, 

5 in air. 

(assumed to be radionuclide independent), 
DCFijs = dose conversion factor (rem per year per microcurie per 

meter) for  organ j from exposure to radionucli 
is assumed to be uniformly distributed over an infinite 
ground surface, 

Cis =: concentration (microcuries per meter) o f  #radionuclide i 
on ground surface, 

CiA = concentration (microcuries per meter) of radionuclide 

RS =: dose reduction factor due to ground roughness effects 

fo = fraction of the year that the exposed individual is 
assumed to be outdoors. 



Organ- and nuclide-specific dose conversion factors are available 
in the literature for both the air immersion and the grou 
exposure pathways. 
the ground surface, the only site-specific variables in the 
the ground-roughness factor, RS,  and the outdoor residency, fo. 

types of terrain. 

For given radionuclide concentrations in air and on 

ed values of RS are available in the  literature for various 

C . 1 . 2  Indoor Exposures t o  Radionuclides in Air and on Ground Surfaces 

The dose equivalent rate DE.(in) ( r e m  per year) to organ j due to J 
indoor exposures to all airborne and surface-deposited radionuclides 
can be estimated using a model of  t h e  form 

DE.(in) = [x(DCFijA CiA) + RS (OCFijs Cis RFis)] f I , 
J i i 

Where DCFijA, CiA, RS, OCFijSs and Cis are as defined in the 
previous equation for outdoor expasures, 

RFiA and RFUiS = dose reduction factors for indoor exposure t o  

radionuclide i that is e j t h e r  airborne or 
deposited on the ground surface, 

fI = Fraction of the year t h a t  the exposed 
individual is assu ed t o  be indoors.  

In addition to the surface-roughness factor, WS9 and the indoor 
residency, f I ,  the dose reduction factors R F i A  and RFiS are  
site-specific variables in the ode?, given appropriate ~ ~ v i ~ ~ n ~ ~ ~ ~ a l  
concentrations o f  radionuclides. The dose reduction f a c t o r s  ref lect  
the shielding provided by a building when the exposed person is 
inside. These factors depend on the spectrum o f  photons e m i t t e d  by 
radionuclide 1, the thickness and composition of  the building mater 
in t h e  walls and ceiling, the effective radius of the bullding, the  
building ventilation rate, and the deposition velocity sf radionucl 

a l s  

de i 
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on inside and outside building surfaces. 
reduction factors for airborne and surface-deposdted radionuclides are 

available in the literature and can be Lased in many dose assessments. 
If more precise values are needed or if most of the photons involved 
have energies below a few hundred kiloelecton volts, then simple models 
and computer codes are available for estimating dose reductjon factors 
for specific radionuclides and particular building characteristics, 

Generic values of dose 

C.1.3 Exposures to Radionuclides Distributed 
in Soil and to Trench Contents 

Radionuclides that are deposited on ground surfaces will penetrate 
the surface via inflltration o f  rainwater, for example, and will 
produce a distribution of  activity that varSes with depth in subsurface 
soil. Environmental transport models are used to descrlbe this 
distribution. 

to exposures to all radionuclides distributed in subsurface soil can be 
estimated using a model of the  form 

The dose equivalent rate DE.(out) (rem per year) to organ j due 3 

c DE.(Out) J = (i DEijs,) fo  , 

where DEijs’ is the dose equivalent rate from radionuclide 4 in soil 
and is obtained as 

X 

where x and x are the lower and upper boundaries (m) respectively of a 
subsurface soil region with depth-dependent distribution CjS(x) 
(microcurie per cubic meter) of  radionuclide i, and DCFijs is the 
dose conversion factor (rem per year per microcurie per cubic meter) 
for organ j from exposure to radionuclide i that is assumed to be 
uniformly distributed over an infinite plane surface at depth x in 
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soil. Dose? conversion factors as a function o f  depth in sail a re  
avalilab’le ire the literature. 
year during which outdoor exposures occur; this ~ ~ r a ~ e ~ ~ ~  is the only 
site-specific variable contained in t h e  a510 

depth in soil, we have by analogy with the results fo r  ~ ~ ~ ~ ~ ~ - ~ ~ ~ f ~ ~ ~  
exposure t h a t  

As before, fo  is the fraction of the 

For indoor expasures to radionuclides t h a t  are distributed w’,%h 

where RFiS is the dose reduction factor fro building shieldjng and 
fI is t he  fraction o f  the year spent indoors.  The ground roughness 
factor RS is nag needed Cor exposures to aet-ivity below the g r o u n d  
surface. 

Exposure t o  trench conte t s  is a special case o f  the 
arbitrary distributions o f  radionuclides with d e p t h  in soil. In this 
case, t h e  source region can be regarded as an infinite s lab o f  finjte 
thickness determined by the vertical extent o f  t h e  trench contents, and 
the radionuclide Concentration can b~ r e g a r d e d  as  being uniform 
throughout the s lab.  The dose equivalent rates DEijs‘ for uniform 
s lab sources o f  given concentration can he obta ined directly from 
tFRbIJlatjon5 in the literature. 

C.1.4 Swimming- in Con$aminated 

The dose equivalent rate (re per y e a r )  to organ j from all 
radionuclides due t o  s w i  
o f  t h e  form 

ing in contaminated water is given by a m 

where 
DCFijw = dose conversion factor (rem per year per microcgrrie per 

e ter )  f o r  organ j from exposure t o  radionuclide i t h a t  
ed to be uniformly distributed t ~ ~ ~ u ~ ~ ~ ~ ~  an 

infinite water mediumP1, 
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Ciw = concent ra t ion  (mic rocur ie  pe r  meter)  o f  rad ionuc l i de  
i i n  water, 

fw  = f r a c t i o n  o f  t h e  year  spent swimming. 

Organ- and nuc l i de -spec i f i c  dose conversion f a c t o r s  f o r  immersion 
i n  contaminated water  a re  a v a i l a b l e  i n  t h e  l i t e r a t u r e .  
rad ionuc l i de  concentrat ions i n  water,  t he  parameter fw i s  t h e  o n l y  
s i t e - s p e c i f i c  v a r i a b l e  i n  t h e  model. 

For g iven 

C.1.5 Bathing, Wading, and Boat ing i n  Contaminated Water 

The formula f o r  swimming exposures a l s o  can be app l i ed  t o  bathing, 
i f  c o r r e c t i o n  f a c t o r s  a re  s p e c i f i e d  t o  account f o r  t he  d i f f e r e n t  
geometries invo lved.  For bath ing,  t h e  above equat ion can be used w i t h  
an a d d i t i o n a l  dose reduc t ion  f a c t o r  o f  t h e  form (I - exp[-ui 
where R i s  t h e  rad ius  o f  t h e  volume o f  t h e  ba th ing  water and ui i s  an 
e f f e c t i v e  l i n e a r  absorp t ion  c o e f f i c i e n t  f o r  rad ionuc l i de  i i n  water,  
Th is  dose reduc t i on  f a c t o r  can be de f ined g e n e r i c a l l y .  

Wading and boat ing  exposures conceptua l l y  i n v o l v e  exposure o f  
organs above t h e  water t o  rad ionuc l ides  that.  a re  un i fo rm ly  d i s t r i b u t e d  
i n  an i n f i n i t e  s l a b  o f  water o f  f i n i t e  depth. 
r a t e s  t o  organs f rom wading and boat ing  can be est imated us ing a model 
s i m i l a r  t o  t h a t  f o r  exposures above contaminated s o i l .  I n  these cases, 
water would rep lace s o i l  as t h e  hos t  medium. Also, t h e  fo rmula t ion  f o r  
boat ing  would r e q u i r e  an a d d i t i o n a l  dose reduc t ion  f a c t o r  t o  account 
f o r  s h i e l d i n g  by t h e  boat; a gener ic  value probably can be used f o r  

t h i s  dose reduc t i on  f a c t o r .  

Thus, dose eq 

C.l.6 Exposures t o  Contaminated Shore l ine 

The dose equ iva len t  r a t e  (rem pe r  year)  t o  organ j from exposures 
t o  a11 rad ionuc l ides  on a contaminated sho re l i ne  may be est imated by a 
model o f  t h e  form 

DE. = (i c DCFijs Cis) Ws fS  , 
J 



OCFijs = dose conversion factor (rem per year per microcurie per 
meter) for organ 3 due to exposure to radionuclide i that 
is assumed to be unifor distributed over an infinite 
ground surface, 

Cis = surface concentration (microcurie per meter) o f  
radionuclide i on the contaminated shoreline, 

= shoreline factor that gives the fraction of  the 
infinite ground-surface dose t o  be medl for t h e  
particular type of shoreline being considered, 

s 

fS I= fraction o f  the year spent on the shoreline. 

Values of Ws for different types of shoreline (e . ,g . ,  canals ,  

Values of Cis are assumed t o  be given by appropriate 
rivers, lakes, oceans, and tidal basins) are available in the 
literature. 
transport models, and the OCFijs are the dose conversion factors used 
t o  evaluate ground-surface exposures. Again, the parameter fS  is the 
only site-specific variable i n  the model. 

Internal exposures result from radionuclides taken into the body 
via inhalation of  contaminated air and ingestion of contaminated 
foodstuffs. 
calculated using a model o f  the for 

Dose equivalent rates t o  man from such expos 

CDE = &CIiP DCF..  
J 1 p  1JP ' 

ted dose equivalent rate (rem per  year) t o  organ 
intake of  a l l  radionuclides via all pathways, 

= intake rate (microcurie per year) of radionuclide ir v i a  

icrocurie) for organ j 

lip 
pathway P I  

due to intake o f  radionuclide i via pathway p. 
D C F i j p  = dose conversion factor ( re  
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A committed dose equivalent is the dose equivalent that will be 
received over a specified time period (usually 50 or 70 years) due to 
an acute intake of radionuclides. 

The numerlcal value of a dose conversion factor depends on the 
identity, chemical form (solubility), and, for inhalation, the particle 
size o f  the radionuclide taken into the body. 
conversion factors for adults and children are available in the 
literature for different radionuclides, solubilities, and particle 
sizes. 

The major effort in estimating dose equivalent rates from 
internal exposures lies in evaluating the intake rates, lip, for the 
various pathways involved. 
internal exposure pathway can be expressed as 

Tabulations o f  dose 

In general, the intake rate via any 

l i p  = E i p  U p exp(-Airh) , 

where 
= the concentration (microcuries per unit mass or volume of 

iP 
material) of radionuclide i for pathway p, 

= human intake rate (mass o r  volume per year) of material 
for pathway p, 

Air = radioactive decay constant (l/tirne) of radionuclide 3 ,  

tD = delay time between harvest and consumption o f  material for 
pathway p -  

Generic estimates of human intake rates of air and various 
foodstuffs are available in the literature, but site-specific values of 
the Intake rates may be needed for a realistic dose assessment. 
Radioactive decay constants of  most radionuclides are well known. 
Delay times between harvest and consumption of foodstuffs, which can 
vary from essentially zero to a few months, also are reported in the 
llterature. The remainder of this subsection discusses models and data 
needs for calculating radionuclide concentrations in various materials. 



The concentration of radionuclide i in inhaled ais (microcuries 
per cubic meter) is given by 

- 
- -" CiA (fo + RFi SI) 9 'iA 

here 

= concentration ( Icrocuries per meter )  o f  radionuclide i 
in o u t d o ~ r  a i r ,  

fOD = fraction o f  year spent outdoors, 
RFi = ratio of indoor t o  outdoor a i r  concentrations o f  

radionuclide i, 
f = fraction o f  year spent indoars. I 

The fractions o f  t h e  year spent outdoors and indoors are the same 
as in the models for external exposures. 
indoor air concentrations may differ significantly f r o  
concentrations. At equilibriu , this dose r e d u c t i o n  factor d ~ ~ e ~ ~ $  on 
the building ventilation rate, the  deposition velocities of radionuclide 
i on indoor building surfaces, the areas of the  indoor building 
surfaces, and t h e  building volume. 
are the site-specific variables in t h i s  model. 

l h e  term RFi arises because 

The par-ameters fo '  PI, and RFi 

Use o f  this concentration in t h e  intake rate equation requires 
t h a t  UA, the hu breathing rate, be cxpresoed in cubic meters per 
year. Human breathing r a t e s  for several exertion levels and classes of  
persons are available in the literature and can be applied on a 
site-specific basis. The delay time, t,, is set t o  zero for 

alation exposures. 

6.2.2 i nated Water  

The Concentration o f  radionuclide i in drinking water (microcuries 
per  l i t e r )  is given by 
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where 

Ciw .- concentrat ion (microcur ies pe r  l i t e r )  o f  rad ionuc l i de  i 
i n  sur face water o r  groundwater 

groundwater by water t reatment  processes. 
TFiW = f r a c t i o n  of rad ionuc l i de  1 removed from sur face water 

Values o f  TFiW may be between zero and one, depending on t h e  
type o f  water t reatment used and t h e  p a r t i c u l a r  chemical element 
invo lved.  

t h a t  Uw, t h e  human water consumption ra te ,  be expressed i n  l i t e r s  per 
year. Generic water consumption r a t e s  f o r  several  c lasses o f  persons 
a re  g iven i n  t h e  l i t e r a t u r e .  
few clays. 
va r iab les  i n  t h e  model f o r  i n t a k e  rates,  g iven approp r ia te  
environmental concentrat ions.  

Use o f  t h i s  concentrat ion i n  t h e  i n t a k e  r a t e  equat ion requ i res  

Values o f  tD may be between zero and a 
The parameters TFIW, Uw' and tD are  s i t e - s p e c i f i c  

C.2.3 Eat inq Contaminated F i s h  

The concentrat ion of r a d i o n u c l i d e  i i n  f i s h  (microcur les pe r  
k i logram) i s  g iven by 

where 

Ci, = concentrat ion (microcur ies pe r  l i t e r )  o f  rad ionuc l i de  i 

B i F  = bioaccumulation f a c t o r  ( l i t e r s  pe r  k i logram) def ined as  
i n  sur face water 

t h e  r a t i o  o f  t h e  concentrat ion o f  rad ionuc l i de  i i n  f i s k  
(microcur ies pe r  k i logram) t o  i t s  concentrat ion i n  water 
(microcur ies pe r  l i t e r ) .  

Generic bioaccumulat ion f a c t o r s  f o r  t h e  var ious types o f  f i s h  and o the r  
aquat ic  foods a r e  available i n  t h e  l i t e r a t u r e .  
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Use of this concentration in the intake rate equation requires 
that U F p  the human consumption rate o f  fish, be expressed i n  

literature. 
parameters BiFe UF, and tD are the site-specific variables in the 

s per year; generic consumption rates are available in the 
Values o f  t, ay be between zero and a few 

ode1 for intake rates. 

C.2.4 Eating Contamlnated Vegetation 

The concentration of  radionuclide i in edible vegetation 
(microcuries per kilogram) is given by 

where 

CiA = concentration (microcuries perimeter) of radioarucl ide i 

OiA = deposition velocity (meters per day) o f  radionuclide i 
in air, 

from atmosphere onto ground surface, 

kilogram) for vegetation type V, 

radionuclide i, 

radionuclide i deposited f r om atmosphere onto vegetation, 

r/YV = denslty-normalized interception fraction (meters p e r  

hip = radioactive decay constant (liters per day) o f  

hiw = weathering removal rate constant (liters per day) For 

tV = growing season (day) for vegetation type V. 
Ci, = concentration (mjcrocuries per liter) o f  radionuclide 'z 

DW = average rate o f  irrigation (liters per m e t e r  per day) 
i n  irrigation water, 

during growing season, 
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Aid = weathering and runoff removal rate constant (liters per 

day) for radionuclide 1 deposited onto vegetation by 
irrigation water, 

in soi 1 root zone, 

vegetation per microcurie per kilogram o f  soil) for uptake 
of radionuclide i by edible portion o f  vegetation type V .  

CiSD = concentration (microcuries per kilogram) of  radionuclide i 

Biv = concentration ratio (microcuries per kilogram) o f  

This equation applies to various types of vegetation, including 
leafy and nonleafy vegetables, grains, grasses, and silage. Given the 
concentrations of radionuclides in air, irrigation water, and soil, all 
the other parameters i n  this model are site specific. 
values are available in the literature for the different types of  
vegetatqon. 
for deposition from irrigation water. 

that UV, the human consumption rate o f  vegetation type V ,  be 
expressed in kilograms per year. 
and a few months. Both of these variables are site-specific. 
might be desirable to include a term to account for radionuclide 
removal during food processing. The concentration in vegetation is 
also used in calculating concentrations in milk and beef. 

Only generic 

Values of r/YV may differ for deposition from alr and 

Use of this concentration -In the intake rate equation requires 

Values of tD may be between zero 
It also 

C.2.5 Drinking Contaminated Milk 

The concentration of radionuclide i in milk (microcuries per 
liter) is given by 

where 

fV = fraction of a cow's daily intake o f  vegetation that is 
of type V ,  
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CiV = concentration (microcuries per ki logra ) of radionuclide i 

6, = consumption rate (kilograms per day) o f  vegetation type V 
in vegetation type V ,  

by cow, 
concentration (microcuries per liter) of  radionuclide d 
in water, 

= consumption rate (liter per day) o f  water by co 

= milk transfer coefficient (days per liter), defined as the 
average fraction 0.6 a cow's daily i n t a k e  o f  radionuclide i 
that appears in m i l k ,  

radionuclide i, 

m i  1 k harves t  

= radioactive decay constant (liter per ti gi r 

tM = average ti ~~~~~~~ radionuclide ingestion by a cow an 

The pararnet.ers f V ,  Q v ,  Q 
variables, and ranges of valu 
available in t h e  literature f a r  the  various types o f  v e g e t a t i o n  eaten 
by cows. 

that UH9 the human consumption ra te  of 
per year. 
these parameters are site-specific variables, 

are  site-specific 
f these parameters a re  

Use o f  this concentration i n  t h e  intake rate equation requires 

Values of t, may be between zero and a few weeks. 
flk, be expressed in liter 

C,2.6 Eating Contaminated Beef 

The concentration o f  radionuclide i in beef (microcuries per 
kilogram) is given by 

- 
Fv, Civ Q,, CiM, QMs and Air are  as defined in the 

previous equation 
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F B  = beef t r a n s f e r  coef f ic ien t  (days per kilogram), defined as 
the  average f rac t ion  of a C O K ' S  dai ly  intake o f  radionuclide i 
t h a t  appears i n  beef, 

beef harvest . 
tg = average time between radionuclide ingestion by a cow and 

Again, the  parameters f,,, Q,,, Q,, FB,  and tg a r e  
s i te -spec i f ic  variables,  and ranges of values of each of these 
parameters a r e  avai lable  i n  the l i t e r a t u r e  f o r  the various types o f  
vegetation eaten by beef c a t t l e .  

Use of t h i s  concentration i n  t h e  intake r a t e  equation requires 
t h a t  Us, the  human consumption r a t e  o f  beef, be expressed i n  

kilograms per year. 
months. 

Values of tD may be between zero and a few 
Both of these parameters a r e  s i te-specif ic  variables.  

C.3 VARIABLES FOR SITE-SPECIFIC DOSE ASSESSMENTS 

The parameters i n  the  exposure models t h a t  can be regarded as  
variables f o r  which s i te-specif ic  infomation i s  needed a r e  summarized 
i n  Table C . 1 .  For external and inhalation exposures, these variables 
include dose reduction fac tors  due t o  shielding and residency times f a r  
par t icu lar  types of exposures. 
ingestion exposures include foodchain t ransport  parameters, intake 
ra tes  by humans and ldvestock, and time delays between contamination of 
foodstuffs and ingestion by man. 
dose-assessment models include fac tors  f o r  converting concentrations or 
intakes t o  dose equivalent ra tes  and a r e  not subject t o  s i te -spec i f ic  
var ia t ions.  

T h e  site-specSfic variables f o r  

T h e  remaining parameters i n  t 



Table c.1. su o f  s l t e - s p e c i f l c  va r iab les  i n  
t a l  dose-assessment rn 

Exposure pathway 

- - ___ 

S i  te-speci f i c  vaef ab1 es 

EXTERNAL 

Ground surface 

S o i l  and t rench  
contents 

bathing, and 
boat ing 

Shore 1 i ne 

Srea t h  i ng 

Iff GESTIO# 

Dri n k i ng wa t e r 

F i s h  

Vegetat ion 

M i l k  and beef 

B u i l d i n g  s h i e l d i n g  f a c t o r s  f o r  indoor  exposures 
Outdoor and indoor  residency t i m e s  

B u i l d i n g  s h i e l d i n g  f a c t o r s  f o r  indoor  exposures 
Outdoor and indoor  residency t imes 
B u i l d i n g  s h i e l d i n g  f a c t o r  f o r  indoor  exposures 
Outdoor and indoor  res ide  
Exposure time f o r  d i f f e r e n t  exposure modes 

roughness f a c t o r  

Exposure t ime 
Shore l ine dose-reduction f a c t o r  

B u i l d i n g  s h i e l d i n g  f ac to r s  for indoor ex 
Outdoor and indoor  residency t i m e s  

Removal o f  rad ionucl ides by w a t e r  treatment 

sur face water os" 
groundwater t o  human i n t a k e  

Bloaccurnulation f a c t o r s  

Ourat ion o f  growang season 
an consumption ra tes  
e delays f rom harvest t o  consumption 

Consumption r a t e s  by cows o f  conta  

Transfer f a c t o r s  From i n g e s t i o n  by cows to m i l k  
vegetat ion and water 

and beef 
ngestion by cows t o  product ion 

~ u ~ ~ n  consumption ra tes  
ays from product ion t o  consumption 
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