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ANCIS, 6. w . ,  and R ,  hi. svw 
~ o ~ i ~ ~ r i ~ g  a t  t h r e e  Oak 
i n a c t i v e  waste ~ ~ ~ a ~ ~ ~ ~ @  : r e s u l t s  a f t e r  one year .  

--48193. Oak Ridge Na t iona?  Laboratory ,  
Oak Ridge, Tennessee, 133 pp. 

To determine i f  t h e  m i g r a t i o n  o f  otent-ial contaminants f r o 3  t h r e e  

i n a c t i v e  waste i poundmefits a t  Oak Ridge N a t i o n a l  ~a~~~~~~~~ poses a 
t h r e a t  t o  groundwater q u a l i t y ,  a t  l eas t  one u p ~ r a ~ i ~ ~ ~  groundwater 

m o n i t o r i n g  we19 and t h r e e  ~ w ~ ~ ~ ~ ~ ~ ~ n ~  ~~~~~~~i~~ w e l l s  were i n s t a l l e d  

a t  each ~ m p ~ u ~ d m e n t  i n  e a r l y  1985. These t h r e e  u n l i n e d  i ~ ~ ~ ~ n ~ ~ ~ n ~ ~  
( a l so  c a l l e d  waste bas ins 05" ponds) were f o r m e r l y  used t o  collect an 

i n  some ins tances,  t r e a t  wastewater. There ~ T E !  ( 1 )  t h e  3513 
i m p o u ~ ~ ~ e n ~ ,  ( 2 )  t h e  Old H y d r a f r a c t u r e  F a c i l ' l t y  ( Q H F )  i ~ ~ ~ $ ~ ~ ~ ~ ~ n t ~  and 
( 3 )  t h e  Homogeneous Reactor Experiment Noa 2 ( H W E )  ~~~~~~~ 

Analyses were conducted For t h e  ~ r o u ~ ~ w a t e r  p r o t e c t i o n  ~ ~ r a ~ ~ ~ ~ ~ ~ s  

promulgated by t h e  Resource Conservat ion arid Recovery c t  ( R C R A ) .  The 
groundwater samples were a l s o  analyzed f o r  ~ ~ ~ y c ~ l ~ r i ~ ~ ~ e d  
copper; n i c k e l ;  z inc ;  and t h e  r a d i o i s o t o p e s  "Sr, 13?Cs, an 
t r i t i u m .  The contaminants found most o f t e n  t o  a f f e c t  ~ ~ ~ ~ ~ ~ ~ w ~ t ~ r  
q u a l i t y  a t  a l l  t h r e e  waste ~ ~ ~ ~ u ~ d m e n t s  were  ad^^^^^^^^^^^ For 

example, mean concent ra t ions  o f  gross  beta  and grass alpha a c t i v i t y  
exceeded d r i n k i n g  water  l i m i t s  a t  a l l  t h r e e  s b t e s -  The gross beta  

l i m i t  ( 4  mr/year, assuming a person d r i n k s  2.2 L o f  water  p e r  day f o r  a 

year )  was exceeded a t  t h e  3513 and OHF i ~ ~ ~ u n ~  ents  by ei ther  
t r i t i u m  l e v e l s .  A t  t h e  3513 i ~ ~ ~ ~ ~ d ~ e n ~ ~  t h e r e  was s u b s t a n t i a l  
evidence t h a t  the  downgradient ~ r Q ~ n ~ w a t @ ~  has been ~ o ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~  by 

chromium and l e a d  and p o s s i b l y  by h ~ l a ~ ~ ~ a t e ~  organic  compounds. A t  
t h e  QHF ~ ~ p o ~ ~ ~ ~ e n t ,  t h e  mean l e v e l  o f  tritium measured i a 7  t 

upgrad ien t  w e l l  (about  91,080 Bq/L as c ~ ~ ~ ~ ~ e ~  w i t h  80,DOQ Bq/L i o  t h e  

downgradient w e l l s )  i n d i c a t e d  t h a t  t h e  ~ r ~ ~ ~ d w ~ ~ ~ ~  q u a l i t y  has been 

a f f e c t e d  by t h e  r a d i o a c t i v e  wastes b u r i e d  I n  t h e  low-- leve l  r a d i o a c t i v e  
waste b u r i a l  ground s o l i d  waste s to rage ab-ea-5 ~~~r~~~~~~ of t h e  

Groundwater samples were c o l l e c t e d  q u a r t e r l y  f o r  one year. 

x i  



impoundment, T e s t i n g  For- groundwater contamination, using t h e  

i n d i c a t o r  parameters outlined i n  T i t l e  40, CFR (Subpart  F, Groundwater 
P r o t e c t i o n ,  para .  255.92), disc losed  statistically s i g n i f i c a n t  
contaminat ion a t  a l l  t h ree  s i t e s .  

xi i 



One of t h e  o b j e c t i v e s  i n  t h e  ~ p e ~ ~ t ~ o n  o f  a l a r g e  research 
f a c i l i t y  such as Oak Ridge N a t i o n a l  ~ a ~ o r a ~ ~ ~ ~  ~~~~~~ i s  to ensure t h a t  

t h e  t rea tmen t  and/or d i sposa l  o f  wastes comply f u l l y  w i t h  f e d e r a l  and 
s t a t e  r e g u l a t i o n s .  I n  response t o  some recen t  regia 

under t h e  Resource Go s e r v a t i o n  and Recovery A c t  ~R~~~~~ t h e  Laborator  

has begun t o  eva lua te  more t ~ o r ~ u ~ ~ ~ ~  t h e  e ~ ~ ~ r ~ ~ ~ ~ ~ ~ a ~  jmpacts o f  some 
of  i t s  former waste management p r a c t i c e s ,  One such prdlct-iee was t h e  
use o f  u n l i n e d  impoundments ( a l s o  c a l l e d  waste bas ins  o r  pon 

c o l l e c t  and, i n  some ins tances ,  t r e a t  t he  l i q u i  waete.  To detemzjne 

t h e  environmental  impact o f  such a p r a c t i c e  on t h e  water  qua 1 i t.y 
a groundwater m o n i t o r i n g  program was e s t a b l i s h e d  a t  three i ~ ~ ~ ~ n  
t h a t  a r e  no l onger  be ing  used t o  c o l l e c t  wastewater: (1)  t h e  
3513 impoundment, ( 2 )  t h e  Old Hydro f rac tu re  F a c i l i t y  OHIF) ~~~~~~~~~~~~ 

and ( 3 )  t h e  Homogeneous Reactor Experiment No. 2 { H R E )  ~~~~~~~~~~~~. A t  
each impoundment, t h r e e  down r a d i e n t  wells and a t  least  one upgra 

w e l l  were i n s t a l l e d .  Th is  r e p o r t  con ta ins  t h e  g r s u n  water  analyses 
da ta  c o l l e c t e d  over t h e  f i r s t  year  ( f o u r  q u a r t e r l y  sample 

eva lua tes  t h e  i n f l u e n c e  o f  each ~ m ~ o ~ n ~ ~ ~ ~ ~  on t h e  n e a r - f i e l d  

groundwater q u a l i t y .  



2 

DESCRIPTION OF SITES 

The i n t e n t  o f  t h i s  s e c t i o n  i s  t o  i n t roduce ,  i n  an abbrev ia ted  

form, some b a c k g ~ o u n d  m a t e r l a l  t o  acqua in t  t h e  reader  w i t h  t h e  p a s t  

h i s t o r y  and some genera l  c h a r a c t e r i s ’ t i c s  of each impoundment. A mare 
p l e t e  d e s c r i p t i o n  o f  t h e  c o n s t r u c t i o n  and opera t i on  o f  each o f  t h e  

impoundments, as w e l l  as t h e  dom’nawt geo log ic  and hyd ro log i c  
c h a r a c t e r i s t i c s  o f  each o f  the s i t e s ,  i s  presented i n  severa l  p rev ious  
ORNk r e p o r t s  ( S i a n s f i o l d  and F ranc i s  1984a, 19$6b, 198$c, 198Fsd; 

F ranc i s  and S t a n s f i e l d  1986). 
Also conta ined i n  t h e  above r e p o r t s  a r e  estimated i n v e n t o r i e s  o f  

rad ionuc l i des  and p o t e n t i a l l y  hazardous chemicals i n  the s tand ing  water  
phase and sediments OF each o f  t h e  j ~ p o ~ ~ d ~ ~ ~ ~ s .  Sediments f rom each 
of t h e  impoundments have been sub jec ted  t o  l each ing  by t h e  e x t r a c t i o n  
procedure ( E P )  l each ing  t e s t  promulgated under t h e  ( R C R A ) .  Only t h e  

sediment From t h e  3513 impoundment was found have a t o x i c  

c h a r a c t e r i s t i c  because o f  e leva ted  l e v e l s  of mercury i n  t h e  e x t r a c t .  

Thus, sediment from t he  3513 impoundment i s  considered t o  be a 
hazardous waste- 

The 3513 impoundment was cons t ruc ted  i n  1944 t o  serve as a h o l d i n g  

bas in  F c l r  wastewaters p r i o r  t o  t h e i r  d ischarge i n t o  M h i t e  Oak Creek. 
Th is  u n l i n e d  impoundment, which i s  - 4 7  by 57 m wide and 1 m deep, 
rece ived Labara tory  l i q u i d  wastes u n t i l  1976 whew a new process waste 
t rea tment  g l a n t  began opera t i ng .  I t s  l o c a t i o n  i s  i l l u s t r a t e d  i n  
F ig .  1 .  On t h e  eas t  and n o r t h  o f  t h e  3513 impaundment a r e  t h r e e  
s i m i l a r  u n l i n e d  impoundments ( a  l a r g e  h o l d i n g  bas in,  3524, and two 
sma l le r  h o l d i n g  ponds, 3539 and 3540), which are p r e s e n t l y  be ing  used 
t o  receive wastewater from ORNL. These holding basins,  as  well as 

l e a k i n g  underground waste l i n e s  ( F .  J .  Hornan, Operat ions D i v i s i o n ,  

con taminat ion  t o  t h e  groundwater, which i s  sampled f r o m  m o n i t o r i n g  

w e l l s  around 3513. 

u n i c a t i o n ,  February 1986), rep resen t  p o t e n t i a l  sources ~f 
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6 

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 s  -56 cm (which 

corresponds t o  -2.5 x 10 L) .  The water  l e v e l  i s  ma in ta ined by 
pumping t h e  o v e r f l o w  water  t o  t h e  3524 i m  oundmerat where i t  i s  
processed, 

The est imated c a p a c i t y  o f  t h e  impuundment i s  '1.1 x 10 L .  The 

6 

2-2 OLD HYDROFRACTURE FACILITY IMP 

The o l d  Hydro f rac tu re  F a c i l i t y  (OHF) was used f o r  t h e  permanent 
d i sposa l  of l i q u i d  r a d i o a c t i v e  waste i n  impermeable sha le  fo rmat ions  

f rom 1964 t o  1979. The f a c i l i t y  i s  l oca ted  a t  t h e  conf luence o f  Me l ton  

Branch and White Oak Creek, -1.5 km southwest o f  t h e  ORNL main 
complex (see F ig .  2) .  The impoundment i s  downslope, -50 m t o  t h e  

nor thwest ,  o f  b u i l d i n g  7852, whjch con ta ins  t h e  c o n t r o l  room t h a t  was 
used i n  i n j e c t i n g  l i q u i d  r a d i o a c t i v e  waste, i n  t h e  fo rm o f  a g rou t ,  

i n t o  impermeable sha le  fo rmat ions  a t  depths rang ing  f rom -238 t o  

300 m. The impoundment, which i s  -30 m long and 6 rn wide and J t o  2 

m deep, was cons t ruc ted  i n  1953 t o  serve as  an emergency containment 
bas in  f o r  p o s s i b l e  s p i l l a g e  o f  g r o u t .  The des ign  c a p a c i t y  i s  

-3.8 x 10  L. S t a n s f i e l d  and F ranc is  (1986b) es t imated  t h e  pond t o  
c o n t a i n  -3.0 x 10 L i n  August o f  1985. D i f f e r e n c e s  between mea 
annual p r e c i p i t a t i o n  (-140 cm) and mean annual evapora t ion  i n d i c a t e  

t h a t  -140,000 L i s  l e a k i n g  a n n u a l l y  f rom t h e  ~ o ~ d  and e n t e r i n g  t h e  

groundwater . 

5 
5 

2.3 HOMOGENEOUS REACGQR E X P E R I  TFIT NO. 2 I ~ ~ ~ U N ~ ~ ~ ~ ~  

The Homogeneous Reactar Experiment Ids. 2 (HRE)  impoundment was 

b u i l t  i n  1955 t o  serve as a s e t t l i n g  bas in  for  l ow- leve l  r a d i o a c t i v e  
waste generated by t h e  hOmQgmeQUS r e a c t o r  experiments. The HRE 
f a c i l i t y  i s  l oca ted  i n  Mel ton Va l ley ,  -*900 m southeast  o f  t h e  main 
ORNL complex (see F ig .  3 ) .  When cons t ruc ted ,  t h e  capac i t y  o f  t h e  

impoundment was -1.2 x 10  L (20 by 20 m and -3 rn 
impoundment rece ived ' l i qu id  wastes i n t e r m i t t e n t l y  f rom 1957 th rough 
1962. I n  1970 t h e  i m p o u n d ~ e ~ t  was d ra ined  and b a c k f i l l e d  w i t h  s o i l  and 
p a r t i a l l y  weathered sha le  f rom t h e  surrounding area. The f i l l e d  
impoundment was then capped w i t h  crushed l imestone and a s p h a l t i c  
concre te  

6 
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F i v e  m o n i t o r j n g  we”lls were i n s t a l l e d  around t h e  per imeter  sf the  

3513 ~ ~ ~ o u n d ~ e ~ t  i n  January 1985 (Fig. 4 ) .   ring w e l l s  1 and ? A  
were loca ted  t~ sample g r o ~ n ~ ~ a ~ e r  ~ ~ ~ ~ ~ d i ~ ~ ~  f r o m  t h e  j # ~ o u n ~ m e ~ t .  
“Upgradient “  i s  d e f i n e d  here d s  t e d i r e c t i o n  of  i nc reas ing  s t a t i c  head 

o f  t h e  groundwater t a b l e ,  Mon i to r i ng  w e l l  I ( t h e  bottom of whish i s  
2.4 m below t h e  ground sur face)  i s  n o t  as deep as well 1A ( t h e  b o t t o  

o f  which i s  7 . 6  m below t h e  groun sur face) .  The major d i f f e r e n c e  i s  
t h a t  w e l l  1 does not pene t ra te  t h e  l imestone bedrock ~ n d e r ~ ~ i n g  t h e  

c l a y  s o i l ,  H e l l  l A ,  on t h e  o the r  hand, penet ra tes  -1 
l imestone bedrock. The o t h e r  t h r e e  w e l l s  ( 2 ,  3, and 4) were l oca ted  
w i t h  t h e  i n t e n t  of sampling ~ r ~ u ~ d ~ ~ t e ~  ~ o ~ ~ ~ ~ ~ ~ i ~ n t  f rom t h e  

i m ~ ~ u n d m e n ~ .  These w e l l s  pene t ra te  -0.6 m l n t o  t h e  l imestone 
bedrock. Thus, approx imate ly  m e - t h i r d  of t h e  w e l l  screen (which i s  
2 . 1  m i n  l eng th )  i s  l oca ted  i n  t h e  l imestone bedrock. A geo log ic  cross 

s e c t i o n  o f  t h e  3533 impoundment area, i l l u s t r a t i n g  t h e  e l e v a t i o n  o f  t h e  

groundwater i n  r e l a t i o n  t o  t h e  mon i to r i ng  w e l l s ,  i s  presented i n  

F i g ,  5. The g r i d  coord ina tes  and p e r t i n e n t  e l e v a t i o n s  $os each o f  t h e  
m o n i t o r i n g  w e l l s  a re  presented i n  f a b l e  I. 

Table ? .  G r i d  coord ina tes  and e l e v a t i o n s  f o r  3513 mon i to r i ng  w e l l s  

2 3 4 

O R N L  g r i d  coor  
Nor th  6542.0 6541.7 6455.8 6455.8 64 
€as t 9496.8 9496. 1 9491 . 9  945’9 .6 9439 .‘I 

Eleva t ions ,  m 
Top o f  w e l l  cas ing  239.8 239.7 239.6 2 3 9 - 3  238,7 
Ground su r face  238.8 238.8 238.7 238.4 23 
Top of  w e l l  screen 237.1 234.5 236.5 233.5 236. 
Bottom o f  w e l l  screen 236.5 232.3 234-5 234.4 233. 

Bottom o f  well hole 236.4 231.2 234,s 234.4 2 3 3 , 8  
Top of sand pack 237.3 234.6 237-1 236.9 236.5 
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The m o n i t o r i n g  wells 
s t e e l  w e l l  screen and cas 
0,25-mn & i d e e  The l e n g t h  

a r e  cons t ruc ted  o f  5.1-cm-Biam s t a i n l e s s  

ng. The well screens have a cont inuous 5 

o f  well screens ranges from Q,6 t o  2.1 m, 
Qt 9 

and 
a l l  a r e  surrounded by a sand pack o f  medium-grained u a r t z  sand which 
extends a minimum h e i g h t  o f  30 cm above t h e  e l e v a t i o n  of t h e  t o p  o f  the 

w e l l  screen. A d e t a i l e d  d e s c r i p t i o n  o f  t h e  c o r i n g  and c o n s t r u c t i o n  o f  
t h e  w e l l s  i s  g i ven  i n  Appendices A and B o f  S ta fas f ie ld  and F ranc i s  1985a. 

3,?.2 Old Hydro f rac tu re  Faci l i ty_Irngoundment 

Four m o n i t o r i n g  wells were i n s t a l l e d  i n  March 1985 around t h e  
pe r ime te r  o f  t h e  OHF impoundment ( s e e  F i g ,  6 ) .  Mon i to r i ng  w e l l  1 was 

loca ted  t u  sample groundwater upgrad ien t  f rom t h e  impoundment. Th is  
well i s  l oca ted  a t  t he  nor theas t  co rne r  o f  t h e  impoundment -15 m f r o m  
t h e  edge o f  t h e  s tand ing  water  conta ined i n  t h e  impoundment. However, 
i t  i s  l oca ted  -30 m downgradient f rom a disposal t r e n c h  i n  a 

l ow- leve l  s o l i d  waste s to rage area (SMSA-5), which i s  a p o t e n t i a l  

source o f  contaminat ion.  Won i to r ing  w e l l s  2, 3, and 4 were l oca ted  t o  

c o l l e c t  groundwater downgradient f rom t h e  jmpoundment. 

compared w i t h  -7  m f o r  m o n i t o r i n g  w e l l s  2, 3, and 4. The g r i d  
coord ina tes  and e leua t ions  t o  s p e c i f i c  p a r t s  o f  each o f  t h e  m o n i t o r i n g  

w e l l s  a r e  presented i n  Table 2.  A geo log ic  c ross  s e c t i o n  o f  t h e  

The depth f rom ground su r face  o f  m o n i t o r i n g  well 1 i s  -10 rn as 

Table 2. G r i d  coord ina tes  and e l e v a t i o n s  f o r  
Old Hydro f rac tu re  F a c i l i t y  m o n i t o r i n g  wells 

M o n i t o r i n g  wel? - 
1 2 3 4 

ORNL g r i d  coord ina tes ,  m 
Nor th  280.7 875.6 
East  8717.4 8688.3 

E leva t i ons ,  n? 
Top a f  well cas ing  238.4 236.8 
Ground su r face  237.5 236.0 

Q f  w e l l  Screen 231.7 232.0 
Bottom o f  well screen 228.6 229.2 
Top o f  sand pack 234.6 234.1 
Bottom o f  w e l l  h o l e  226-9 228.7 

5 2 7 2 . 1  
8685 8 

235 e 8 
234 - 9 

228.7 
233.1 
227.6 

231 .a 

5285 “ 0  
8592 - 6 

235.8 
234.9 
231 - 8  
228.8 
232.4 
227 - 6  
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impoundment, i l l u s t r a t i n g  t h e  r e l a t i v e  p o s i t i o n  of  t h e  water  t a b l e  and t h e  

m o n i t o r i n g  w e l l s ,  i s  presented i n  F ig .  7 .  Note  t h a t  sediinents i n  t h e  
b ~ t t 0 t - w  o f  the i poundrnent were i n  d i r e c t  c o n t a c t  w i t h  t h e  Mater  t a b l e  on 

J u l y  29, 1985. 

The m o n i t o r i n g  w e l l s  were cons t ruc ted  o f  7.60-cm-diam f i b e r g l a s s  w e l l  
screen and casing.  The 3-0-on l ong  well screens c o n t a i n  two rows o f  s l o t s ,  
each 0.25-m wide, t o  a l l o w  the  m ~ ~ ~ ~ ~ ~ t  o f  groundwater i n t o  t h e  w e l l s .  A 

-gra ined q u a r t z  sand was packed around t h e  screen ex tend ing  t o  -30 

crn above t he  t o p  o f  t h e  w e l l  screen. A b e n t o n i t e  c l a y  sea l  o f  -30 cm i n  

l e n g t h  was p lace  on t o p  of  t h e  sand pack. The rernajnder o f  t h e  b o r i n g  was 
b a c k f i l l e d  w j t h  p o r t l a n d  cement concrete.  D e t a i l e d  d e s c r i p t i a n s  of each 

o f  t h e  d r i l l i n g s  as w e l l  as t h e  c o n s t r u c t i o n  o f  t h e  m o n i t o r i n g  w e l l s  a r e  
g i ven  i n  Appendices A and 8 o f  S t a n s f i e l d  and Franc is  1986b. 

3.1.3 

Four m o n i t o r i n g  w e l l s  were i n s t a l l e d  d u r i n g  February and March o f  

1985 around t h e  pe r ime te r  ~f t h e  HRE impoundment ( F i g .  8 ) .  M o n i t o r i n g  

w e l l  1 was i n s t a l l e d  a t  t h e  f a r  nor thwest  co rne r  o f  t h e  a s p h a l t i c  cap. 
TRe l o c a t i o n  o f  m o n i t o r i n g  w e l l  1 f u r t h e r  upslope and o f f  t h e  a s p h a l t i c  

cap are2 was r e s t r i c t e d  by aboveground and belowground s t r u c t u r e s .  

Th is  w e l l  i s  considered t o  be upgrad ien t  f rom t h e  impoundment, based on 
water  l e v e l  measurements (see F i g .  9). None of  t h e  ather  w e l l s  ( 2 ,  3 ,  

arid 4). which were i n s t a l l e d  t o  sample groundwater downgradient o f  t h e  
covered impoundment, were l oca ted  w i t h i n  t h e  area o f  t h e  enclosed 
a s p h a l t i c  cap. Depths f rom ground l e v e l  t o  t h e  bot tom o f  t h e  

m o n i t o r i n g  w e l l s  range f rom 9 rn f o r  m o n i t o r i n g  w e l l  1 t o  -7.5 m f o r  

t h e  dawngradient w e l l s .  The g r i d  coord ina tes  and e l e v a t i o n s  f o r  
s p e c i f i c  p a r t s  o f  t h e  m o n i t o r i n g  w e l l s  a r e  l i s t e d  i n  Table 3 .  

The c o n s t r u c t i o n  o f  t h e  m o n i t o r i n g  w e l l s  a t  t h e  HRE impoundment i s  
s i m i l a r  t o  t h e  c o n s t r u c t i o n  o f  t h e  w e l l s  a t  t h e  OHF impoundment; i . e . ,  
t h e  w e l l  screens and cas ings a r e  made o f  7.h-cm-diarn f i b e r g l a s s  r a t h e r  
than s t a i n l e s s  s t e e l ,  which was used f o r  t h e  3513 impoundment w e l l s .  
D e t a i l e d  d e s c r i p t i o n s  o f  each o f  t h e  d r i l l i n g s ,  as &re11 as t h e  
c o n s t r u c t i o n  o f  t h e  m o n i t o r i n g  w e l l s ,  a r e  g i ven  i n  Appendices 8 and C 
o f  S t a n s f i e l d  and F ranc i s  1986c. 
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Table 3 ,  G r i d  coord ina tes  and e l e v a t i o n s  f o r  Harnageneous 
Reactor Experiment m o n i t o r i n g  w e l l s  

--I_- Monitor ing;  w e l l  -- 
1 2 3 4 

Gr id  coord ina tes ,  m 
Nor th  
East  

E leva t ions ,  m 
Top o f  w e l l  cas ing  
Ground su r face  
Top o f  w e l l  screen 
Rottom o f  w e l l  screen 
Pop o f  sand pack 
Bottom o f  w e l l  h o l e  

5679.9 
9577.7 

252.1 
250.9 
246.0 
242.9 
241.9 
241.9 

5663.6 
961 1.4 

248.6 
247.9 
244.1 
241 .o 
240.3 
240.3 

5644.5 
9609.1 

247.1 
246.3 
242 e 6 
239.5 
238.8 
238.8 

5643.5 

248.7 
247.8 
245.2 
242 I 1 
240 3 
240.3 

PLING PROCEDURES 

3.2.1 SarnDle Cal lect ’ lon 

The m o n i t o r i n g  w e l l s  a t  each impoundment were sampled q u a r t e r l y  

over  a 12-month p e r i o d  (February 1985 t o  January 1986) (Table 4).  
Be fore  water  samples Mere taken, t h e  water  l e v e l  o f  each w e l l  was 

measured w i t h  an e l e c t r i c  tape, To avo id  cross-contaminat ion between 
w e l l s ,  t h e  immersed p o r t i o n  o f  t h e  t a p e  was r i n s e d  w i t h  de ion ized wa te r  

a f t e r  samples were taken f rom each w e l l .  The water  l e v e l s  recorded 
th roughout  t h e  sampling year  a r e  presented i n  Table 5. 

sample t h e  w e l l s .  To ensure a thorough c lean ing ,  t h e  b a j l e r  was 

disassembled and washed w i t h  h o t  water  and de te rgen t  a f t e r  each w e l l  

was sampled. Dur ing t h e  f i r s t  q u a r t e r  o f  sampling, t h e  b a i l e r  was thew 
r i n s e d  w i t h  d i l u t e  n i t r i c  a c i d  fo l l owed  by d i s t i l l e d  water  r i n s e s .  I n  
subsequent qua r te rs ,  t h e  a c i d  r i n s e  was rep laced by a methanal r i n s e  
f a l l o w e d  by d i s t i l l e d  water  r i n s e s .  A new n y l o n  l i n e  was a t tached  t o  
t h e  b a i l e r  p r i o r  t o  sampling each w e l l .  Be fore  a sample was taken, t h e  
w e l l  was purged by removing a volume o f  water  equal t o  f i v e  t imes t h e  
volume conta ined w i t h l n  t h e  well screen and cas ing.  The water  removed 

A bottom-loading, s t a i n l e s s  s t e e l  b a i l e r  was used t o  purge and 



Won t h  /yea r 

351 3 2 / 8 5  4 m 5 a  3/85 
1 /8b  

1 / 86  
Homogeneous Reactor Experiment 

Old H y d r o f r a c t u r e  Facility ( O H F )  3/85b 5/85 9/85 

N O .  2 ( H R E )  2/85 5/85 1 oiw5 1 /86 

" A l l  m o n i t o r i n g  wells a t  the 3513 impoundment were a l s o  sampled 

Iswe11 I a t  t h e  QHF impoundment was sampled twice i n  March 1985 
in June 1985 f o r  t o t a l  o r g a n i c  ca rbon .  

f a r  a l l  groundwater q u a l i t y  parameters. 

2/6/85 
4/8/85 
4/16/85 
6/16/85 
7/1/85 
91'1 0/@5 
12/i 6/85 

4/21/85 
5/23/85 
6/4/05 
7/1/85 
7/30/85 
9/17/85 
1 /06/a6 

4/8/85 
5/20/85 
6/04/85 
7/01 /85 
10/1/85 
1/13/86 

351 3 impoundment 

2 3 1 . 5  2 . 3 l . B  2 3 6 .  1 2 3 5  " 9 236.8 
2 3 1 "  3 2 3 1 . 5  2 3 6 . 7  2 3 5  * 7 2 3 6 . 6  
231.2 2 3 1 . 5  2 3 6 . 6  2 3 5 .  I 238.7 
237.4 2 3 1 . 5  236. w 235" 7 2 3 s .  5 
237.4 2 3 1 . 5  2 3 6 . 1  2 3 5 . 7  2 3 6 .  b 
237.6 231.5 236 ~ 7 235.8  236,5 
236 I 4 237.6 216.7 215  " B )3h. 6 

2 3 5  n 0 230.5 230.8 231.9 
2 3 4 . 5  230.3 2333.7 231 . b  
2 3 4 . 4  2 3 0 . 2  2 3 0 . 5  231.5 
234.  E 230.2 230  ~ 5 231.5 
234.1 230.3 230.6 231 " 5  
234 2 230.4 2 3 9 . 5  231 .&  
234.2 230.2 230.6 231 - 6  

248 3 246.3 245 .o  245 .5  
248.0 246- 1 244.9 745.5 
748.0  716 3 144 * 8 '"45.5 
248.5 246.3 245. I, 245.5  
248.7 246.3 Nla 24!>. 5 
248.1 246.1 244.9 2 4 5 . 5  
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for purging purposes was measured and then discarded into .the 
impoundment. In the case o f  the wells at: the MRE impoundment, the 
purged water was transported t o  the process waste  system For disposal. 

The pH and specific conductivity were measured a t  the well site, 
except for the first quarter samples taken at the 3513 i ~ ~ Q u ~ ~ ~ ~ n t  

wells. In that instance, samples were taken pro ptly to the laboratory 
and measured, 

3.2.2 

The groundwater samples that were t o  be analyzed for RCRA-regulated 
contaminants were transferred directly from the stainless steel bailer 
into glass containers with p o l y t e t r a f l u o r o e t h y l e ~ e - ~ i n e d  caps. These 
samples were delivered to BRNL's Analytical Chemistry Oivision for 
analysis on the day they were collected, or were stored overnight in a 
refrigerator for delivery the next day, The samples to be analyzed for 
organic compounds, nitrates, sulfates and chlorides were stored under 
refrigeration in the Analytical Chemistry Division prior to analysis. 
Separate aliquots were taken for metal analyses and then acidified with 
nitric acid t o  a pH <2. The groundwater samples that were to be 
analyzed for gamma-emitting radioisotopes were counted directly in the 
l-L plastic containers in which they were collected and thus required 
no ref ri gerati on. 

3.2.3 Chain of Custody 

A record was made for all samples collected in which the following 
information was recorded: name of collector, identifying list of 
samples, date and location where collected, inclusive dates  @hen the 

samples were in the collector's. custody, and date when samples were 
transferred to the laboratory for analyses. A copy of this record 
accompanied the samples to the analytical laboratory. 

The principal goal in analyzing the groundwater in the vicinity of 
former wastewater impoundments was t o  determine if i t  had been 
contaminated. Regulations have been promulgated under RCRA t~ protect 
groundwater quality at RCRA-permitted facilities. The wastewater 
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j~~~~~~~~~~~ d i s c u s s e  here are n c t  ~ ~ ~ ~ - - ~ ~ ~ ~ ~ ~ ~ ~ ~  s - i t e s  ; ~ ~ w ~ ~ ~ r ,  t h e y  

were iaacluded under s e c t l o n  3 41u) o f  t he  1984 %3zardous and Solid 
a s t e  ~ ~ e n ~ ~ e ~ t ~  o f  the reaut  r - izat jan o f  RCR 

storage f a c f l i t y  a t  ~~~~~~n~ 7652 J .  H e  Sciirbrouqh, Chief o f  t h e  
~ ~ s ~ d ~ a ~  ~~n~~~~~~~ Branch, Weglon I V ,  VSEPW, Dessonai ~~~~~~~~~t~~~ t o  

J .  A .  Lenhard, Oak Ridge Bperatjons, kl, S ,  Depart  ent  o f  Energy, way 
1986)" Under t h e s e  regulat ions,  the  y e s m j t t e e  i s  r ~ ~ ~ ~ ~ ~ e ~  t o  i d e n t i f  
and charac te r ize  a l l  s o l i d  waste ~~~~~e~~~~ u n i t s  cut-sently o r  

p r e v j ~ u s l y  located nithjn i t s  ~ ~ ~ ~ ~ a ~ ~ ,  The i n t e n t  o f  t h i s  regerldtion 

waste  o r  hazardous cons t i tuents  has occurred o r  iff o a c u r r i n  
charac te r ize  the  nature and extent  o f  the releases. ~ ~ ~ u ~ ~ ~ ~ t ~ ~  

protect ion standards under R C R A  a r e  ef'ined 5 a 7  T i t l e  40, SLabpart F, o f  
the  Code o f  Federal Regulations (CFR) .  The on1 pa ram8aet.e r s  t h a t  ha vc" 

ine whether a p r i o r  o r  c m t i n u l n  re lease  of ~ a ~ a r ~ ~ ~ ~ ~  

i t s  a r e  those defined by t a t i o n d l  Inteerim Primary 

D r i n k i n g  Mater Standards ~~~~~~S~ (see Table  5 ) .  Other parameters t h a t  

require  moni to r ing  i n  ~~~~~~~~~~r a r e  those es tab?  -"a sh ing ~~~~~~~a~~~ 
qua l i ty  and t hose  chosen t o  be ~ ~ ~ 3 ~ ~ t ~ ~ s  o f  g ~ o ~ ~ d ~ ~ ~ e ~  conta  

( these  parameters a r e  a l so  l i s t e  i n  Table 6 ) .  The lnndwater quality 
parameters are t o  be use as the  b a s i s  For comparison i n  the  event a 
~ r o u n ~ w a ~ ~ r  qua l i t y  assessment i s  required,  and t h e  indicat,or 

parameters a r e  used t o  determine i f  ~~~~~~~~~~~ has been C 5 ~ ~ ~ ~ i ~ ~ ~ ~ ~  

by t he  f a c i l i t y .  ~~~~r~~ t he  f i r s t  year, the  operator o r  ~~~~~, on a 

q u a ~ t e r ~ y  bas i s ,  must e s t ab l i sh  iarj t inl  ~a~~~~~~~~ $ ~ ~ ~ e ~ ~ ~ , ~ t ~ ~ ~ ~ ,  o r  
values,  o f  a l l  p a r a ~ @ t ~ ~ ~  f o r  a l l  ~ ~ n ~ ~ ~ r j ~ ~  wells, F 
ind ica tor  parameters, a t  l e a s t  f o u r  r ep l i ca t e  ~ e ~ s ~ ~ ~ ~ ~ ~ ~ s  m o t  he 

obtained f o r  each sample and the  i n i t i a l  ~~~~~r~~~~ arithmetic mean and 

var3 ance deter mi^^^ y pooling t h e  re 1 icate measure 

r e s p e c t i v e  ~ a r a ~ e t e i ~  concentradisns, o r  valuer,  i n  samples obtained 
from the  ~ ~ ¶ r a ~ l e ~ t  wells d u r i n g  t h e  f i r s t  yeas. These ~~r~~~~~~~~~ 
parameters, as  well as PCBs, copper, n icke l ,  zinc,  and t h e  
radioisotopes 
groundwater samples taken From t h e  ~ Q ~ i t ~ ~ i ~ ~  wells. 
~ e ~ ~ e r a t ~ r e  and dissalved ~ ~ y ~ e ~  were a l s o  made, 

98 ~ r ,  1 3 7 ~ s ,  and t r i t i u m ,  were measeared i n  the 
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Table 6. Groundwater parameters measured 

Na t iona l  I n t e r i m  Pr imary D r i n k i n g  Water Standards (NIPOUS) 

Arsenic  
Ba r i  urn 
Cadmi urn 
Chromi um 
Col i form b a c t e r i a ,  count/100 m l  
Endr in  
F 1 u o r i  de 
Gross alpha, Bq/L 
Gross beta,  mR/year 
Lead 
Lindane 
Me rc LI r y  
Methoxychlor  
N i  t r a t e 4  
226Rao B ~ / L  
Sel e n i  urn 
S i  1 v e r  
Toxaphene 
2,4,5-'TP S i l v e x  
2,4-D 

0.05 
1 
0.01 
0.05 
1 
0.0002 
1.4-2.4 
0.556 
4 
0.05 
0.004 
0.002 
0.1 
10 
0.19 
0.01 
0.05 
0.005 
0.01 
0.1 

Parameters e s t a b l i s h i n s  qroundwater q u a l i t y  

Ch lo r ide  
I r o n  
Manganese 
Phenols 
Sad i um 
S u l f a t e  

NB 
ND 
ND 
ND 
ND 
ND 

Parameters used as i n d i c a t o r s  o f  groundwater contaminat ion  

pH 
S p e c i f i c  conductance, pS/cm 
To ta l  o rgan ic  carbon 
Tot.al o rgan ic  h a l i d e s  

ND 
NO 
NB 
ND 

aConcentrat ions a r e  i n  mg/L unless o therw ise  s ta ted .  
bND = maximum l e v e l  f o r  t h a t  parameter n o t  de f i ned .  



t o  analyze t e grDundwaf-er dye  those described i r ?  

~~~~~ methods manuals ( SEPA 7982, ; 9 8 3 ) ,  For e le  

i t  was necessary to use atarnic &sorption ~~~~~~~~~~~~ t o  r e x ? )  the 

e t e c t i o g l  levels  r e q u l r e d  by t h e  k$S* The reco 

1 ,  7131, 7191, 4421, 7470, 7743 ,  and 7 2 6 %  f o r  arsenic, 

arium, cadmiiurn, I l ead ,  mercury, ~~~~~~~~~ and s i l v e r ,  

res pec t 4 vel  y . k w ct.iive'2y coupled paas 

208.7 i n  USEPA '19 was a l s o  used eo determine t he  ~~~~~~~,~~~~~~~ of 

~ o n r ~ ~ ~ ~ a t ~ r ~  elements, rramely copper, njckel and nlaec, The 

c o n ~ ~ n t r ~ t ~ ~ n s  of  pesticjdes and ~ e ~ ~ ~ ~ ~ ~ ~ s  as well as the PCBs i n  t h e  

analyses were by liqedrd c h r m a  tog ra pke 

Coliform bac ter ia  were @ t e ~ ~ ~ ~ ~  by 

Concentrations o f  Fluoride,  c h l o r i d e ,  n i t ra te , .  and sulfate w e r e  
determined u o i n   et^^^^ 340.2 as) 1983) . Pherlol 

c anc ent  ra t i on s 
organic carbon Weke dePt?rmi ned 
using methods 9 

alpha and beta de t ec to r s ,  Aliquots OF 
~ ~ ~ n t i ~ ~  p ~ a ~ ~ h ~ ~ ~ *  and 1 e 'levels of  gross  alpha and grcssc, beta 

a c t i v i t y  were determined u s i n g  Bennetec kB51 Ser ies  % I  eqkllp 

T h i s  automata ~~~~e~ i s  progra @d t o  eestavert raw da ta  8.0 a c t i v i t y  

uni t s  as well as Lntjlizing materiel  weights o r  volu 

a c t i v i t y  per unit (weight o r  volume). Analyses a$ 
radionuclides were conducted using h i  h-resol u t i m  
detec tors .  The de tec tors  were shielded from e x t r a n  
were ca l ibra ted  for  the  respective sample geometr ie  

m i x t u r e s  o f  gamma-emitting ionuclide standard r ,olut jons f r o m  the  

National Bureau Standards ( ) .  Calibration ~ ~ ~ ~ ~ ~ u r ~ ~  and a s s e s s  
have been described by lanedl and Cutshall (19 

concentrations were measured using establ ished ~ ; ~ ~ l ~ - s ~ ~ n t ~ ~ ~ ~ ~ ~ ~ ~  

ined by method 8090 CkrsEPA 2 ) *  except t h e  

c h romtag r a  p h  y . 

The radionuclide c ~ ~ c e ~ t ~ a t ~ ~ ~ ~  we 



counting procedur-es. Strontium-90 was separated from o t h e r  cations i n  
the groundwater by precipitation a s  t h e  oxalate salt arid then counted 
on a beta proportional counting system, 

3 , s  STATISTICAL PRBCEDURES 

Two strategies were used to determine statistical differences in 
the concentrations of parameters measured i n  groundwater. In the first 
procedure, all parameters were statistically analyzed for differences 

in concentrations between monitoring we1 1s across the f o u r  quarters of 
sample collection. In this case, the statistical variability for each 
well was determined by differences in the concentration o f  the 

eter determined over four quarters of sampling; {.e., the sample 
quarter was treated as a statistical replicate. Thus, t h i s  method of 
statistical analysis is confounded with respect t o  time (over the 
sampling interval o f  one year). Statistical differences between mean 
concentrations in individual monitoring wells were deter 

Duncan's multiple-range test, as condircted by the GLH procedure o f  the 
SA$ Institute Inc. statistical software package (SAS 1985). For 
observations below the analytical detection level, the analytical 
detec9;ion level was used as an estimate for that concentration, a 
conservative approach. 

outlined in Subpart F, (Groundwater Monitoring, o f  Title 40, C F R ) .  In 
this procedure, for each of the indicator parameters (pH, specific 
conductance, total organic carbon, and total organic halides), the 
arithmetic mean and variance must be calculated, based on at least Pour 
replicate measurements on each sample for each well monitored, and 

pared with its initial background arithmetic mean. The initial 

background arithmetic means for each o f  the indicator parameters are 
determined from the measurements made in the upgradient monitoring 
wells over four quarters of sampling. The comparison must consider 
individually each o f  the wells in the monitoring system and must use 
the Student's t-test at the Q.01 level of significance to determine 
statistically significant increases (and decreases, in t h e  case o f  pH) 
over initial background. This method of statistical analysis was 

The second method o f  statistical analysis that was used is 
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4 .  RESULTS AWB D%S@USSIOM 

Reported i n  Table A - l  i n  t h e  Appendix a r e  t h e  concen t ra t i ons  o f  

groundwater q u a l i t y  para e t e r s  observed i n  each o f  t h e  m o n i t o r i n g  wells 
f o r  each o f  t h e  f o u r  q u a r t e r s  o f  sampling a t  t h e  t h r e e  waste 
impoundments. (Negat ive values i n  these t a b l e s  i n d i c a t e  the a n a l y t i c a l  

d e t e c t i o n  l e v e l .  Data a r e  a l s o  repo r ted  t o  f i v e  decimal p o i n t s ,  b u t  

o n l y  two d i g i t s  should be considered s i g n i f i c a n t . )  Mean values over 

f o u r  qua r te rs  o f  sampling f o r  each o f  t h e  m o n i t o r i n g  w e l l s  a re  

presented i n  l a b l e  A - 2  i n  t h e  Appendix. Cam a r i  sons between parameter 

concen t ra t i ons  sampled f rom downgradient and upgrad ien t  w e l l s  a r e  

l i s t e d  i n  Table A-3. Discuss ions p e r t i n e n t  t o  each o f  t h e  irnpoiincii 
fcsllobd. 

4.1 3513 IWPQUNB 

The mean concent ra t ions  o f  chromium, lead, gross a l p h a ,  gross 
beta,  and mean counts o f  c o l i f o r m  b a c t e r i a  i n  t h e  dawngradient w e l l s  

exceeded t h e  maximum a l l o w a b l e  l e v e l s  es tab l i shed  by R C R A .  The maximum 
l e v e l s  were a l s o  exceeded f o r  t h e  mean counts o f  c o l i f o r m  b a c t e r i a  and 

mean concen t ra t i ons  o f  gross a lpha and gross beta  i n  the  upgrad ien t  
w e l l s ,  i n d i c a t i n g  p o s s i b l e  m i g r a t i o n  o f  contaminant f rom one o f  t h e  

ad jacen t  u n l i n e d  impaundments (impoundments 3524, 3539, or 3940; see  
F i g .  1 )  o r  leakage f rom a broken t r a n s f e r  l i n e  ( S t a n s f i e l d  and Franc is  

1986a). 

t o  be due t o  t h e  h i g h  chromium values measured i n  w e l l s  2 and 4 d u r i n g  

t h e  f i r s t  q u a r t e r  o f  sampling ( s e e  Table 7 and Tables A-9 and A-2 i n  

t h e  Appendix). The h i g h  Concentrat ions o f  l ead  i n  t h e  downgradient 
w e l l s  appears t o  have been caused by t h e  h i g h  va lues observed i n  

m o n i t o r i n g  w e l l  3 d u r i n g  t h e  l a s t  t h r e e  quar te rs  o f  sampling (see 
Table A - 1 ) .  For t h i s  w e l l ,  a l l  t h r e e  samples were i n  excess o f  t h e  
R C R A  l i m i t  (0.05 mg/L). 

The groundwater f rom downgradient w e l l s  2 and 4 conta ined 
cons ide rab ly  more gross a lpha  and gross  beta  a c t i v i t y  than t h e  

The h i g h  mean va lues f a r  chromium i n  t h e  downgradient w e l l s  appear 
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Tab]? 7 .  Hean groundwater concpn t r j t i ons  measured f n  mopi tc r ing  w i : s  
a t  t h e  3513 impoundment 

Pa ramete r a  

~ ~ ~ ~ . i r ~ ~ a ! . . . . I  n t - p ~ ~ ~ ~ . ~ ~ . . . ~ . ~ ~ . ~ ~ k ~ ~ . . ~ ~ a ~ . ~ ~ ~ . . . s ~ a ~ ~ a - ~ ~ ~ . ~ ~ ~ . F ” ~ ~ ~ ~ ~ .  

Arsenic 0.05 <u .  0033 
Barlium 1 4 ~ 24 
Cadmi um 0.01 4 . 0 0 1  4 
Chromium 0 .  O S  4 . 0 2 9  
Coliform b a c t e r i a ,  count/100 mi. 1 1.3 
Endrin 0.0002 <O.D002 
Fluor ide  1 . 4 - 2 . 4  <l .oooo 
Gross a lpha ,  Bq/L 0.556 1 .¶ 
Gross b e t a ,  Bq/L 0.13C 5 . 4  
Lead 0.05 <O.O’Ic)  
Lindane 0.004 <0.0011 
We r c  u ry 0.002 0.0002 
Methoxychlor 0 .1  4 . 0 0 4 1  
Mi i r a t e - - #  10 45.0  
226Ra, Bq/L 0.19 io .03  

Sel en i urn 
S i  1 ver 
Toxaphene 
2,4,5-TP Si lvex  
2 , 4 - - 0  

Chlor ide  
Iron 
Hang an e s e 
Phenol 5 

Sod i um 
S u l f a t e  

0.01 
0.05 
0.005 
0.01 
0.1 

Parameters es tab l  i s l ~ w r o u n d w a t e r  -qual i t y  

ND 
NO 
ND 
ND 
ND 
N 0 

5 .4  
2 . 7  
1 . 5  
<.o. (301 0 
2 3  
80 

Parameters used as  i n d i c a t o r s  o f  groundwater coniarninatjon 

PI+ NO 
S p e c i f i c  conductance,  pS/crn NO 
Tota l  organic  carbon M U  
Total  o rganic  ha l ides  MD 

Nonregulated parameters 

Dissolved oxygen 
Nickeld 
Polychlor ina ted  biphenyls ( P C B s )  
9 0 s r ,  Bq/L 
l empera ture ,  LC 
Tr i t ium,  Bq/L 
zincd 

W D 
Nil  
M i l  
ND 
& D  
0 .13c  
N D  
h70c 
N O  

6 .5  
a z o  
4.a 
0.067 

<5.0?5 
1.3 
5.0 
0.06 
0.0001 
2 .4  
1 5  
350 
4 . 0 6 1  

18 
24 
3 . 9  
<0.0002 
31 
<13 

6 .4  
660 
5 .9528  
0.14 

<o. D?F! 
0 .39  
4 . 5  
0 . 3 6  
0.0001 
1 3  
7 %  
4800 
0.15 

aconcen t r a t ions  a r e  i n  m q / l  unless  o therwise  s ta te t l  
hNQ = maximum leve l  f o r  t h a t  parameter no t  def ined  
CLevel o f  a c t i v i t y  necessary  t u  g ive  a t o t a l  body dose o f  4 inR/y?ar t o  a person 

dHazardous rubs tance  gu ide l ines  issued by t h e  S t a t e  of TennessPe ( 1 .  In] 
dr ink ing  2 . 2  L o f  wate r  per  day t o r  a yea r .  

D i v i s i o n  o f  Sol id  Waste Management, Department o f  Health and Environment, S t a t e  o f  
Tennessee,  personal communica t i o r i ,  1985)  

Gregory, 



groundwater from well 3 (the other dcmngradient well). Hell 2 
contained especially high concentrations o f  gross beta activity (mean 
value >50 E Q q / L ) .  One o f  the gross  alpha measure ents involved an 
analytical detection level greater than 'the R C R A  limit (the measurement 
o f  the sample t aken  the first quarter From we11 4; see Table S a ) .  

However, its inclusion or omission i n  the d a t d  set had little e f f e c t  on 
the mean valeres o f  gross alpha in the do ngradient wells. F o r  example, 
the mean value f o r  grass alpha in downgradient wells war; ~ 4 . 7  PiqPL when 
a l l  measurements were used and 4.8 3q/ i  when the measurement involving 

a detection level greater than t h e  R C R A  limit was deleted. In either 
case ,  both mean values exceeded the  R C R A  limit. 

The mean levels o f  tritium and "Sr In groundwater f rom the 
downgradient wells were considerably greater than the level o f  activity 
necessary t o  g i v e  a total body dose o f  4 msR/year t o  a person drinking 
2.2 L of  water per day for  a year (see Table 7). However, only one 
t r i t i u m  measure ent  in the upgradient weals (a measurement of 760 Bq/L 

tdken the third quarter f r o m  well 1A) exceeded the calculated limit o f  
670 Bq/L . 

Those concentrations measured i n  groundwater that exceeded the 
RCRA maximum limits are listed in Table 9 .  Measurements in which the 
analytical detection level exceeded t h e :  R C R A  limit ere not included in 

Table 9 (e.g., those measurements of g r o s s  alpha, 225Ra, and silver 
listed in Table 8). Excessive levels  o f  chromium were observed in all 
Ihree downgradient wells the first quarter o f  sampling, but 
measurements f rom the same wells a t  later sampl ing dates were below the 
RCRA limit. The dominant contaminants appear to be radionuclides; 
i . e . ,  excessive levels of gross alpha and gross beta were observed in 
groundwater samples taken from all nonjtoringl wells. There appears t o  

be a trend in elevated levels o f  lead i n  groucdwater sampled from 
well 3 as compared with the other downgradient  wells. 

4 . 1 . 2  

One method o f  cornpat-'ny concentrations o f  the measured parameters 
between monitoring wells is to make statistical co parisons between the 
wells over the four quarters of sampling, i.e-, t o  treat the  
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Table 8 .  List  o f  samples whose detection levels exceeded Ressuj~e  
Conservation an Recovery A c t  (~~~~~ 3irnits 

RCRA Me1 1 Sarnpl ing Detec t ian  
Parameter Unit 1 I m i  t no ua rte 7" 1 eve? 

s i  1 ver 
S i  1 ver 
si 1 Ver 
s i  1 VBk 
Silver 
S i  1 ver 
S i  l ves 
S i  7 ver 

Gross alpha 
Gross alpha 
2 2 h a  
22%a 
226Ra 
226Ra 
226Ra 
226Ra 
226wa 
S i  I ver 
s i  1 ver 
S i  1 ver 
s i  1 ver 
S i  I ver 
S i  1 ver 
s i  1 Vek 
S i  1 ver 

Chrorni urn 
S i  1 ver 
S i  1 ver 
S i  1 ver 
s i  1 ver 
S i  1 ver 
S i  1 ver 
S i  1 ver" 
S i  1 ver 

351 3 impoundment 

8.55 
0.18 
O"05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.85 
0.05 

1 
4 
1 
2 
1 
2 
1 
2 
1 
2 

Old Hydrofracture Facility i ~ p o ~ n ~ ~ ~ n ~  

8,55 
0.55 

.19 
0.19 
0.19 
0 . 1 9  
0 . 1 9  
0.19 
0.19 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

2 
4 
1 
2 
3 
3 
3 
4 
4 
1 
1 
2 
2 
3 
3 
4 
4 

2 
2 
3 
1 
1 
3 
4 
1 
3 
1 
2 
1 
2 
1 
2 
1 
2 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.85 
0.05 
0.85 
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Tab le  9.  Measured c o n c e n t r a t i o n s  i n  groundwater  a t  3513 impoundrnent t h a t  
were i n  excess o f  Resource Conserva t ion  and Recovery Ac t  (RCRA)  

maximum l i m i t s  f o r  groundwater  

Sampling q u a r t e r a  

Pa o-ame t e  r 

W e l l  1 

C o l i f o r m  b a c t e r i a  
Gross a lpha  
Gross be ta  
9 0 ~ r  

count/100 ml. 1 8 
Bq/L 0.55 2 
B q / l  0.13 5 
Bq/L 0.13 ND 

BL 
1 
2 
1 

RL 
2 
5 
2 

BL 
2 
3 
2 

Well 1 A  

Chromi urn 
Co 1 i f o r m  b a c t e  r i a 
Gross a lpha  
Gross  be ta  
9 0 ~ r  
T r i t i u m  

mg/L 0.05 0.14 
count /100 mL 1 2 

B q / L  0.55 1 
Bq/L 0.13 1 
Bq/L 8.13 N D  
Bq/L 670 ND 

BL 
BL 
1 
5 
3 
BL 

BL 
RL 
6 
13 
3 
7 68 

B l  
8L 
4 
0 
3 
BL 

Well 2 

C h rorni urn 
Gross a lpha 
Gross be ta  
93sr 

mg/L 
8q/L 
Bq/L 
Bq/L 
Bq/L 

0.05 1 .20 Bl. BL 8L 
0.55 4 1 18 17 
0.13 54 45 65 62 
0.13 N 0 26 33 32 
670 W D  3600 3500 2900 T r i t i u m  

W e l l  3 

mg/L 0.05 0.07 
count / lQO rn6 1 2 

Bq/L 0.55 8L 
Rq/L 0.13 4 
mg/L 0.05 Bb 

D L  
Bh 
BL 
1 
1.4 

B l  
8 
2 
4 
0.06 

BL 
120 
2 
2 
0.08 

C h rorni um 
Co 1 i fo rm bac t e  ri a 
Gross a lpha 
Gross be ta  
Lead 

8q/L 0.13 ND 0.40 0.64 1.40 

1- r i t i urn Bq/L 670 WD 2300 2800 2400 

W e l l  4 

Chromium 
Gross a lpha 
I ron  

T r i  t i  urn 
9% 

mg/L 0.05 0.69 
Bq/L 0 . 5 5  BL 
Bq/L 0.13 9 
Rq/L 0.13 WE 
Rq/l. 530 ND 

8 1. 
B 1. 
1 
5 
2200 

BL 
4 
15 
7 
20000 

BL 
5 
19 
1 
3600 

aBL = below RCRA groundwater  l i m i t ;  ND = n o t  determined.  



concen t ra t i ons  taken a t  t h e  f o u r  ~ ~ m ~ l ~ ~ ~  pe r iods  as  r e p l i c a t e s .  

Treatment i n  t h i s  manner confounds any a n a l y s i s  w i t h  respec t  t o  ttme. 

For  example, these i s  no assurance t h a t  an o ~ ~ ~ r ~ a ~ i o ~  a t  each o f  t h e  

w e l l s  i s  independent o f  t i m e  or t h a t  any r-esponse t o  t i m e ,  i f  
one, i s  t h e  same f o r  each w e l l .  bviously, such t rea tmen t  i s  

dangerous a t  i n a c t i v e  s i t e s  than i t  i s  a t  a c t i v e  s i t e s  ( t h o s e  s i t e s  
t h a t  con t inue  t o  r e c e i v e  wastes). To make s imp le  compari~ons between 
upgrad ien t  and downgradient wells a t  spec i f - l c  p o i n t s  i n  t ime,  at l eas t  

t h r e e  t o  f o u r  upg rad ien t  wells a r e  needed f o r  c ~ ~ ~ ~ ~ j ~ s q  w l t h  t h e  same 
number o f  downgradient w e l l s .  Regardless sf  t h e  i m  
s t a t i s t i c a l  comparison was made between ~ ~ ~ ~ t ~ ~ i n ~  w e l l s  f o r  each 

of  t h e  measured parameters, as described i n  Sect .  3.5, St . a t i s t i ca l  

Procedures. Those parameters t h a t  showed s i g n i f i c a n t  d i f f e r e n c e s  a t  
t h e  0.05 l e v e l  a r e  l i s t e d  i n  Table 10. 

One evidence o f  groundwater poll lut ion i s  a s i g n i f i c a n t  d i f f e r e n c e  

between upgrad ien t  and downgradient wells i n  t h e  c o n c e n t r a t i o n  o f  t hose  
parameters d e f i n e d  by RCRA f o r  m o n i t o r i n g  groundwater c h a r a c t e r i s t i c s  
(see t h e  l i s t  o f  those parameters i n  Table 6 ) .  In a s t a t i s t i c a l  sense, 
t a k i n g  i n t o  c o n s i d e r a t i o n  those parameters f a r  w h i c h  an A C R A  l'smit 

e x i s t s  ( i .e . ,  NIPDWS), only  t h e  gross  beta  measurements i n  ~ ~ o u ~ ~ w a ~ ~ ~  
f rom w e l l s  2 and 4 were s i g n i f i c a n t l y  d i f f e r e n t  (P < 0.05) f rom s i m i l a r  

measurements i n  groundwater taken from upgrad ien t  w e l l s  ( G ~ ~ ~ ~ ~ ~ ~  

measurements f rom w e l l s  1 and 18 over  t h e  f o u r  qua r te rs  o f  sam 
see Table 1 0 ) -  There were s i g n i f i c a n t  s t a t i s t i c a l  d i f f e r e n c e s  $ n  mean 
concen t ra t i ons  o f  a number o f  groundwater parameters between ~~~~t~~~~~ 

w e l l s .  For  example, s i g n i f i c a n t l y  h i g h e r  concen t ra t i ons  o f  c h l o r i d e ,  

i r o n ,  t r i t i u m ,  manganese, "Sr, TOC, VOX,  and z i n c  were observed in 
groundwater sampled f rom one o r  more 04: t h e  ~ ~ ~ ~ g ~ ~ d i ~ n ~  
compared w i t h  t h e  upgrad ien t  w e l l s  (Table  10). I n t e r e s t i  
concen t ra t i ons  o f  S u l f a t e  were s i g n i f i c a n t l y  lower i n  downgradient 
w e l l s  than i n  upg rad ien t  w e l l s ,  The same was t r u e  f o r  ~ e a s ~ ~ ~ m e ~ t s  o f  
s p e c i f i c  conductance; !.e., t h e  groundwater From t h e  d o w n ~ r a d i e n ~  wells 
measured s i g n i f i c a n t l y  lower  i n  c o n d u c t i v i t y  than t h a t  sampled f rom t h e  

upgrad ien t  w e l l s .  These measurements s t r o n g l y  i n d i c a t e  t h a t  t h e  plume 
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T a b l e  10. S i g n i f i c a n t  d i f f e r e n c e s  i n  water  q u a l i t y  parameters between 
m o n i t o r i n g  wells a t  t h e  3513 i m ~ o ~ n ~ ~ ~ ~ t  

Concentrat ions i n  m o n i t o r i n g  I wells 1-4a,b 
Parameter 1 2 3 4 

Ch lo r ide ,  mg/L 

D isso lved 
oxygen, mgPL 

I r o n ,  mg/L 

Gross beta,  
rnWyear 

T r i  t i urn, Bq/L 

Manganese, mg/L 

PH 

S u l f a t e ,  mg/L 

S p e c i f i c  
conductance, 
pS/cm 

9%r, B ~ / L  

To ta l  o rgan ic  
carbon, mg/L 

Total organic  
h a l i d e s ,  mg/b 

Zinc, mg/L 

6 .4s  

4.6" 

2.7t 

5.4s 

35.4- 

1.54- 

6.5t 

ao* 
82Q* 

2-35 

4.8t  

0.07t  

0.064- 

36* 

3,5t 

8 .  s t  

54* 

330Q*t 

4.8% 

6.7" 

2 Q t  

602*t 

30* 

3.61 

Q.0 l - f  

Q.07*+ 

121. 

4.6" 

51 * 
2.65 

2500*1. 

3.8* 

6.35-5 

61. 

6201 

0 . 8 5  

7.lt 

O . l l *  

0.29" 

6.65 

5.4" 

1 2 t  

11s 

8600* 

3.2" 

6.3s 

131 

738"t 

6 . 4 t  

7.2" 

0.19* 

0.09*+ 

aConcentrat ions a re  s t a t i s t i c a l l y  d i f f e r e n t  (0.05 l e v e l )  between 
w e l l s  i f  they  do n o t  have s i m i l a r  s u p e r s c r i p t s  (*, t ,  5 ) .  The 
s t a t i s t i c a l  comparisons were determined us ing  t h e  Duncan's 
rnu l t i  le-range t e s t  o f  t h e  GLM procedure, as o u t l i n e d  i n  SAS 1985, 

those i n  m o n i t o r i n g  well 1 f o r  s t a t i s t i c a l  comparison. 
&oncent ra t ions  found i n  m o n i t o r i n g  w e l l  1 A  were combined w i t h  



f r o m  t h e  3524 i m p o u n ~ ~ ~ n t  or leaks i n  undergroun waste l i n e s  s e r i o u s l y  
impacted t h e  water q u a l i t y  o f  t h e  ~ ~ ~ ~ a ~ i e n ~  monjtol- ing w e l l s  f a r  t h e  
3513 impoundment. A considerably more v a l i d  i n t e r p r e t ~ t j ~ ~  can be 

rega rd ing  t h e  e f f e c t  o f  t h e  3524 i ~ ~ o u ~ ~  en t  when t h e  analyses f o r  

groundwater sampling program around t h e  3524 i ~ ~ o ~ ~ ~ ~ ~ ~ ~  a r e  ~ ~ ~ p l ~ t ~ ~  
(da ta  cove r ing  f o u r  q u a r t e r s  o f  sampling a r e  expected t o  be a v a i l a b l e  
i n  l a t e  summer t a  e a r l y  f a l l  of 1986) .  

4 * l . 3  

T i t l e  40, CFW (Subpart  F ,  ~ r o ~ n ~ ~ ~ ~ e r  P ro tec t i on ,  para.  265.92) 
r e q u i r e s  t h a t  each o f  t h e  i n d i c a t o r  parameters l i s t e d  i n  Table 6 f o r  

every  sample taken f rom a m o n i t o r i n g  w e l l  be compared w i t h  ~ a c ~ ~ ~ ~ ~ n ~  
l e v e l s  i n  t h e  upgrad ien t  w e l l s  averaged o v e r  t h e  f j r s t  f o u r  q u a r t e n  a f  
groundwater mon i to r i ng .  The corn a r i s o n  must consider each o f  the  wells 
i n  t h e  m o n i t o r i n g  system i n d i v i d u a l l y ,  and m u s t  use t 
t - t e s t  a t  t h e  0.01 l e v e l  o f  s i g n i f i c a n c e  t o  ~ e ~ ~ r ~ i n ~  s t a t i s t i c a l l y  

s i g n i f i c a n t  increases (and decreases, i n  t h e  case o f  pH) o v e r  in- i t ia l  

background l e v e l s .  Means and o t h e r  s t a t i s t i c a l  ~ n ~ o r ~ a ~ ~ ~ ~  p e r t a i n i n g  

to t h e  concen t ra t i ons  o f  t h e  i n d i c a t o r  parameters measured Sn t h e  
upgrad ien t  w e l l s  over  the f i r s t  year  o f  da ta  c o l l e c t i o n  a r e  tabulated 
i n  Table A-5 o f  t h e  Appendix. 

downgradient w e l l s  w i t h  background l e v e l s  o v e r  t h e  f o u r  quarters 

sampled a t  t h e  3513 m o n i t o r i n g  w e l l s  a r e  presented i n  Table 1 l e  

Unfo r tuna te l y ,  f o u r  r e p l i c a t e d  measurements were n o t  made ow a l l  
sampling dates.  For example, w i t h  respec t  t o  t h e  measurements f o r  pH 

and s p e c i f i c  conductance, o n l y  i n  t h e  f o u r t h  u a r t e r  were f o u r  

r e p l i c a t e d  measurements made, fleasuremerits o f  pH i n  t h e  f o u r t h  q u a r t e r  

showed s i g n i f i c a n t l y  h i g h e r  values f o r  groundwater taken %ram well 2 as  
compared w i t h  t h e  c o n t r o l ,  whereas samples taken from w e l l s  3 and 4 

were s i g n i f i c a n t l y  lower  i n  pH than  t h e  c o n t r o l  (mean pM o f  6.4) .  

Measurements o f  groundwater pH from t h e  u p g r a d i e n t  wells ( e l l s  1A and 1) 
i n  t h e  f o u r t h  q u a r t e r  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t he  

background l e v e l s  determined over  t h e  sampling year (Table 11) .  The 
measurements taken i n  t h e  f o u r t h  q u a r t e r  f o r  s p e c i f i c  conductance 

Comparisons o f  i n d i c a t o r  parameters i n  each o f  t h e  upgrad ien t  and 



Table  11 .  S t u d e n t ’ s  t - t e s t  f o r  i n d i c a t o r s  o f  groundtdater con tamina t ion  
a t  t h e  3513 irnpounanient 

Spec i f i c 
conductance  To ta i  o rgan ic  T s t a l  o rgan ic  

h a l i d e s  j m g / L )  

Well q u a r t  e r Mean cancea Mean can c ea Mean cancea Mean cancea 

___ PH (v.S/crn) carban  (mg/L) 

Siqiii  f i - S’lgnif i- Sarnpl i ng  Sigrii T i  - S i  gni f i - 

____-__ 
Bac k g  roundb 

1 A  

1 

ti 

i 
2 
2AC 
3 
4 
1 
2 
2AC 
3 
4 
1 
2 
2 A C  
3 
4 
1 
2 
2AC 
3 
4 
1 
2 
2 A C  
3 
4 

6.5 

6 .4  
6 . 6  
NO 
6.4 
6 . 4  
6.7 
6 .5  

6 . 4  
6 . 5  
6 . 2  
7 .1  

6.5  
6 .8  
6 . 4  

6 .3  
6 .2  
6 . 4  
ND 
ND 
6 . 3  
6 . 2  

sv 
sv 
ND 
sv 
NS 
sv 
sv 
ND 
sv 
NS 
sv 
sv 
ND 
SV 

SV 
Nil 
Nil  
sv 

SV 
N O  
NO 
SV 

** 

** 

** 

920 

590 sv 
81 0 sv 

4.1 NS 
740 sv 
790 kS 
5 70 sv 
940 S V 

NG 
31 0 sv 

1100 ** 
4 4 0  sv 
680 sv 

N D  
650 sv 
680 * 
460 S v 

N O  
N G  

370 sv 
700 NS 
500 sv 

9 . 1  
5.6  NS 

4 50 S V  
836 NS 

** 

4 . 8  

2 . 3  
3 . 4  

3.1 
5 . 0  
2 . 7  

3.5  
3 .1  
4 . 0  
1 . 5  
5 . 7  
3 .0  
1 . t  
5.0 
3 . 1  
9 . 4  
5 . 1  
3 .3  

2.9 
0.042 

6 . 7  

8 .1  

2 2  

10. 

sv 

ND 

sv 
sv 

** 

** 

** 
** 
** 
sv 
sv * 
** 
** 
sv 
sv 

NS 
NS 
SV 
SY 
SV 
N D  

S V  

** 

** 

0.367 

0 .372  
0.322 

0.040 
0.17 
0 .062  
0.004 

0.039 
0.048 
0.055 
0.022 

0.11 
0.946 
0.069 
3.032 

0 .28  
0:lB 
0.Q8 

0.34 
0.053 

sv 
sv 
* 
** 
SV 
sv 
ND 

NS 
sv 
sv 
N D  

NS 
sv 
sv 
ND 

* 

** 

** 
** 
sv 

** 
NS 

w 
M 

aSV = s’ ingle  v a l u e ;  M D  = not  de t e rmined ;  MS = no t  s i g n i f i c a n t ;  * = s i g n i f i c a n t  a t  t h e  0.05 

h e a n  background c o n c e n t r a t i o n s  de te rmined  From upgrad ien t  mion’ltor-irig we1 Is over  f o u r  q u a r t e r s  

C,A r e p l i c a t e  sampling t aken  For t o t a l  o rgan ic  carbon i n  Jone 1985. 

i e v e l .  ** = s i g n i f i c a n t  a t  t h e  0.01 l e v e l .  

o f  sampling ( s e e  Tabie  A-5 o f  the Appendix).  



showed no s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  8.01 level ;  however, a 
s i g n i f i c a n t l y  lower  s p e c i f i c  conductance, at-, t h e  0.05 l e v e l ,  was 
observed i n  w e l l  2 in t h e  f o u r t h  q u a r t e r  as compared w i t h  t 

background measurement. The genera l  t r e n d  was a lower  s p e c i f i c  
conductance i n  t h e  groundwater ~ o ~ n ~ ~ ~ ~ i e ~ t  as compared w i t h  t h e  
upgrad jen t  w e l l s .  

An a d d i t i o n a l  sample (des ignated 2 A  i n  Fable 11) was taken From 
t h e  mon i to r i ng  w e l l s  i n  t h e  second q u a r t e r  (June 6, 1985) f o r  t o t a l  

o rgan ic  carbon (TOC)  analyses. Samples taken a t  t h i s  da te  were 
c o n s i s t e n t l y  lower  i n  TOC than  t h e  samples c o l l e c t e d  e a r l i e r  i n  t h e  
q u a r t e r  ( A p r i l  15, 1985) b u t  were c l o s e r  t o  t h e  TO@ values ~ e t e ~ j n ~ d  

i n  t h e  t h i r d  qua r te r ,  The e a r l y  second q u a r t e r  samples f rom w e l l s  3 

and 4 showed s i g n i f i c a n t l y  h i g h e r  l e v e l s  o f  TOG ( a t  t h e  0.01 l e v e l )  

than  t h e  background samples. These and t h e  sample taken t h e  t h i r d  
q u a r t e r  f rom w e l l  4 were t h e  only samples t h a t  showed TOC values 
s i g n i f i c a n t l y  ( P  < 0.01) h i g h e r  than t h e  mean background l e v e l  
( 4 , 8  mg/L).  F i v e  samples taken f rom downgradient w e l l s  contadned 

concen t ra t i ons  o f  TO@ t h a t  were s i g n i f i c a n t l y  d i f f e r e n t  ( P  < 
t h e  background ' level ,  Three o f  these samples conta ined TOC 

concent ra t ions  g r e a t e r  than background values, and two conta ined lower  
concent ra t ions .  'The h i g h  value (a  s i n g l e  va lue o f  22 mg/L) ~ @ ~ ~ ~ r ~ d  i n  

t h e  f o u r t h  q u a r t e r  i n  w e l l  3 appears t o  be an o u t l i e r .  

made i n  t h e  t h i r d  and f o u r t h  qua r te rs .  The t h i r d  q u a r t e r  sampling 
showed s i g n i f i c a n t l y  e leva ted  l e v e l s  i n  a l l  t h r e e  downgra 
Wel l  3 a l s o  showed s i g n i f i c a n t l y  h i g h e r  c o ~ ~ e ~ t ~ a t i ~ n ~  o f  TIIIX i n  t h e  
f o u r t h  q u a r t e r .  These da ta  i n d i c a t e  t h a t  t he  3513 i m p ~ u n ~ m ~ n ~  i s  

con taminat ing  t h e  downgradient groundwater w i t h  o rgan ic  ha l i des .  

Four r e p l i c a t e d  measurements o f  t o t a l  o rgan ic  h a l i d e s  (SOX) were 

4 .2  OLD HYDROFRACTURE F A C I L I T Y  I ~ ~ Q ~ ~ ~ M E ~ T  

4.2 .1  Groundwater Measurements That Exceeded RCRA L i m i t s  

Except f o r  t h e  r a d i o a c t i v i t y  (gross a lpha and gross be ta  

measurements) and t h e  counts o f  c o l i f o r m  b a c t e r i a ,  t h e  mean 
concent ra t ions  o f  NIPDWS contaminants determined i n  $ o w ~ g r a ~ ~ ~ ~ t  w e l l s  
were below R C R A  maximum l i m i t s  (see Table 12 ) .  The major  contaminants 



ORNL/TM-.10193 34 

Tab le  12. Mean groundwater concen t ra t i ons  measured i n  m o n i t o r i n g  w e l l s  
a t  t h e  Old Hydro f rac tu re  F a c i l i t y  impoundment 

Paranetera 

Measureda 
Maximum l e v e l  - .- 

a1 loweda Upgrad ien t  Downgrad i e n t  

Na t i ona 1 I n t e r i m P rLmi r y  0 r i n k i nqM2te- r .  Stand a r d  s... ( N I PDWS ) 

Arsen ic  0.05 <0.0028 
Bar ium 1 0.45 
Cadmi um 0.01 <o. 001 1 
Chromi utn 0.05 <0.027 
C o l i f o r m  b a c t e r i a ,  count/100 mL 1 5 .2  
Endr in  0.0002 <o. 0001 
F l u o r i d e  1.4-2.4 <1 .o  
Gross a lpha,  Bq/L 0.556 <1.2 
Gross beta ,  Bq/L 0.13c 4.8 
Lead 0.05 <0.01 
Lindane 0.004 <o .0009 
Mercury 0.002 <o. 0001 
f le thoxych lo r  0.1 <O ,0033 
N i t  r a t e  -N 10 2 . 7  
226Ra, Bq/L 0.19 <0.11 
Selenium 0.01 0.0033 
S i  l v e r  0.05 <O. 042 
Toxaphene 0.005 <O. 0032 
2,4,5-TP S i l v e x  0.01 <O.  0070 
2.4 -0 0.1 <O. 0070 

~. Parameters . . establishing?n. groundwater qya-luaa 

Ch lo r ide  
I r o n  
Manganese 
Phenols 
Sodi urn 
S u l f a t e  

NO 
NO 
NO 
N O  
NO 
N O  

12 
2.7 
0 .20  
<o. 001 2 
13 
20 

Parameters_-used as i n d i c a t o r s  o f  groundwater contaminat ion  

PH NO 
S p e c i f i c  conductance. US/cm NO 

T o t a l  o rgan ic  h a l i d e s  NO 
T o t a l  o rgan ic  carbon N O  

Disso lved  oxygen 
N i c k e l d  
P o l y c h l o r i n a t e d  b ipheny ls  (PCBs) 
9 0 ~ r ,  Bq/L 
Temperature, " C  
T r i t i u m ,  Bq/L 
Zincd 

N x r e g u l a t e d  pa_r_am&te~s_ 

1 
NO 
NO 
5 
NO 
0.13c 
NO 
67OC 
5 

6 .5  
710 
4 . 5  
0.11 

<o I0200 
1 . 2  
6.9 
<O .06 
0.0001 
1.9 
16 
91000 
<O. 06 

<O. 0033 
0.57 
<o .0020 
<O.  031 
<6.4 
<o. 0002 
< I  . o  
<58 
710 
<O. 0420 
<0.0011 
<O.  0047 
<O .004l 
<3.8 
co.19 
<O .OO37 
<O. 036 
<O ,0035 
<0.0075 
<0.0075 

19 
17 
2 . 9  
<o.  001 2 
2 4  
16 

6 .3  
4 50 
5 . 7  
0.13 

< O .  0261 
1 . 7  
7 . 4 
<O .06 
0.0001 
460 
16 
t30000 
<O. 1476 

aConcent ra t ions  a r e  i n  mg/L un less  o the rw ise  s t a t e d .  
bND = maximum l e v e l  f o r  t h a t  parameter n o t  de f i ned .  
CLeve l  o f  a c t i v i t y  necessary t o  g i v e  a t o t a l  body dose o f  4 mR/year t o  a person 

d r i n k i n g  2.2 L o f  wa te r  p e r  day f o r  a year .  
dHazardous substance g u i d e l i n e s  issued by t h e  S t a t e  o f  Tennessee ( L .  W .  Gregory, 

D i v i s i o n  o f  S o l i d  Waste Management, Department o f  Hea l th  and Environment. S t a t e  o f  
lennessee, persona l  c o r n m i c a t i o n ,  1985).  
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i n  ~ o w r ~ ~ r a ~ i e n t  w e l l s  appear t o  be 'OSS and t r i t i u  
Concentrat ions o f  460 and $0, 630 Bq/L, r e s p e c t i v e l y ,  over f o u r  quar te rs  
of sampl ing).  The t r i t i u m  concent ra t ions  appear tp be der l ved  from a 

source o t h e r  than t h e  impoundment, as t h e  mean concen t ra t i on  o f  tritium 
i n  t h e  upgrad ien t  w e l l s  over the  same f o u r  qua r te rs  a f  sampling was 

s l i g h t l y  h i g h e r  (91,000 Bq/L) than  t h e  mean far  t h e  d o ~ ~ g ~ ~ ~ ~ e ~ ~  

w e l l s .  The most l i k e l y  source o f  t r i t i u m  i n  these g r ~ u ~ ~ w ~ ~ ~ r  samples 
i s  t h e  l ow- leve l  r a d i o l o g i c a l  waste disposed o f  i n  t h e  but-id1 

(SWSA-5) nor theas t  o f  t h e  DHF. T r i t i u m  has been observed i n  

groundwater sampled immediately bellow t h i s  waste b u r i a l  grtaund. For 

example, i n  1974 water  samples f rom seeps a t  t h e  bottom o f  t h e  h-"sl i  ora 

t h e  south s i d e  o f  t h e  b u r i a l  grounds conta ined 10 BqJL o f  t r i t i u  
(Duguid 1976).  

Other  than t h e  r a d i o l o g i c a l  measurements and c o l i f o r m  counts,  

t h e r e  were ins tances  where t h e  concent ra t ions  o f  barium, c ~ r o ~ ~ ~ ~ ~  and 

lead  i n  t h e  downgradient w e l l s  exceeded t h e  R C R A  maximu 
Table 13) .  The degree t o  which these concent ra t ions  ex 

was g e n e r a l l y  very  smal l :  f o r  example, t h e  concen t ra t i on  o f  ba r ium was 
1.09 mg/L and t h e  l i m i t  was 1; t h e  concen t ra t i on  of chromium was 0.08 

mg/L ( l i m i t ,  0.05); and t h e  concen t ra t i on  o f  l ead  was 0.051 mg/k (limit, 
0.05). Lead concent ra t ions  i n  mon i to r i ng  w e l l  3 were 0.08, 0.08, and 

0.09 mg/L, r e s p e c t i v e l y ,  i n  t h e  l a s t  t h r e e  quar te rs  sampled. 

9 

4.2.2 S t a t i s t i c a l l y  S i g n i f i c a n t  D i f f e rences  Between ~ ~ n ~ ~ ~ ~ i ~ ~  ~~l~~ 

S t a t i s t i c a l  a n a l y s i s  o f  t h e  water  q u a l j t y  parameters, taken as 
r e p l i c a t e  samples across t h e  f o u r  sampling quar te rs ,  showed some 
s i g n i f i c a n t  d i f f e r e n c e s  ( P  < 8.05) between mon i to r i ng  isel ls  f o r  the 

parameters analyzed (Table 1 4 ) .  However, none o f  these contaminants 
were those des ignated as pr imary  d r i n k i n g  water  c o ~ t a ~ ~ ~ ~ ~ ~ ~  i n  t h e  

NEPDWS (see Table 6 ) "  w e l l  3 ,  ac ross  t h e  f o u r  sampling quar te rs ,  
y i e l d e d  s i g n i f i c a n t l y  (P < 0.05) h ighe r  mean concent ra t ions  of 

c h l o r i d e ,  i r o n ,  manganese, and sodium than t h e  mean concent ra t ions  
determined f o r  t h e  upgrad ien t  w e l l  over  t h e  same sampling pe r iod .  Ora 
t h e  o t h e r  hand, w e l l  4 conta ined s i g n i f i c a n t l y  h i g h e r  (P 0,M) mean 
concent ra t ions  o f  gross be ta  and 90Sr than t h e  upgrad ien t  w e l l  ( I )  or  



36 

Tab le  13 .  Measured c o n c e n t r a t i o n s  i n  g roundwater  a t  t h e  O l d  H y d r o f r a c t u r e  F a c i l i t y  
impoundment t h a t  were i n  excess o f  Resource Conserva t i on  and 

Recovery A c t  (RCRA) maximum l i m i t s  f o r  g roundua te r  

Sampl ing q u a r t e r a  
R C R A  
l i m i t  Parameter U n i t  

~ 

1 2 3 4 

H e l l  1 

C o l i f o r m  b a c t e r i a  c o u n t / l 0 0  mL 
Gross a l p h a  Bq/L 
Gross b e t a  Bq/L 

l r i  t i  urn Bq/L 
9% r Bq /L  

1 
0 .55  
0 .13  
0.13 
670 

5 
BL 
4 
NO 
NO 

1 6  
2 
5 
2 
79,000 

B I- 
1 
7 
2 
75.000 

B l  
3 

2 
120.000 

Well 2 

C o l i f o r m  b a c t e r i a  count /100 rnL 
Gross a l p h a  Bq/L 
Gross b e t a  Bq/L 
Lead mg/C 
90s r Bq/L 
1 r i  t i um Ba/L 

1 
0.55 
0 .13  
0.05 
0.13 
610  

10 
BL 
2 
BL 
BL 
190.000 

BL 
B L  
2 
BL 
ND 
ND 

El  
1 
3 
0.10 
0.41 
58.000 

BL 
3 
3 
BL 
BL 
140,000 

Wel l  3 

Bar ium mg/L 
Chromium m g / l  
C o l i f o r m  b a c t e r i a  count /100 mL 
Gross a l p h a  Bq/L 
Gross b e t a  Bq/L 
Lead mg/L 

l r i  t i um Bq/L 
90s r Bq/L 

Wel l  4 

1 
0 .05  
1 
0.55 
0 .13  
0.05 
0.13 
610 

BL 
BL 
48 
I 
B 
BL 
ND 
ND 

1.09  
0.08 
BL 
1 
380 
0.08 
250 
60,000 

BL 
BL 
EL 
1 
570 
0.08 
240 
5,000 

BL 
BL 
BL 
52 
220 
0.09 
120 
21 0,000 

C o l i f o r m  b a c t e r i a  count /100 mL 
Gross a l p h a  Bq/L 
Gross b e t a  Bq/L 
9 0 ~ r  Bq/L 
1 r i  t i  urn Bq/L 

1 
0.55 
0 .13  
0 .13  
670 

18 
11 
600 
ND 
ND 

BL 
3 
1,300 
420 
33,000 

BL 
1 
2,700 
1,400 
11,000 

BL 
620 
2,700 
1,100 
14,000 

aBL = be low R C R A  groundwater l i m i t ;  ND 7 n o t  de termined 



Table 14. S i g n i f i c a n t  d i f f e r e n c e s  4n water  q u a l i t y  parameters between 
m o n i t o r i n g  we1 Is a t  t h e  Old Hydrof r a c t u r e  

F a c i l i t y  lmpoundment 

Parameter 

Concent ra t ions  i n  ~ o n ~ ~ ~ r ~ ~ g  w e l l s  1- 

1 2 3 4 

Ch lo r ide ,  mg/L 

I r o n ,  mg/L 

Gross beta,  mR/year 

Manganese, mg/L 

Sodium, mg/L 

PH 

S u l f a t e ,  mg/L 

S p e c i f i c  conductance, 
vS/cm 

90Sr,  Bq/L 

121. 

a . 7 t  

5. f  

0.2.t 

a3.t 

6.5" 

20" 

710" 

1-91. 

1 8*t  

Il"? 

21 

1 .!if 

161. 

6.4" 

1 2 t  

630" 

0.3t 

2 5" 

37" 

300t 

6 * 1 *  

39 * 
6.4" 

7 8" 

4 4 0 t  

2 0 O t  1200" 

%oncent ra t ions  a r e  s t a t i s t i c a l l y  d i f f e r e n t  (0.05 l e v e l )  between 
w e l l s  i f  they  do n o t  have s i m i l a r  s u p e r s c r i p t s  (*, t ,  S ) .  The 
s t a t i s t i c a l  comparisons were determined u s i n g  t h e  Duncan's m u l t i p l e - r a n  
t e s t  o f  t h e  GLM procedure, as o u t l i n e d  i n  SAS 1985. 

t h e  o t h e r  downgradient w e l l s  ( 2  and 3 ) .  W e l l  4 a l s o  y i e l d e d  ~ r o ~ n ~ w a ~ e r  
whose mean pH was s i g n i f i c a n t l y  lower than t h e  mean pH o f  t h e  

groundwater taken f rom t h e  o t h e r  w e l l s  (Table 1 4 ) .  I n t e r e s t i n g l y ,  t h e  

mean s p e c i f i c  c o n d u c t i v i t y  measurements f o r  w e l l s  3 and 4 were 
s i g n i f i c a n t l y  lower than those from upgrad ien t  w e l l s  1 and 2. 

4.2.3 T e s t i n g  f o r  Groundwater Contamination Usinrr I n d i c a t o r  Parameters 

As descr ibed i n  Sect. 4 . 1 . 3 ,  f o r  every sample taken f rom a 
m o n i t o r i n g  w e l l ,  each o f  t h e  i n d i c a t o r  parameters l i s t e d  5n Table 6 

must be compared w i t h  background l e v e l s  averaged from t h e  upgrad ien t  
w e l l s  over  t h e  f i r s t  f o u r  q u a r t e r s  o f  groundwater mon i to r i ng .  As was 
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t h e  case f o r  t h e  3513 data,  t h e r e  were d number o f  sampling q u a r t e r s  
where fou r  r e p l i c a t e  measurements were n o t  taken. I n  cases where o n l y  

s i n g l e  va lues were determined (denoted by I'SV" i n  Table 1 5 ) ,  
s t a t i s t i c a l  a n a l y s i s  cou ld  n o t  be performed. 

tdkec f rom t h e  u g r a d i e n t  w e l l  over  t h e  f i r s t  yea r ) ,  s i g n i f i c a n t l y  
lower  ( P  < 0.01) mean pH medsurements weye observed i n  w e l l  2 

( f o u r t h  q u a r t e r  sampling) and w e l l  4 (second and f o u r t h  sample 
q u a r t e r s ) .  Dur ing  t h e  second quar te r ,  t h e  pH measurements i n  w e l l s  1 

and 2 were s i g n i f i c a n t l y  h i g h e r  than t h e  background l e v e l  (Tab le  15) .  

Compared t o  t h e  background pt4 ( t h e  mean o f  these pH measurements 

A s  i n d i c t t e d  i n  Sect .  4.2.2, measurements o f  s p e c i f i c  conductance 

i n  groundwater taken f rom w e l l s  3 and 4 were s i g n i f i c a n t l y  lower  than 
those i n  groundwater f rom t h e  upgrad ien t  w e l l  (see Table 1 5 ) .  For  
example, measurements taken i n  t h e  second q u a r t e r  (243 and 161 pS/cm 

f o r  groundwater f rom w e l l s  3 and 4 )  were s i g n i f i c a n t l y  lower  ( P  < 0.01) 

than t h e  background l e v e l  (709 plS/cm). These measurements, l i k e  
those o f  t r i t i u m  concent ra t ions ,  i n d i c a t e  p o t e n t i a l  contarn inat ion f rom 

t h e  Jow-level r a d i o a c t i v e  waste b u r i a l  ground ( S  SA-5) upgrad ien t  and 
no r theas t  o f  t h e  OHF impoundment. 

Measurements o f  t o t a l  o rgan ic  carbon ( T O C )  v a r i e d  e r r a t i c a l l y  f rom 
p l e  p e r i o d  t o  another ;  f o r  example, i n  w e l l s  1 and 4 va lues 

s i g n i f i c a n t l y  h i g h e r  as w e l l  as  s i g n i f i c a n t l y  lower  than t h e  background 

l e v e l s  were observed (Table 15 ) .  A s i m i l a r  t r e n d  was observed i n  TBC 

measurements a t  t h e  3513 impoundment, i n d i c a t i n g  e i t h e r  a sampling 

and/or an a n a l y t i c a l  a n a l y s i s  e r r a r .  

s i g n i f i c a n t l y  h ighe r  concent ra t ions  o f  t o t a l  o rgan ic  h a l i d e s  than were 
found i n  samples taken f rom t h e  upgrad ien t  background m o n i t o r i n g  w e l l s  
(Tab le  1 5 ) .  A l l  f o u r  samples were c o l l e c t e d  i n  t h e  t h i r d  qua r te r .  
These h i g h  values on t h i s  one sampling da te  ( i f  n o t  a r e s u l t  o f  e i t h e r  

contanina-  t i o n  o f  t h e  samples o r  a p rocedura l  e r r o r  i n  t h e i r  a n a l y s i s )  
migh t  i n d i c a t e  genera l  con taminat ion  o f  t h e  groundwater w i t h  o rgan ic  
ha1 ides .  

Four samples, f rom Four d i f f e r e n t  m o n i t o r i n g  w e l l s ,  showed 



Table 1 5 .  Student‘s t - t e s t  f o r  indicators  of groundwater contamination 
a t  the Old Hydrofracture Faci3it.y impoundment 

Specif ic  
conductance Total organic To ta l  organic 

PH ( G / c m )  carbon (mg/L) ha1 ides  (mg/L) 

We1 1 Quarter Mean cancea Mean cancea Mean cancea Mean cancea 
Signi f i - Signif 5 -  Signi f i - Signi f i -  

Background 6 .4  820 4.8 0.067 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

6 - 2  
6.8 
6.4 
6.4 
6.3 
6,9 
6.4 
6.1 
6.5 
6.5 
6.5 
6 . 3  
6.2 
6.2 
5 .5  
6.1 

SV 820 
** 61 0 
NS 670 
* 820 
sv 9 60 

530 
NS 640 

650 
SV 710 
NS 240 
NS 31 0 
* 680 
SY 260 
** 160 
SV 200 

** 
** 

280 ** 

sv 3.4 
NS 7 .O 
NS 5 .2  
* 1.9 
sv 6.3 

8.3 
NS 3.2 
NS 3.3 
sv 3.2 

7.0 
8.9 

NS 3.9 
SV 2.2 

5 .? 
SV 9.0 

2.4 

* 

** 
** 

** 
** 

NS 

MS 

SV 

** 
?k* 

** 
* 
NS 
sv ** 
** 
NS 
SV * 
** 
** 

0 * 020 
0,010 
0.223 
0.013 
0.01 3 
0 * 009 
0.23 
0.044 
0.033 
0.029 
0.27 
0,061 
0,049 
0,037 
0.26 
0.069 

NS 
sv 

NS 
sv (b 

sv 

** 
w 

** 
* 
sv 
sv 

NS 
sv 
SV 

NS 

** 

** 

‘9c. 

.%? 
i 

0 

Lo 
w 

aSV = s ingle  value; N D  = not determined; MS = n o t  s ign i f i can t ;  * = s ign i f i can t  a t  %he 0.05 -4 

-I 
level ; ** = s ign i f i can t  a t  t h e  0.01 l eve l .  

of sampling (see Table  A-5 i n  t h e  Appendix). 
yl 

bWean background concen t ra t i ons  determined from upgradfent monitoring uells over four quarters 
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4.3.7 Groundwater e a s u r e ~ e n t s  T h a t L x ~ x i e d  RCRA L i m i t s  

Mean values f o r  t h e  R C R A  grsundwater -p ro lec t ion  parameters i n  
upgrad ien t  and downgradient m o n i t o r i n g  w e l l s  over  t h e  f o u r  q u a r t e r s  o f  

sample c o l l e c t i o n  a r e  presented i n  Table 1 6 .  As i n  t h e  case o f  t h e  
3513 and OilF impoundments, t h e  major  contaminants i n  groundwater 

downgradient o f  t h e  HRE impoundment appear t o  be a lpha and be ta  
rad ionuc l i des .  Wean counts o f  c o l i f o r m  b a c t e r i a  i n  downgradient as 
w e l l  8 s  i n  upgrad ien t  w e l l s  a r e  a l s o  i a p  excess o f  d r i n k i n g  water  
s tandards.  It i s  n o t  c l e a r  why excess ive counts o f  c o l i f o r m  b a c t e r i a  

a re  p resent  i n  upgrad ien t  w e l l s .  
t h e  3513 and OHF impoundments (see Tables 7 and 1 2 ) .  Inlaterfowl, as 
w e l l  as muskrat and woodchucks, a r e  known t o  i n h a b i t  t h e  ponds and 

a d j o i n i n g  areas and most l i k e l y  c o n t r i b u t e  t o  t h e  b a c t e r i a  counts i n  

downgradient w e l l s ,  b u t  t h e i r  presence should n o t  have a major  impact 
on upgrad ien t  w e l l s .  

found t o  exceed t h e  d r i n k i n g  water  s tandard (<0.065 a s  compared w i t h  

t h e  ' i i rnj t  o f  0.05 rng/L); however, t h i s  i s  an a r t i f a c t  r e s u l t i n g  f rom 
t h e  a n a l y t i c a l  d e t e c t i o n  l e v e l s  be ing  i n  excess  o f  t h e  d r i n k i n g  water  

l i m i i t .  For  example, Table 8 shows t h a t  t h e  d e t e c t i o n  l i m i t  f o r  t h e  

second q u a r t e r  sample f rom m o n i t o r i n g  w e l l  I was 0.2 mg/b. I f  t h i s  
va lue  i s  de le ted  f rom t h e  da ta  s e t ,  t h e  mean chromiu concen t ra t i on  i n  
t h e  upgrad ien t  w e l l s  i s  0.0203 mg/L (see Tab le  A-4 i n  t h e  Appendix). 
s i m i l a r  r e l a t i o n s h i p  e x i s t s  for  s i l v e r .  For  example, t h e  rn 
concen t ra t i on  f o r  s i l v e r  i n  t h e  downgradient w e l l s  was -4.0645 mg/L i f  

a l l  measured va lues were used and t h e  a n a l y t i c a l  d e t e c t i o n  l e v e l  was 
used as an est imate  f o r  t h a t  va lue.  The a n a l y t i c a l  d e t e c t i o n  l e v e l  f o r  
s i l v e r  f o r  many samples was 0,07 rn /L, and i n  one case t h e  d e t e c t i o n  
l e v e l  was as h i g h  as 0.42 (Tab le  8 ) .  When those d e t e c t i o n  l e v e l s  i n  
excess o f  t h e  WCWA d r i n k i n g  water  l i m i t  a r e  d e l e t e d  f rom t h e  da ta  s e t ,  

ean value f o r  s i l v e r  i n  t h e  downgradient w e l l s  over  t h e  f a u r  

S i m i l a r  h i g h  counts were observed i n  

The mean concen t ra t i on  o f  chromium i n  t h e  upgrad ien t  wells was 

A 

quar te rs  o f  sampling i s  <0.007 m g / i  (see Table A-4 i n  t h e  Appendix). 



Table 1 6 .  Mean groundwater c o n c e n t r a t i o n s  medsurerl i n  m o n i t o r i n g  w e l l s  
a t  t h e  Homogeneous Reactor  Exper iment No. 2 impoundment 

Pa ramete r a  

Measureda 
- - --.--I---__ Maximum l e v e l  

a l l o w e d a * b  Upgrad ien t  Down$ r a  d j e n t  

N a t i o n a l  I n t e r i m  Pr imary  O r i n k i n g  Water Standards (NIPDWS) 

Arsen ic  0.05 <O.  0028 10 .0044 
Bar ium 1 10.30 10.14 
Cadmi urn 0.01 <O 0006 <0.0010 
Chromium 0.05 <O.ObS <O.Q31 
C o l i f o r m  b a c t e r i a ,  count/100 mL 1 3.0 3 . 3  
Endr in  0 0007 <O .0002 <o. 0002 
F l u o r i d e  1 4-2.4 < 1  . o  < I  0 

Gross a lpha,  Bq/L 
Gross be ta ,  8q/L 
Lead 
Lindane 
Mercury 
Methoxych 1 o r  
226Ra, Bq/L 
Sel e n i  um 
S i  1 v e r  
Toxaphene 
2,4,5-TP S i l v e x  
2,4-D 

C h l o r i d e  
I r o n  
Ma n gan e s e 
Phenols 
Sod i urn 
S u l f a t e  

0.55b 
0.13c 
0.05 
0.004 
0.002 
0 . 1  
0.19 
0 .01  
0.05 
0.005 
0.01 
0 .1  

4.0 
3.9 
(0.022 
<O . 001 4 
<o. 0001 
<O .0043 
10.0063 
<O.  0033 
<O. 035 
<0.0035 
<0.0075 
<.0.007S 

- Parameters es tab1 i s h i n g  groundwater q u a - f i y  

NO 
NO 
ND 
NO 
ND 
ND 

8.5 
1 . 9  
0.13 
< O .  001 B 
6 .3  
46. 

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

PH NO 
S p e c i f i c  conductance, vS/cm NO 
T o t a l  o rgan ic  carbon ND 
T o t a l  o rgan ic  h a l i d e s  ND 

D isso lved  oxygen 
N i c k e l d  
P o l y c h l o r i n a t e d  b i p h e n y l s  (PCBs) 
9%r, B ~ / L  
Temperature, " C  
I r i t i u m ,  Bq /L  
Zincd 

Nonregu 1 a t e d  parameters 

1 
ND 
NO 
5 
ND 
0.13c 
ND 
b l o c  
5 

6.8 
500 
5.0 
0.10 

co.02 
0 .13  
4.2 
<o.  Ob 
0.0001 
0.17 
18 
1 2  
<o .02 

<22 
380 
<O. @sa 
<o.ooa/l 
<o. 0001 
<2.5 
i o .  053 
4 . 0 0 3 3  
<O "06 
< O .  0039 
10 IO075 
<O. 0075 

5 . 5  
24 
4.5 
0.0012 
14. 
44. 

6 . 7  
590 
3.7 
0.06 

<O .04 
0.48 
4.5 
<0.1 I 
0.0001 
130 
17 
190 
0.OB 

aConcent ra t ions  a r e  i n  mg/L un less  o the rw ise  s t a t e d .  
bND = maximum l e v e l  f o r  t h a t  parameter n o t  d e f i n e d .  
CLeve l  o f  a c t i v i t y  necessary t o  g i v e  a t o t a l  body dose o f  4 mR/year t o  a person 

d r i n k i n g  2.2 L o f  wa te r  p e r  day f o r  a yea r .  
dHazardous substdnce g u i d e l i n e s  issued by t h e  S t a t e  O F  Tennessee ( L .  U. Gregory.  

D i v i s i o n  o f  S o l i d  Waste Management, Department o f  H e a l t h  and Environment,  S t a t e  o f  
Tennessee, persona l  communication, 1985).  



easurenents i n  groundwater sampled f rom t h e  HRE monitor- ing 
w e l l s  t h a t  w e w  found t o  be i n  excess o f  t h e  RCWA mixirnis 
groundw?.ter a r e  l i s t e d  i n  S-able 17. A s  mentioned above, t h e  p r i n c i p a l  

parameters i n  excess o f  t h e  l i m i t s  a r e  rad ionuc l i des  and counts for 

c o l i f o r m  b a c t e r i a .  There  were a few ins tances  where concen t ra t i ons  of 

barium, lead, chromium, and n i t r a t e  exceeded t h e  l i m i t s ;  however, those 
i ns tances  were few and t h e  degree o f  excess $+as g e n e r a l l y  q u i t e  smal l .  

4.3.2 SJat is t i ca l l y  S i g n i f i c a n t  D i f fs rewces Betwean M o n i t o r i n g  kle?ls 

Cowpari sons o f  RCWA groundwater parameters between m o n i t o r i n g  
w e l l s  revea led  5ome s i g n i f i c a n t  d i f f e r e n c e s  ( P  0.05) between w e l l s  

(Table 18) .  W e l l  2 appears t o  be i n  t h e  path  o f  "St- l each ing  f rom 
t h e  impoundment (e.g., t h e  mean concen t ra t i on  over  t h e  Four qua r te rs  o f  
sample c o l l e c t i o n  was 370 8q/b as compsred w i t h  28 8g/L f o r  w e l l  4 and 
0.2 f o r  t h e  upgrad ien t  w e l l ) .  The mean concen t ra t i ons  o f  t r i t i u m  
measured i n  groundwater f rom w e l l s  2 and 3 were s i g n i f i c a n t l y  h i g h e r  
( P  < 0.05) t han  those measured i n  wells 1 and 3. The mean t r i t i u m  

concen t ra t i on  measured i n  groundwater from ralell 3 (390  BqbL) was a l s o  

s i g n i f i c a n t l y  h i g h e r  ( P  < 0.05) than t h d t  measured f rom w e l l  2 
(170 %aql /L) .  Me11 3 a l s o  showed t h e  h i g h e s t  concen t ra t i on  o f  sodium 

( T a b l e  18) .  The mean c h l o r i d e  l e v e l  measured i n  groundwater f rom w e l l  
1 ( t h e  upgrad ien t  well) was s i g n i f i c a n t l y  h ighe r  ( P  < 0.05) than those 

measured i n  groundwater f rom w e l l s  3 o r  4, b u t  s i m i l a r  t o  t h a t  measured 
i n  w e l l  2 groundwater. 

4 . 3 . 3  TeTejrsg f o r  Groundwater Contamination Using I n d i c a t o r  Parameters 

A s  descr ibed i n  S e c t .  4.1.3, f o r  every sample taken From a 
m o n i t o r i n g  w e l l ,  each o f  t h e  i n d i c a t o r  parameters l i s t e d  i n  Table 6 had 

t a  be compared w i t h  background l e v e l s  o f  these parameters i n  

groundwater f rom t h e  upgrad ien t  w e l l s ,  averaged over  the  f i r s t  f o u r  
qua r te rs  o f  groundwater mon i to r i ng .  A5 was t h e  case f o r  t h e  3513 and 

OHF groundwater- monitoring data,  f o u r  r e p l i c a t e  measurements were  n o t  
taken i n  a number o f  sampling quar te rs .  Where o n l y  s i n g l e  va lues were 
determined (denoted by " S V "  i n  Table 19) ,  s t a t i s t i c a l  analysis cou ld  
n o t  be performed. 

than t h e  background saniples (Table 1 9 ) .  Two o f  t h e  samples were f rom 
Four groundwater samples were s i g n i f i c a n t l y  lower  ( P  < 0.05) i n  pH 



T a b l e  1 7 .  Measured c o n c e n t r a t i o n s  i n  g r o u n d w a t e r  a t  t h e  Homogeneous R e a c t o r  Experiment 
No. 2 impoundment t h a t  were  i n  e x c e s s  of  Resource  C o n s e r v a t i o n  and 

Recovery  A c t  (HCRA) maximum l i m i t s  f o r  g r o u n d w a t e r  

Parameter  
RCRA -. 

U n i t  1 i m i  t 

Samp l ing  q u a r t e r a  
----1___ ..-. . . . . .. .. 
1 2 3 4 

W e l l  1 

C o l i f o r m  b a c t e r i a  c o u n t / 1 0 0  m t  
Gross  a l p h a  Bq/L 
Gross b e t a  Bq/L 
Lead mg/ l  
N i  t r a t e - N  mg/L 

W e l l  2 

C o l i f o r m  b a c t e r i a  coun t /100  mL 
E n d r i n  
Gross a l p h a  
Gross b e t a  
22613, 
90s I' 

W e l l  3 

Bar ium 
Col i f  orm b a c t e r i a  
Gross a l p h a  
Gross b e t a  
Lead 
90s f 
ToxaDhene 

W e l l  4 

Bd r iun i  
Chromium 
Co 1 i f o r m  bac t e r i a 
Gross a l p h a  
Gross b e t a  
9 0 ~ r  

mg / 1. 
Bq/L 
Bq/L 
Bq/L 
Bq/L 

mg / L 
c o u n t / 1 0 0  mL 
8q /L  
Bq/l. 
Eq/L 
B q / L  
mg/L 

mg/L 
mg / I_ 
coun t /100  mL 
Bq/L 
nq/L 
Bq/L 

1 
0 .55  
0 .13  
0.05 
10 

1 
0.0002 
0.55 
0 .13  
0 .185 
0 . 1 3  

1 
7 
0 .55  
0.13 
0.05 
0.13 
0 .005 

1 
0.05 
1 
0 .55  
0 .13  
0.13 

8 
1 
10 
0.01 
24 

30 
0 .0008  
6 
720 
0 .33  
N D ~  

7 

1 
24 
0.09 
NU 
0.005 

aL 

2 . 1  
BL 
EL 
24 
YO0 
NU 

4 
1 
4 
BL 
BL  

8 I_ 
8 I. 
6 
950 
E l  
540 

BI 
2 
81. 
4 
8 1. 
1 . 3  
H L  

BL 
0 .06  
b 

210 
1 

n i  

81 a a i  
8 i. 9 
1 1 
BL BL 
B I_ BL 

BL 2 
EL SL 
8 1- 200 
81 a 840 
8 1. BL 
140 430 

BC BL 
nL €3 i. 
BL 2 
2 1 
8L BL 
B I. R L  
8 i~ R L  

BL 61 
8 I. RL 
B i  8 I_ 
BI D I. 
65 61 
50 32 

- 

aBL be low R C R A  g roundwate r  l i m i t ;  N O  = n o t  d e t e r m i n e d .  



T a b l e  18. S i g n i f i c a n t  d i f f e r e n c e s  i n  water  q u a l i t y  parameters between 
m o n i t o r i n g  k;tellls a t  t h e  Homogeneous Reactor  

Exper iaent  No. 2 impoundment 

Concentrat ions i n  moni t o r i  nq we1 1 s 1-4" 

Parameter 1 2 3 4 

Chlor ide ,  mg/L 8.5* 7 .  m*p 4 . 6 t  4.6-f  

Tr i t i u i i i ,  Dq/L 12s 170t  39Q* 249 

Sodium, m g J L  6 . 3 t  12-f. 2 5* 5.8f 

PH 5 8h.F 6 . 6 t  6 . 7 * t  6.9* 

S u l f a t e ,  mg/L 46" t 57*  41 I" 351. 

%r, aq/L 0.21. 370" 0 . 5 t  2 8 t  

Temperature, "6 18" 17"f 16+ 17*p 

aConcentrat ions a re  s t a t i s t i c a l  1 y d i f f e r e n t  (0.05 l e v e l  3 between 
w e l l s  i f  they  do n o t  have simS'8ar s u p e r s c r i p t s  (*, t ,  5). The 
s t a t i s t i c a l  comparisons were determined us ing  t h e  nuncan's rnu l t ip le - range 
t e s t  o f  the  GL procedure as o u t l i n e d  i n  SAS 1985. 

w e l l  2 ( t h i r d  and f o u r t h  qua r te rs ) ,  and t h e  remain ing t w o  samples were 

tdken f rom wells 3 and 4 i n  the  f o u r t h  q u a r t e r  o f  sampling. There 

seemed t o  be cons iderab le  v a r i a t i o n  i n  s p e c i f i c  conductance 

measui-ernents. For example, s i g n i f i c a n t l y  sma l le r  as well as 

s i g n i f i c a n t l y  l a r g e r  values were observed i n  samples From t h e  same w e l l  
over  t h e  f o u r  qua r te rs  o f  sample c o l l e c t i o n .  There does n o t  seem t o  be 

a p a t t e r n  w i t h  respec t  t o  t-ime, F o r  example, w e l l  2 showed lower 
s p e c i f i c  conductance measurements i n  t h e  f o u r t h  q u a r t e r  r e l a t i v e  t o  
those measured d u r i n g  t h e  secand and t h i r d  q u a r t e r .  Well  3, on t h e  
o t h e r  hand, revealed s i g n i f i c a n t l y  lower  measurements than t h e  
background i n  t h e  second quar te r  of sampling, and i n  t h e  t h i r d  and 
f o u r t h  q u a r t e r  had measurements t h a t    ere s i g n i f i c a n t l y  h i g h e r  than t h e  
background measurements ( T a b l e  19) .  
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The t o t a l  o rgan ic  carbon ( T N )  i n  ~ o ~ ~ ~ ~ a ~ ~ e ~ t  weP’is appeare 
be g e n e r a l l y  lower  than  t h e  background measurements. 

t h r e e  o f  t h e  f o u r  s i g n i f i c a n t  d i f f e r e n c e s  observed between t h e  

measurements i n  groundwater downgradient f rom t h e  ~ m ~ o ~ n ~ m ~ ~ t  conta ined 
lawer  r a t h e r  than h i g h e r  TQC l e v e l s .  I n  one ins tance,  i n  w e l l  3 (where 

t h e  sample was taken t h e  second q u a r t e r )  t h e r e  was an increase i n  T 
i n  groundwater downgradient f rom t h e  impoundment. 

con ten t  t h a t  was s i g n i f i c a n t l y  h i g h e r  (P < 0.01) than t h a t  measured i n  

t h e  background samples. This  sample was taken f r o m  we71 2 dur ing  the  
f i r s t  q u a r t e r  o f  sampling (Tab le  1 9 ) .  
a t  l a t e r  dates showed a mean concen t ra t i on  o f  TQX l e s s  than oi-ie-fwrth 

o f  t h a t  measured t h e  f i r s t  q u a r t e r .  

For example, 

Only one groundwater sample showed a t o t a l  o rgan ic  h a l i d e  ( T O X )  

Samples taken f r o m  t h e  same w e l l  



Table 1 9 .  Studen t ' s  t - t e s t  f o r  i n d i c a t o r s  o f  groundwater contaminat ion  a t  t h e  
Homogeneous Reactor Experiment No. 2 impoundment 

S p e c i f i c  
conductance T o t a l  o rgan ic  T o t a l  o rgan ic  

PH ( W c m )  carbon (rng/L) ha l i des  (rng/L) 

We1 1 Quar te r  Mean cancea Mean cancea Mean cancea Mean cancea 
S i g n i  f i - S i g n - i f i  - S i g n i  f i - S ignSf i -  

Backg roundb 

1 
2 
3 
4 
'I 
2 
3 
4 
1 
2 
3 
4 
7 
2 
3 
4 

5.8 

6.8 
6.9 
5.7 
5.7 
6 . 1  
6 . 3  
6.5 
6.5 
6.9 
6.6 
6.9 
6 .5  
6.7 
6.6 
7 . 5  
6.6 

500 

sv 640 
NS 520 
NS 440 
NS 520 
sv 7 20 
NS 7 20 
** 7 20 
** 240 
su 7 30 
NS 290 
NS 7 50 
** 7 30 
SV 630 
* 560 
NS 61 0 

580 ** 

sv 
N S  
NS 
NS 
SV ** 
** 
** 
sw ** 
** 
** 
sw 
NS ** 
* 

5.0 

2.9  
6 . 5  
8.3  
0.71 
2 . 3  
5.9 
4.5 
0 . 9 5  
2 .1  
8 . 2  
3 . 4  
0 . 8 3  
0.24 
6.1 
2 . 1  
1 . O  

SV 
NS ** 
** 
SV 
NS 
RIS 

sv 

NS 

sv 
NS 

** 
** 
** 

* 
** 

0.10 

0.540 
0.014 
0.086 
0.023 
0.410 
0.015 
0.075 
0.029 
0 . 3 6  
0.013 
0.029 
0.024 

0,006 
0.023 
0.016 

sv 
SV 
NS 
NS 

SW 
NS 
NS 
sv 
sv 
NS 
N S 

** 

SV 
NS 
NS 

= s i n g l e  value; WD = n o t  determined; NS = n o t  s i g n i f i c a n t ;  * = s i g n i f i c a n t  a t  t h e  0.05 
l e v e l .  ** = s- igni f icant a t  the  0.01 l e v e l .  

o f  sampling, see  Table A 5  o f  Appendix A .  
h e a n  background concent ra t ions  determined from upgrad ien t  mon i to r i ng  w e l l s  over  f o u r  quar te rs  
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As one would expect, the contaminants t h a t  most o f t e n  were found t o  
impact groundwater q u a l i t y  a t  a l l  t h r e e  waste i f f l p o ~ ~ d ~ ~ ~ t ~  were 
r a d i o n u c l i d e s .  The mean concen t ra t i ons  o f  gross b e t s  a c t j v i t y  i n  the 

groundwater f rom downgradient w e l l s  exceeded t h e  d r i n k i n g  water  l i m i t s  o f  
4 mR/year a t  a l l  t h r e e  s i t e s .  A t  t h e  3513 and OHF i ~ ~ ~ ~ n ~ ~ e ~ ~ ~ s ,  t h i s  
l i m i t  ( 4  mR/year, assuming a person d r i n k s  2.2 L o f  water  p e r  day f o r  a 
year )  was exceeded by concen t ra t i ons  o f  e i t h e r  gost- 01- t r i t i u m .  A t  t h e  
HRE impoundment, t h e  l i m i t  was exceeded o n l y  by t h e  l e v e l  of ’ 
groundwater. The mean concen t ra t i ons  s f  a lpha a c t i v i t y  i n  the 

downgradient groundwater a l s a  exceeded d r i n k i n g  water  standards a t  a l l  
t h r e e  impoundments, The mean counts o f  c o l i f o r m  b a c t e r i a  i n  downgradient 
and upgrad ien t  m o n i t o r i n g  w e l l s  a t  a l l  impoundments were i n  excess o f  t he  
RCRA d r i n k i n g  water  s tandards.  The source o f  t h e  b a c t e r i a  i n  t h e  

groundwater has n o t  been i d e n t i f i e d  b u t  i s  assumed t o  be t h e  excrement o f  
water fowl  and animals  such as woodchuck and muskrat  t h a t  i n h a b i t  t h e  areas.  

A t  t h e  3513 impoundment, t h e r e  i s  s u b s t a n t i a l  evidence t h a t  t he  

downgradient groundwater has been contaminated by chromium and lead  and 
p o s s i b l y  by halogenated organ ic  compounds. 

o f  t h e  3513 impoundment i s  be l i eved  t o  be s t r o n g l y  impacted by t h e  
l each ing  o f  c o n s t i t u e n t s  f rom l e a k i n g  underground waste l i n e s  o r  t h e  3524 

waste h o l d i n g  bas in  l o c a t e d  -25 rn t o  t h e  nor thwest  o f  t 

Groundwater q u a l i t y  upgrad ien t  

impoundment. The 3524 bas in  i s  p r e s e n t l y  be ing  used t o  s t o r e  l a b o r a t o r y  
wastewater e f f l u e n t  b e f o r e  t rea tmen t  a t  t h e  process waste t rea tmen t  

p l a n t .  
s p e c i f i c  c o n d u c t i v i t y  and s u l f a t e  i n  groundwater from upgrad ien t  wells 
than  f rom downgradient w e l l s  a t  3513. 

A t  t h e  OHF impoundment, l ead  concen t ra t i ons  o f  0.08, 0.08, and 
0.09 mg/L were observed i n  groundwater samples ( taken  t h e  second, t h i r d ,  
and f o u r t h  qua r te r ,  r e s p e c t i v e l y )  f rom one o f  t h e  ~ ~ ~ ~ g ~ a d i e n ~  rnonl tsr ing 
w e l l s .  These va lues a r e  s l i g h t l y  i n  excess o f  t h e  R C R A  l i m i t  f o r  
groundwater (0.05 mg/L). A l ead  concen t ra t i on  o f  0.10 mg/t  was a l s o  
observed i n  a groundwater sample taken f rom one o f  t he  o t h e r  

m o n i t o r i n g  w e l l s ,  i n d i c a t i n g  p o s s i b l e  contaminat ion  by l ead .  The h i g h  

I n d i c a t i o n s  o f  impact  by t h e  3524 bas in  a r e  h i g h e r  ~ $ ~ ~ u r ~ ~ ~ n ~ s  of  



mean concen t ra t i on  o f  t r i t i u m  measured i n  t h e  upgrad ien t  w e l l  (-91,000 
as cornpdred w i t h  t h e  80,008 Wq/i i n  t h e  downgradient w e l l s )  i n d i c a t e s  t h a t  

groundwater q u a l i t y  has been a f f e c t e d  by r a d i o a c t i v e  wastes b u r i e d  i n  t h e  
low-levt?l r a d i o a c t i v e  waste b u r i a l  ground (SWSA-5) upgrad ien t  o f  t h e  
impoundment, Another i n d i c a t i o n  t h a t  t h i s  b u r i a l  s i t e  i s  a f f e c t i n g  water  

q u a l i t y  a t  t h e  OHF impoundment i s  t h e  s i g n i f i c a n t l y  ( P  < 0.01) h i g h e r  
readings f o r  s p e c i f i c  conductance i n  t h e  upgrad ien t  w e l l  as compared w i t h  
t h e  downgradient we1 

Two groundwater 

h e r b i c i d e s  i n  excess 

o f  sample c o l l e c t i o n  

concen t ra t i on  o f  0.0 

S .  

samples a t  t h e  HRE s i t e  conta ined l e v e l s  o f  

o f  t h e  R C R A  l i m i t .  For  example, i n  t h e  f i r s t  q u a r t e r  

Endr in  was measured i n  groundwater f rom w e l l  2 a t  a 

08 mg/L ( s l i g h t l y  h i g h e r  than t h e  0.0002 mg/L 
l i m i t ) .  Toxaphene was a l s o  found d u r i n g  t h e  f i r s t  q u a r t e r  i n  w e l l  3 t o  be 
a t  t h e  R C R A  l i m i t  o f  0.005 mg/L. This  i s  t h e  f i r s t  i ns tance  o f  d e t e c t i o n  
o f  h e r b i c i d e s  o r  p e s t i c i d e s  i n  groundwater a t  any o f  t h e  t h r e e  

impoundments i n  concent ra t ions  i n  excess o f  t h e  R C R A  l i m i t s .  There i s  a 

record  o f  sodium bo ra te  be ing  added t o  k i l l  weeds d u r i n g  b a c k f i l l i n g  o f  

t h e  H R E  impoundment ( S t a n s f i e l d  and F ranc i s  1 9 8 6 ~ ) ~  b u t  t h e r e  i s  no record  
o f  t h e  use  o f  Endr in  o r  Toxaphene. These compounds were n o t  de tec ted  i n  
any o f  t h e  groundwater samples taken a t  l a t e r  dates.  

chromium were de tec ted  a t  l e v e l s  i n  excess o f  t h e  R C R A  maximum l i m i t .  
However, none o f  these meta ls  were i n  excess o f  t h e  l i m i t  RIOR than t w i c e  
over  t h e  f o u r  qua r te rs  o f  sampling ( 4  w e l l s  x 4 sample p e r i o d s ) ,  and i n  no 

case was an excess observed t w i c e  i n  t h e  same w e l l .  S t a t i s t i c a l  analyses, 
i n  which sample quar te rs  were used as r e p l i c a t e  analyses, revealed no 
s t a t i r t i c a l  d i f f e r e n c e s  between mon i to r i ng  w e l l s  f o r  t h e  R C R A  parameters 

f o r  which l i m i t s  have been s e t  ( t h e  pr imary  d r i n k i n g  water  s tandards) .  
The except ion  was gross be ta  measurements a t  bo th  t h e  3513 and OHF 

impoundments. 

There were a l s o  ins tances  a t  a l l  t h r e e  s i t e s  where lead,  barium, and 

Testing f o r  groundwater contaminat ion,  us ing  t h e  i n d i c a t o r  parameters 

o u t l i n e d  i n  T i t l e  40, CFW (Subpar t  F, Groundwater P ro tec t i on ,  para.  
265.92),  d i sc losed  s t a t i s t i c a l l y  s i g n i f i c a n t  con taminat ion  a t  a l l  t h r e e  

s i t e s .  Th is  t e s t i n g  procedure i s  t h e  one p resc r ibed  by USEPA t o  determine 
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S f  t h e r e  i s  an i n d i c a t i o n  o f  groundwater contaminat ion  a t  RC 
s i t e s .  The procedure i n v o l v e s  a comparison o f  pH, s p e c i f i c  conductance, 
t o t a l  organ ic  carbon, and t o t a l  o rgan ic  h a l i d e s  concen t ra t i ons  a t  each o f  
t h e  w e l l s  a t  a s p e c i f i c  sample t i m e  w i t h  t h e  i n i t i a l  background l e v e l s  
taken from t h e  upgrad ien t  well over  f o u r  q u a r t e r s  o f  sample c o l l e c t i o n .  
The S tuden t ' s  t - t e s t  a t  t h e  0.01 l e v e l  o f  s i g n i f i c a n c e  i s  used t o  
determine s t a t i s t i c a l l y  s i g n i f i c a n t  increases (and decreases, i n  t h e  case 
o f  pH) over  i n i t i a l  background l e v e l s .  
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