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ABSTRACT 

STANSFIELD, R, G., and C. W .  F R A N C I S ,  1986. Characterization 
p l a n  for the waste holding basin (35’83 Impoundment). 
ORNL/?M-9969. Oak Ridge Nstjcsnal Laboratory, Oak Rldge ,  

U. 

fully w 

Tennessee. 56 p p .  

S. ~ e p a r ~ . ~ ~ n t  of  Energy ( M E )  

t h  a l l  f e d e r a l  and s t a t e  re 

facjlities are required to comply 

ations. In response t o  this 

requi remeaat, t h e  Oak ational  lab^^^^^^^ ( Q R N I L )  has established 

have been conducted and have resulted in residual contamination a f  

facilities Q T  the environment. @ne a f  the o b j e c t i v e s  o f  t h i s  program 

is to define the extent of conta ination a t  these sites, The i n t e n t  i s  

t o  ~ ~ o c ~ ~ ~ ~ ~  the known ~ ~ ~ i ~ ~ ~ ~ e n t a ~  characteristics o f  t he  sites and 

identify the additional actions, such as samp?ing, analytical 

measurements, and mode l ing ,  necessary t o  ~Q~~~~~ ~ ~ ~ t a ~ ~ ~ a t ~ ~ ~  and the 

possible migration o f  ~ ~ ~ ~ a ~ ~ n a n ~ s  f r o  the sites, One of t h e s e  sites 

is the  waste h o l d i n g  barjin (3513 impoundment). 

The 3513 impoundment i s  an unlined waste settling basin 

constructed in 1944 for collection o f  OR L wastewater before i t s  

discharge i n t o  White Oak Creek. 

1976 when a new process waste treatment p l a n t  came into operation, 

Considerable site-specific environmental information has been developed 

Operation o f  the facility ceased in 

over the years relative t o  the type and quantities o f  radionuclides and 

hazardous substances contained in t h e  pond water and sediment. The 

concentrations and patterns of  distribution for many of t h e  

ix 



rad ionuc l i des  i n  t h e  aqua t i c  b i o t a  as w e l l  as  f o r  t h e  t e r r e s t r i a l  

p l a n t s  growing on t h e  berm o f  t h e  impoundment have been determined 

byDOE e c o l o g i c a l  s tud ies .  Recent ly ,  some da ta  were c o l l e c t e d  t h a t  

eva lua te  t h e  e x t e n t  o f  contaminant movement t o  t h e  groundwater. 

Resu l ts  f r o m  these  s tud ies  a r e  su a r i z e d  i n  t h i s  r e p o r t .  A l s o  

i nc luded  i n  t h i s  r e p o r t  i s  ana o u t l i n e  o f  a d d i t i o n a l  t a s k s  needed t o  

o b t a i n  t h e  necessary i n f o r m a t i o n  t o  mudel t h e  t r a n s p o r t  and dose 

pathways o f  hazardous substances f rom t he  s i t e .  

X 



1 .  INTRODUCTION 

U ,  S .  Department of Energy (DOC) f a c l l i t i e s  a r e  r e q u i r e d  t o  comply 

f u l l y  w i t h  a l l  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  an 

a p p l i c a t i o n  t o  t h e  U. 5. Envi ronmenla l  P r o t e c t i o n  Agency (USEPA) by t h e  

idge Watiebniall Labora tory  (ORNL; f a r  a p e r m i t  t o  opera te  a 

hazardous waste  s torage f a c i l i t y ,  the USEPA has r e q u i r e d  ORNL t o  comply 

w i t h  t h e  3004 (u) p r o v i s i o n  o f  t h e  1984 Hamrdous and S o l i d  Waste 

A m e n d ~ ~ ~ n t  o f  the r e a u t h o r i z a t i o n  o f  t h e  Resource Conservat ion and 

Recovery Ac t  ( e r  these r e g u l a t i o n s  t h e  Permi t tee  i s  r e q u i r e d  

t o  i d e n t i f y  and c h a r a c t e r i z e  a l l  s o l i d  waste management u n i t s  c u r r e n t l y  

o r  p r e v i o u s l y  l oca ted  w i t h i n  ORNL's boundary. The i n t e n t  o f  t h i s  

r e g u l a t i o n  i s  t o  d e t e r  i n e  whether a p r i o r  o r  c o n t i n u i n g  re lease  of 

hazardoul; m s t e  o r  hazardous c o n s t i t u e n t s  have occur red  and/or t o  

c h a r a c t e r i z e  t h e  na tu re  and e x t e n t  of  t h e  releases. 

One o f  t h e  f a c i l i t i e s  t h a t  may pose an undue r i s k  t o  h e a l t h ,  

sa fe ty ,  and environment as a r e s u l t  o f  the m i g r a t i o n  o f  hazardous 

substances t o  groundwater i s  t h e  Old Mydro fac ture  F a c i l i t y  ( O H F ) .  T h i s  

r e p o r t  documents t h e  existing envi ronmenta l  i n f o r m d t i o n  on t h e  3513 

impoundment and d e f i n e s  a d d i t i o n a l  a c t i o n s ,  such as t h e  i n s t a l l a t i o n  of 

~ ~ ~ i ~ ~ ~ i ~ g  w e l l s ,  c o l l e c t i o n  o f  samples, and a n a l y t i c a l  measurements, 

r e q u i r e d  t o  c o n f i r m  contaminat ion  and t h e  p o s s i b l e  m i g r a t i o n  of  

contaminants f rom t h e  s i t e .  A lso  i r i c luded a re  d e s c r i p t i o n s  and 

es t imated cos ts  o f  a c t i v i t i e s  r e q u i r e d  to c o l l e c t  a d d i t i o n a l  geo log ic  

and h y d r o l o g i c  i n f o r m a t i o n  necessary t o  model t h e  s i t e  performance. 
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2. DESCRIPTION OF THE FACILITY 

The 3513 impoundment a t  ORNL is located on the north side o f  

westward-flowing White Oak Creek between Building 3544 on the west and 

two smaller impoundments, 3539 and 3540, on the east (see Fig. 1). On 

the north side lies Basin 3524 which, like the two smaller impoundments 

on the east side, is a part o f  the ORNL process waste system. Figure 2 

is a photograph looking northward f r om south o f  White Oak Creek, with 

the 3513 impoundment in the center, the 3539 and 3540 basins on the 

right, and t h e  3524 basin i n  the upper left portion of the figure. 

Groundwater monitoring wells were installed in January 1985 f o r  the  

3513 i ~ p o u n d ~ e n ~  and in the fall of 1985 for the other three 

facilities. Impoundment 3513 is positioned such that groundwater at 

this facility might well be influenced by the other three impoundments. 

P ~ U N D ~ € N l  CONSTRUCTION 

The unlined impoundment was constructed in 1911 to serve as a 

settling basin for laboratory wastewater before its discharge into 

adjacent White Oak Creek. The impoundment was constructed by 

excavating into the clay soil overlying the limestone bedrock at t h e  

site. No lining was added t a  the facility. Dimensions of the 

impoundment at normal water-level elevation E237 (378 ft)] are 

approximately 47 x 67 rn (220 x 220 f t ) ,  sloping to 61 x 61 rn 

(200 x 200 ft) at the bottom, The bottom elevation o f  t h e  north end of 

the impoundment [approximately 235 ~ s l  ( 7 1 2  f t ) ]  is approximalely 0.3 m 

(1 ft) lower than the south end (Stansfield and Francis 1986). Inflow 

t o  the impoundment was by five waste lines emptying into the north 
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Fig .  1 .  Location o f  3513 impoundment within ORNL. 
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Fig.  2. Photograph taken looking northward wi th  3513 impoundment i n  
the  center and White Oak Creek v i s i b l e  i n  t h e  lower l e f t .  
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s ide ,  w h i l e  o u t f l o w  was th rough a l i k e  number o f  l i n e s  on t h e  south  

s ide .  Employing t h e  above dimensions and water  l e v e l ,  a normal s to rage 
3 3  c a p a c i t y  o f  approx imate ly  7.1 x 10  m (1,880,000 g a l )  o f  water  and 

sediment has been c a l c u l a t e d  f o r  t h e  impoundment ( S t a n s f i e l d  and 

F ranc i s  1986). 

2.2. IMPOUNDMENT OPERATION 

Opera t ion  o f  t h e  f a c i l i t y  ceased i n  1976 when a new process waste 

t rea tmen t  p l a n t  came i n t o  ope ra t i on .  From 1944 u n t i l  1949, t h e  

impoundment rece ived supernatan t  f rom t h e  Gun i te  tanks  i n  which most o f  

t h e  r a d i o a c t i v e  chemical waste a t  ORNL was c o l l e c t e d .  F l y  ash and soda 

l i m e  were added t o  t h e  impoundment water  t o  p r e c i p i t a t e  t h e  major  

p o r t i o n  o f  r a d i o n u c l i d e s  be fo re  r e l e a s i n g  t h e  water  t o  White Oak 

Creek. Other  waste streams rou ted  t o  t h e  impoundment d u r i n g  i t s  

s e r v i c e  years cons is ted  o f  wastes f rom l a b o r a t o r y  f l o o r  and s i n k  

d ra ins ,  chemical process c e l l s ,  and s h i e l d  and c o o l i n g  water  f rom t h e  

g r a p h i t e  r e a c t o r .  

In 1977, t h e  depth o f  waste sediment a t  t h e  south  end o f  t h e  

impoundment averaged 0.76 m (2 .5  f t )  and a t  t h e  n o r t h  end 1.2 m 

(3.8 f t )  (J. R. Horton, ORNL, personal  communication). It appears t h a t  

t h e  s ludge may have conso l i da ted  somewhat s ince  t h e  cessa t ion  o f  

a c t i v i t i e s  because t h e  average depths measured i n  1985 ( S t a n s f i e l d  and 

F ranc i s  1986) were 0.49 m (1.6 f t )  and 0.8 m (2 .8 f t ) ,  r e s p e c t i v e l y .  
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3 .  CURRENT STATUS OF INFORMATION ON SITE 

Considerable s i t e - s p e c i f i c  env i ronmenta l  i n f o r m a t i o n  on t h e  

f a c i l i t y  e x i s t s  i n  pub l i shed  r e p o r t s  (Stockdale 1951; Tamura e t  a l .  

1977; S t a n s f i e l d  and F ranc i s  1986). Unpublished da ta  o f  S. F. Huang 

(ORNL) on r a d i o l o g i c a l  and chemical s tud ies  o f  t h e  impounded sediment 

were used e x t e n s i v e l y  th roughout  t h i s  r e p o r t  and a r e  re fe renced t o  

Huang, personal  communication. 

3.1. CONTAMINANT INVENTORY 

3.1 .l . 351 3 Impoundment Water 

S t a n s f i e l d  and F ranc i s  (1986) sampled t h e  3513 impoundment water  

i n  May o f  1985 and analyzed i t  f o r  heavy meta ls ,  he rb i c ides /pes t i c ides ,  

PCBs, and rad ionuc l i des .  The pH o f  t h e  pond water  was s l i g h t l y  

a l k a l i n e  (pH o f  8.0), w i t h  a s p e c i f i c  conductance o f  160 pS/cm. 

Counts f o r  c o l i f o r m  b a c t e r i a  (12 counts/100 mL) were i n  excess o f  t h e  

l i m i t  ( 1  count/100 mL) e s t a b l i s h e d  by t h e  Na t iona l  I n t e r i m  Pr imary 

D r i n k i n g  Water Standard (NIPDWS),  p robab ly  due t o  t h e  w i l d l i f e  t h a t  

i n h a b i t  t h e  area (see t h e  Sec t ion  3.4 on Ecology) .  

analyzed f o r  meta l  con ten t  us ing  i n d u c t i v e l y  coupled plasma ( I C P )  

The pond water  was 

spectroscopy and i t s  l i m i t  o f  d e t e c t i o n  f o r  some meta ls  exceeded 

NIPDWS. For  example, t h e  d e t e c t i o n  l i m i t  f o r  s i l v e r  was i n  excess o f  

t h e  maximum a l l owab le  NIPDWS (see Table 1 ) .  Concentrat ions o f  

chromium, lead, and se len ium i n  u n f i l t e r e d  pond water  were observed t o  

be i n  excess o f  t h e  l i m i t s .  However, l e v e l s  o f  As, Ba, Cd, F, Hg, and 

n i t r a t e ,  as w e l l  as l e v e l s  o f  p e s t i c i d e s  and he rb i c ides ,  were below t h e  

maximum a l l o w a b l e  l i m i t s  (Tables 1 and 2 ) .  The concen t ra t i on  o f  t o t a l  
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Table 1. Concent ra t ion  and i n v e n t o r y  o f  meta ls  and 
anions i n  3513 pond watera 

Cons t i t uen t  Concent ra t ion  (mg/L) I nven to ry  
-_I 

Pond N I PDkJS (kig)  

Meed1 s 
Antimony 
Arserl ic  
Ba ri im 
Bery l  1 ium 
Boron 
Cadml urn 
Calcium 
Chromi urn 
Cobal t 
Copper 
I r o n  
bead 
L i  t h i  tim 
Hagnes j 14rn 
Manganese 
Me Ti: 11 r y 
~ o ~ y ~ ~ ~ ~ ~ ~  
N icke l  
Po tass i  uni 
Sel en i  Urn 
S i  1 ves 
Sod i Llm 
S t  ron t i 19. 
T i tan ium 
Vanadi urn 
Zinc 

Anions 
Chl oride 
F l u o r i d e  
N i  trate-N 
Phosphate 
S U I  f a t x  

t 0 . 3  
t o  0 C01 

0.0029 
tQ.l 

t o  I801 
75.3 
0.07 
to. 02 
8 "  352 

1.313 
6 * 7 5  
t0 .2  
14.3 
0.46 

Q 003 
t 0  "02 
to s 005 

2.4 
0.016 
t o .  07 
t o .  5 

0.099 
t o .  82 
t@ 602 
0.118 

0. a636 

9 
1 

<1 
1.64 

27 

ND 
0.05 

1.0 
NO 
NO 

0*01  
ND 

0-05 
NQ 
NQ 
ND 

o,o5 
MD 
ND 
ND 

0 r 002 
ND 
Ma 
N D  

0.61 
0.05 

ND 
NO 
N D  
NR 
MD 

Nil 
1 .2--.2 - 4  

10 
ND 
WD 

t 1 . 4  
t 8 . 1  

0.3 
<Q,1 
t Q . 5  
t0.1 
359 
0 . 3  

t0 .1  
1.7 
6.6 
0 - 7  

t 1 . 0  
6 & , 2  

2.2 
t0-1 
t0-1 
t0.1 
11.4 
0.1 

t 0 .3  
(2 - 4  
0.5 

t0.1 
t0*1 
0.6 

4 2 . 9  
4 . 8  

(4.8 
7.8 
129 

"Taken f rom S t a n s f i e l d  and Franc is  (1986 Inven to ry  

N Q  = l e v e l  n o t  de f i ned  by Nat iona l  I n t e r i m  Primary 
Or ink ing  Water Standard (NIPDMS). 

based on pond water v o l u  e o f  4.77 x 10 I m Y  
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Table 2. Concentration and inventory of organic 
chemicals i n  3513 pond watera 

Constituent Concentration (mg/L) Inventory 

Pond N I  PDWS (kg) 

Herbicides and pesticides 

End ri n <o. 0001 
Lindane <o -0001 
Methoxychlor <o. 0002 
Toxaphene <o. 0002 

Organic compoundsb 

PCB 0.0006 
Phenols to. 001 
TOC 14.7 
TOX 0.67 

0.002 
0.804 
0.1 

0.005 

ND 
ND 
ND 
ND 

to. 0005 
to. 0005 
<O. 001 0 
to. 001 0 

0.003 
to. 005 

70 
3.2 

aTaken from Stansfield and Francis (1986 .. Inventory 

bPCE3 = polychlorinated biphenyls; TOC = total organic 
carbon; TOX = total organic halides; ND = limit not 
defined by National Interim Primary Drinking Water 
Standard (NIPDWS). 

based on pond water volume of 4.77 x 10 I m3. 
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. -  

organic halides was relatively high (0.67 mg/L) and a detectable 

Total organic carbon concentration (0.0006 mgPL) of  PCBs was observed. 

content, however, was relatively low (15  mg/L). 

The major contaminants are radionuclides (Tab 

the activity is from 137Cs and 98Sr, measuring 290 

e 3). 

and 420 

he bulk a f  

5q/L 

(7.9 and 11 pCi/mL), respectively. Gross beta activity appears t o  be 

predominately f r o  gost- and 
o r  25 pCi/mL) is slightly more t h a n  twice the 9oSr activity]. 

(personal eo easured 430 Bq/L (11 pCi/mL) of  137Cs and 

308 5qPL. (8 pCi/rnL) of '*Sr in the pond water in September o f  1983, 

values quite si ilar to those measured in 1985 by Stansfield and 

Franc i s (1 986). 

decay [i .e., gross beta (910 Bq/L 

Hidang 

Gross alpha activity in the pond water i s  less than 2% o f  the 

gross beta and 13?Cs activity combjned, according t o  rnedsu 

made by Stansfield and Francis (1985).  Huang (personal co 

d l d  n o t  measure concentrations o f  transuranics in 3513 pond water. o f  

collecting contaminated particulate material. The inventories o f  both 

radioactive and nonradioactive contaminants in pond water of the 3513 

impoundment are presented in Tables 1 ,  2, and 3. 

3.1.2. Impoundment Sediment 

Inventories o f  potential contaminants in the sediment contained in 

the 3513 impouridme t were conducted in 1977 (Tamura et. al. 1977), in 

1984 (Muang, personal eo unication), and most recently in 1985 

(Stansfield and Francis 1985), The initial study, taken immediately 

after the discontinued use o f  the impoundment as a waste-receiving 
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Table 3. Concentrat ion and i n v e n t o r y  o f  
rad ionuc l i des  i n  3513 pond water  

Radionucl ide Concentrat ion I n ve n t o r ya 
(Bq/L) 1 

Gross alpha 
Gross beta  
Americium-241 
Cesium-137 
Cobal t -60 
Cur i  um-244 
P1 u t o n i  um-238 
Plutonium-239 
Radium-226 
S t r o n t i  um-90 
Urani  um-234 
Uran i um-235 
Uranium-238 

16 
91 0 

290 
3.4 

5.2 
2.6 
0.15 
4.1 
0.12 

1.6 
0.16 
0.61 

420 

76.3 

16.2 

24.8 
12.4 
0.7 

19.6 
0.6 

7.6 
0.8 
2.9 

4300 

1400 

2000 

"Taken f rom S t a n s f i e l d  and Franc is  (1986 . Inven to ry  
based on pond water  volume o f  4.77 x 10 4 m3. 
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pond, addressed the quantities o f  rad onuclides measured in the 

sediment. The quantity of plutoniur sotopes in the sediment was of 

principal concern because decisions had been made on how the 

impoundment could be decommissioned based on the inventory o f  

transuranics (Tamura et al. 1977). Trabalka et al. (in press) made 

monthly measurements of 

water from March 7977 t o  May 1982 (concentrations the first t w o  years 

are reported in Auerbach et al. 1980). Water samples taken near the 

center o f  the pond "just under the surface" and "from a depth o f  1 mi' 

were filtered through a 0.22-wm membrane filter before analysis, 

Water samples taken by Stansfield and Francis (1986) were also taken 

near the center of the pond using a stainless steel, hottom-loading 

bailer at both the lower and the upper depths; however, these samples 

were not filtered as were those collected by Trabalka et a l .  (in 

press). 

very similar t o  those by Trabalka et al. (in press) (i.e., 

concentrations on the order of 0.5 t o  1 . 0  BqJt). 

measurements of 24'Am, 244C~, and 239Pu by Stansfield and Francis 

(1986) tended to be 10 to 100 times higher than those reported by 

Trabalka et al. (in press). 

Francis (1986) are likely due to the analyses o f  unfiltered samples 

taken at greater water depths, increasing the risk Usfng core samples 

taken from each o f  the fifteen 12- by 15-m grid sections established 

for sampling the pond, an inventory o f  approximately 7300, 1100, and 

200 GBq (200, 30, and 5 Ci), respectively, of 137C5, gost-, and 
239'240Pu was determined. 

t 241Am, and 244Cm in the 3513 pond 237, 23gPu, 

Measurements o f  238U by Stansfield and Francis (1986) are 

On the other hand, 

The higher values by Stansfield and 

The core samples were taken by driving a 
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3.5--cm--diam ( 1  .&in.)  allsminu tube " i n t o  t h e  sediment u n t i l  -&Re hard 

bottom o f  t h e  o r i g i n a l  f l o o r  was reached," A s i rns la r  technique was 

used t o  take f i v e  c o r e  samples f r o m  t he  sediment o f  t h e  impoundment i n  

September o f  1983 (Euang, personcll communication). Four of  t h e  c o w s  

w r e  'czik.cn from t h e  cen te r  o f  t h e  f o u r  qllaclran*L*; m a k i q  up t h e  pond ,  

uhei-eas t h e  f i f t h  core  vas  taken f rom a p p r o x i m a t e l y  t h e  midd le  of the  

icfipxndrnent. 

on the o r d e r  o f  4300 and 730 GBq (130 and 20 C i ) ,  r e s p e c t i v e l y .  The 

i n v e n t o r y  of t r -ansuranics Ma5 es t imated  t o  be I40  ~ f 3 q  (3.7 C i ) ,  ~ 5 .  

which approx imate ly  80% was 

241Am, and 

con ta ins  a summary o f  t h e  r a d i o n u c l i d e  i n v e n t o r i e s  i n  pond sediment o f  

t h e  3513 ivpoundmrnt as r e p o r t e d  by t hc  b o  s tud ies .  

They esi  irradted the  ' nventory  o f  1 3 7 C s  and "St- t o  be 

Measurable q u a n t i t i e s  of: 238Pu, 23qpu. 

244 
Cin itis well as  154Eu  were a l s o  detected, 'Iable 4 

Sediment sainple~ taken by S t t i n s f i e l d  and Franc is  (1386) k ~ r c  not  

analyzed f o r  r a d i o n d c l i d e s -  The rzaajor o b j e c t i v e  i n  t h i s  s tudy was t o  

a s c e r t a i n  t h e  s t a t u s  o f  t h i s  sedimm-t us ing  t h e  proloiol promulgated 

i m k f  the  Resource Conservat ion and Recovery A c t  ( R C R A ,  f e d e r a l  

regulation 40 C F R  261 1 t o  detervine wbetbeet- t h e  i i i ipoundmni  sediment 

would be c l a s s i f i e d  as a hazardous o r  nonhazardous w a s t e ,  Regula t ion  

40 C F W  2 1 s p e c i f i e s  t h a t  a s o l i d  was te  i s  a hazardous w a s t e  i f  i t  

e x h i b i t s  any o f  t h e  defined c h a r a c t e r i s t i c s  o f  i g n i t a b i l i t y ,  

corrosiv t y +  r e a c t i v i t y ,  o r  e x t r a c t i o n  procedure ( E P )  t o x i c i t y .  

l h e  EP t o x i c i t y  was o f  p r i m a r y  concern because t h e  i n h e r e n t  

phys ica l  and chemical c h a r a c t e r i s t i c s  o f  t h e  sediment r u l e d  o u t  

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

r e a c t i v i t y ,  and t h e  pH o f  t h e  sediment s l u r r y  ( 7 . 2 )  e l i m i n a t e d  

c o r r o s i v i t y  as de f ined  by 40 CFR 261. The EP t o x i c i t y  c h a r a c t e r i s t i c  
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Table 4. Estimated inventory of  radionuclides 
in sediment o f  35’13 impoundment 

ORNUTM-9969 

Radionuclides Tamura et al. (1977) Huang (pers. commun.) 
CGBq(Ci)l 

Cesi urn-1 37 

S t r o n t  ium-90 

Transuranics 

7300 (200) 

1100 ( 3 0 )  

200 (5) 

4808 (130) 

730 (20) 

140 (4) 
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i s  based on measured concen t ra t i ons  o f  e i g h t  elements o f  t h e  NIPDanlS and 

s i x  h e r b i c i d e s  and p e s t i c i d e s  i n  t h e  f i l t r a t e  o f  a 24-h s o l i d  w a s t e  

e x t r a c t i o n  t e s t  (USEPA 1980). If levels o f  these c o n s t i t u e n t s  excsed 

es tdh l i shed  mximurn permissible concent i -a t io i ls ,  t h a t  was te  i s  

cons idered hazardous 

The sediment f rom the 3513 impoundvent idas f o u n d  tn be haza rdous  

on t h e  bas i s  o f  mercury concen t ra t i ons  i n  the  t i l  e x t r a c t s .  For exa,mplc, 

f o u r  of  t h e  f i v e  sediment sample5 e x t r a c t e d  by t h e  EP conta ined mi-cury 

concen t ra t i ons  i n  excess of t h e  0.2 mg/L marimurn allowable 

concen t ra t i on  (mean concen t ra t i on  f rom t h e  f i v e  samples wss 3,O mg/l.). 

NQ o t h e r  RCRA-regulated c o n s t i t u e n t  was observed t o  be in excess o f  t h e  

maximu@? a l l owab le  concen t ra t i on .  The s i n g l e  exception migh t  be 

seleniui i i  as t h e  l e v e l  o f  a n a l y t i c a l  d e t e c t i o n  (approx imate ly  2.4 mqiL)  

was g r e a t e r  t h a n  t h e  inaxirnunr allowable csncent t -d l ian  (1 .O i r y / I ) .  

concen t ra t i ons  o f  RCRA-regulated h e r b i c i d e s  and pes.f,icidns i n  the 

E P  e x t r a c t s  were we1 1 below t h e i r  maximum allowable concen t ra t i ons .  

Concentrdt ians o f  o rgan ic  ccmpounds i n  t h e  EV ex t rac t . ,  as r ~ a z u r e d  by 

t h e  TTO ( t o t a l  t o x i c  o rgan ic  compounds, a scr-eeninq summation f o r  

113 o f  t h e  113 organ ic  compounds l i s t e d  by E P A  as p r i o r i t y  p o l l u t a n t s ) ,  

were q u i t e  low ( concen t ra t i ons  l e s s  than 0.01 mg/L).  The EP e x l r a r t s  

were n o t  analyzed f g r  concen t ra t i ons  o f  P C B s ,  a l though c l p t e c f d b l e  

concent ra t ions  were measured i n  t h e  sediments. 

The 

The t o t a l  concent ra t ions  o f  c e r t a i n  non rad ioac t i ve  contdrriinants i n  

t h e  impoundment sediment v a r i e d  cons ide rab ly  between Huang (personal  

communication) and t h e  S t a n s f i e f d  and F ranc i s  (1986) study.  For 

example, mean concen t ra t i ons  o f  copper, lead, and z inc  measured i n  t h e  
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sediment by S t a n s f i e l d  and F ranc i s  were on t h e  o r d e r  o f  4 t o  6 t imes 

h i g h e r  than  those measured by Huang (persona l  communication) (see 

Table 5) .  Concent ra t ions  f o r  cadmium, chromium, and PCBs v a r i e d  by  

f a c t o r s  o f  l e s s  than 3 between t h e  two  s tud ies .  However, u n l i k e  t h e  

heavy meta contaminants, t h e  PCB measurements made by Huang (persona 

csmmunicat on) were h i g h e r  than those determined by S t a n s f i e l d  and 

Franc is .  Mean concen t ra t i ons  f rom bo th  s t u d i e s  were based on analyses 

o f  f i v e  sample cores.  

The inventories o f  contaminant: i n  t h e  sediment were based on 

s l i g h t l y  d i f f e r e n t  volumes o f  sediment as w e l l  as d i f f e r e n t  p h y s i c a l  

c h a r a c t e r l s t i c s .  Huang (persona l  communication) es t imated  t h e  volume 

o f  sediment t o  be 2.0 x l o 3  m3, w i t t  a wet b u l k  d e n s i t y  o f  1.1 kg/L 

and a mo is tu re  con ten t  o f  88% (on a wet b a s i s ) .  S t a n s f i e l d  and 

Franc is ,  on t h e  o t h e r  hand, es t imated  t h e  sediment valume t o  be 

s l i g h t l y  l a r g e r  (2.35 x 10  m ) ,  hav ing  a b u l k  d e n s i t y  o f  1.2 kgil 3 3  

o i s t u r e  con ten t  o f  83% (on a wet b a s i s ) .  There was r e l a t i v e l y  

good agreement between t h e  two est i tvates f a r  t h e  i n v e n t o r y  o f  cadmium 

and PCBs (3.2 and 6 , l  kg f a r  cadmium and 7.0 and 3.2 f o r  P C B s ) .  The 

major  d i f f e r e n c e  i n  i n v e n t o r y  es t imates  between t h e  two s t u d i e s  was t h e  

es t ima te  

t o  be s l  

(persona 

f o r  lead.  S t a n s f i e l d  and F ranc i s  es t imated  t h e  l ead  i n v e n t o r y  

g h t l y  g r e a t e r  than 1 g (1 m e t r i c  ton)  , whereas Huang 

communication) es t imated  t h e  l ead  i n v e n t o r y  t o  be 185 kg. 

The i n v e n t o r y  o f  mercury, t h e  heavy meta l  t h a t  r e s u l t e d  i n  

c l a s s i f i c a t i o n  o f  t h e  sediment as a t o x i c  hazardous waste accord ing  t o  

t h e  RCRA e x t r a c t i o n  p r o t o c o l  (EP) ,  was es t imated  by Huang (personal  

communication) t o  be 25 kg. 
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Table 5 .  Concentrat ions and est imated i n v e n t o r i e s  o f  non rad ioac t i ve  
contaminants i n  sediment o f  3513 impoundmenta 

S t a n s f i e l d  and Franc is  (1386) Wuang (pera.  corn 
-. 

Concentrat ion Inventoryb  Cancent ra t i  on Inventoryc  
Contaml nant  (mg/k!J) (kg)  (mg/kg 1 (kg) 

A!J 
As 
Ba 
Cd 
C r  
CU 

Pb 
Se 
Zn 

PCB 

48 

378 
(79 

13.1 
1100 

826 
n.r. 
2800 

156 
632 
4.9 

22 
<37 
1 7 7  
6.1 
520 
388 

n . r .  
1310 
73.2 

297 
3.2 

n.r. d 
2 

n . r .  
7.2 
440 
150 

56 
420 
2.8 
130 

16 

n.r. 
0.9 

n. P. 
3.2 
194 

65 
25 

185 
1 .2  

57 
7 .O 

ean concen t ra t i on  f rom f i v e  core analyses on dry weight  bas i s .  

bSedirnent volume est imated t o  be 2.35 x lo3  m3, w i t h  a bulk 

CSediiment volume est imated t o  be 2.0 x 103 m3, b u l k  d e n s i t y  

d e n s i t y  o f  1.2 kg/L and a mois tu re  con ten t  o f  83% (wet b a s i s ) .  

o f  1.1 kg/L and a mois tu re  con ten t  o f  80% (wet b a s i s ) .  

dn.t-. = no t  repor ted .  
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3 . 1 . 3 .  Groundwater 

The recent investigation by Stansfield and Francis (1986) was the 

first dedicated effort to determine the status o f  the groundwater 

quality around the 3513 impoundment and to address the past and 

possible future impacts of the impoundment on groundwater quality. 

Five monitoring wells ranging in depth from 3.6 to 7.6 m ( 7 2  to 25 ft) 

were installed around t e 3513 impoundment at the locations illustrated 

in F i g .  3.  

and a detailed descript on of the 5.1-cm (2-in.) diam stainless steel 

well screen and casing, as well as the boring logs, for each of the 

wells are presented in Stansfield and Francis (1986). 

monitoring wells (MW-1 and MM-1A) were located at positions thought t o  

be upgradient o f  the impoundment i n  an attempt to provide groundwater 

The methods used to drill the borings, the installation, 

Two of the 

ples that were not affected by potential contamination fram the 

3513 impoundment. The locations of the other three monitoring wells 

were selected t o  determine if contaminants from the impoundment were 

migrating into the groundwater. 

locations, pertinent construction data, and water levels during the 

first, second, and third quarters o f  1985 are presented in Table 6 .  

A description o f  monitoring well 

The primary goal in analyzing groundwater samples taken from the 

manitoring wells was t o  determine if the groundwater had been 

contaminated. To do this, the samples were analyzed for the 

30 constituents promulgated under RCRA regulations (USEPA 1980). In 

addition, groundwater samples were analyzed by inductively coupled 

plasma ( I C P )  spectroscopy. This technique provides general information 

on concentrations of  nearly 30 additional elements in one analysis. 
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F i g .  3 .  Locat ion o f  sediment sampling s i t e s  and groundwater moni tor ing 
wells. 
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. .  

. .  

..... 

Table 6. Summary of  mon i to r ing  w e l l  loca t ion ,  cons t ruc t ion  data, 
and water  l e v e l s  a t  3513 impoundmenta 

( l s t ,  Zd, 3rd quar te r  1985) 

Well Number MW-1 MW--1 A MW-2 MW-3 MW-4 
(ftIb 

North g r i d  
c oo r d  1 na t e 

E a s t  g r i d  
coord inate 

Top o f  werl  
casing e leva t i on  

Height o f  casing 
above ground 

Ground sur face 
e leva t i on  

Top o f  w e l l  
screen e leva t i on  

Bottom o f  w e l l  
screen e 1 eva t  i on 

Top o f  sand 
pack e leva t i on  

Bottom o f  well 
ho le  e leva t i on  

Water l e v e l  
e l  eva t i on 2 -6-85 

Water l e v e l  
e leva t ion ,  4-8-85 

Water l e v e l  
e leva t ion ,  4-1 6-85 

Water l e v e l  
e leva t i on  * -6-1 6-85 

Water 1 eve1 
e leva t i on  7-1 -85 

21 463.30 

31 157.39 

736.61 

3.0 

783.6 

777.8 

775.3 

778.6 

775.6 

779.56 

779.10 

778.21 

7 7 8 . ~  

778.97 

21462.19 

31 155.27 

786.37 

2.9 

783.5 

7651.2 

762.2 

769.6 

758.5 

780.05 

779.22 

779.22 

779.12 

779.15 

21 130.43 

31 741.45 

785.96 

3.0 

733.0 

776.2 

769.2 

778.0 

769.2 

776.68 

776.45 

776.25 

776.77 

776.45 

21 180.33 

31009.21 

785 a 24 

3.0 

782.2 

766.1 

769.1 

771.2 

769 . O  

773.31 

773.30 

773.13 

773.43 

773-20 

21 287.89 

30970.03 

733.25 

2.5 

780.8 

774.2 

767.2 

775.8 

767.1 

776.79 

776.39 

776.56 

775.93 

776.18 

a A l l  we l l s  are 5-cm-diam (2.0-in.-diam) s ta in less  s t e e l  pipes and screens. 

bl f t  = 0.3048 m. 

Width o f  screen opening i s  0.025-cm (0.01 i n ) .  
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Many o f  theme a re  n o t  R C R A  r e g u l a t o r y  elements, b u t  t h e i r  

concent ra t ions  i n  groundwater a re  use fu l  i n  e v a l u a t i n g  general  

groundwater q u a l i t y .  For ins tance,  concent ra t ions  o f  copper, n i c k e l ,  

and z inc  i n  groundwater samples were determined us ing  t h i s  technique. 

S t a n s f i e l d  and Franc is  (1986) repo r ted  concent ra t ions  i n  

g r o ~ n d ~ a ~ ~ ~  sarnples taken f rom t h e  f i v e  mon i to r i ng  w e l l s  d u r i n g  

February and A p r i l  o f  1985. A summary o f  t h e  concent ra t ions  o f  

se lec ted  groundwater parameters from t h e  downgradient mon i to r i ng  w e l l s  

samples c o l l e c t e d  d u r i n g  t h e  f i r s t  two quar te rs  o f  1985 i s  presented i n  

Table 7. 

rad ionuc l i des ;  f o r  example, gross alpha and gross be ta  Concentrat ions 

exceeded NIPDWS concent ra t ions  i n  upgrad ien t  as w e l l  as i n  downgradient 

w e l l s .  In t h e  downgradient wel'ls, t h e  concent ra t ions  o f  chromium and 

lead  o c c a s i o n a l l y  exceeded MIPDWS. Because t h e r e  was no general  t r e n d  

i n  t h e  concent ra t ions  o f  e i t h e r  o f  these elerne t s  i n  t h e  downgradient 

w e l l s ,  t h e  i n v e s t i g a t o r s  f e l t  t h a t  f u r t h e r  sampling would be requ i red  

t o  e s t a b l i s h  i f  these measurements r e f l e c t e d  " r e a l "  contaminat ion.  The 

EP e x t r a c t s  f rom t h e  3513 sediment conta ined concent ra t ions  o f  mercury 

i n  excess o f  t h e  R C R A  perm iss ib le  l i m i t s ,  c l a s s i f y i n g  t h e  sediment as a 

hazardous waste. On t h e  o t h e r  hand, l e v e l s  o f  mercury i n  t h e  

groundwater samples were n o t  i n  excess o f  NIPDWS. 

dates,  counts o f  c o l i f o r m  b a c t e r i a  i n  groundwater taken f rom w e l l s  

upgrad ien t  as w e l l  as downgradient o f  t h e  pond were i n  excess o f  t h e  

NIPDWS, These counts may have r e s u l t e d  f rom t h e  w i l d l i f e  h a b i t a t  such 

as water fowl  and t e r r e s t r i a l  animals known t o  be i n  t h e  area. A t  t h e  

same t ime,  t h e  counts may have been propagated by leakage from rup tu red  

The major  contaminants i n  t h e  groundwater appeared t o  be 

A t  some sampling 
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Table 7. Summary o f  se lected groundwater concentrat ions f rom 
downgradient w e l l s  a t  '3513 impoundmenta 

Maximum l e v e l b  Heasuredb C 

Na t iona l  I n t e r i m  Primary D r i n k i n g  Water Standards (NIPDWS) 

Arsenic 
Barium 
Cadmi um 
Chromi um 
F l u o r i d e  
Lead 
Mercury. 
N i t r a  te-N 
Sel en i urn 
S i l v e r  
Endr in  
Lindane 
Met Iio x y c h 1 o r 
Toxaphene 

2.4.5-TP S i l v e x  
Radium-226 (Bq/L) 
Gross alpha (Bq/L) 
Gross beta (mR/year) 
C o l i f o r m  b a c t e r i a  (counts/100 mL) 

2,4-D 

0.05 
1 

0.01 
0.05 

1.4-2.4 
0.05 

0.002 
10 

0.01 
0.05 

0.0002 
0.004 

0.1 
0.005 

0.1 
0.01 
0.19 

0.556 
4 
1 

to. 001 8 
0.2472 

tO.0018 

<1 
0.244 

0.0002 
3.5 

<O .005 
t o .  07 
to. 001 

<o. 0002 
t o .  0002 
to. 002 

to. 0057 
<O .0058 
<O .0463 

1.47 
19.92d 
0.5 

0.3388 

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

Ch lo r ide  
I r o n  
Manganese 
Pheno 1 s 
Sod i um 
S u l f a t e  

NDe 1 7 . 7  

ND 3.73 
ND < O f  0025 
ND 30.2 
ND (12.8 

ND 19.8 

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

PH ND 
S p e c i f i c  conductance (uS/cm) NO 
To ta l  organic  carbon N O  

To ta l  organic halogen N D  

Nonregu l a t e d  parameters 

PCBS 
T r i t i u m  (Bq/L) 
Cesi um-1 37 (Bq/L) 
Stront ium-90 (Bq/L) 

ND 
ND 
ND 
ND 

6.5 
592 

5.98 
0.0485 

0.0001 
2700 
0.39 
10.6 

Taken from S t a n s f i e l d  and Franc is  (1986). a 

bConcentrat ions a re  i n  mg/L unless otherwise s ta ted .  
C Measured concentrat ions a r e  mean values of s i x  determinat ions.  
dMeasured concen t ra t i on  o f  gross beta i s  expressed i n  Bq/L r a t h e r  

than mR/year (1  Bq = 27 p C i ) .  
eND = n o t  def ined.  
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underground sewage l i n e s  t h a t  s e r v i c e  b u i l d i n g s  upgrad ien t  o f  t h e  

impoundment. A s i m i l a r  p a t t e r n ,  e leva ted  concen t ra t i ons  i n  upgrad ien t  

as w e l l  as downgradient w e l l s ,  was ev iden t  f o r  t o t a l  o rgan ic  carbon 

( T O C ) ,  t o t a l  o rgan ic  h a l i d e s  ( T O X ) ,  PCBs, and rad ionuc l i des ,  i n d i c a t i n g  

t h a t  t h e  upgrad ien t  w e l l s  were a f f e c t e d  by t h e  t r a n s p o r t  o f  contaminants 

f rom o t h e r  sources, perhaps seepage f rom t h e  3524 waste impoundment o r  

leakage f rom underground waste l i n e s .  D i f f e rences  i n  groundwater 

concen t ra t i ons  between downgradient and upgrad ien t  samplings w i l l  be 

t e s t e d  s t a t i s t i c a l l y  a f t e r  t h e  t h i r d  and f o u r t h  q u a r t e r  samples a r e  

taken. 

3.2. GEOLOGY AND SOILS 

3.2.1. Regional Geology 

Oak Ridge Na t iona l  Labora tory  l i e s  i n  t h e  Ridge and V a l l e y  

Phys iographic  Province. I n  Tennessee, t h e  p rov ince  c o n s i s t s  o f  

nor theast -southwest  s t r i k i n g  rock  s t r a t a  o f  l imestone,  sandstone, and 

sha le  ex tend ing  f rom t h e  Georgia-Alabama border  on t h e  south t o  t h e  

V i r g i n i a  border  on t h e  no r th .  

h o r i z o n t a l  t o  angles o f  30 degrees and g r e a t e r  th roughout  i t s  leng th ,  

r e s u l t i n g  i n  t h e  e r o s i o n - r e s i s t a n t  beds fo rming  p a r a l l e l  r i d g e s  and 

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

The s t r a t a  a r e  t i l t e d  f rom t h e  

3.2.2. S i t e  Geology 

3.2.2.1. Bedrock 

Impoundment 3513 l i e s  i n  Bethe l  V a l l e y  approx imate ly  

213 M (700 f t )  nor thwest  o f  t h e  Copper Creek f a u l t .  As shown on t h e  

geo log ic  map (F ig .  4 ) ,  t h e  s i t e  i s  u n d e r l a i n  by u n i t  "6" o f  t h e  
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Chickamauga Group, a hard, most ly  thin-bedded l imestone w i t h  sha ly  

p a r t i n g s  (Stoekdate 1951). Locat ions o f  severa l  core holes d r i l l e d  f o r  

the  Stockdale (1951) s tudy i n  t h e  v i c i n i t y  o f  t h e  3513 impound 

shown i n  F ig .  5. Thin-bedded l imestone crops o u t  i n  t h e  b o t t o  

hite Oak Creek immediately ad jacent  t o  t h e  south s i d e  o f  t h e  

i ~ ~ p o ~ ~ ~ ~ ~ n ~ .  The l imestone s t ra tum beneath t h e  i ~ ~ ~ ~ ~ ~ ~ ~ ~ t  d i p s  %a t h e  

southeast  a t  an angle o f  approx imate ly  35 degrees from t h e  h o r i z o n t a l ,  

and t h e  beds s t r i k e  approx imate ly  58 de rees t o  t h e  nor theas t .  The 

bedding p lane s t r i k e  d i r e c t i o n  i s  approx imate ly  p a r a l l e l  w i t h  t h e  

s e c t i o n  o f  White Oak Creek ad jacent  t o  t h e  inpoundment. N i t h  r e g a r d  t o  

bedrock u n i t s  "G" and ''ti", Stockdale (1957 ) r e p o r t s  3 2 s ~ a l  7 secondary 

openings i n  t h e  rock brought  about by s o l u t i o n  through ground waters 

e x i s t  i n  minor  amounts as revealed by core d r i l l i n g . "  Ho 

o f  core  h o l e  No. 1 o f  t h a t  s tudy ( d r i l l e d  f r o m  t h e  south s i d e  and 

d i r e c t e d  beneath t h e  impoundment a t  a 55 degree angle f r o  

h o r i z o n t a l )  shows o n l y  two s o l u t i o n  openings o f  approx imate ly  1.3 cm 

(6.5 i n . )  each, and t hey  were a t  t h e  i n c l i n e d  depth o f  between 65.6 t o  

65.8 m (215-216 f t ) .  A geo log ic  s e c t i o n  through t h e  impoundment 

( S t a n s f i e l d  and Franc is  1986) i s  shown i n  F ig .  6 .  

3.2.2-2. soil 

The s o i l  depth around t h e  impoundment i s  approx imate ly  3.7 m (12 f t )  

and c o n s i s t s  mos t l y  o f  m a t e r i a l  t h a t  would c l a s s i f y  as c lays  under t h e  

U n i t i e d  S o i l  C l a s s i f i c a t i o n  System, For  t h e  most p a r t ,  these s o i l s  a re  

l i k e l y  t o  c o n s i s t  o f  c o l l u v i u m  o v e r l y i n g  residuum der i ved  from t h e  

under l y ing  bedrock, b u t  t h e  area ad jacent  t o  White Oak Creek appears t o  

be o f  a l l u v i a l  and f i l l  o r i g i n .  Dur ing t h e  c o n s t r u c t i o n  o f  one o f  t h e  
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ORNL-DWG 85-44646R 

MODIFIED FROM WATER TABLE MAP OF QRNL 
BY GEORGE 0. DeBUCHANAMNE FROM STQCKDALE, 1951 

N -805-CONTOUR ON WATE:R TABLE 1 
FOR JUNE 20,4950 

CONTOUR INTERVAL- 5 FEET 
EXCEPT IN AREA OF 3513 
POND WHERE INIERVAL IS 
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F i g .  5. General water t a b l e  map o f  a p o r t i o n  o f  ORNL. 
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mon i to r i ng  w e l l s  a t  t h i s  impoundment i n  1985, a c layey  sand w i t h  some 

g rave l  was encountered, b u t  i s  l i k e l y  b a c k f i l l  m a t e r i a l  p laced f o r  an 

abandoned 21-cm-diam (S- in.)  d ischarge l i n e  t h a t  e x i t s  i n t o  White Oak 

Creek near t h e  l o c a t i o n  o f  t h e  w e l l .  Logs o f  bor ings  f o r  e x i s t i n g  

mon i to r i ng  w e l l s  and d e t a i l s  o f  w e l l  c o n s t r u c t i o n  a r e  inc luded i n  

S t a n s f i e l d  and Franc is  (1986) .  

3.3. HYDROLOGY 

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

was 139 cm ( 5 5  i n . ) .  I n  t h i s  reg ion ,  t h e  heav ies t  p r e c i p i t a t i o n  

normal ly  occurs d u r i n g  w i n t e r  and e a r l y  sp r ing ,  w i t h  t h e  monthly 

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

However, d u r i n g  some years,  t h e  month ly  maximum has occurred i n  J u l y  

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

months. According t o  t h e  " C l i m a t i c  4 t l a s  o f  t h e  United States ' '  

(U+S. Department o f  Commerce 19799, mean annual l a k e  evapora t ion  i n  t h e  

Oak Ridge area i s  89 cm (33 i n . ) .  Thus, i t  can be estimated t h a t  

y e a r l y  an average o f  approx imate ly  5;; cm ( 2 2  i n . )  o f  p r e c i p i t a t i o n  t h a t  

f a l l s  d i r e c t l y  i n t o  t h e  impoundment i s  n o t  l o s t  t o  evaporat ion.  

M u l t i p l y i n g  t h i s  amount by t h e  sur face  area o f  t h e  impoundment y i e l d s  

an average y e a r l y  r e t a i n e d  prec ip i ta- : ion c o n t r i b u t i o n  o f  approx imate ly  

93 m (24,500 g a l ) .  The l e v e l  o f  t h e  pond i s  g e n e r a l l y  h e l d  a t  an 

e l e v a t i o n  o f  237.2 m (778 f t )  which i s  t h e  e l e v a t i o n  a f  t h e  e f f l u e n t  

d r a i n  l i n e s  on t h e  south s i d e  o f  t h e  impoundment. Out f low f rom these 

l i n e s  goes t o  a sump f rom which i t  i s  pumped t o  t h e  3524 impoundment 

and processed. I n  t h e  f a l l  and w i n t e r  o f  1984, t h e  water  l e v e l  i n  t h e  

3 
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impoundment was a l lowed t o  r i s e  t o  a maximum e l e v a t i o n  o f  approx imate ly  

237.9 m (780.5 f t ) .  No measurement i s  made o f  t h e  q u a n t i t y  o f  water  

pumped f rom the  3513 impoundment. 

3.3.1. Groundwater Movement 

Two water - tab le  maps a re  shown i n  F igs .  5 and 7. F igure  5 i s  f rom 

a r e p o r t  by Stockdale (1951) and dep ic t s  t h e  water  t a b l e  f o r  a l a r g e  

p o r t i o n  o f  ORNL., based on w e l l  data a v a i l a b l e  when the  two impoundments 

now loca ted  j u s t  eas t  o f  3513 impoundment d i d  n o t  e x i s t .  F igu re  7 i s  

based on wa te r - l eve l  observat ions f rom the  f i v e  mon i to r i ng  w e l l s  

cons t ruc ted  i n  1985 and i s  l i m i t e d  t o  t h e  immediate s i t e  o f  t h e  3513 

impoundment. Ma te r - l eve l  observat ions,  on which F ig .  7 i s  based, and 

tnsn i to r ing  w e l l  data a re  p rov ided i n  Table 6 -  Both F igs .  5 and 7 show 

t h e  h y d r a u l i c  g r a d i e n t  t o  be g e n e r a l l y  toward White Oak Creek, w i t h  a 

l e s s e r  component t o  t h e  west which i s  t h e  downstream d i r e c t i o n  o f  White 

Oak Creek. As p r e v i o u s l y  descr ibed i n  t h e  s e c t i o n  on bedrock, White 

Oak Creek f l ows  i n  t h e  d i r e c t i o n  o f  geo log ic  s t r i k e  on t o p  o f  t h e  

l imestone a long t h e  south boundary o f  t h e  impoundment. 

homogeneous m a t e r i a l ,  groundwater movement i s  i n  a d i r e c t i o n  normal t o  

the  water - tab le  contours.  However, s tud ies  on t h e  ORNL r e s e r v a t i o n  

(Webster 1976; Davis e t  a l .  1984) suppor t  t h e  f a c t  t h a t  t h e  d i r e c t i o n  

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

d i r e c t i o n a l  p e r m e a b i l i t y  o f  t h e  s t r a t a .  Therefore,  t h e  o v e r a l l  

groundwater f l o w  through t h e  bedrock i s  co o n l y  i n  a d i r e c t i o n  a t  some 

acute  angle t o  t h e  groundwater contours.  Such movement would n o t  

normal ly  be expected t o  be i n  a s t r a i g h t  l i n e  o f  f l o w  b u t  r a t h e r  would 

I n  a 
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. -  
follow irregular pathways along joints and bedding planes because the 

bedrock strata has insignificant primary permeability. A t  the site, a 

particular groundwater pathway could extend a distance westward in the 

form of a bedding plane joint (direction of geologic strike) before 

intersecting another fracture sloping jn a steeper downgradlent 

direction toward the creek. In addition to the lateral movement o f  

groundwater at the 3513 site, the monitoring wells constructed in 1985 

indicate the existence of a slight upward vertical gradient from the 

underlying bedrock to the overlying soil. 

3 . 3 . 2 .  Uppermost Aquifer- 

The soil overlying the limestone bedrock aquifer (Chickamauga 

Group) consists of  material that has been visually classified as clay 

(according t o  the Unified Soils Classification System) which 

categorically has a low hydraulic conductivity. One of the monitoring 

wells at the 3513 impoundment is constructed entirely in clay soil and 

to date produces water in a quantity adequate for sampling purposes. 

However, for most water uses, the clay would provide an insufficient 

quantity and would not be considered an aquifer. 

hydraulically connected as the clay immediately averlies the limestone 

bed rock . 

The two units are 

3.4.  ECOLOGY 

The diverse assemblage of aquatic invertebrates in the 3513 pond 

water and sediment indicates that any residual toxic effects from 

nonradiological constituents of former waste effluent are small. For 

example, over 30 taxa of insects, including two caddis fly and one 
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may f l y  species,  have been i d e n t i f i e d  (see Table 8 f o r  a genera l  

c l a s s i f i c a t i o n  and t r o p h i c  s t a t u s  o f  aqua t i c  i n v e r t e b r a t e s ) .  

may be cha rac te r i zed  as eu t roph ic  w i t h  a mixed phy top lank ton  

(Hutchinson 1967) .  

are  seasonal ly  abundant, and be fo re  c u t t i n g  i n  1982, an approx imate ly  

l-m-wide s t r i p  o f  dense emergent vege ta t i on  (Typha, Juncus, and 

E leochar is )  f r i n g e d  t h e  pond. 

The pond 

Benth ic  f i lament3us a lgae and submerged macrophytes 

The v e r t e b r a t e  fauna a re  g e n e r a l l y  l i m i t e d  t o  f r o g s  (m 
catesbeiana and p a l u s t r i s ) ,  some snapping t u r t l e s ,  and an 

occasional  t r a n s i e n t  duck. I n  t h e  s p r i n  of  7937, j u v e n i l e  f i s h  

( g o l d f i s h ,  Carassius auratus;  channel c a t f i s h ,  I c t a l u r u s  punctatus;  

b l u e g i l l ,  Lepom-is ) were in t raduced i n t o  t h e  pond 

(Table 9). I n  recent  years,  Canada geese have been s igh ted  f r e q u e n t l y  

on t h e  pond. For example, i n  1985 a p a i r  o f  geese nested i n  t h e  area. 

Over t h e  years,  t h e  pond has been u s e f u l  as a r a d i o e c o l o g i c a l  

research s i t e  t o  s tudy the  b ~ ~ ~ v i o ~  of  a c t i n i  es and f i s s i o n  p raduc t r  

i n  f reshwater  ecosystems, 

a c t i n i d e s  among aqua t i c  b i o t a  and between s h o r e l i n e  p l a n t s  and t h e  s o i l  

were repo r ted  by Gar ten  (1987) an :Garten e t  ale 1982). S i m i l a r  

studjes r e l a t i v e  to t he  1 3 7 ~ s  and 6 ' 3 ~ o  i n  p a r t j c u l a r  l e v e l s  o f  t h e  

aqua t j c  ~ ~ v i r o n ~ ~ n ~  were conducte by 13. G. 5 ~ a ~ ~ o c ~  (personal  

communication). Wsodchzscks ~ ~ a r ~ ~ t ~  monax), muskrats (Qndatra 

z ibe th i cus ) ,  and c o t t o n  r a t s  (Sigmodon h i s p i d u s )  Rave also  been 

c o l l e c t e d  f rom t h e  area and counted f o r  r a d i o a c t i v i t y  (Kaye and Dunaway 

1962; Garten 1979) ,  

Concent ra t io  s and d i s t r i b u t i o n  p a t t e r n s  o f  
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Table 8. C l a s s i f i c a t i o n  and t r o p h i c  s t a t u s  o f  aqua t i c  
i nver teh ra tes  sampled from 351 3 impoundment 

Genus Common name Trophic  s t a t u s  
- ~ ........ 

Burrowers /sprawl e n  

Sprawlessdcl i nbe rs  

Uanatra 
Pe? tody tesa  

Swi mmers/p 1 an k t e r s  

Dragonfly na iad  
Dragonf ly  n a i a d  
Midge l a r v a  
Mjdge l a r v a  
Horsef l y  l a r v a  
Crane f l y  l a r v a  

Ca r n  i vo re 
Carnivore 
H r r b i  v o r e - d e t r i t i  vore 
Hei-bi v o r e - d e t r i  t i  vore 
Carn ivore 
M e r t i v o r - e - d e t r i t i  vore 

Snai 1 Herb i vo re -de t r i  t i  vore 
Hay: 1 y !ayI-J;Ptb B i v o r e - d e t r i t i v o r e  
Dragonfly na iad  Carn ivore 
Hyd roph i 1 i d  b e e t 1  e l a r v a  Herb i  vare-detri t i  vo re  

Oragsnf l y  na iad  Carn ivore  
Damsel f ly  na iad  Carn i  vo r e  
G ian t  water  bug C a m  i vore 
Water scorp ion  Carn ivore 
H a l  i p l  i d  beet 1 e l a r v a  Herbivore 

G y r i n i d  b e e t l e  a d u l t  Carni  vore-scavenger 

Backswimmer Carn ivore  
C 1 ad oc e r a  n 
C 1 ad Q C  e ran 

a t  su r face  f i l m  

I-lerbi v o r r - d e t r i  ti vore 
Herb i  vo re -de t r i  t i  v o w  

auncleared g a s t r o i n t e s t i n a l  t r a c t  samples only .  
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Table 9. C l a s s i f i c a t i o n  and t r o p h i c  s t a t u s  o f  aqua t i c  p l a n t s  and 
v e r t e b r a t e s  sampled f rom 3513 impoundment 

Genus Common name Trophic s t a t u s  

Sp i rogy ra  Fi lamentous a lga  P r  i ma r y  producer 

Hyd rod i c t y o n  Fi lamentous a l g a  Pr imary producer 

Potamogeto Rooted macrophyte Pr imary producer 

-- Rana catesbeiana B u l l f r o g  tadpo le  Herb i  v o r e - d e t r i  t i vore 

Carassius aura tus  G o l d f i s h  Herbi  vore -detri ti vore 

l_ll__ I c t a l u r u s  punc ta tus  Channel c a t f i s h  Omn i vore 

- Lepomi s macrochi r u s  B l u e g i l l  Cam i v o r e - i  nver teb  r a  t e s  
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I n  f u t u r e  phases of t h e  ORNL remedia l  a c t i o n  program, t h e  i n t e n t  

i s  t o  eva lua te  t h e  t r a n s p o r t  and dose pathways f o r  hazardous substances 

from each o f  t h e  f a c i l i t l e s  considered t o  pose an undue r i s k  t o  hea l th ,  

s a f e t y  and environment us ing  s tandard as we1 1 as  " s ta te -o f - the -a r t "  

mathematical misdels t o  p r o v i d e  adequ3t.e assessment o f  t h e  s i t e  

c o n d i t i o n s .  T h i s  p e r t a i n s  e s p e c i a l l y  t o  the  assessment o f  p o t e n t i a l  

impacts on groundwater q u a l i t y  t h a t  are  d i f f i c u l t  t o  determine us ing  

convent iona l  a n a l y t i c a l  procedures. One purpose o f  t h i s  r e p o r t  i s  t o  

i d e n t i f y  t h e  necessary data  requirements l a  be used as i n p u t  t o  d r i v e  

such models. Th is  pathway a n a l y s i s  assessment w i l l  then  be used l o  

determine t h e  groper  course a f  a c t i o n  r e q u i r e d  f o r  f u t u r e  remedia l  

a c t i o n s .  

The s tud ies  conducted by Tamura e t  a l .  (1977), Muang (personal  

u n i c a t i o n ) ,  and S t a n s f i e l d  and F ranc i s  (1986) p rov ided an adequate 

da ta  base t o  determine t h e  i r i ven to ry  o f  b o t h  rad ionuc l i des  and 

nonrad ioac t i ve  contaminants f o r  t h e  pond H a t e r  and sediment. However, 

a d d i t i o n a l  samples o f  subsur face s o i l s  need t o  be taken from the  berm 

as  w e l l  as f rom under t h e  impoundment t o  determine t h e  e x t e n t  of 

contaminat ion,  i n  terms o f  bo th  concen t ra t i on  and r o i l  depth, A l s o ,  i f  

t h e  model ing p r e d i c t i o n s  assoc ia ted  w i t h  remedia l  a c t i o n  a r e  t r u l y  

dependent on be ing  a b l e  t o  model t h e  e x t e n t  o f  con taminat ion  under 

e x i s t i n g  cond i t i ons ,  t hen  leach ing  s tud ies  on t h e  sediment f rom t h e  

3513 impoundment need t o  be conducted, The leach ing  should be conducted 

w i t h  pond water  f rom t h e  impoundment, and any subsequent a t t e n u a t i o n  o f  
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t h e  t r a n s p o r t  o f  leached contaminants by t h e  s o i l  under l y ing  t h e  

impoundment and subsurface surroundi 'ng s o i l s  should a l so  be determined. 

4.2 .  GEOLOGY AND SOILS 

4.2.1. S i t e  Geology 

The e x t e n t  o f  v e r t i c a l  contaminat ion w i l l  be determined by t a k i n g  

core bor ings  f rom below t h e  impoundment. Th is  w i l l  be done by angle 

co r ings  upgrad ien t  and downgradient o f  t h e  impoundment t o  depths 

approx imate ly  33 m (100 f t )  d i r e c t l y  under t h e  impoundment. S e c t i o n s  

o f  c o r i n g  w i l l  be taken f rom these co r ings  and analyzed f o r  

r a d i o a c t i v i t y  and RCRA contaminants (us ing  t h e  RCRA EP l each ing  t e s t ) .  

I f  contaminat ion i s  conf i rmed, t h e  same bo r ings  w i l l  he used t o  observe 

bedding p lane c h a r a c t e r i s t i c s  and frequency i n  t h e  l imestone a q u i f e r  

f o r  use i n  model ing t h e  movement o f  contaminants i n t o  t h i s  l imestone 

bed roc k . 
To a i d  i n  model v e r i f i c a t i o n ,  a dye- t racer  s tudy w i l l  be conducted 

i f  c o ~ t ~ ~ ~ n a t j o ~  i n  t h e  bedrock i s  c o n ~ ~ r ~ e d .  The o b j e c t i v e  o f  these 

s tud ies  i s  t o  determine i f  t h e r e  are  s o l u t i o n  c a v i t i e s  i n  t h e  l imestone 

bedrock t h a t  have t h e  p o t e n t i a l  o f  p r o v i d i n g  m i g r a t i o n  pathways f o r  

contaminants f rom t h e  3513 impoundment t o  su r face  dra inage ways such as 

White Oak Creek and F i r s t  Creek. Because pas t  e x p l o r a t i o n  (Stockdale 

1951; S t a n s f i e l d  and F ranc i s  191,) i n d i c a t e s  t h a t  t h e  bedrock su r face  

u n d e r l y i n g  t h e  s o i l  overburden 'Is o n l y  very s l i g h t l y  weathered, these 

analyses and t e s t s  w i l l  be made on e s s e n t i a l l y  nonweathered rock.  

Also, a s h o r t - l i v e d  r a d i o n u c l i d e  t r a c e r  (** B r )  w i l l  be p laced i n  t h e  

pond water  i n  an a t tempt  t o  d e t e c t  leakage th rough e i t h e r  t h e  bedrock 

or s o i l  and b a c k f i l l  around t h e  pond. 
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4.2.2. S o i l s  

I n  a d d i t i o n  t o  t h e  sampling o f  s o i l s  f rom t h e  berm o f  t h e  

3513 impoundment t o  determine t h e  e x t e n t  o f  contaminat ion,  sediment 

samples need t o  be taken t o  ensure t h a t  any en i n e e r i n g  approaches t a  

t h e  remedia l  ac t i ons ,  such as s t a b i l i z i n g  t h e  sediment, can be 

completed. S o i l  samples a l s o  need t o  be taken S O  t h a t  t h e  

so rp t i on /deso rp t i on  o f  known contaminants i n  t h e  pond water  and 

sediment on t h e  s u b s o i l s  below and around t h e  impoundment can be 

determined. To v a l i d a t e  modeling o f  e x i s t i n g  cond i t i ons ,  d e t a i l e d  

s p a t i a l  concen t ra t i ons  i n  s o i l s  n e a r - f i e l d  o f  t h e  pond w i l l  be needed. 

4.3. HYDROLOGY 

The r e s u l t s  o f  analyses and groundwater- leve l  measurements f rom 

t h e  m o n i t o r i n g  w e l l s  cons t ruc ted  i n  t h e  f a l l  o f  1985 a t  t h e  ad jacen t  

impoundments (3524, 3539, and 3540) need t o  be eva lua ted  i n  concer t  

w i t h  those f rom t h e  m o n i t o r i n g  w e l l s  a t  t h e  3513 i r n  

Furthermore, severa l  p iezometer  w e l l s  a r e  scheduled f o r  comple t ion  i n  

t h e  area around these f o u r  impoundments i n  1986 as p a r t  o f  t h e  

comprehensive s i t e w i d e  groundwater c h a r a c t e r i z a t i o n  a c t i v i t i e s .  A 

p o t e n t i o m e t r i c  map f o r  t h e  area o f  t h e  f o u r  impoundments w i l l  be 

prepared by us ing  da ta  f rom a l l  w e l l s .  

4.3.1. Sur face Water 

To model t h e  impoundment, i n f l o w  ( f r o m  a c t i v e  p i p e l i n e s )  and 

o u t f l o w  ( t o  t h e  ad jacent  3524 pond) w i l l  be measured. St reamf low 

measurements w i l l  be made i n  White Oak Creek upstream and downstream o f  

t h e  3513 impoundment t o  p r o v i d e  i n f o r m a t i o n  on t h e  e f f l u e n t  o r  i n f l u e n t  
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c h a r a c t e r i s t i c s  o f  t h e  s t ream f o r  one year .  Also, chemical analyses o f  

t h e  s t ream water  f rom these same l o c a t i o n s  w i l l  be made. 

4.3.2 I Groundwater 

Groundwater samples were taken and analyzed f o u r  t imes f rom 

February t o  September 1985. These r e s u l t s  w i l l  be eva lua ted  t o  

etermine whether contaminants o t h e r  t h a n  r a d i o n u c l i d e s  f rom t h e  3513 

have s i g n i f i c a n t l y  a f f e c t e d  t h e  groundwater. P o l l u t i o n  f rom chemical 

hazardous waste i s  assumed i f  an a n a l y s i s  by  a s t a t i s t i c a l  procedure, 

such as Cochran's Approx imat ion t o  t h e  Behrens-Fisher S tudent 's  t - t e s t ,  

i n d i c a t e s  a s i g n i f i c a n t  i nc rease  (decrease i n  t h e  case o f  pH) i n  t h e  

water  q u a l i t y  parameters l i s t e d  i n  Table 7 between t h e  upgrad ien t  and 

downgradient we l l s .  

I f  contaminat ion  i s  v e r i f i e d  deep i n t o  t h e  l imestone bedrock by  

t h e  deep cores taken below t h e  impoundment (see Sec t ion  4.2.11, 

a d d i t i o n a l  da ta  on t h e  a q u i f e r  p r o p e r t i e s  ( h y d r a u l i c  c o n d u c t i v i t y ,  

e f f e c t i v e  p o r o s i t y ,  and degree o f  a n i s  t r o p i s m )  w i l l  be needed f o r  

c o n s t r u c t i n g  models o f  t h e  groundwater f l o w  system and contaminant 

t r a n s p o r t .  Hyd rau l i c  c o n d u c t i v i t y  t e s t s ,  us ing  s l u g - t e s t  procedures, 

w i l l  be conducted and analyzetl  f o r  t h e  e x i s t i n g  m o n i t o r i n g  w e l l s  a t  t h e  

impoundment. A pump t e s t  w i t h  severa l  obse rva t i on  w e l l s  w i l l  be 

necessary t o  s tudy  t h e  a n i s o t r o p i c  r la tu re  o f  t h e  h y d r a u l i c  c o n d u c t i v i t y  

and t r a n s m i s s i v i t y .  The w e l l  t o  be pumped i n  t h e  t e s t  w i l l  need t o  be 

a t  l e a s t  10  cm i n  d iameter  so t h a t  a submers ib le  pump can be 

i n s t a l l e d .  Because o f  t h i s  r e l a t i v e l y  l a r g e  d iameter ,  normal w e l l  
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d r i l l i n g  methods w i l l  be used r a t h e r  than  c o r i n g  techniques. The 

s t r a t a  i n  t h e  w e l l  w i l l  be examined and logged us ing  a down-the-hole 

came r a  . 
A d d i t i o n a l  sha l low groundwater-monitor ing w e l l s  w i l l  be needed on 

t h e  west s i d e  o f  t h e  3513 impoundment t o  d e f i n e  t h e  l i m i t s  of 

contaminat ion.  Wel ls w i l l  have t o  be s u f f i c i e n t  i n  number and depth t o  

determine t h e  l a t e r a l  e x t e n t  o f  t h e  contaminat ion.  Also, i f  

contaminat ion  i s  v e r i f i e d  by t h e  deep cores taken below t h e  

impoundment, t h e  e x t e n t  o f  con taminat ion  and v e r t i c a l  f l o w  w i l l  be 

determined by i n s t a l l i n g  a deep groundwater-monitoPing w e l l  and a deep 

piezometer t o  compare t h e  w a t e r - l e v e l  measurements w i t h  those i n  

e x i s t i n g  sha l low w e l l s .  

4.4.  ECOLOGY 

The impoundment has served as  a va luab le  rad ioeco logy  study area 

f o r  over  20 years [Kaye and Dunaway 1962, Garten e t  a l .  (1982), and 

Trabalka e t  a l .  ( i n  p r e s s ) ] .  Over  t h a t  t me, cons iderab le  i n f o r m a t i o n  

r e l a t i v e  t o  t h e  movement and d i s t r i b u t i o n  of  rad ionuc l i des  i n  t h e  b i o t a  

o f  t h e  impoundment has been cha rac te r i zed  The removal o f  t h e  pond 

water  and s t a b i l i z a t i o n  o f  t h e  sediment w i l l  decimate most o f  t h e  

present  b i o t a .  

c h a r a c t e r i z e  t h e  e x i s t i n g  o r  f u t u r e  e c o l o g i c a l  impacts. 

No f u t u r e  s t u d i e s  appear t o  be necessary t o  
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5. MONITORING AND TESTING PLAN 

5.1. RECOMMENDED TASKS 

(1) Analyze groundwater mon i to r i ng  data,  Using an adequate 

s t a t i s t i c a l  a n a l y s i s  procedure, eva lua te  f o u r  qua r te rs  o f  groundwater 

sampling da ta  f o r  parameters es tab l i shed  by t h e  Environmental  

P r o t e c t i o n  Agency ( E P A )  as i n d i c a t o r s  o f  s i g n i f i c a n t  groundwater 

contaminat ion by chemical hazardous waste. 

( 2 )  Conduct sediment leach ing  and so i l  a t t e n u a t i o n  stud&. 

Leach contaminated sediment w i t h  pond water  t o  determine e x i s t i n g  leach 

r a t e s  i n  con junc t i on  w i t h  s o r p t i o n i d e s o r p t i o n  s tud ies  o f  t h e  leached 

contaminants on berm s o i l s .  To determine t h e  e x t e n t  o f  n e a r - f i e l d  

m i g r a t i o n  o f  i m ~ o u ~ d ~ e n t  contaminants th rough t h e  ad jacent  so l l s ,  

a d d i t i o n a l  sampling, chemical and r t d i o l o g i c a l  analyses, and da ta  

i n t e r p r e t a t i o n  w i l l  be requ i red .  

( 3 )  Determine leakage t o  qroundwater. I n s t a l l  i n f l o w  and o u t f l o w  

measuring dev ices a t  t h e  3513 impoundment so t h a t  leakage i n t o  t h e  

groundwater can be c a l c u l a t e d  ( a f t e r  t a k i n g  i n t o  cons ide ra t i on  i n p u t  

f rom p r e c i p i t a t i o n  and losses v i a  eva 

( 4 )  Charac ter ize  i n w t  t o  Whi tcOak Creek. Conduct t r a c e r  

s tud ies ,  by adding s h o r t - l i v e d  rad io i so topes  and/or dyes t o  t h e  

impoundment, t o  determine i n p u t  t o  h h i t e  Oak Creek. A lso a t  t h r e e  

l o c a t i o n s  on White Oak Creek, q u a r t e r l y  f l o w  measurements and samples 

f o r  analyses w i l l  be taken. The l o c a t i o n s  w i l l  be immediate ly  upstream 

of  t h e  3513 impoundment, immediately downstream o f  t h e  impoundment, and 

i n  t h e  range o f  60 m downstream o f  t h e  impoundment. Samples will be 
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analyzed f o r  qross a lpha,  g ross  beta, "Sr, and %. 
i f  t h e  s t a t i s t i c a l  analyses o f  groundwater i n d i c a t o r  parameters sho 

s i g n i f i c a n t  contaminat ion,  t h e  samples f r o m  White Oak Creek w i l l  a l s o  

be analyzed f o r  t h e  f o u r  i n d i m t a r s  o f  groundwater p o l l u t i o n  (pHo 

s p e c i f i c  conductance, t o t a l  o rgan ic  carbon, and t o t a l  o rgan ic  halogen). 

I n  a d d i t i o n ,  

(5) k n s t r u c t  m o n i t o r i n g  w e l l s  t o  determine l a t e r a l  

contaminatian-. Const ruc t  f o u r  a d d i t i o n a l  sha l low-mon i to r ing  w e l l s  t o  

the t o p  of bedrock t o  determine t he  l a t e r a l  l i m j t s  o f  contaminat ion.  

The w e l l s  w i l l  be 5 cm ( 2  i n . )  i n  d iameter  and their  c o n s t r u c t i o n  s h a l l  

be t h e  same as t k z t  f o r  ?he e x i s t i n g  m o n i t o r i n g  \tlel.ls a t  t h e  f a c i l i t y  

( S t a n s f i e l d  and F ranc i s  1986). The w e l l s  w i l l  be cons t ruc ted  on the  

west s i d e  o f  t h e  impoundment. 

( 6 )  O r - i i l  cori..n-ys t o  Qeter~j . -w  vertical -contamination. Two 

co r ings  a t  depths t o  33 m w i l l  be used t o  determine i f  t h e  bedr-ock 

under the  impoundment h d s  &em contaminated. T e n t d t i v e l y ,  the co r ings  

a r e  planned a t  the n o r t h e a s t  and southwest corners o f  the  impoundment 

and w i l l  be angled t o  sample bedrock d i r e c t l y  under the impoundment. 

Sec t ions  o f  t h e r e  cores w i l l  be analyzed f o r  contaminat ion  by 

rad ionuc l i des  and RCRA c o n s t i t u e n t s  (us ing  t h e  EP leach t e s t ) .  I f  t h e  

bedrock i s  found t o  be contaminated, these cores  w i l l  be used t o  

determine beddin p lane ckaracteristlcs. 

( 7 )  Cons t ruc t  w e l l s  t o  moni-tor deep qrsungwater. A deep (33  m o r  

more) m o n i t o r i n g  w e l l  ( t e n t a t i v e l y  l oca ted  a t  t h e  southwestern co rne r  

o f  t h e  impoundment) w i l l  be cons t ruc ted  t o  m nitor  deep groundwater. 

A lso  t o  be construc%ed i s  a m u l t i s t a g e  deep p iezometer  t o  measure 

v e r t i c a l  f low.. 
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( 8 )  Collect and analyze data from new monitoring wells. Sample 

and analyze the new wells for gross alpha, gross beta, '*Sr, and 

3H, 

significant pollution by chemical waste, groundwater from the wells 

will be analyzed for all RCRA-regulated constituents. 

Also, if the statistical analyses described earlier indicate 

( 9 )  Conduct single-well hydralulic conductivity tests. Conduct 

single-well hydraulic conductivity tests (slug tests) in all monitoring 

wells and calculate the hydraulic conductivities o f  the bedrock and 

soil. 

(10)  Preparation of pathways analysis. Using the data currently 

available and those proposed in thls plan, a pathways analysis of  the 

migration of contaminants from the impoundment will be completed. 

(11) Manase project and prepare report. Coordination o f  the above 

a c t i o n s ,  and t he  documentation o f  the information obtained i n  a report 

will be required. 
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