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ABSTRACT 

STANSFIELD, R. G., and C. W. FRANCIS. 1986. C h a r a c t e r i z a t i o n  
o f  t h e  Homogeneous Reactor  Experiment No. 2 (HRE) 
Impoundment. ORNL/TM-10002, Oak Ridge N a t i o n a l  
Labora tory ,  Oak Ridge, Tennessee. 118 pp. 

A c h a r a c t e r i z a t i o n  s tudy  was conducted on a r a d i o a c t i v e  waste 

impoundment f o r  t h e  Homogeneous Reactor  Experiment No.2 (HRE) a t  t h e  

Oak Ridge N a t i o n a l  Labora tory ,  t o  p r o v i d e  i n f o r m a t i o n  necessary f o r  i t s  

p roper  d i s p o s i t i o n .  The impoundment rece ived  low- leve l  r a d i o a c t i v e  

wastes f rom 1957 u n t i l  1963. I n  1970, t h e  pond was b a c k f i l l e d  w i t h  

c l a y  s o i l  and t h e  impoundment capped w i t h  a s p h a l t i c  concre te ,  b u t  no 

wastes were removed. 

The mixed s o i l  f i l l  and sediment, app rox ima te l y  4.8 m (16 f t )  

deep, was sampled u s i n g  s o i l  b o r i n g  methods. The samples were analyzed 

t o  de termine i f  t h e  m a t e r i a l  would c l a s s i f y  as a hazardous waste under 

r e g u l a t o r y  d e f i n i t i o n s  promulgated i n  accordance w i t h  t h e  Resource 

Conserva t ion  and Recovery A c t  (RCRA). The impoundment i s  n o t  r e g u l a t e d  

under RCRA because i t  was a land d i s p o s a l  u n i t  and rece ived  no wastes 

a f t e r  November 19, 1980. However, i f  t h e  s o i l  and sediment m i x t u r e  

con ta ined  RCRA-defined hazardous waste, i t  would be s u b j e c t  t o  t h e  

Comprehensive Envi ronmenta l  Response, Compensation and L i a b i l i t y  Ac t  

(CERCLA). Chemical analyses i n d i c a t e  t h a t  t h e  sampled m a t e r i a l  does 

n o t  c o n t a i n  hazardous chemical c o n s t i t u e n t s  above t h e  l e v e l s  p e r m i t t e d  

by RCRA r e g u l a t i o n s .  The sediment was found t o  c o n t a i n  an es t imated  

r a d i o a c t i v i t y  i n v e n t o r y  o f  approx imate ly  2700 GBq (70 C i )  o f  9oSr  and 

600 GBq (16 C i )  o f  137Cs. 

x i  



The impoundment was excavated in c l a y  soi l  and weathered 

sedimentary rock  of  t h e  Conasauga Group,  Four wells f a r  mon i to r i ng  the  

groundwater were cons t ruc ted  around t h e  p e r i m e t e r  o f  the  impoundment Os 

depths rang ing  f r o m  7.6 t o  9 , l  m ( 2 5  t o  30 f t ) .  Sampling and analyser 

o f  t h e  groundwater have been completed f o r  t he  w i n t e r  and spring 

seasons (1985) and w i l l  be cont inued i n  t h e  f u t u r e  f 8 r  a t  l e a s t  two 

more q u a r t e r s ,  t o  account f o r  possible n a t u r a ?  seasonal v a r i a t i o n  i n  

groundwat.es quality. A t  t h a t  t i m e ,  t h e  e f f e c t  o f  t h e  impolandnaent on 

t h e  groundwater q u a l i t y  will &e determined.  Analyses f r o m  Lhe 

f i r s t - t w o  q u a r t e r s  indicate t h a t  r a d i o a c t i v i t y  (g rass  be ta  r e s u l t i n g  

f rom predominate ly  ''St-3 o f  t h e  groundwater exceeds 1 i m i  ts  allowed by 

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

xi i 



1. INTRODUCTION 

T h i s  c h a r a c t e r i z a t i o n  s tudy  o f  t h e  Homogeneous Reactor  Experiment 

No. 2 (HRE) impoundment a t  Oak Ridge N a t i o n a l  Labora to ry  (ORNL) has 

been conducted under t h e  Surp lus  F a c i l i t i e s  Management Program (SFMP) 

t o  p r o v i d e  i n f o r m a t i o n  necessary f o r  p roper  d i s p o s i t i o n  o f  t h e  

f a c i l i t y .  The SFMP a t  ORNL i s  p a r t  of t h e  Oepartment o f  Energy 's  (DOE)  

N a t i o n a l  SFMP, admin i s te red  by t h e  R ich land  Operat ions O f f i c e .  l h i s  

program p r o v i d e s  f o r  t h e  management o f  r a d i o a c t i v e l y  contaminated DOE 

f a c i l i t i e s  f rom t h e  end o f  t h e i r  o p e r a t i n g  l i f e  u n t i l  f i n a l  d i s p o s i t i o n  

i s  completed. The work has been performed w i t h  a v iew towards 

o b t a i n i n g  t h e  i n f o r m a t i o n  i n  such a f o rma t  t h a t  i t  would a l s o  be u s e f u l  

i n  a s s i s t i n g  ORNL i n  f u l f i l l i n g  any o b l i g a t i o n  t h a t  may develop under 

t h e  Comprehensive Environmental  Response, Compensation and L i a b i l i t y  

Ac t  (CERCLA). 

1.1 COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION AND 
L I A B I L I T Y  A C T  

D isposa l  impoundments t h a t  c o n t a i n  hazardous wastes b u t  t h a t  

stopped r e c e i v i n g  such wastes p r i o r  t o  November 19, 1980, a r e  r e g u l a t e d  

under CERCLA r a t h e r  than  t h e  Resource Conservat ion and Recovery Ac t  

(RCRA). The s u b j e c t  impoundment l a s t  r e c e i v e d  wa te r  f rom HRE i n  1960 

and has been l i s t e d  as a p o s s i b l e  hazardous waste f a c i l i t y  w i t h  t h e  

Envi ronmenta l  P r o t e c t i o n  Agency ( E P A )  and t h e  Tennessee D i v i s i o n  o f  

S o l i d  Waste Management (TDSWM). Under CERCLA r e g u l a t i o n s ,  t h e  o r i g i n a l  

l i s t i n g  o f  t h e  s i t e  d i d  n o t  r e q u i r e  sampl ing and a n a l y s i s  o f  t h e  waste, 

b u t  was a l l owed  t o  be based on " t h e  responden t ' s  b e l i e f ,  r e c o l l e c t i o n  

1 



and examinat ion o f  a v a i l a b l e  r e c ~ r d s "  ( F R  Va l .  46, No. 72, A p r i l  1 5 ,  

1381, EPA Not i ces ,  p .  22144) .  P r i m a r i l y ,  C E R C L A  hazardous waste s i t e s  

a r e  regirlated by EPA under t h e  National Oil  and Contingency Plan o f  

40 CFW P a r t  300 ( U S E P A  1983a). U n l i k e  RCRA r e g u l a t i o n s ,  t h e  N a t i o n a l  

Oil and Cont ingency Plan does n o t  p r o v i d e  s p e c i f i c  procedures f o r  

de te rm in ing  whether a waste j 5  hazardous, or f o r  de te rm in ing  any 

p o t e n t i a l  e f f e c t  on t h e  groundwater a t  a s i t e .  The re fo re ,  RCWA 

procedures and requirements g e n e r a l l y  have been employed a s  g u i d e l i n e s  

f o r  the  c u r r e n t  c h a r a c t e r i z a t i o n  s tudy .  

1.2 S C O P E  OF THE C H A R A C T E R I Z A T I O N  

A prev ious  s tudy has surveyed the  above--ground s t r u c t u r e s  and m a s t  

o f  t h e  f a c i l i t i e s  a t  t h o  H R E  s i t e ,  i n c l u d i n g  t h e  s o i l  o u t s i d e  t h e  

p e r i m e t e r  o f  t h e  s o i l - - f i l l e d  impoundment ( S ,  F. Huang,  Environmental  

and Occupat ional  S a f e t y  D i v i s i o n ,  g e r s ,  comun. ) .  The c u r r e n t  s t u d y  

commenced i n  November 1984 and extended th rough  J u l y  1985. The s o i l  

b a c k f i l l  i n  t h e  impoundment was sampled by s o i l  b r i n g s  and analyzed t o  

determine i f  i t  would c l a s s i f y  as  a hazardous w a s t e  as d e f i n e d  by R C R A  

r e g u l a t i o n s ,  and t o  es t ima te  t h e  r a d i o n u c l i d e  i n v e n t o r y .  The 

groundwater hyd ro logy  a t  t h e  s i t e  was i n v e s t i g a t e d  by a rev iew  o f  t h e  

s i t e ' s  geology a long  w i t h  t h e  c o n s t r u c t i o n  and sampling o f  f o u r  

g r o u n n w a t 9 ~ - ~ ~ o n i t o r i n g  wells. 

2. DESCRIPTION OF THE IMPOUNDMENT 

I-he HRE f a c i l i t y  i s  l o c a i e d  i n  Mel ton V a l l e y ,  approxirnate?y 

3000 f t  (900 m) southeast  o f  t h e  main O R N L  complex, as shown i n  

F i g .  1 .  The s o i l - f i l l e d  and capped impoundment i s  approx ima te l y  150 f t  
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( 4 6  in) sou th  o f  t h e  seve ra l  s t r u c t u r e s  r e l a t e d  t o  t h e  r e a c t o r  

exper iment  t h a t  make up t h e  f a c i l i t y  complex, as  can be seen i n  

F i g .  2.  A 12,000-gal (45,000-h)  s to rage  tank  s e r v i n g  as  a r e s e r v o i r  

f o r  a r a d i o a c t i v i t y - d e c o n t a m i n a t i o n  gad i s  b u r i e d  l e s s  than 50 f t  

( 1  5 m) n o r t h e a s t  o f  t h e  f i  11 ed impoundment. 

A lso,  r a d i o a c t i v e l y  contamindted equipment i s  buried i n  s t e e l  

barre l s  on t h e  southwest s ide .  An unnamed stream, a t r i b u t a r y  t o  

Me l ton  Branch Creek, f l ows  on t h e  n o r t h e a s t  and southeas t  s ides  o f  t h e  

impoundment a t  d i s tances  as c l o s e  as 50 ft. ( 1 5  m ) .  

The impoundinent was cons t ruc ted  as  p a r t  o f  HRE i n  1955 by 

excava t ing  i n t o  a g e n t l e  s lope f o r  t h e  west p o r t i o n  and p l a c i n g  e a r t h  

f i l l  f o r  a d i k e  on t h e  e a s t  p o r t i o n .  Accord ing t o  W .  R .  Reed , 

Eng ineer ing  D i v i s i o n ,  pers .  corninun., c o n s t r u c t i o n  dimensions o f  t h e  

b o t t o m  o f  t h e  bas in  a r e  45 by 50 f t  (14 by 1 5  m), w i t h  s ides  s l o p i n g  a t  

1 v e r t i c a l  on 1.5 h o r i z o n t a l .  The bot tom o f  the b a s i n  was l e v e l ,  and 

t h e  maxim~im height -  o f  t h e  l owes t  p a r t i a n  o f  t h e  b a s i n  p e r i m e t e r  was 

10 f t  (3 -n ) ,  Therefore,  t h e  rnaximuim c a p a c i t y  o f  t h e  impoundment was 

approx imate ly  31Q,000 g a l  (1,200,000 e ) .  Repor ted ly ,  t h e  pond was 

p a r t i a l l y  d ra ined  a t  one t ime  and an asphalt rneinbrane sprayed on t h e  

upper s lopes o f  t h e  jrnpoundment. A s  would be a n t i c i p a t e d ,  no v i s u a l  

s igns  o f  a s p h a l t  were seen i n  t h e  samples f rom bo r ings  t h a t  pene t ra ted  

t h e  bot tom o f  t h e  s o i l - f i l l e d  impoundment. The o u t l i n e  of t h e  bot tom 

elasions of t h e  impoundment i s  shown i n  F i g .  3 .  
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w MONITORING 
A-A' GEOLOGIC SECTION LINE 

SEDIMENT s PLE BOWING 
PREEXISTING OBSERVATIQY DEVICE. El 

F i g .  3 .  L o c a t i o n  o f  sampling s i t e s  for- m7ixed impoundment f i l l  and  
sediment w a s t e ,  and groundwater monitoring wells. 
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2 . 2  I ~ P ~ U ~ ~ M E ~ T  OPERATION 

The impoundment served as a settling basin f o r  law-level 

r a d l o a c t j w e  w a s t e  ( less  than or equal to 1000 cprn/rnl) f r o  

Dur ing its operational history, t he  pond received ~ ~ n d ~ ~ ~ a ~ ~  from an 

ratos that wds i n  t h e  process 11 uid waste system ( 

and shield water exposed t o  t e reactor circuits ~~~~~~ r o u t i n e  

Contaminants were cause 

treatments o f  ferric flocculants, 

d of t h e  effluent 

L drawing  D-36723 shows three i n f l u e n t  

sutflow was control led 

ine ( 

lines t o  t h e  

~~~~~~e~~ s i d e  (I. P .  P u g h ,  perat joras Div-iision, pers c 

could transfer wastewaters from t h e  follawin sIpurce2i: r eac to r  cell 

sump j e t s ,  chemical p l a  . je ts ,  e a s t  valve pit sump 

j e t ,  reactor heat excha a t e ,  condensate f r om the 

&gal  was te  condensate i c a l  plant loading p i t  tiu 

j e t  (HWE-2  Desjg t f l o w  was from t 

corner a$ t h e  l m  0 cm) pjpeline t o  a well- 

box t h a t  discharged directly I n t o  t h e  ~n~~~~~ t r i b u t a r y  sf 

ranch. 

The settling basin was operated intermittently from 1957 through 

1962. In 1970 the impoundment was closed by filling with r o i l  



(containing shale fragments) from a source on 'the QRWL Reservation. 

Apparently t he  Fill material was dinmprd and pitshed into thhe impoundment 

by bulldozer. 

impoundment a t  the time of backfilling is not kno n W .  R .  Reed, p e n .  

comrnun., indicates t h a t  an  obret-ver t o  the backfill ng operation 

thought  that the impoundment was one-half full o f  sediment and soil 

eroded f r o m  t h e  s i d e  slopes and that t h e  surface o f  the backfill adas 

dry at the  end o f  the operation. Another knowledgeable source estimated 

that t h e  pond Rad accumulated between 1 and 2 ft (0.3 and 0 . 6  m) of 

sediment at the time of filling. Approximately 1100 l b  4500 kg) of 

sodium borate weed killer was added to the soil, presmmcably to t h e  t o p  

of t h e  fill. The filled impoundment was then capped with cr~shed 

limestone and asphaltic concrete. 

The actual depth o f  the sediment and water in the 

Around the perimeter o f  t h e  cap were driven eight perforated, 

s t e e l  casings t h a t  were closed on the bottom end with a pointed drive 

shoe. Presumably these ~ e ~ e  t o  s e r v ~  as ohservation devices. An 

additional device was also driven into the center o f  the Filled 

impoundment. The approximate locations are shown i n  Fig, 3 .  

Photographs (OWNL Nos. 1259-71 and 1260-71) of the casings indicate 

that the perforations were more than 1 in. ( 2 . 5  cm) in diameter and 

spaced several feet (more thaw a m e t e r )  apart in two rows along the 

length of the casing. Because of  their d e s i g n  and c o n s t r u c t i o n ,  the 

d e v i c e s  a r e  n o t  adequate for use as sampling or observation wells a t  

the present t l rne .  
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3 .  M I X E D  ~MPOUNDMENT F I L L  AND SEDIMENT WASTE 

3.1 SAMPLING PROCEDURES FOR M I X E D  IMPOUNDMENT F I L L  AND SEOIMENT WASTE 

Sampling o f  t h e  s o i l - f i l l e d  impoundment, mixed w i t h  sediment 

waste, was accompl ished w i t h  a M o b i l e  Model 8-33 d r i l l i n g  machine u s i n g  

8 - in .  (20.3-cm) i n  diam. ho l low-stem augers and s o i l - s a m p l i n g  tubes.  

The l o c a t i o n s  o f  t h e  sampl ing b o r i n g s  a r e  shown i n  F i g .  3, and r e c o r d  

l o g s  o f  t h e  b o r i n g s  (SP-1 th rough  SP-4) and a r e  p r o v i d e d  i n  

Appendix 6. Except a t  t h e  l o c a t i o n  o f  b o r i n g  SP-16, one b o r i n g  was 

conducted a t  each l o c a t i o n .  The f i r s t  two b o r i n g s  d r i l l e d  a t  t h e  s i t e ,  

9 - 1  and S P - l A ,  were d r i l l e d  w i t h i n  3 f t  (1 m) o f  t h e  l o c a t i o n  o f  SP-1 

shown i n  F i g .  3. The depths o f  t h e  b o r i n g s  ranged f rom 16 t o  17 f t  

( 4 . 9  t o  5.2 m) and bottomed i n  bedrock. a t  an approximate e l e v a t i o n  o f  

802 f t  (244 m). The augers were washed between t h e  d r i l l i n g  o f  each 

h o l e ,  and t h e  sampl ing t o o l s  were washed i n  d e t e r g e n t  and r i n s e d  w i t h  

p o t a b l e  wa te r  between each sampl ing event .  A l l  d r i l l  c u t t i n g s  and 

excess samples were p laced  i n  b a r r e l s  f o r  p roper  d i s p o s a l  as  l o w - l e v e l ,  

r a d i o a c t i v e  waste. 

Bo r ings  SP-1 and SP-1A were sampled w i t h  a s p l i t - t u b e  sampler 

h o l d i n g  a sample w i t h  maximum dimensions o f  1-1/4 i n .  (3 .2  crn) i n  

d iamete r  and 24 i n .  (61 cm) i n  l e n g t h .  This  sampler was d r i v e n  th rough  

t h e  hol low-stem auger f o r  e i t h e r  1- o r  2 - f t  ( 0 . 3 -  o r  0.6-m) i n t e r v a l s .  

The auger was t h e n  advanced t o  t h e  sampled depth and t h e  process 

con t inued .  I n  an a t t e m p t  t o  i n c r e a s e  t h e  percentage o f  sample 

recovered, a cont inuous sampler, manufactured by C e n t r a l  M in ing  

Equipment, I n c .  ( C M E ) ,  was employed d u r i n g  t h e  r e s t  o f  t h e  d r i l l i n g  a t  
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t h e  s i t e .  However, t h e  sampler r e q u i r e d  t h a t  t h e  boring be advanced t o  

a depth o f  5 f t  ( 1 . 5  in) befcre i t  c o u l d  be i n s e r t e d  w i t h i n  t h e  

hol low-stern auger. Above a depth o f  5 f t  ( 1 . 5  m ) ,  samples o f  

subsurface m a t e r i a l s  were ob ta ined  from t h e  b i t  o f  t h e  auger.  

Continuous sampl ing o f  s o i l  and h i g h l y  weathered bedrock was p o s s i b l e  

w i t h  t h i s  dev i ce  d u r i n g  p e n e t r a l i o n  by t h e  auger.  The sampler idas 

r e t r i e v e d ,  and t h e  2 . 2 5 - i n .  (5 .7 -cm)  d i m .  sample removed every 5 f t  

(1 .5  m )  o f  d r i l l  d e p t h .  

A l l  s o i l  samples and d r i l l  c u t t i n g s  were man i t s red  w i t h  a 

Geiger-Muel ler  (G/M) meter,  and t h e  maximum r a d i o a c t i v i t y  measured 

each sample i s  shown i n  t he  record l o g s  o f  b o r i n g s  (Appendix 8 ) .  

h i g h e s t  a c t i v i t y  measur-sd w i t h  t h e  G/iM meter  was approx ima te l y  100 

a t  a depth o f  6 f t  (1.8 rn) i n  b o r i n g  SP-2. For t h e  m a s t  p a r t ,  t h e  

a c t i v i t y  measured by t h e  G/M meter was l e s s  t han  5 mRJGI .  

Samples ob ta ined  i n  t h e  CF4E sampler employed i n  b r i n g s  SP-10, 2, 

3, and 4 were quar te red  l o n g i t u d i n a l l y  i n  the  f i e l d ,  and a f u l l  lenigLili 

q u a r t e r  from each sample war saved i n  p l a s t i c  c o n t a i n e r s .  Samples 

w i t h i n  each o f  t h e  above f o u r  bo r ing5  were composi t rd  f o r  a n a l y s i s  i n  

t h e  l a b o r a t o r y  o f  t h e  Analy- t ica l  Chemistry D i v i s i o n ,  except  samples 1 

and 2 from b o r i n g s  S P - 2  and SP-18, r e s p e c t i v e l y ,  These two  samples 

were analyzed s e p a r a t e l y  a t  a F a c i l i t y  t h a t  handles m a t e r i a l s  s f  

e leva ted  l e v e l s  o f  r a d i o a c t i v i t y .  

R a d i o a c t i v i t y  was n o t  mearurable w i t h  a G/M meter on any d r i l l  

cuttings o r  ramplies from above a depth o f  5 f t  ( 1 . 5  m). From t h i s ,  i t  

appears t h a t  i n  t h e  b a c k f i l l i n g  o f  t h e  pond, t he  waste sediment was n o t  

mixed i n t o  t h e  upper p o r t i o n  o f  t h e  f i l l .  Therefore,  o n l y  t h e  lower 
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t w o - t h i r d s  of t h e  f i l l  i s  presumed t o  be contaminated f o r  i n v e n t o r y  

c a l c u l a t i o n  purposes. 

3 .2  SELECTION OF CONSTITUENTS FOR ANALYSES O f  M I X E D  IMPOUNDMENT 
F ILL  AND SEDIMENT WASTE 

The purpose o f  t h e  sampl ing was t o  determine i f  t h e  b a c k f i l l  p l u s  

sediment o f  t h e  HRE impoundment would be c l a s s i f i e d  as a hazardous 

waste under CERCLA or RGRA r e g u l a t i o n s ,  Federa l  r e g u l a t i o n  40 C F R  261, 

promulgated under R C R A ,  s p e c i f i e s  t h a t  a s o l i d  waste i s  a hazardous 

waste i f  i t  e x h i b i t s  any o f  t h e  d e f i n e d  c h a r a c t e r i s t i c s  o f  

i g n i t a b i l i t y ,  c o r r o s i v i t y ,  r e a c t i v i t y ,  o r  e x t r a c t i o n  procedure ( E P )  

t o x i c i t y .  The EP t o x i c i t y  i s  o f  p r i m a r y  concern, as t h e  i n h e r e n t  

p h y s i c a l  and chemical  c h a r a c t e r i s t i c s  o f  t h e  mixed f i l l / s e d i m e n t  r u l e  

o u t  c l a s s i f i c a t i o n  as a hazardous waste based on i g n i t a b i l i t y  o r  

r e a c t i v i t y .  The EP t o x i c i t y  c h a r a c t e r i s t i c  i s  based on measured 

c o n c e n t r a t i o n s  o f  e i g h t  elements o f  t h e  N a t i o n a l  I n t e r i m  Pr imary 

D r i n k i n g  Water Standard (NIPDWS) and s i x  h e r b i c i d e s  and p e s t i c i d e s  i n  

t h e  f i l t r a t e  o f  a 24-h s o l i d  waste e x t r a c t i o n  t e s t  (USEPA 1980). I f  

l e v e l s  o f  t hese  c o n s t i t u e n t s  exceed e s t a b l i s h e d  maximum p e r m i s s i b l e  

c o n c e n t r a t i o n s  as shown i n  Table 1, t hen  t h a t  waste i s  cons idered 

hazardous. 

A s  supplementary i n f o r m a t i o n ,  c o n c e n t r a t i a n s  o f  n o n r e g u l a t o r y  

elements were a l s o  r e p o r t e d  f o r  E P  e x t r a c t s .  These c o n c e n t r a t i o n s  

r e s u l t e d  f r o m  a n a l y s i s  o f  t h e  EP e x t r a c t s  by t h e  m u l t i - e l e m e n t a l  

a n a l y s i s  techn ique ,  I n d u c t i v e l y  Coupled Plasma ( I C P )  spectroscopy. 

These elements, such as Fe, Ca, Na, P ,  Cu, and N i ,  a l t h o u g h  n o t  
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Table 1. contaminants  t h a t  determine E P  t o x i c i t y  
( F r o m  FR V o l .  45, No. 98, May 19, 1980, p 33122)  

Note: Waste i s  c l a s s i f i e d  as  hazardous i f  c o n c e n t r a t i o n  o f  any l i s t e d  
c o n s t i t u e n t  equals  o r  exceeds these maximum concen t ra t i ons .  

E PA 
hazardous 

waste  
number Con tali? i na n t 

Maximum 
c onc en t r a t  i on 

( m i  11 i grams 
pe r  l i t e r )  

DO04 
0005 
DO06 
DO07 
DOOR 
DO09 
001 0 
DO1 1 
a01 2 

DO1 3 

DO1 4 

DO1 5 

DO1 6 
DO1 7 

Arsen ic  
B a r i  um 
Cadmi um 
Ch r o m i  urn 
Lead 
Ne rc  u ry 
Selenium 
S i  1 v e r  
Endr in  (1,2,3,4,10,10-hexschlor13-1 ;)-epoxy- 

1,4,4a,S,6,7,8,8s-octahydro-l,4-endo, endo- 
5,8--dirnethano naphthalene) 

Lindane (1,2,3,4,5,6-hexachlorocyclohexane 
garniiiii i some t-) 

Methoxychlor  ( 1 , l  ,l -Tr i ch lo ro -2 ,2 -b i  s 
[ p -met  h ox y p h e n y 1 3 e t R a n e ) 

Toxaphene (CloHp0Clg, Techn ica l  
c h l o r i n a t e d  camphene, 57-69 pe rcen t  
c h l o r i n e )  

2 , 4 - D , 1 2 , 4 - 0 i c h l o r o p h ~ ~ ~ x y a c e ~ . ~ c  a c i d )  
2,4,5-TP S i l v e x  (2,4,5-Trichlorophenoxy- 

p r o p i o n i c  a c i d )  

5.0 
100.0 

1 .o 
5 .O  
5.0 
0.2 
1 . O  
5.0 
0.02 

0.4  

10.0 

0.s  

10.0 
1 .o 
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r e g u l a t e d  by C E R C L A  o r  R C R A ,  a r e  s i g n i f i c a n t  i n  d e t e r m i n i n g  t h e  o v e r a l l  

l e a c h i n g  c h a r a c t e r i s t i c  o f  t h e  mixed f i l l / s e d i m e n t  m a t e r i a l .  

An e s t i m a t e  o f  t o t a l  e lementa l  analyses o f  t h e  HRE impoundment 

mixed f i l l / s e d i m e n t  was conducted, and t h e  t o t a l  c o n c e n t r a t i o n  o f  

p o l y c h l o r i n a t e d  b i p h e n y l s  (PC8s) was a l s o  determined. Analyses o f  t h i s  

n a t u r e  a r e  u s e f u l  i n  e v a l u a t i n g  remedia l  a c t i o n  a l t e r n a t i v e s  and a r e  

necessary t o  determine i n v e n t o r i e s  o f  chemical  c o n s t i t u e n t s  i n  t h e  

mixed f i l l / s e d i m e n t .  

The c o n c e n t r a t i o n s  o f  c e r t a i n  r a d i o n u c l i d e s  were a l s o  determined 

i n  t h e  mixed f i l l / s e d i m e n t  o f  t h e  HRE impoundment. These i n c l u d e d  

gross a lpha  and gross b e t a  analyses as w e l l  as s p e c i f i c  a lpha; beta;  

and gamma-emitting i s o t o p e s .  

6oCo, 241Arn, as w e l l  as t h e  p l u t o n i u m  and t h e  uranium i so topes .  

r e c e n t  i n t e r n a l  r e p o r t  ( S .  F .  Huang, p e r s .  Commun.) a l s o  r e p o r t e d  

measurements o f  t hese  r a d i o n u c l i d e s .  

O f  ma jo r  concern were "Sr, 137Cs, 

A 

3.3 CHEMICAL METHODS USED FOR ANALYSES OF M I X E O  IMPOUNDMENT 
FILL AND SEDIMENT WASTE 

Chemical analyses used t o  c h a r a c t e r i z e  t h e  mixed f i l l / s e d i m e n t  

were performed by  t h e  ORNL A n a l y t i c a l  Chemistry D i v i s i o n .  The methods 

used a r e  p redomina te l y  those desc r ibed  i n  Tes t  Methods f o r  E v a l u a t i n g  

S o l i d  Waste, Physical /Chemical  Methods, SW-846, second e d i t i o n ,  

p u b l i s h e d  J u l y  1982 by t h e  USEPA O f f i c e  o f  S o l i d  Waste and Emergency 

Response, Washington, DC (USEPA 1982) and Methods f o r  Chemical Ana lys i s  

o f  Water and Wastes, EPA-600/4-79-020, r e v i s e d  March 1983, pub l i shed  by 

USEPA Envi ronmenta l  M o n i t o r i n g  and Support  Laboratory ,  O f f i c e  o f  

Research and Development, C i n c i n n a t i ,  Ohio (USEPA 1 9 8 3 b ) .  
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For  t h e  mixed f i l l / s e d i m e n t  m a t e r i a l ,  t h e  E Q  t o x i c i t y  t e s t  was 

conducted as  o u l l i n e d  by EPA method 1310 ( I J S t P A  1982). Ihe  

concen t ra t i ons  o f  meta ls  i n  t h e  EP e x t r a c t  were determined by EPA 

methods 7061, 7081, 7131, 7191, 7421, 7470, 7741, and 7781 i n  USEPA 

(1982) and i n d u c t i v e l y  coupled plasma ( I C P )  spect roscopy,  method 200.7 

in USEPA (1983b). The c o n c e n t r a l i o n s  o f  p e s t i c i d e s  and h e r b i c i d e s  i n  

t he  E P  e x t r a c t s  were de te rm ined  by method 8080 (USEPA 1982),  except  

t h a t  t h e  analyses w e r e  by l i q u i d  chromatography i n s t e a d  o f  gas 

chromatography. 

Total elementa l  concen t ra t i ons  i n  t h e  mixed f i l l / s e d i m e n t  a t  t h e  

HRE impoundment were determined by d i g e s t i n g  a 1-g sample ( d r y  we igh t  

a t  l l O ° C  o v e r n i g h t )  w i t h  a !:l m i x t u r e  o f  concent ra ted  n i t r i c  a c i d  

and concent ra ted  h y d r o f l u o r i c  a c i d .  A f t e r  be ing  b rough t  t o  dryness,  

t h e  r e s j d ~ e  was taken up i n  12% n i t r i c  a c i d ,  and e lementa l  

concen t ra t i ons  w e r e  determined by ICP spect roscopy.  Thus, t h i s  

d i g e s t i o n  procedure prec ludes  t h e  a n a l y s i s  f o r  mercury because t h e  

element would have been l o s t  on v o l a t i l i z a t i o n .  The t o t a l  

c o n c e n t r a t i o n  o f  PCI3s i n  t h e  impoundment mixed f i l l / s e d i m e n t  was 

deterrfi ined us ing  method 8080 (USEPA 1982). 

3 . 4  RESULTS AND DISCUSSION OF C H E M I C A L  ANALYSES OF M I X E O  
DMENT F I L L  AND SEOIf lENT WASTE 

As s t a t ed  e a r l i e r ,  t h e  p r imary  i n t e r e s t  i n  t h e  chemical 

c h a r a c t e r i z a t i o n  o f  t h e  HRE impoundment mixed f i l l / s e d i m e n t  i s  t h e  

c l a s s i f i c a t i o n  o f  t h e  m a t e r i a l  as  a hazardous o r  nonhazardous waste .  

The pW o f  t h e  f i l l  s l u r r y  was found t o  be 5.6;  thus  t h e  waste does n o t  

have the c h a r a c t e r i s t i c  of c o r r o s i v i t y  as  d e f i n e d  by E P A .  The 
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c o n t r o l l i n g  t e s t  f o r  c l a s s i f i c a t i o n  i s  t h e  EP t o x i c i t y  c h a r a c t e r i s t i c .  

Concen t ra t i ons  of R C R A  r e g u l a t o r y  c o n s t i t u e n t s  i n  EP e x t r a c t s  f r o m  a 

composi te sample o f  mixed f i l l / s e d i m e n t  m a t e r i a l  t aken  a t  va r ious  

l o c a t i o n s  w i t h i n  t h e  HRE pond a r e  presented i n  Table 2. Those 

c o n s t i t u e n t s  measured i n  t h e  EP e x t r a c t ,  b u t  n o t  r e g u l a t e d  under R C R A ,  

a r e  presented i n  Table 1A i n  Appendix A. The c o n c e n t r a t i o n s  i n  t a b l e s  

o f  Appendix A p r e f i x e d  by a minus s i g n  a r e  t h e  d e t e c t i o n  l i m i t  f o r  t h e  

element o r  compound f o r  t h a t  a n a l y s i s .  

Concen t ra t i ons  o f  RCRA-regulated c o n s t i t u e n t s  i n  t h e  EP e x t r a c t s  

o f  t h e  composi te samples taken f rom t h e  H R E  impoundment mixed 

f i l l / s e d i m e n t  a r e  w e l l  below maximum a l l o w a b l e  RCRA l i m i t s ,  i m p l y i n g  

t h a t  t h e  m a t e r i a l  would n o t  be considered a hazardous waste based on 

i t s  EP t o x i c i t y  c h a r a c t e r i s t i c .  Concentrat ions o f  copper, n i c k e l ,  and 

z i n c  i n  t h e  EP e x t r a c t s  (Tab le  1 A )  a r e  a l s o  w e l l  below t h e  maximum 

l i m i t  f o r  wa te r  i n  t h e  r e c e n t l y  i ssued  "Hazardous Substance Gu ide l i nes "  

(see Table 3) by t h e  s t a t e  o f  Tennessee (L.  W .  Gregory, pe rs .  

commun.). Concen t ra t i ons  o f  r a d i o n u c l i d e s  o r  PCBs were n o t  measured i n  

t h e  EP e x t r a c t s .  

The e lementa l  c o n c e n t r a t i o n s  measured i n  t h e  mixed f i l l / s e d i m e n t  

a t  t h e  HRE impoundment a r e  l i s t e d  i n  Table 2 A  o f  Appendix A.  A l s o  

i n c l u d e d  a r e  t h e  t o t a l  c o n c e n t r a t i o n s  o f  PCBs measured i n  t h e  

m a t e r i a l .  The average c o n c e n t r a t i o n  o f  PCBs i n  t h e  f o u r  sample b o r i n g s  

(SP-1,-2,-3, and -4) was s l i g h t l y  less t hen  0.2 mg/kg. Lower 

c o n c e n t r a t i o n s  were observed i n  b o r i n g s  SP-3 and SP-4 t h a n  i n  b o r i n g s  

a t  SP-1 and SP-2. Regu la to ry  l e v e l s  do n o t  p r e s e n t l y  e x i s t  govern ing 

t o t a l  c o n c e n t r a t i o n s  o f  i n o r g a n i c  o r  o rgan ic  c o n s t i t u e n t s  i n  sediments 
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Table  2 I Concentrat ions o f  RCRA regulated c o n s t i t u e n t s  
in EP e x t r a c t s  f rom H R E  impoundment fill/sediment. 

Haximum Measured 
a 1 1 owab 1 e conc e n t  r a t  i on 

C o n s t i t u e n t  U n i t  c o n c e n t r a t i o n  Loca t ion  Sample d a t e  mean 

5.0 
100.0 

1 .Q 
5.0 
5.0 
0.2 
1 .o 
5.0 
0.02 
0.04 

10.0 
0.5 

10.0 
1 .o 

Compos i t e  
Composite 
Composite 
Composite 
Compos i t e  
Compos i t e  

Compos i t e  
Compos i t e  
Compos i t e  
Composite 
Coqposi t e  

Compos i t e  

03/06/85 
03 /06/85 
03/06/85 
o w o w a %  
03/05/a5 

03/06~a5 

03/06/85 
03 /Ob /8 5 

03 / Q S i B  5 
03/06/85 
03/06/85 
03/06/85 
03 /OW8 5 
03/05/85 

-0 8081 
0.4800 
0.0658 
0.8360 

-0 " 0001 
0.0061 

-0.0001 
-c).oo01 
-0. 0001 
-0.OOOl 
-0.0001 
-0 "0001 
-0.0001 
>o f 0001 
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Table 3. Hazardous substance g u i d e l i n e s  
Tennessee D i v i s i o n  o f  S o l i d  Waste Management - Superfund 

Maximum l i m i t ,  Maximum 1 i m i  t, 
w a t e r  s o i  1 Water 

Compound ppm o r  mg/h ppm o r  mg/kg r e f e r e n c e  

Benzene 0.025 
Ethylbenzene 1.4 
To1 uene 14.3 
Ga rbon t e t r a c h  1 o r i  de 0.025 
Chl o r o f  om 0.002 
1,2-Dichloroethane 0.26 
1 , l - D i c h l o r o e t h y l e n e  0 + 3 5  
Methylene c h l o r i d e  0.15 
T e t r a c h l o r o e t h y l e n e  0.085 
T r i c h l o r o e t h y l e n e  0.26 
1 ,1 , l - T r i c h l o r e t h a n e  1.  
Acetone 20 
E t h y l a c e t a t e  400 
Xylenes 0.62 
Methy l  e t h y l  ketone 0.75 
Methy l  i s o b u t y l  ketone 100 
V i n y l  c h l o r i d e  0.06 
Naphthalene 0.025 
D i -n -bu ty l  p h t h a l a t e  0.034 
Pentachlorophenol  1.01 
Cyanide 0.2 
Phenol 0.3 
Copper 1 
Z inc 5 
N i c k e l  0.2 
Fierc u r y  0.002 
Arsen ic  0.05 
Cadmi um 0.01 
Chromi um 0.05 
S i  1 v e r  0.05 
Lead 0.05 
PAH s 0.000028 
PCBs 0.00000079 
Water l i m i t s ,  c l a r i f i e d  by NED 8/28/84: 

N i t r a t e s ( N )  - 10  ppm 
S u l f a t e s  - 250 ppm 

2.5 
140 

1430 
2.5 
0.2 

26 
35 
15 

8.5 
26.0 

100 
2,000 

40,000 
62 
75 

10,000 
6.0 
2 - 0  
3.4 

101 
10  
30 

100 
500 

20 
0,2 
5 
1 .0 
5 
5 
5 
0.0028 
0.000079 

Phosphate - should be s e t  below 50 ppm i n  wa te r  ( g i v e s  r e n a l  damage i n  
r a t s ,  i s  10 t imes  d i e t a r y ,  adequate n u t r i t i o n a l  l e v e l  f o r  r a t s )  

References : 
1. Federa l  R e g i s t e r ,  45:231, Nov. 1980 
2. Long-term SNARL 
3. I n t e r i m  D r i n k i n g  Water Standard 
4 .  Dangerous P r o p e r t i e s  o f  I n d u s t r i a l  M a t e r i a l s ,  N. I r v i n g  Sax 
5. 10-day SNARL 
6 .  Federa l  R e g i s t e r ,  49:114, 24338, June 1984 
7.  F lash  p o i n t  c o n c e n t r a t i o n  
8 .  E . P .  T o x i c i t y  L i m i t  o r  suggested l e v e l  (phenol ,  cyanide, n i c k e l )  
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o r  such f i l l  m a t e r i a l s .  The c o n c e n t r a t i o n  o f  PCf35, however, exceeds 

soSl l i m i t  l i s t e d  by t h e  Tennessee Hazardous Substance 

Gu ide l i nes .  Concentrat ions o f  chromium a l s o  exceed t h e  suggested 

g u i d e l i n e  f o r  s o i l ;  t h a t  i s ,  t h e  average c o n c e n t r a t i o n  i n  t h e  f o u r  

b o r i n g s  was s l i g h t l y  g r e a t p r  t han  90 mgskg as  compared w i t h  t h e  

recomended  guideajne o f  5 rngdkg.  Two o f  t he  bor ings (SP-1 and SP-7)  

conta ined approx ima te l y  3 mg/kg o f  cadmium, w h i l e  analys ic ;  o f  t h e  o t h e r  

two b o r i n g s ,  (SP-3 and SP-4) cadmiurn was n o t  de tec ted  a t  0.0001 m9Pk.g. 

The g u i d e l i n e  f a r  cadmium i n  s o i l  i s  5 mg/kg. It i s  n o t  p r e s e n t l y  

c l e a r  why t h e  SP-1 and SP-2 bor ings  conta ined t h e  e l e v a l e d  l e v e l s  o f  

cadmium as compared w i t h  t h e  SP-3 and SP-4 b o r i n g s ”  r h i s  p a t t e r n  was 

n o t  e v i d e n t  w i t h  respect  t o  t h e  d i s t r i b u t i o n  o f  t h e  o t h e r  elements.. 

However, t h e  c o n c e n t r a t i o n  o f  137Cs and *?‘St-, discussed i n  

Sect,  3 - b  l a t e r ,  d i d  show a s i m i l a r  d i s t r i b u t i o n  p a t t e r n .  The 

c o n c e n t r a t i o n  o f  n i c k e l  (average c o n c e n l r a t i o n  o f  app rox ima te l y  

40 mg/kg) i n  t h e  f i l l / s e d i m e n t  m i x t u r e  a l s o  exceeded t h e  s o i l  maximum 

l i m i t  (20 mg/kg) o u t l i n e d  i n  the Tennessee Hazardous Subst-ance 

Gu ide l i nes .  However, c o n c e n t r d t i o n s  o f  a r s e n i c ,  copper, lead,  and z i n c  

i n  t h e  f i l l  m a t e r i a l  were w e l l  belaw t h e  s o i l  l i m i t s  (compare 

c o n c e n t r a t i o n s  i n  Table 2 A  i n  Appendix A t o  those l i s t e d  i n  Tab 

The t o t a l  c o n c e n t r a t i o n  o f  mercury i n  t h e  f i l l / s e d i m e n t  mixture 

determined. 

e 3 ) .  

was n o t  

The total i n v e n t o r y  i n  t h e  f i  l l / s e d i m e n t  m i x t u r e  was determined 

us ing  an average c o n c e n t r a t i o n  s f  each element o r  compound f rom t h e  

f o u r  b o r i n g s .  The measured hulk d e n s i t y  o f  t h i s  m a t e r i a l  was q u i t e  

h i g h  ( 2 . 1  kg/L.). The average wa te r  con ten t ,  on .a w e t  w e i g h t  bas i s ,  was 
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determined t o  be 21% f o r  t h e  f o u r  b o r i n g s .  The t o t a l  volume o f  mixed 

f i l l / s e d i m e n t  was es t ima ted  t o  be 2.1 x 10  L. Using these  

parameters,  t h e  t o t a l  i n v e n t o r y  o f  each of t h e  measured c o n s t i t u e n t s  

was determined (see Table 3A i n  Appendix A ) .  T o t a l  PCBs i n  t h e  waste 

was es t ima ted  t o  be l e s s  than  1 kg. 

6 

3.5 R A D I O A C T I V I T Y  ANALYTICAL METHODS 

Concen t ra t i ons  o f  r a d i o n u c l i d e s  i n  t h e  HRE impoundment mixed 

f i l l / s e d i m e n t  were determined u s i n g  s o l i d  s t a t e  a lpha  and b e t a  

d e t e c t o r s  f o l l o w i n g  d i s s o l u t i o n  o f  t h e  sample by concen t ra ted  n i t r i c  

and h y d r o f l u o r i c  a c i d s  as d e s c r i b e d  above. St ront ium-90 was separated 

f rom t h e  o t h e r  c a t i o n s  by p r e c i p i t a t i o n  as t h e  o x a l a t e  s a l t  and then  

counted on a b e t a  p r o p o r t i o n a l  c o u n t i n g  system. Gross a lpha  and gross 

b e t a  measurements were performed by c o u n t i n g  on Tennelec LB5100 

S e r i e s  I 1  equipment. T h i s  automated system i s  programmed t o  c o n v e r t  

raw d a t a  t o  a c t i v i t y  u n i t s  as w e l l  as t o  u t i l i z e  m a t e r i a l  we igh ts  o r  

volume t o  produce a c t i v i t y  p e r  u n i t  (we igh t  or volume). Analyses of 

gamma-emitting r a d i o n u c l i d e s  were conducted d i r e c t l y  ( w i t h o u t  chemical  

d i s s o l u t i o n )  u s i n g  h i g h - r e s o l u t i o n  germanium d e t e c t o r s .  The d e t e c t o r s  

were s h i e l d e d  f rom extraneous background and were c a l i b r a t e d  f o r  t h e  

r e s p e c t i v e  sample geometr ies u s i n g  c e r t i f i e d  m i x t u r e s  o f  gamma-emitting 

r a d i o n u c l i d e  s tandard s o l u t i o n s  f rom t h e  N a t i o n a l  Bureau o f  Standards 

(NBS).  C a l i b r a t i o n  procedures and assessment have been desc r ibed  

elsewhere (La rsen  and C u t s h a l l  1981) .  
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3 .6  RESULTS AND D ISCUSSION OF R A D I O A C T I V I T Y  ANALYSES OF THE 
HRE IMPOUNDMENT FILL AND SEDIMENT MASTE 

The r a d i o a c t i v i t y  i n  t h e  mixed f i l l / s e d i r n e n t  w a s t e  was 

p redominan t l y  t h a t  o f  gost- and '37Cs ( s e e  Table 4A i n  Appendix A) .  

For t h i s  samplin e b o r i n g s  SP--1D and SP-2 w e r e  subsampled a t  t w o  

depths.  These subsainpl i n g s  were conducted based on G / N  meter  

read ings ,  The samples SP-1BH and SP-2H showed inuch h i g h e r  

r a d i o a c t i v i t y ,  and t hus  these subsamples were analyzed s e p a r a t e l y  from 

t h e  remainder o f  t h e  same b o r i n g .  The subsample SP-1BH represented 

approx ima te l y  20% o f  t h e  t o t a l  core,  w h i l e  SP-1B c o n s t i t u t e d  t h e  

remain ing 8QX* With respec t  t o  %he SP-2 b o r i n g ,  t h e  SP-2W subsample 

represented approx ima te l y  40% o f  t h o  co re  and t h e  subsample SP-2, 

approx ima te l y  60%. Table 4A i l l u s t r a t e s  the  m u c h  h i g h e r  a c t i v i t y  o f  

"Sr  and 137Cs  i n  the SP-15M and SP-2H samples. 

h i g h e r  concentrat ion;  o f  

A l s o  note  t h e  much 

and 137Cs i n  t h e  S P - 1 B  and SP-2 

A s i m i l a r  

b o r i n g s  ( s e e  

hot-ings as compared w i t h  t h e  SP-3 and SP--4 b o r i n g s ,  

d i s t r i b u t i o n  p a t t e r n  was noted f o r  cadmium i n  these 

Sect .  3 . 4 ) .  Very low c o n c e n t r a t i o n s  o f  a l p h a - e m i t t  

were detected i n  t h i s  waste ( n o t e  t h e  low concentra 

as w e l l  as i n d i v i d u a l  measurements o f  p l u t o n i u m  and 

ng r a d i o n u c l i d e s  

i o n  o f  gross a lpha  

uranium i s o t o p e s ) .  

The h i g h e s t  l e v e l s  o f  a c t i v i t y  were  found i n  samples SP-IBW and SP-211. 

It i s  u n c l e a r  why t h e  leve l  o f  gross be ta  i n  sample SP-1BH was low 

compared w i t h  t h e  l e v e l  o f  "Sr determined i n  t h e  same sample. 

o p p o s i t e  r e l a t i o n s h i p  was observed i n  t h e  SP-2H sample; t h e  gross be ta  

was 20 t imes t h e  "Sr c o n c e n t r a t i o n .  

s o i l / s e d i m e n t  samples counted, t h e  r a t i o s  o f  gross be ta  %a "Sr 

l he  

I n  f a c t ,  across a l l  o f  t h e  
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Table 4. Inventory o f  radionuclides 
i n  HRE impoundment fill/sediment 

Constituent Total inventory 
GBq CI 

Gross -a 1 pha 
Gross-beta 
1376s  
2 3 4 ~  
23511 
238PU 
23811 
239 Pu 
241 Am 

60c 0 
60s r 

<o . O O l  
27600 
604 

0.123 
0.017 

t o .  001 
0.079 
0 005 
0,001 
0.062 

2150 

<0.001 
7 50 

16 
0.003 
to. 001 
to. 002 
0.002 

t o .  002 
t o .  001 
0.002 

7 5  
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ranged f r o m  0.48 t o  27 .  The e r r o r  a r s o c i a t e d  w i t h  t h e  d i r e c t  c o u n t i n g  

o f  s o l i d  samples f o r  gross be ta  i s  cons ide rab le  compared w i t h  t h e  

d e t e r m i n a t i o n  f o r  9QSr.  

c a r r i e d  o u t  f o l l o w i n g  d i s s o l u t i o n  o f  t h e  samples w i t h  a 1 : l  m i x t u r e  o f  

concen t ra ted  n i t r j c  a c i d  and concen t ra ted  h y d r o f l u o r i c  a c i d .  S t r o n t i u m  

waz separa ted  f rom t h e  m a t r i x  elements o f  t h e  sample by p r e c i p i t a t i o n  

o f  t h e  axalate s a l t  and t hen  counted on a be ta  p r o p o r t i o n a l  c o u n t i n g  

system. Gross be ta  d e t e r m i n a t i o n $ ,  however, were made? d i r e c t l y  an t h e  

s o l i d  o r  on t h e  r e s i d u a l  f o l l o w i n g  d i s s o l u t i o n  by a c i d  d i g e s t i o n ,  which 

i n t r o d u c e r  c o n s i d e r a b l e  e r r o r  w i t h  rega rd  t o  s e l f - a d s o r p t i o n ,  e t c ,  For  

t h i s  reason, t h e  rneasureiments f o r  gross b e t a  a r e  n o t  considered t o  be 

as accu ra te  as those f o r  'OS,. Analyses a f  t he  f i l l / s e d i i n e n t  m i x t u r e  

f o r  134Cs and 

( t h e s e  d a t a  a r e  n o t  i n c l u d e d  i n  Table  4 A ) .  

For  example, t h e  " S r  d e t e r m i n a t i o n s  w e r e  

154-  t u  w e r e  b e l o w  t h e  d e t e c t i o n  l e v e l  o f  0,000'1 Bq/g 

l h e  i n v e n t o r y  o f  r a d i o n u c l i d e s  i n  t h e  f i l l / s e d i m e n t  m i x  was 

determiwed u s i n g  t h e  same i n p u t  parameters f o r  d e t e r m i n i n g  t h e  t o t a l  

kg /L  b u l k  d e n s i t y ,  

i n  t h i s  case, a 

desc r ibed  volume 

was used f o r  

b o r i n g s  SP-1B and SP-2.  The i n v e n t o r y  (Table  4)  showed a preponderance 

o f  "5, and 1 3 7 ~ s  o v e r  a l p h a - e m i t t i n g  r a d i o n u c l i d e s .  

i n v e n t o r y  o f  i n o r g a n i c  and o rgan ic  cons t  

21% water,  and 2.1 x 10 L t o t a l  volume) 

weighted mean c o n c e n t r a t i o n  based on t h e  

6 

tuents ( 2 .  

However,  

p r e v i o u s l y  

d i s t r i b u t i o n  o f  t h e  subsamples i n  each o f  t h e  cores 



23 ORNL/TM-l0002 

4. SUBSURFACE EXPLORATION AND M O N I T O R I N G  WELLS 

4.1 DRILLING AND SAMPLING 

F i v e  b o r i n g s  r a n g i n g  i n  depth f rom 10 t o  30 f t  ( 3  t o  9 m) were 

d r i l l e d  f o r  f o u r  m o n i t o r i n g  w e l l s  w i t h  a Mob i l e  Model 8-33 d r i l l i n g  

machine u s i n g  & i n .  (20.3-cm) diam. hol low-stem augers.  The augers 

were washed between t h e  d r i l l i n g  o f  each hole,  and t h e  sampl ing t o o l s  

were washed between each sampl ing event .  

Samples were taken  w i t h  t h e  CME sampler. When t h e  d r i l l  cou ld  no 

l o n g e r  advance t h e  auger by employing t h e  sampl ing dev ice,  t h e  sampler 

was removed and rep laced  by t h e  c e n t e r  s e c t i o n  o f  t h e  auger b i t ,  which 

a l l owed  t h e  d r i l l i n g  t o  c o n t i n u e  i n  f i r m  rock .  A l l  s o i l  samples and 

d r i l l  c u t t i n g s  were mon i to red  w i t h  a G/M meter.  

(2.6 m) b o r i n g  MW-4 measured 1000 cpm on t h e  G/M (app rox ima te l y  

0.3 m R / h ) .  

p o s s i b i l i t y  o f  r a d i o a c t i v e  groundwater be ing  b rough t  t o  t h e  su r face .  

B o r i n g  MW-4A was d r i l l e d  w i t h i n  3 f t  (0 .9 m) o f  MW-4, and was completed 

as m o n i t o r i n g  w e l l  4. B o r i n g  MW-4 was l e f t  open and d i k e d  d u r i n g  t h e  

d r i l l i n g  o f  MW-4A so t h a t  i t  would r e c e i v e  any groundwater b rough t  up 

by t h e  auger f rom b o r i n g  MW-4A. D r i l l  c u t t i n g s  f r o m  b o r i n g s  HW-4 and 

MW-4A were p laced  i n  b a r r e l s  and d isposed o f  as l ow- leve l  r a d i o a c t i v e  

waste. D e s c r i p t i v e  reco rds  of a l l  b o r i n g s  a r e  p r o v i d e d  i n  t h e  b o r i n g  

l o g s  i n  Appendix B. Loca t ions  of t h e  b o r i n g s  (as m o n i t o r i n g  w e l l s )  a r e  

shown i n  F i g .  3 .  

A t  a depth of  8 . 5  f t  

The b o r i n g  was t e r m i n a t e d  a t  t h a t  depth t o  p reven t  t h e  
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4.2 MONITORING WE I. CONSTRUCTION 

A groundwater m o n i t o r i n g  w e l l  was c o n s t r u c l e d  i n  each o f  t h e  

b o t i n g s ,  except  b o r i n g  HW-4, u s i n g  3- in .  (7.6-cm) d i m .  f i b e r g l a s s  well 

screen and cas ing .  The ent rance a reas  o f  t h e  w e l l  screens c o n s i s t e d  o f  

two rows o f  s l o t s  w i t h  Q,Ol-in. ( 0 . , 2 5 - m m )  w i d e  openings.. The screens  

were 10 f t  ( 3  ) l o n g  and were surrolandrd by a sand pack o f  

medium--grained quar tE  sand t h a t  extended a minimum h e i g h t  o f  1 f t  

(30.5 cm) above t h e  t o p  of  t he  well screen. A bentonite ( c l a y )  sea l  o f  

a t  leask 1 f t  (30.5 m) m i n i m u m  t h i c k n e s s  was p laced a t  t h e  t a p  o f  t h e  

sand pack,  The remainder o f  t h c  b o r i n g  was b a c k f i l l e d  w i t h  p o r t l a n d  

cement conc re te  f rom the  t o p  o f  the seal t o  t h e  t o p  o f  the  b o r i n g .  A 

4- in .  (10.lb-cm) d i m .  p r o t e c t i v e  cas ing,  5 f t  ( 1 . 5 2  rn) long,  was 

i n s t a l l e d  around t h e  well-riser p ipe ,  w i t h  b o t h  t h e  p i p e  and cas ing  

e x t e n d i n g  apprwxirnately 3 f t  (0.91 rn) above t h e  ground su r face .  The 

t o y  o f  t h e  r i s e r  p i p e  i s  c losed  by a removable, p l a s t i c  cap. 

C o n s t r u c t i o n  dete-t i ls o f  each o f  Ltie wells a r e  p r o v i d e d  i n  Appendix C, 

a r y  o f  c o n s t r u c t i o n  d e t a i l s  and measured groundwater  e l e v a t i o n s ,  

as w e l l  as  surveyed l o c a t i o n s  and e l e v a t i o n s ,  i s  p r o v i d e d  i n  Table 5 ,  

4.3 M O N I T O R I N G  WELL LOCATIONS 

The l o c a t i o n  f o r  m o n i t o r i n g  well 1 (MW-1) was s e l e c t e d  i n  an 

at tempt  t o  p r o v i d e  a groundwater sampl ing p o i n t  l o c a t e d  upgrad ien t  

( i . c e ,  i n  t h e  d i r e c t i o n  of  i n c r e a s i n g  static head o f  t h e  groundwater 

t a b l e )  o f  t h e  impoundment froin which r e p r e s e n t d t i v e  samples o f  t h e  

groundwater t h a t  w i l l  move t h r o u g h  t h e  impoundment s i t e  cou ld  be 
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Table 5. Summary of monitoring well loca t ion ,  construction da ta ,  
and  water l eve l s  a t  t h e  HRE impoundment 

Parameter MW-1 Mlnl-2 MW-3 MW-4 

N o r t h  g r i d  coordinate ( f t )  

East g r i d  coordinate ( f t )  

Top of well casing e l .  ( f t )  

Height of casing aboveground ( f t )  

Ground surface e l .  ( f t )  

Top o f  well screen e l .  ( f t )  

Bottom of well screen e l .  ( f t )  

Top of sand pack e l .  ( f t )  

Bottom o f  well hole e l .  ( f t )  

Diameter o f  well pipe/screen ( i n . )  

Type material o f  pipe/screen 

W i d t h  o f  screen open ing  ( i n . )  

Water level e l .  ( f t )  4-8-85 

Water level e l .  ( f t )  5-23-85 

Water level e l .  ( f t )  6-4-85 

Water level e l .  ( f t )  7-'1-85 

18634.87 

31 422.87 

827.03 

3.8 

823.2 

807 .0 

797 .O 

815.2 

793.5 

3.0 

f i b e r  
g lass  

0.01 

814.79 

813.58 

813.64 

815.32 

18581 .39 

31 533.62 

815.71 

2.3 

813.4 

800.7 

790.7 

805.4 

788.5 

3 .0  

f i b e r  
g l a s s  

0.01 

808.20 

807.44 

806.97 

808.10 

1 851 8.64 

31 525.86 

810.81 

2 . 7  

808.1 

795.8 

785.8 

800.1 

783.4 

3 . 0  

f i b e r  
g l a s s  

0.01 

803.95 

803.40 

803.26 

803.95 

18515.45 

31 444.65 

816.10 

3.0 

813.1 

804.4 

794.4 

805.1 

788.4 

3 .o 
f i b e r  
g l a s s  

0.01 

805.34 

805.50 

805.35 

805.37 
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obta ined.  Also,  t h e  u p g r a d i e n t  well should n o t  be a f f e c t e d  by 

p o t e n t i a l  con tamjna t ion  f rom t h e  m o n i t o r e d  f a c i l i t y .  The l o c a t i o n  o f  

HW-1 was r e s t r i c t e d  by b u r i e d  r a d i o a c t i v e l y  contaminated m a t e r i a l s  on 

t h e  s o u t h w e r t ,  and above- and below-ground s t r u c t u r e s  on t h e  west.  

The l o c a t i o n s  o f  t h e  o t h e r  t h r e e  m o n i t o r i n g  w e l l s  were s e l e c t e d  t o  

in? i f  contaminants f rom t h e  impoundment a r e  n i i y r a t i n g  i n t o  t h e  

groundwater.  F u r t h e r ,  no w e l l  was l o c a t e d  w i t h i n  t h e  a r e a  enclosed by 

t h e  asphal t ic-pavement cap, as t-ep~r-ts i n d i c a t e  t h a t  accu ra te  

boundar ies o f  the eroded s lopes of  t h e  impoundment a r e  n o t  known. 

Therefore,  t h e  l i m i t s  o f  t h e  cap were considered t o  be t h e  l i m i t s  o f  

poundrnent. A s  GERCLA does n o t  p r o v i d e  s p e c i f i c  requit-ernentr f o r  

r ~ ~ a n i t o r i n g  well l o c a t i o n s ,  t hese  w e l l s  comply w i t h  r e g u l a t i o n s  

promulgated i n  accordance w i t h  WCRA which s p e c i f y  t h a t  t h e r e  be a t  

l e a s t  three h y d r a u l i c a l l y  downgradient ( i . e . ,  i n  t h e  d i r e c t i o n  of  

decreasing s t d t i c  head o f  t h e  gro~!ndwater t a b l e )  w e l l s .  These 

downgradient w e l l s  a r e  r e q u i r e d  t o  be a t  t h e  boundary o f  t h e  

impoundrnenl f a c i l i t y ,  which, as desc r ibed  i n  R C R A  Permi t  W r i t e r ' s  

Manual Groundwater P r o t e c t i o n  40 CFW, P a r t  264, Subpart  E ,  D r a f t  

(USEPA 1983c ) ,  E P A  i n t e r p r e t s  t o  be no more d i s t a n t  than t h e  o u t s i d e  

t o e  o f  any containment d i k e  t h a t  may e x i s t ,  p l u s  30 ft. (9.14 rn) f o r  

p h y s i c a l l y  s e l e c t i n g  an a p p r o p r i a t e  d r i l l  s i t e .  

M o n i t o r i n g  w e l l  2 i s  l o c a t e d  approx ima te l y  a l o n g  t he  r e g i o n a l  

geo log i c  s l r i k e  o f  t h e  bedrock s t r a t a  between t h e  f i l l e d  irnpotnndinent 

and t h e  southeast  s e c t i o n  o f  t h e  ad jacen t  stream, R e l a t i v e  t o  t h e  

irnpoundmm%, m o n i t o r i n g  wells 3 and 4 ar t !  l o c a t e d  down-dip of the 

r e g i o n a l  g r o l o q i c  s t r i k e  o f  t h e  bedrock s t r a t a .  They a r e  also between 
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t h e  impoundment and t h e  south-- and sou thwes t - f l ow ing  s e c t i o n s  o f  t h e  

a d j a c e n t  stream. 

4.4 SURFACE GEOPHYSICAL SURVEY 

An e lec t romagne t i c  ( E M )  c o n d u c t i v i t y  survey,  u s i n g  a model EM-34 

i n s t r u m e n t  manufactured by Geonics Ltd. ,  was conducted around t h e  

p e r i m e t e r  o f  t h e  HRE impoundment. T h i s  geophysica l  method p rov ides  a 

r a p i d  s i t e  reconnaissance t h a t  can d e t e c t  contaminant  plumes o f  h i g h  

i o n i c  s t r e n g t h .  The techn ique  measures t h e  apparent  e l e c t r i c a l  

c o n d u c t i v i t y  o f  t h e  subsur face u s i n g  s e l f - c o n t a i n e d  d i p o l e  t r a n s m i t t e r  

and r e c e i v e r  c o i l s  h e l d  i n  t h e  h o r i z o n t a l  d i p o l e  c o n f i g u r a t i o n  and 

separated by a h o r i z o n t a l  d i s t a n c e  o f  20 f t  (6.1 m).  I n  t h i s  

c o n f i g u r a t i o n ,  t h e  i n s t r u m e n t  senses t o  app rox ima te l y  0.75 o f  t h e  

i n t e r c o i l  spac ing (Geonics 1983).  Therefore,  t h e  apparent  c o n d u c t i v i t y  

was measured i n  u n i t s  o f  m i l l i m h o s  p e r  meter  (mmhos/m) t o  an 

approximate depth o f  1 5  f t  (4.6 m) a t  each s t a t i o n .  Readings i n  

mmhos/m a t  each measurement s t a t i o n  around t h e  HRE impoundment a r e  

shown i n  F i g  4 .  The magnitude o f  t h e  v a r i a t i o n s  does n o t  seem t o  

i n d i c a t e  m a j o r  c o n d u c t i v i t y  anomal ies t h a t  would be a t t r i b u t a b l e  t o  

con tamina t ion  plumes f rom t h e  impoundment. 

5. GEOLOGY 

5.1 REGIONAL GEOLOGY 

Oak Ridge N a t i o n a l  Labora to ry  l i e s  i n  t h e  Ridge and V a l l e y  

Phys iographic  Prov ince.  I n  Tennessee, t h e  p r o v i n c e  c o n s i s t s  o f  

no r theas t - sou thwes t  s t r i k i n g  rock  s t r a t a  o f  l imes tone ,  sandstone, and 
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F i g .  4. L o c a t i o n s  and measurements of e l e c t r o m a g n e t i c  conductivity survey. 
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sha le  ex tend ing  f r o m  t h e  Georgia-Alabama bo rde r  on t h e  sou th  t o  t h e  

V i r g i n i a  b o r d e r  on t h e  n o r t h .  The s t r a t a  i s  t i l t e d  t o  angles o f  30 

degrees and g r e a t e r  t h roughou t  i t s  l e n g t h ,  r e s u l t i n g  i n  t h e  

e r o s i o n - r e s i s t a n t  beds fo rm ing  p a r a l l e l  r i dges ,  and those l e s s  

r e s i s t a n t  beds becoming i n t e r v e n i n g  v a l l e y  f l o o r s ,  

5.2 S i t e  Geology 

5.2.1 Bedrock 

The HRE impoundment l i e s  i n  Me l ton  V a l l e y  app rox ima te l y  2000 f t  

(600 m) sou theas t  o f  t h e  Copper Creek f a u l t .  A s  shown on t h e  geo log ic  

map of F i g .  5, t h e  s i t e  i s  u n d e r l a i n  by u n i t  "Ccb" o f  t h e  Conasauga 

Group. The l i t h o l o g y  o f  t h i s  u n i t  i s  desc r ibed  by McMaster and l d a l l e r  

(1965) as f o l l o w s :  

V a r i a b l e  l i t h o l o g y ,  r a n g i n g  f rom s h a l e  and s i l t s t o n e  t o  
l imes tone .  Limestone i s  c h a r a c t e r i s t i c a l l y  pebble 
conglomerate o r  edgewise conglomerate hav ing  i r r e g u l a r  
bedding su r faces  coated w i t h  t h i n  f i l m  o f  dark g r e y  c l a y  
and marked by  abundant ropy 'worm t r a i l s ' .  Limestone 
occurs i n  zones o f  sha le  and s i l t s t o n e .  S i l t s t o n e  i n  t h i s  
u n i t  i s  commonly ca lcareous and w h i t e  o r  l i g h t  g r e y  when 
f r e s h .  Shale i s  t h i n l y  bedded, c o l o r e d  brown, o l i v e ,  and 
tan ,  and l o c a l l y  maroon. I n  p laces  t h e  u n i t  i s  deformed 
by v e r y  sma l l ,  sharp f o l d s  and f a u l t s  o f  smal l  
d isp lacement .  

They d e s c r i b e  t h e  r e s i d u a l  m a t e r i a l  as:  

U n i t  weathers t o  a bedded sha le  appearance, l e a v i n g  l i t t l e  
o r  no i n d i c a t i o n  o f  o r i g i n a l  ca lcareous na tu re .  Limestone 
weathers t o  porous brown s i l t s t o n e  o r  t o  a l i g h t  
orange-yel low i l l i t i c  c l a y .  Residuum i s  g e n e r a l l y  l i g h t  
t a n  t o  yel low-brown b u t  l o c a l  v a r i a t i o n s  i n c l u d e  maroon 
and green bands. B lack manganese o x i d e  s t a i n s  common on 
j o i n t  sur faces.  
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The HRE impoundment was c o n s t r u c t e d  i n  t h e  l ower  beds o f  t h e  Ccb 

u n i t  and l e s s  t h a n  100 f t  (30 m) f r o m  t h e  s u r f a c e  exp ress ion  o f  t h e  

c o n t a c t  o f  u n i t s  Ccb and Cca, as mapped by McMaster and M a l l e r  (1965).  

The s t r i k e  o f  t h i s  c o n t a c t ,  as measured f r o m  t h e  g e o l o g i c  map shown i n  

F ig .  5, i s  app rox ima te l y  n o r t h ,  60 degrees eas t .  

From l a t e r  work i n  t h e  area (Haase, Zucker, and Stow 1985; 

R o t h s c h i l d  e t  a l .  1984) i t  appears t h a t  t h e  l ower  s t r a t a  i n  u n i t  Ccb, 

as mapped by McHaster and W a l l e r  (1965),  l i k e l y  c o n s i s t s  o f ,  i n  

ascending o rde r ,  t h e  Rut ledge Limestone and R o g e r s v i l l e  Shale 

fo rma t ions .  

A g e o l o g i c  s e c t i o n  th rough  t h e  impoundment i s  shown i n  F i g .  6. 

The s ides lopes  o f  t h e  f i l l e d  impoundment shown i n  t h i s  f i g u r e  a r e  

t h e o r e t i c a l  s lopes based on t h e  des ign  s lope  o f  1 v e r t i c a l  on 1.5 

h o r i z o n t a l .  

impoundment, i t  i s  l i k e l y  t h a t  t h e  a c t u a l  s lopes d e v i a t e  f r o m  t h e  

c o n f i g u r a t i o n  shown i n  F i g .  6 .  

Que t o  r e p o r t e d  e r o s i o n  d u r i n g  t h e  o p e r a t i n g  l i f e  o f  t h e  

5.2.2 S o i l  

The s o i l  t h i c k n e s s  encountered i n  t h e  b o r i n g s  f o r  t h e  m o n i t o r i n g  

w e l l s  ranged f rom l e s s  than  1 f t  (0.3 m) f o r  MIW-1 and -4, t o  as much as 

5 and 9 f t  (1.5 and 2.7 m) f o r  MM-2 and -3, r e s p e c t i v e l y .  Some o f  t h e  

s o i l  may be m a t e r i a l  t h a t  was excavated f rom t h e  impoundment d u r i n g  

c o n s t r u c t i o n  and used as f i l l .  As i n d i c a t e d  by t h e  b o r i n g  records i n  

Appendix B, t h e  s o i l  c o n s i s t s  o f  m a t e r i a l  which would c l a s s i f y  as c l a y  

under t h e  U n i f i e d  S o i l  C l a s s i f i c a t i o n  System. Accord ing t o  McMaster 

and W a l l e r  (1965),  s o i l s  d e r i v e d  f r o m  t h e  Conasauga Group c o n t a i n  

i l l i t e  and v e r m i c u l i t e  as t h e  predominant c l a y  m i n e r a l s .  
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6. HYDROLOGY 

From 1948 th rough  1983, t h e  mean annual p r e c i p i t a t i o n  a t  Oak Ridge 

was 54.61 i n  (138.71 cmf.  I n  t h i s  reg ion ,  t h e  h e a v i e s t  p r e c i p i t a t i o n  

n o r m a l l y  occurs d u r i n g  w i n t e r  and e a r l y  s p r i n g ,  w i t h  t h e  month ly  

maximum n o r m a l l y  o c c u r r i n g  d u r i n g  t h e  p e r i o d  January t o  March. 

However, d u r i n g  some years t h e  mon th l y  maximum has occu r red  i n  3 u l y  

because o f  thunderstorms.  September and October a r e  u s u a l l y  t h e  d r i e s t  

months. Accord ing t o  t h e  " C l i m a t i c  A t l a s  o f  t h e  U n i t e d  S t a t e s "  

(U.S. Oepartment o f  Commerce, 1979). mean annual l a k e  e v a p o r a t i o n  i n  

t h e  Oak Ridge area i s  33 i n .  (88.9 cm). 

A f t e r  c e s s a t i o n  o f  o p e r a t i o n  o f  t h e  pond i n  1962, and p r i o r  t o  i t s  

f i l l i n g  w i t h  s o i l  i n  1970, i t  i s  u n c e r t a i n  how t o  account f o r  t h e  

22 i n .  (56  cm) o f  n e t  annual p r e c i p i t a t i o n  i n p u t  t o  t h e  pond. I f  t h e r e  

were no re leases ,  i t  would have been added t o  t h e  groundwater th rough  

i n f i l t r a t i o n  f r o m  t h e  pond. One person r e c a l l s  seeing ve ry  l i t t l e  

wa te r  i n  t h e  pond a f t e r  o p e r a t i o n s  ceased, and c a t t a i l s  growing i n  t h e  

bottom. 

6.1 GROUNDWATER MOVEMENT 

A w a t e r - t a b l e  map o f  t h e  s i t e  i s  shown i n  F i g .  7 .  The map i s  

based on w a t e r - l e v e l  obse rva t i ons  f r o m  t h e  f o u r  m o n i t o r i n g  w e l l s  

c o n s t r u c t e d  d u r i n g  t h i s  s tudy  (Tab le  5), on wa te r  l e v e l s  encountered i n  

t h e  b o r i n g s  conducted fqr t h e  purpose o f  sampl ing t h e  s o i l / s e d i m e n t  

(Appendix B ) ,  and on measurements made in September 1985 by t h e  o l d  

o b s e r v a t i o n  dev i ces  shown i n  f i g .  3 .  The w a t e r - l e v e l  measurements made 

i n  t h e  o l d  o b s e r v a t i o n  dev i ces  have t o  be used w i t h  a good dea l  of  
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F i g .  7. Water- table  map of t h e  Homogeneous Reactor Exper iment  impoundment. 
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judgment as t h e y  may n o t  be r e p r e s e n t a t i v e  o f  t h e  p i e z o m e t r i c  s u r f a c e  

due t o  t h e i r  c o n s t r u c t i o n  (Sec t .  2 ) .  The map shows t h e  h y d r a u l i c  

g r a d i e n t  a t  t h e  impoundment t o  be g e n e r a l l y  towards t h e  creek t h a t  

p a r t i a l l y  e n c i r c l e s  t h e  impoundment. 

A s  shown i n  t h e  g e o l o g i c  s e c t i o n  ( F i g .  6 )  t h rough  t h e  pond, and 

t h e  w a t e r - t a b l e  map ( f i g .  7 ) ,  t h e  wa te r  t a b l e  i s  f a i r l y  u n i f o r m  across 

t h e  f i l l e d  impoundment and i s  app rox ima te l y  10 f t  ( 3  m) above t h e  

bot tom e l e v a t i o n .  

S t u d i e s  on t h e  ORNL r e s e r v a t i o n  ( Webster 1976, Davis e t  a l .  1984, 

and R o t h s c h i l d  e t  a l .  1984) r e s u l t  i n  t h e  o b s e r v a t i o n  t h a t  i n  t h e  

bedrock t h e  d i r e c t i o n  o f  groundwater movement i s  g r e a t l y  a f f e c t e d  by 

t h e  d i r e c t i o n a l  p e r m e a b i l i t y  o f  t h e  s t r a t a .  The Conasauga s t r a t a  i s  

a n i s o t r o p i c  i n  r e s p e c t  t o  h y d r a u l i c  c o n d u c t i v i t y ,  w i t h  c o n d u c t i v i t i e s  

p a r a l l e l  t o  t h e  d i r e c t i o n  o f  g e o l o g i c  s t r i k e  be ing  r e p o r t e d  as 3 t o  

20 h i g h e r  than  i n  a d i r e c t i o n  normal t o  s t r i k e .  Therefore,  t h e  o v e r a l l  

groundwater movement th rough  t h e  bedrock i s  o f t e n  i n  a d i r e c t i o n  a t  

some a c u t e  a n g l e  t o  t h e  groundwater con tou rs .  Such movement would n o t  

n o r m a l l y  be expected t o  be i n  a s t r a i g h t  l i n e  o f  f l o w ,  b u t  r a t h e r  would 

f o l l o w  i r r e g u l a r  pathways a l o n g  j o i n t s  and bedding p lanes because t h e  

bedrock s t r a t a  has i n s i g n i f i c a n t  p r i m a r y  p e r m e a b i l i t y .  

6.2 UPPERMOST AQUIFER 

The s o i l  a t  t h e  impoundment c o n s i s t s  o f  m a t e r i a l  t h a t  has been 

v i s u a l l y  c l a s s i f i e d  as c l a y  ( a c c o r d i n g  t o  t h e  U n i f i e d  S o i l s  

C l a s s i f i c a t i o n  System), which c a t e g o r i c a l l y  has l o w  h y d r a u l i c  

c o n d u c t i v i t i e s .  The uppermost a q u i f e r  a t  t h e  s i t e  i s  t h e  "'Ccb" u n i t  



(possibly either the Rillledge o r  Rogessville f o r r r i d t i ons ) .  Davis e t  al. 

(1984)  conducted hydraulic conductivity tests in 36 monitoring wells in 

t h e  Maryville Limestone o f  the Conasauga Group, Conductivities ranged 

from 1 x t o  238 x cm/s, with a geometrical mean o f  

5-31 x cm/s, and the effective porosity was estimated t o  be 

0.03. Rothschild e t  ial. (1984), at a site approximately 3500 f - L  

(1080 m )  d i s t a n t  along geologic strike, tested t h e  conductivity i n  

12 wells in t h e  Conasauga. The geometric mears o f  t h e s e  t e s t s  was 

2.57  x lom5. 
representative o f  the  HWE site. 

~ h e s e  a q u i f e r  parameters a r e  believed t o  be 

6 . 3  GROUNDWA'lkH SAMPLING WEBMODS 

M a t e r  levels were measured with an electric tape prior to purging 

and sampling each w e l l ,  and the imersed portion o f  Lhe tape was rinsed 

w j t h  distilled water between wells. The wells were sampled with b o t t o m  

l o a d j n g ,  stainless s t e e l  bailers that w e r e  disassembled for thorough 

cleaning before use. 

detergent, and rinsed with distilled w a t e r .  I n  addition, during the 

first round o f  sampl ing ,  t h e  bailers were also rinsed w i t h  dilute 

nitric acid followed by distilled water. During the second round, to 

avoid rusting o f  the a t e e l ,  the  dflul-e acid r i n s e  was replaced with 

a l c o h o l .  A new nylon line was a t t d c h e d  t o  the b a i l e r  f o r  each well. 

No water- was introduced into the wells during drilling, and the 

first round o f  samples was taken without purging t h e  we1 Is. A I  1 the  

wells w e r e  sampled within one to seven days a f t e r  completion o f  

drilling. l h i s  step was t aken  because there was no adjacent, open 

Ihe bailers were washed with h o t  wa te r  and 
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impoundment t o  which w a t e r  o b t a i n e d  f rom t h e  p u r g i n g  o p e r a t i o n  c o u l d  be 

r e t u r n e d  (as  i s  customary);  and f a c i l i t i e s  were n o t  immediate ly  

a v a i l a b l e  t o  d ispose o f  t h e  w a t e r  p r o p e r l y  o the rw ise .  

a sample d u r i n g  t h e  second round o f  sampling, t h e  w e l l  was purged by 

removing a volume o f  wa te r  equal  t o  a t  l e a s t  t h r e e  t imes  t h e  volume 

con ta ined  w i t h i n  t h e  w e l l  screen and cas ing.  T h i s  amounts t o  a volume 

o f  1.1 g a l / f t  (4 .2  L/0.3 m) o f  w a t e r  depth i n  t h e  w e l l .  The wa te r  

removed f o r  p u r g i n g  purposes was measured i n  5-gal (19-L) c o n t a i n e r s  

and c o l l e c t e d  i n  55-gal (210-L) b a r r e l s .  I n  t o t a l ,  400 g a l  (1500 L) 

was purged f r o m  t h e  w e l l s  and t r u c k e d  t o  t h e  process waste system f o r  

d i s p o s a l .  

P r i o r  t o  t a k i n g  

6.4. SAMPLE. COLLECTION AND PRESERVATION 

Groundwater samples t o  be analyzed by t h e  A n a l y t i c a l  Chemistry 

D i v i s i o n  (ACD)  were poured d i r e c t l y  f rom t h e  s t a i n l e s s  s t e e l  b a i l e r  

i n t o  new g l a s s ,  l - q t  (0.95-L) c o n t a i n e r s  ( p r e v i o u s l y  r i n s e d  w i t h  

d i s t i l l e d  w a t e r )  w i t h  T e f l o n - l i n e d  caps. Four such samples were 

c o l l e c t e d  f rom each w e l l  d u r i n g  February (March f o r  MW-4) and May 1985, 

and two o f  t h e  samples f rom each were a c i d i f i e d  w i t h  n i t r i c  a c i d  t o  a 

pH o f  2.  These samples were e i t h e r  d e l i v e r e d  t o  t h e  A n a l y t i c a l  

Chemistry D i v i s i o n  w i t h i n  1 h a f t e r  c o l l e c t i o n ,  where t h e y  were 

r e f r i g e r a t e d ,  o r  were s t o r e d  o v e r n i g h t  i n  a r e f r i g e r a t o r  f o r  next-day 

d e l i v e r y  t o  ACD. I n  a d d i t i o n ,  i n  February and Way, l - L  samples were 

c o l l e c t e d  f rom each w e l l  and p laced  i n  p l a s t i c  c o n t a i n e r s  f o r  gamma 

r a d i a t i o n  a n a l y s i s  by Environmental  Sciences D i v i s i o n ' s  Low-Level 

Gamma-Ray Spectrometry  Labora to ry  u s i n g  a h i g h - r e s o l u t i o n ,  
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1 i t h i u m - d r i f  t e d  germanium [Ge( L i )  3 d e t e c t o r .  These samples r c q u i  r e d  no 

p r e s e r v a t i o n .  S p e c i f i c  c o n d u c t i v i t y  and pW were measured a t  t h e  w e l l  

s i t e  a t  t h e  t i m e  of sampl ing.  

6.5 C H A I N  OF CUSTODY 

A secor-d was completed f o r  a l l  samples c o l l e c t e d  which c o n t a i n s  

t h e  f o l l o w i n g  i n f o r m a t i o n :  name o f  c o l l e c t o r ,  i d e n t i f y i n g  l i 5 t  o f  

samples, d a t e  and l o c a t i o n  where c o l l e c t e d ,  i n c l u s i v e  dates t h a t  

samples were i n  t h e  c o l l e c t o r ' s  custody,  and t h e  d a t e  t h a t  samples were 

t r a n s f e r r e d  t o  t h e  l a b o r a t o r y  f o r  analyses.  A copy o f  t h i s  reco rd  

accompanied t h e  samples t o  t h e  l a b o r a t o r y .  

6 . 6  SELECTIOW OF CONSTiTUENT-S FOR ANALYSIS IN GROUNDWATER 

The p r i n c i p a l  goal  i n  a n a l y z i n g  groundwater was t o  determine i f  

t h e  groundwater had been contaminated. To do t h i s  t h e  groundwater was 

analyzed f o r  t hose  30 c o n s t i t u e n t s  promulgated under R C R A  regulations, 

as shown i n  T a b l e  6 .  For a c t i v e  hazardous waste f a c i l i t i e s  ( t h o s e  t h a t  

r e c e i v e  w a s t e s  a f t e r  November 19, 1980)e  RCRW r e g u l a t i o n s  r e q u i r e  t h a t  

each groundwater m o n i t o r i n g  w e l l  be sampled and analyzed f o r  these 

c o n s t i t u e n t s  a t  l e a s t  f o u r  t imes  d u r i n g  t h e  f i r s t  year  t o  a s c e r t a i n  any 

seasonal v a r i a t i o n s  i n  groundwater q u a l i t y .  Sampling f o r  t h i s  r e p o r t  

was conducted i n  February (March f o r  MW-la) and Nay 1985. 

I n  a d d i t i o n  t o  those  30 c o n s t i t u e n t s  l i s t e d  i n  ] a b l e  6, groundwater 

samples were analyzed hy I C P  spect roscopy.  Th is  techn ique  p rov ides  

genera l  i n f o r m a t i o n  on c o n c e n t r a t i o n s  o f  n e a r l y  30 elements i n  one 

a n a l y s i s .  Many o f  these a r e  n o t  R C R A  r e g u l a t o r y  elements, b u t  t h e i r  
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Table 6. RCRA - 40 CFR 265.92 ._. Groundwater m o n i t o r i n g  parameters 

€PA I n t e r i m  Pr imary D r i n k i n g  Water Standards 

Parameter Maximum l e v e l  (mg/L) 

A rsen ic  
B a r i  um 
Cadmi urn 
Ch romi urn 
F l u o r i d e  
Lead 
Mercury 
N i t r a t e  (as  N )  
$ e l  e n i  um 
S i  1 v e r  
End r i  n 
Lindane 
Methoxychlor  
Toxaphene 

2,4,5-TP S i l v e x  
Rad i um 
Gross Alpha 
Gross Beta 
C o l i f o r m  B a c t e r i a  

2,4-0 

0.05 
1 .o 
0.01 
0.05 
1.4-2.4 
0.05 
0.002 

0.01 
0.05 
0 0002 
0.004 
0.1 
0.005 
0.1 
0.81 
5 pCi/L 

15  pCi /L  
4mR/y 

1 /1  OOmL 

10. 

Parameters e s t a b l i s h i n g  groundwater q u a l i t y :  

Ch 1 o r i  de 
I r o n  
Ma ngan e s e 
Phenols 
Sod i um 
S u l f a t e  

Parameters used as i n d i c a t o r s  o f  groundwater con tamina t ion :  

PH 
S p e c i f i c  Conductance 
T o t a l  Organic Carbon 
T o t a l  Organic Halogen 
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concen t ra t i ons  i n  groundwater a r e  u s e f u l  i n  e v a l u a t i n g  genera l  

groundwater q u a l i t y .  Fo r  i ns tance ,  t h e  concen t ra t i ons  o f  copper, 

n i c k e l ,  and z i n c  were determined i n  groundwater samples us ing  t h i s  

techn ique.  These elements a r e  i nc luded  i n  t h e  l i s t  o f  compounds and 

elements l i s t e d  i n  t h e  r e c e n t l y  i ssued "Hazardous Substance G u i d e ? i n e s n  

by t h e  S t a t e  o f  Tennessee ( L .  W .  Gregory, pe rs ,  cornmun.). Groundwater 

sampler w e r e  a l s o  analyzed f o r  PCBs and t h e  r a d i o i s o t o p e s  "Sr, 

137Cs, and t r i t i u m .  

5.7 CHEMICAL METHODS USED FOR ANALYSIS OF GROUNDWATER 

The methods used t o  ana lyze  groundwater a r e  t h o s e  desc r ibed  i n  

USEPA (1982 and 1983b). Far  e lementa l  concentr -a t ions o f  t h e  NIPDWS, i t  

was necessary t o  use atomic a b s o r p t i o n  methods t o  reach t h e  r e q u i r e d  

d e t e c t i o n  levels. T h e  recommended USEPA methods a r e  7067, 7081, 7131, 

7191, 7421, 7470, 7741, and 7761 f o r  A s ,  Ba, Cd, C r ,  Pb, Mg, Se, and 

Ag, r e s p e c t i v e l y .  ICP spect roscopy (method 200.7 i n  USEPA 1983A) was 

a l s o  used t o  determine concen t ra t i ons  o f  non regu la to ry  e7enients. The 

concen t ra t i ons  o f  p e s t i c i d e s  and h e r b i c i d e s ,  as  w e l l  as the  PCBs i n  t h e  

groundwater, were determined by method 8080 (USEPA 1982) except  t h a t  

t h e  analyses  were by l i q u i d  chromatography i n s t e a d  o f  gas chromatagraphy. 

The t o t a l  t o x i c  organ ics  ( T T O )  were determined us ing  method 624 (USEQA 

1983b) or pentane e x t r a c t i o n  f o r  t h e  v o l a t i l e  o rgan ic  compounds and 

method 1625 (USEPA 1982) f o r  t h e  5erwivolatile corn ounds. C o l i f o r m  

b a c t e r i a  were determined by method 405.1 (USEPA 1983b). Concent ra t ions  

o f  f l u o r i d e ,  c h l o r i d e ,  n i t r a t e ,  and s u l f a t e  were determined us ing  

methods 348.2 and 300.0 as descr ibed i n  USEPA (1983b). Phenol  
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c o n c e n t r a t i o n  was determined by method 420.1 (USEPA 1983b).  T o t a l  

o r g a n i c  carbon ( T O G )  and t o t a l  o r g a n i c  h a l i d e s  (TOX)  were determined 

u s i n g  methods 9060 and 9020, r e s p e c t i v e l y  (USEPA 1982).  

The r a d i o n u c l i d e  c o n c e n t r a t i o n s  were determined u s i n g  t h e  same 

d e t e c t o r s  as those  desc r ibed  f o r  t h e  r a d i o n u c l i d e  analyses o f  t h e  mixed 

f i l l / s e d i m e n t ,  A l i q u o t s  o f  groundwater were taken  t o  dryness on 

p lanche ts  and counted f o r  gross a lpha  and gross b e t a  a c t i v i t y .  The 

a c t i v i t i e s  o f  s p e c i f i c  a lpha  e m i t t e r s  were determined f o l l o w i n g  aqueous 

t o  nonaqueous s e p a r a t i o n  i n t o  p h e n o l t r i f l o r o a c e t o n e ,  p l a t i n g ,  and 

c o u n t i n g  u s i n g  h i g h - r e s o l u t i o n  a lpha-spect rometers.  T r i t i u m  was 

determined i n  groundwater u s i n g  e s t a b l i s h e d  l i q u i d - s c i n t i l l a t i o n  

c o u n t i n g  procedures.  St ront ium-90 i n  groundwater was separated f rom 

t h e  o t h e r  c a t i o n s  by  p r e c i p i t a t i o n  as  t h e  o x a l a t e  s a l t  and then  counted 

on a be ta  p r o p o r t i o n a l  c o u n t i n g  system. 

6 . 8  RESULTS AND DISCUSSION OF CHEIVIIGAL ANALYSES OF ~ R ~ ~ N D W A T E R  

Groundwater c o n c e n t r a t i o n s  measured i n  t h e  f o u r  m o n i t o r i n g  w e l l s  

i n  March and Hay a r e  presented i n  Tables 5A and SA o f  Appendix A .  The 

c o n s t i t u e n t s  presented i n  Table 5A a r e  those  r e g u l a t e d  by RCRA 

( p r i n c i p a l l y  t hose  l i s t e d  i n  t h e  NIPOWS) as w e l l  as those  c o n s t i t u e n t s  

t h a t  have been determined t o  be parameters e s t a b l i s h i n g  groundwater 

q u a l i t y  ( c h l a r i d e ,  i r o n ,  manganese, phenols,  sodium, and s u l f a t e )  and 

those  t h a t  USEPA has determined t o  be i n d i c a t o r s  o f  groundwater 

con tamina t ion  (pH, s p e c i f i c  conductance, t o t a l  o rgan ic  carbon, and 

t o t a l  o r g a n i c  ha logens) .  Also i n c l u d e d  i n  Table 5A a r e  t h e  

c o n c e n t r a t i o n s  o f  PCBs, t h e  b e t a - e m i t t i n g  r a d i o n u c l i d e s  t r i t i u m  and 
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'*Sr, and t h e  gamma-emitter 137Cs.  

c o n c e n t r a t i o n s  o f  elements determined i n  groundwater sainples by ICP 

L i s t e d  i n  Table 6A a r e  t h e  

sp€?CtrQSCOPy.  

Table 7 i s  a s u  a r y  o f  measured c o n c e n t r a t i o n s  of  c o n s t i t u e n t s  o f  

a l l  analyses f rom a l l  downgradient wells l i s t e d  i n  T a b l e  S A ,  Appendix A .  

A s  can be seen i n  Tables 7 and 5 A ,  t h e  axirnum p e r m i t t e d  l e v e l  f o r  

b e t a - e m i t t i n g  r a d i o n u c l i d e s  i s  pre!.;ewted as a dose r a t e  o f  4 mR per 

year.  HobRiewr, t h e  gross be ta  c o n c e n t r a t i o n s  i n  Tables 7 and 5 A  a r e  

presented i n  t h e  commonly accepted manner as a c t i v i t y  u n i t s  (BqJk).  

EPA s p e c i f i e s  t h a t  t h e  dose r a t e  f o r  d r i n k i n g  wa te r  be c a l c u l a t e d  as 

t h e  t o t a l  body o r  argan dose t h a t  d person would r e c e i v e  by d r i n k i n g  

one l i t e r  o f  t h e  water ,  d a i l y ,  f o r  one year  (USEPA 1976) .  According t o  

E P A  (USEPA 1976),  t h e  a c t i v i t y  i n  d r i n k i n g  wa te r  o f  t h e  be ta  e 

t r i t i u m  and "Sr t h a t  r e s u l t s  i n  a dose r a t e  of 4 mR/year a r e  

20,000 pCi/L (740 B q / b )  and 8 pCi /L  (0.3 BqJL), r e s p e c t i v e l y .  

Ma jo r  contarninants i n  groundwater a t  t h e  HRE impoundment appear t o  

be r a d i o n u c l i d e s  ( e . g , ,  gross  a lpha  and gross  be ta  c o n c e n t r a t i o n s  

exceed NIPDkJS c o n c e n t r a t i o n s  i n  upg rad ien t  as well as downgradient 

w e l l s ) .  i h e  c o n c e n t r a t i o n  o f  gross a l p h a  i n  t h e  groundMater i s  r a t h e r  

s u r p r i s i n g  I n  l i g h t  o f  the  q u i t e  small l e v e l s  o f  t r a n s u r a n i c s  

( c o n c e n t r a t i o n s  g e n e r a l l y  l e s s  than  0.1 Bq/g) i n  t h e  rnixed 

f i l l / s e d i r n e n t  (see Table 4A,  Appendix A ) .  The c o n c e n t r a t i o n  o f  g ross  

a lpha i n  groundwater samples appears t o  v a r y  c o n s i d e r a b l y  i n  w e l l s  3 

and 4 between t h e  f i r s t  and second sampl ing da tes ,  For example, 

c o n c e n t r a t i o n s  i n  t h e  w e l l s  i n  t h e  June samplings were 10 t o  100 t imes 

lower  t h i a n  t h e  f i r s t  sampl ing dates i n  e i t h e r  l a t e  February o r  e a r l y  
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Table 7 .  Concen t ra t i on  o f  s e l e c t e d  groundwater parameters 
f rom downgradient  w e l l s  a t  t h e  HRE pond summary 

across a l l  sampling dates 

Max i mum Measured c o n c e n t r a t i o n  
a1 lowable 

C o n s t i t u e n t  U n i t  c o n c e n t r a t i o n  flean N M i  n Max %C V 

Ag 
A S  
Ba 
Cd 
C h l o r i d e  
Col i f  orm 
C r  
Endr in  
F 
Fe 
G r o  s s -A 
Gross-B 
&i 
Lindane 
Methoxych lo r  
Mn 
N i  t r a t e - N  
Na 
Pb 
PC B 
pH 
Phenol 
226RA 
Se 
Sul f a t e  
S p .  Cond a 

Toc 
Tox 
Toxaphene 
T r i  t i um 
137cs 
2.4-0 x;5-TP 

mg/L 0.05 
mg/L 0.05 
mg/L 1 .o 
mg/L 0.01 
mg/L n o t  de f  
Co/l 0OmL 1 /10OmL 
mg/L 0.05 
mg/L 0.0002 
mg/L 1.4-2.4 
mg/L n o t  de f  
Bq/L 0.556 
Bq/L 4mRf y 
mg/L 0.002 
mg/L 0.004 
mg/L 0.1 
mg/L n o t  de f  
mg/L 10.0 
mg/L n o t  de f  
mg/L 0.05 
mg/L n o t  de f  
mg/L n o t  de f  
mg/L n o t  de f  
Bq/L 0.19 
mg/L 0.01 
mg/L n o t  de f  
WWcm n o t  de f  
mg/L n o t  de f  
mgf L n o t  def  
mg/L n o t  d e f  
Bq/L n o t  de f  
B q / L  n o t  de f  
mg/L 0.1 
mg/L 0.01 
Bq/L n o t  def 

0.0001 
0.0034 
0.9853 
0.0012 
6.3333 
6.3334 
0.0134 
0.0002 
0.0001 

32.3367 
6.1333 

467.9333 
0.0001 
0.0001 
0.0011 
6.4698 
1.1667 

13.3500 
0.0259 
0.0001 
6.6733 
0.0004 
0.0634 
0.0001 

48.0000 
555 e 2000 

6 I 0260 
0.1732 
0.0014 

203.5000 
0.4824 
0.0001 
0.0001 

180.6267 

6 0.0001 
6 0.0001 
6 0.1050 
6 0.0001 
6 4. 0000 
6 0.0001 
6 0.0001 
6 0.0001 
6 0.0001 
6 2.8800 
6 0.1000 
6 3.6000 
6 0.0001 
3 0.0001 
6 0. OOOl 
6 0.1800 
6 0.OOOl 
3 5.6500 
6 0.0001 
3 0.0001 

15 6.4000 
6 0.0001 
6 0,0001 
6 0 IO001 
6 34.0000 

15 272.0000 
1 5  2.0800 
6 0.0060 
6 0.0001 
2 37.0000 
6 0.0001 
6 0 4 0001 
6 0.0001 
3 0.5800 

0.0001 
0.0160 
2.7000 
0.0035 

1 3.0000 
30.0000 

0.0591 
0.0008 
0 10001 

83.0000 
24.0000 

~50.0000 
0.0001 
0.0001 
0.0032 

22.0000 
5.0000 

21 .-loo0 
0.0900 
0.0001 
6 9000 
0 .0020 
0 e 3300 
0.0001 

7 5,0000 
7 2 5  .0000 

8.4000 
0.4100 
0.0052 

370.0000 
2.0799 
0.0001 
0.00oa 

540 0000 

0.0 
187.3 
100.5 
142 - 4  

53.5 
186.7 
117.7 
131.9 

0.0 
94.4 

149.2 
93.7 

0.0 
0.0 

134.5 
126.9 
174.9 

60.3 
136.1 

23,2 
1.7 

186.2 
208.4 

0.0 
31.1 
32.6 
31 - 2  

107 .b 
152.1 
115.7 
165.2 

0.0 
0.0 

172.3 
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March (Tab le  5k, Appendix A ) .  F u r t h e r  sampling should c l a r i f y  t h e  

e x t e n t  o f  v a r i a t i o n .  

Two w e l l s ,  numbers 3 and 4 sampled i n  l a t e  February a n d  e a r l y  

March, showed concen t ra t i ons  o f  bar ium i n  groundwater t h a t  were i n  

excess o f  t h e  WIPDWS maximum l e v e l  (Tab le  S A ,  Appendix A ) .  The source 

o f  bar ium i n  t h e  groundwater i s  n o t  c l e a r .  The c o n c e n t r a t i o n  o f  bar ium 

i n  t h e  t P  e x t r a c t  o f  t h e  mixed f i l l / s e d i m e n t  was < 1 rng/l- (app rox ima te l y  

100 t imes lower  than t h e  maxirriuni a l l o w a b l e  E P  c o n c e n t r d t i o n ) ,  and t h e  

t o t a l  bar ium c o n c e n t r a t i o n  o f  t h e  m a t e r i a l  was observed t o  be between 

300 and 400 mq/kg (see Table 2A)-not  g r e a t l y  d i f f e r e n t  thdn many 

s o i l s .  Fo r  example, s o i l  s o l u t i o n s  f rom the  same s o i l  t y p e  as t h a t  

used as t h e  f i l l  c o n t d i n  concen t ra t i ons  o f  bar ium approaching 1 mg/L. 

Again, f u r t h e r  sampling w i l l  be r e q u i r e d  t o  determine a d e f i n i t i v e  

t r e n d  One groundwater sa ple  ( t dken  f rom w e l l  4 i n  June o f  1985) 

showed a chromium c o n c e n t r a t i o n  o f  0.059 mg/L which i s  e q u i v a l e n t  t o  

t h e  maximum a l l o w a b l e  NIPDWS c o n c e n t r a t i o n  (0.05 mg/L). However, a l l  

o t h e r  groundwater samples were near  d e t e c t i o n  l e v e l s  (0.0001 mg/L), 

i n d i c a t i n g  t h a t  t h e  e leva ted  chromium measurement i s  l i k e l y  a 

stati5tical o u t l i e r  o r  a f a u l t y  measurement. Lead measured i n  t h e  

groundwater a l s o  exceeded t h e  maximum a l l o w a b l e  NIPQWS c o n c e n t r a t i o n  on 

two sampling dates:  one was i n  an upgrad ien t  w e l l  (sampled i n  l a t e  

Fehr-uary), arid t h e  o t h e r  i n  idell 3, a l s o  sampled i n  l a t e  February. 

F u r t h e r  sampling w i l l  a l l o w  s t a t i s t i c a l  comparisons between upgrad ien t  

and downgradient w e l l s  t o  c o n f i r m  lead  contaminat ion  o f  groundwater. 

The mean l ead  c o n c e n t r a t i o n  i n  downgradient  w e l l s  sampled t o  da te  i s  

0.0259 rng/L ( s e e  Table 7 1 ,  w e l l  below t h e  NIPDWS maxirnum a l l o w a b l e  

l i m i t  (0,05 mg/b) .  
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Counts o f  c o l i f o r m  b a c t e r i a  i n  groundwater u p g r a d i e n t  as w e l l  as 

downgradient were i n  excess o f  t h e  NIPOWS. These counts may r e s u l t  

f rom w i l d l i f e  h a b i t a t  such as wa te r fow l  and t e r r e s t r i a l  an imals  known 

t o  be in t h e  area.  

v a r i a t i o n s .  A d d i t i o n a l  m o n i t o r i n g  w i l l  i n d i c a t e  a t r e n d  o v e r  t i m e .  

The c o n c e n t r a t i o n s  o f  t o t a l  o rgan ic  carbon (VOC) and t o t a l  o rgan ic  

h a l i d e s  ( T O X )  i n  groundwater samples appear t o  be r e l a t i v e l y  c o n s t a n t  

rega rd less  o f  t h e  m o n i t o r i n g  w e l l  sampled, u p g r a d i e n t  o r  downgradient 

t h e  HRE impoundment. De tec tab le  c o n c e n t r a t i o n s  o f  PCBs were measured 

i n  t h e  downgradient m o n i t o r i n g  w e l l s  (0.0001 mg/L) whereas i n  t h e  

s i n g l e  sampl ing d a t e  (May, 21, 1985) i n  t h e  u p g r a d i e n t  w e l l ,  i t s  

c o n c e n t r a t i o n  c o u l d  n o t  be de tec ted .  

These a l s o  may r e p r e s e n t  sampl ing and a n a l y t l c a l  

Concen t ra t i ons  o f  s i l v e r ,  a r s e n i c ,  cadmium, mercury, and se len ium 

i n  groundwater sampled t o  d a t e  a r e  a l l  w e l l  below t h e  maximum NIPOS 

l i m i t s .  A lso ,  evidence o f  p o t e n t i a l  con tamina t ion  by barium, chromium, 

and l e a d  w i l l  be determined th rough  con t inued  sampling. To date,  

however, i t  appears t h a t  the groundwater con tamina t ion  i s  l i m i t e d  t o  

r a d i o n u c l i d e s ,  p r i n c i p a l l y  9oSr.  137Cs, and t r i t i u m .  
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7.1 CURRENT CONCEPT FOR POND--CLOSURE 

The current technical plan for closure o f  the impoundment is by 

entombment and is summarized by Myrick. (1984) as follows: 

The first phase o f  pond stabilization would involve removal of 
55--ga1 drums t h a t  are buried adjacent t o  t h e  pond, These drums 
would be excavated and sent to the ORNb burial grounds as LLW, 
Farmat ion o f  the g r o u t  curtain surrounding the pond would then 
follow, utilizing high pressure injection pumps. Grout sheets 
would then be farmed above and belaw the contaminated pond 
sediments i n  order t o  isolate the contaminated materials f r o m  
groundwater f l o w s ,  Once the pond is stabilized, t h e  asphalt 
concrete cap would be resurfaced, sealed, and permanently marked. 

7.2 CHARACTERIZATION RESIJLTS TO PIE CONSIDERED 

The groundwater table i s  approximately 70 f t  ( 3  

bottom o f  t h e  soil-fSlled impoundment. This is probably several feet 

higher than when t h e  pond was in operation and is higher than generally 

estimated when remedial techniques were considered far deco 

the impoundment (M. R. Reed, p e n -  conmun.). In light of  the h i g h  

water table, t h e  current technical plan for deco  issioning needs 

additional consideration. I t  is yuestianable whether the grouting as 

indicated by Myrick (1984)  would assure isolation a f  the mixed soil and 

sediment was te  f r o m  t h e  groundwater. 

The sampling borings (SP-I through SP-2, Appendix El) ~ o n d u ~ t e d  in 

t he  soil-filled impoundment indicate that t h e  sediment i s  mixed with 

the soil and does not cover j u s t  the bottom of the impoundment. 

Considering the method o f  filling (the impoundment), the ratio o f  the 

was te  t o  soil mixture i s  expected to be very heterogeneous. 
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8. ADDITIONAL OATA NEEDS 

8.1 GROU~DWATER SAMPLING 

M o n i t o r i n g  wells a t  t h e  HRE impoundment w i l l  be sampled a t  l e a s t  

t w i c e  more so t h a t  f o u r  q u a r t e r s  o f  da ta  on RCRA-regulated c o n s t i t u e n t s  

( see  Table 6)  w i l l  be a v a i l a b l e .  For  impoundments a c t i v e  a f t e r  

November 19, 1980, RCRA r e g u l a t i o n s  r e q u i r e  t h a t  a t  t h e  end o f  t h e  

f i r s t  year  o f  sampling, s t a t i s t i c a l  analyses be performed on t h e  da ta  

f r o m  t h e  f o u r  q u a r t e r s  t o  determine whether t h e  groundwater i s  p o l l u t e d  

by t h e  impoundment. P o l l u t i o n  i s  assumed i f  t h e  a n a l y s i s  (Cochran's 

Approx imat ion t o  t h e  Behrens-Fisher S tuden t ' s  t t e s t  o r  an approved 

s i m i l a r  t e s t )  i n d i c a t e s  a s i g n i f i c a n t  inc rease {decrease i n  t h e  case o f  

pH) i n  t h e  water  q u a l i t y  parameters l i s t e d  i n  Table 6 between t h e  

u p g r a d i e n t  and downgradient w e l l s .  

p o l l u t i o n  w i l l  be considered f o r  t h e  HRE impoundment a f t e r  f o u r  

q u a r t e r s  o f  sampl ing and analyses have been completed. 

Th is  procedure f o r  de termin ing  

8.2 POTENTIAL SUBSURFACE E ~ P L ~ ~ ~ ~ ~ 0  

If r e s u l t s  o f  con t inued sam l i n g  c o n f i r m  t h a t  t h e  MRE impoundment 

has s i g n i f i c a n t l y  contaminated t h e  groundwater,  then a d d i t i o n a l  

e x p l o r a t i o n  o r  m o n i t o r i n g  wells w i l l  be considered i n  t h e  a p p r o p r i a t e  

areas t o  a s s i s t  i n  de termin ing  t h e  e x t e n t  and contaminate 

c o n c e n t r a t i o n s  o f  t h e  plume. 
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APPENDIX A 

ALYTICAL TABLES: 
1 A  through 6A 

Notes far all Tables: 
1. The ' I - ' '  (minus) symbol 7s used to represent 

the detection level 
2. Detection l i m i t  for  t h e  same constituent 

varied among the analyses due t o  sample 
dilution and matrix effects. 
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when augering was 
terminated as i t  was 
s t a r t i n g  t o  b r i n g  up 
contaminated water. 

Water encountered 
dur ing d r i l l i n g  a t  
approximate depth of 
5 ' .  

D r i l l  c u t t i n g s  and 
excess sample were 
placed i n  cans f o r  
disposal .  

Sanples and c u t t i n g s  
checked rri t h  G/M meter 
dur ing d r i l l i n g ;  no 
readings i n  excess o f  
approxinwtely 2 rwaa 
were mefisured. 

Bor ing b a c k f i l l e d  w i t h  
sand and capped w i t h  
concrete.  

I 
MOLL *o ' SP-1A 
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C L 1 0 1 ~ I C A T 1 C 4  OF U A T U I A U  
(DUUNrrJ 

i sua 1 c l a s s i  f i c a t i o n  on 1 y 
i@!!!tic..Peve!!%?x . .- .. ..... 0.4 '  .. .. 
'ushed Limestone 8 Clay 

L A Y  ( C L )  FILL 
i t h  occas iona l  
na l e  8 l imes tone  
ragments up t o  
t l e a s t  2 1/2" s ize  

) l o r  i s  brown to 5.0' 
!pth.  Below 5.0'. c o l o r  
i botwn wi th  zones and 
i c lus ions  o f  gray  

16.7'  
~~ 

1 7 . Q '  HALF 
ottom o f  hole 

- 
I C M L  LEOV. U V  

- 
A 
U 
6 
E 
R 
E 
O 

5.0' . 

50% 

3.0' 
~ 

6% 

5 .9 '  
......... 

3% 

7 x  

..O1EC 

b td ined  sample J a r  # 1  
ran b i t .  

!O mR 
amples and d r i l l  
u t t i n g s  checked wi th  
/M meter and measure- 

nen t s  recorded  in 
=:OI. " f "  i n  ~ I R .  

l a r  3 
imR 

3oring b a c k f i l l e d  r i t h  
sand and capped w i t h  
:onCrete on 3/6/85. 

10.0' 
_I 

Jar 4 
I mR 

a t e r  encountered  du r ing  

pproximate ly  5 '  

n s t a l l e d  CME sampler  a t  
0 '  depth  w i t h  end o f  
mpier  p r o t r u a i n g  0 . 3 '  

r i l l  c u t t i n g s  and excess  
ample p l aced  i n  cans f o r  

r l l l i n g  d t  depth  o f  

2 "OLE *o 



\ V  (CI.) F I L L  
Lh occasional shale and 
nestone f ragmn is  up t o  
l e a s t  2 1/2" s ize  

l o r  i s  brown tQ,5.0' 
Jth.  Below 5.0 , c o l o r  i s  
3wn w i t h  zones and 
cludions o f  gray 

f3:f ~ ~~~~ 

SHALE 
Bottom o f  hole 

w 
CW3C KCOV. I I V  

- 
A 
U 
G 
E 
R 
E 
0 

5 . 0 1  

60: 

0.3' . -  

60% /jlr 5 mR 2 

i n  auger a t  depth of  
5.0' w i t h  end of sampler 
pro t rud ing  0 . 3 '  below 
auger b i t .  Each sample 
checked w i t h  a G / M  
meter. 

A t  6' depth, a very 
l o c a l l i z e d  p o r t i o n  of  t h  
sample read approxi-  
mately 100 IIIR as 
surveyed by Health 
Physics a t  the time of 
sarnpl ing.  

The nex t  highest radio- 
a c t i v i t y  reading was 
5 mR at a depth o f  9 ' .  

D r i l l  c u t t i n g s  and 
excess sample were 
placed i n  cans f o r  
d isposal  . 
Boring b a c k f i l l e d  w i t h  
sand and capped w i t h  
concrete on 3/6/85. 

..I_ 
n O L E  "0 PIIOJCCT ' SP-2  
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i sua 1 c~ a s s  i fi;ati on on 1 y 
pHALrrCmYEmN_t..-- Q,3' - 
RUSHED LIMESTONE AND 

1 .O' LA! . . . . . . . . . . . . . .  .......... ~- 
LAY I C L )  F ILL  
i t h  fragments o f  SHALE 
nd LIMESTONE up t o  a t  
e a s t  2.5" in  s i z e  

o l o r  i s  brown t o  5 . 0 '  d e p t h .  
:low 5.0', c o l o r  i s  brown 
i t h  zones dnd i n c l u s i o n s  o f  
ray 

15 O-'- 
I & € ,  CALCAREGUS 
ray- 15 7 '  

Dttom o f  Cole  

, cow 
'unr o 
Stan  

- 
- 
L come I ICOV. CRY 

- 
A 
U 
G 
E 
R 
E 
O 

..... 

54% 

iwi .O 

I - 

5.0 

1 .  

_ _  
l a r  

- 

Jar 

0 . 2  
mR 

10.3 

l a r  

0.2 
mR 

15.3 

7.a 

0 . 2  mR 
CME sampler  i n s t a l l e d  in  
a u g e r  a t  depth  o f  5.0 '  
w l t h  end o f  sampler  
p r o t r u d i n g  0 . 3 '  
below a u g e r  b i t .  

ample and d r i l l  c u t t i n g  
hecked w i t h  G/M meter 
nd measurement recorded  
n Col 'If" i n  mR. 

4 . 2  mR 

- J a r  4 sample o b t a i n e  
from b l t  o f  a u g e r  
0 mR. 

Boring  b a c k f i l l e d  w i t h  
sand  dnd capped wi th  
c o n c r e t e  on 3/6/65 

' SP-3 



12 -- 

13 I 
14 -. 

LAY 1-a' 
LAY ( C L )  F I L L  w i t h  SHALE 
nd LIMESTONE fragments up 
o a t  l e a s t  2 1/2" s ize  

o l o r  i s  brown t o  5.0' 
epth.  Below 5.0 ' .  c o l o r  
s brown w i t h  zmes and 
nclusions o f  gray 

16.3' 

~ SHALE-CAI CARFOUS 

Bottom n f  hole 

~- 16.5'  

1.0' 
~. 

30% 

!!LL. 

N 
0 

R 
E 
C 
0 
v 
E 
R 
Y 

15.3' 
- 

42% 

- 
Pnmci  

i F  

i.0 
_ _  

Ia r  

1.2 
nR 

L3 

Jar 

1.2 
nR 

l a t e r  encountered dur ing 
l r i l l i n g  a t  depth of 
ipproximately 4 ' .  

%E sampler i n s t a l l e d , i n  
iuger a t  depth o f  5 .0  
r i t h  end o f  sarnyie 
i r o t r u d i n g  0 .3 '  below 
auger b i t .  

- 0 . 3  mR 

Each sample and d r i l l  
cu t t ings  checked w i t h  
G/14 meter and measure; 
wnt recorded i n  Col. f"  
i n  mR. 

from auger c u t t i n g s .  ti Sample i n  J a r  3 obtained 

sand and capped w i t h  
concrete 011 3/6/85. 
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..I TIC 1. a I*C La*- OL. .IOU ..IT 

1 . 0 '  - :LAY 
;HALE 
i n t e n s e  1 y w e a t h e r e d ,  
)rown, 
lamp 

,HAL 
w e a t h e r e d ,  
gray-brown, 
damp 

fit ~ p p r o x i m a t e l y  12.5 ' .  
a c t i o n  o f  d r i l l  i n d i c a t e d  
a p p r o x i m a t e l y  0 . 2 '  l i m 5 t o n e  
Fragments l a t e r  b r o u g h t  JP 
a u g e r  were n a r d ,  g r a y ,  f i n e -  
] r a i n e d  1 lmes tone  

:ALCAI?EOUS SHALE 
i u s t - s t a i n e d  f r a c t u r e s ,  
3ray 

1 - 

. ..... 

J a r  
3 . 0 '  
__ 

t - - .  

Jar  ; 

5.0 '  

10.0' 

I a r-2 
10.4' 

__ 

5.0' 
i d r  4 
5 . 4 '  
._ 

w i t h  G / i l  m e t e r .  

J a r  1 sample  From b i t  o f  
a u g e r .  

Iar  2 s a m p l e  frcm b i t  o f  
iugier. 

a c h  sample a n d  d r i l l  
~ t t i n g s  checked  w i t h  a 
i / f 4  m e t e r ,  no wasure- 
w n t  above  background.  

tar s a m p l e s  '40s. 3 
hrough 6 were o b t a i n e d  
~y d r i v i n g  a s p l i t - t u o e  
a m p l e r  w i t h  140 10. 
i a m r  f a l l i n g  30 incnes 
o r  a 100 blow count 

ree d a t e r  f i r s t  n o t e d  
n s a m p l e r  for  J d T  4 ,  
p p r o x i n a t e i y  d t  1 9 . 0 ' .  



... 
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TOTAL 1 

L t Y A t l ' a  

ft) 
_I 

613.4 

808.4 

301.9 

T93.4 

. 
I 

C L A M I I I C I T I Q *  OI I*l.",*W 
1sual c l a s s 1 7 l p t 7 o n  @ Y- Jnty  

CLAY ( C L )  
medium, 
mois t ,  
brown, 
w l t h  s h a l e  f ragments  

- j.0' 
SHALE 
ext remely  idea t h e r e d  
f r om 5 . 0 ' - 9 . 5 ' .  
h lghly  f r a c t u r e d  and p l d t e y  

C L A Y  (CLS - 
nedium t o  s o f t .  
n o i s t ,  
g reenish  gray 

SHALE ~ 

' Ilgllly weathered,  
brown, 
I l y h l y  f raLtured  

- 
I cons 

U T  
wcov. 

A 
U 
G 
E 
R 
E 
0 

I_ 

. _ _  

0.0' 

35 ; 

3 . 4 '  

- 
a x  u 
A l C L  NO. 

I - 

d r  1 

a r  2 

7.0' 

3 . S '  

i r  3 
m 
1.0' 

!TJ 
1.3 '  

ir J 

. . -. 

Sample i n  J a r  1 taken 
- f r o n  b o t t o m  o f  ducjer. 

CME s a r p l e r  i n s t a l l e d  i n  
auger  a t  depth  o f  5 I)' 
d l t h  end o f  sampler  
pro t ruding  0 3 '  oelow 
duger b l t .  

EdCn sample checked 
d l t h  G / l i  meter ,  no 
neasurenent  dbove 
background. 

iemoved CME sampler  a t  
13 4 '  due t o  
te rmina t ion  of  advance.  
:ontinued w i t h  auyer 

l rw-2 



3 
1 
d 
w 
W 
5 

C 
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..... 
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E 
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Lr=:(*o CLAUI IPICATIOM OI Y b T C * I I U  
IDuuwpW 

( f t )  . Visual classification o n l y  
a, CLAY (CL) medium. moist. 

---LbrQwn E/ 
SHALE AND CLAY 
approxmate ly  equal mix  o f  
shale fragments and c lay ,  
fragments f r cn  sand-s l re  to 
2.0". 

i s t ,  

-- ............. EL 8'. 

........ .":.3.1- 

a lcareous 

LIMESTONE 
SHALE 
cdlcareous 

17.0:  
1 7 . 5 '  

I - t  

A 
, C M I  RLCOY n r  - 

78% 

LO. * 

94: 

0.0' 

100% 

a 

Each sample and d r i l l  

ater  encountered i n  

.O'  __ 

.O'  



1 2 

pproximately 0 . 2 :  of 
IMESTONE a i  2 2 . 3  

2 4 . 7 '  

ot tan  of ho le  

.Sample from d r l l l  b l t  

I 

I c 



E-1 5 

- 
Goa 
mi- 

C03. l 

78C.4 

(See Log o f  boring Mw-4) 

_ _  10.0' 
SHALE 

p l a t y  

wed thered, 
brown, 

SHALE 
s l i g h t l y  weathercd t o  
non- wed t he red  

24.7' 
8otcorn o f  ho le  

e l d  - 
OI Q I Y * L I  

1 
no 
_I 

c 
l a r  1 
1 . O '  
.. 

N 
0 

5 
A 
M 
P 
L 
E 

~ ~ 0 . 2  m R / h r  

lormg-&-dA s t a r t e d  
ipslope from MW-4 so 
.hat any r a d i o a c t i v e  
rater from MU-4A would 
l ra in  i n t o  rlw-4. 

.ME sampler removed a t  

idvance f u r t h e r  i n  sha le .  
2 . 4 '  dS unable t o  

ach sample and c u t t i n q s  
hecked w i t h  6/M meter. 
Inly r a d i o a c t i v i t y  
ieasured above backqrouna 
ids c u t t i n g s  and sample 
t IO'. Cut t ings  were 
laced i n  cans f o r  
isposdl .  

40Jz: Moni to r ing  Jel l  
Yo. MU-4 was constructed 
in  t h i s  bo r ing .  i " O L E  l.Td-4A ** 
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C L L Y A T I ~  

313.0 

a1z .o  

iPHALIXL PAEiEIIL- J A K -  
W H E D  STONE AND CLAY 
- 
iALE 
~ l c a r e o u s .  
l a the red  

pproximately 0 . 2 '  LIMESTONE 
E N S  a t  3 . 1 '  

10.0' 
iottom of hoie  

at- 1 

. I '  

.5' 

a r  2 

. 5 '  
~~ . 

ampler .  D r i l l e d  w i t h  
CME sampler 1n p lace  t o  
10.0'.  
Each sample and c u t t i n g s  
checked w i t h  G/M mete r ,  
neasurement recorded i n  

Col. " f "  i n  nR. 

- R a d i o a c t i v i t y  1000 CP5 
o r  5 .3  mR 

Boring terminated d t  

10 .0 '  because of the  
p o t e n t i a l  o f  r ad lo -  
a c t 1  ve groundwater 
belng brought  t o  the 
s u r f a c e  by t h e  duger .  

D r i l l  c u t t i n g ,  placed 
i n  cans For d i s p o s a l .  

Boring was f i l l e d  w l t h  
sand 3nd c l a y  and :appec, 
w i t h  c o n c r e t e  on 
3/6/d5. 

I 
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APPENDIX C 

GROUNDWATER MONITORING WELL REPORTS: 
MW-1 t h rough  MW-4 

ORNL/TM-10002 
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h e i g h t s  a r e  r e f e r e n c e d  
t o  ground surface - Hefght o f  riser 04m 3.8' 

I 
1 

(See log o f  bor ing  
M - I ,  HRE Pond) 

I Conasauga Group 

3.0' 

4.0" 

8.0' 

8.0' 

16 3 '  

3.0" 

26.2'  
degth bottom o f  s c r e e n e d  sectlon I 



0RNL/T#--10002 C -4 

ground surface 

HRF Pond: N18581.39; E31533.62 

L 

I 
I 

(See log o f  boring 
M-2, HRE ?Ond) 

Canasauga GTO~JP 

TY P* 
PP@. 24.9'  

1 depth a i  mala 
I 
L 

3.0b 

4.0" 

3.0' 

3.0" 

- 
8.0" 
9' 

?QB 
sb 

6.0' 

8.0' 

8.0' 
12.7' 

-I nil 

22.7' 



4uif.r wpe-st 

levation top o f  well r i s e r  pipe = G1a.81' 

IPB- z: All depths and heights 
are referenced to 
ground surface 

I 
I 

(See l o g  o f  boring 
Mw-3, HRE Pond) 

I Conasauga Group 

1 

e-----NClqht o f  riser PIN 2.7' 

2.5' 

2.34 '  

LD. of rurfoce raring, 
type of surface =rim: 

I 
t 

Depth d surface coring beiou WWML 

LD. of rfrer piw: 4 type of riser pipel 

4.0" 

2.5' 

3.0" 

8.0" 

7 4 . 7 '  

6.0' 

8.0' 

8-01 
12.3' 

3.0" 

1--4ept11 bottom o f  screened section 2 2 . 3 '  
' I  

23.0' ' 
I H  p'*.. In-place, drill cuttinas 

1- dtptb of holC 

JI---- depth &,torn of sand retumn. 
fype of backfill klw obrena&m 

24.7 '  



c--5 

levat ion top o f  well r i s e r  p i p e  816.10' 1 
,te: All depths and heights 

are referenced t o  
gramd surface 

See loq o f  boring ' I  Md-4, HRE Pond) 

onasauga Group 

I 

3.0' 

2.8' 

2 . 3 '  

n" 

2.2' 

3.0" 

8.0" 

0 '  

2 4 . 7 '  
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