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ABSTRACT 

STANSFIELD, R. G. and C. W .  FRANCIS. 1986. Characteristics 
of the 3513 impoundment. ORNL/TM-9936. Oak Ridge 
National Laboratory, Oak Ridge, Tennessee. 136 pp.  

A characterlzation study was conducted on a waste settling 

impoundment (3513 Basin) at the Oak Ridge National Laboratory, to 

provide information necessary for its proper disposition. The 

impoundment resei ved laboratory low-level rad1 o a c t i  ve-waste waters from 

1944, t h e  year o f  its construction, through 1976.  The pond is 

square-shaped and measures approximately 67 m (220 ft) on a side at 

normal water level. Water in the impoundment overlies 0.6 m (2 ft) of  

sediment waste. 

The pond sediment was sampled and analyzed to determine if it would 

classify as a hazardous waste under regulatory definitions promulgated 

in accordance with the Resource Conservation and Recovery Act (RCRA). 

Total inventories o f  chemical elements in the waste were a l s o  

determined. The impoundment is not regulated under RCRA because it was 

a land disposal unit and ceased receiving waste before November 19,  

1980. However, it appears that the sediment would be classified as 

hazardous under those regulations, because mercury concentrations in the 

RCRA Extraction Procedure toxicity test were about ten times higher than 

is permitted. The sediment waste has previously been determined to be 

contaminated by radioactivity* An earlier study found the sediment to 

contain a radioactivity inventory o f  approximately 6000 GBq, consisting 

primarily o f  137Cs [(SO00 GBq (130 Ci)], 6oCo [50 GBq (1 Ci)], 

[770 GBq or (20 Ci)] and 239Pu [lo0 GBq ( 3  Ci)]. 

xi 



The impoundment was cons t ruc ted  i n  c l a y  s o i l  o v e r l y i n g  Chickamauga 

Limestone. I n  some p laces,  t h e  bot tom o f  t h e  Smpoundment i s  as c l o s e  as 

0-3 m ( 1  f t )  o r  so i o  t h e  t o p  o f  t he  l imestone bedrock. F i v e  wells for- 

m o n i t o r i n g  the groundwater were cons t ruc ted  around t h e  per imeter  o f  t h e  

impoundment a t  depths rang ing  f rom 2.7 t o  7.6 ( 9  t o  25 f t ) .  All o f  

t h e  w e l l s ,  except  one o f  She two upgrad ien t  w e l l s ,  extend a t  l e a s t  0 - 3  m 

(1  f t )  i n t o  bedrock. Sampling and analyses o f  t h e  groundwater have been 

completed f o r  t h e  w i n t e r  and s p r i n g  seasons (1985) and w i l l  be cont inued 

f o r  a t  l e a s t  two more quar te rs ,  t o  account f o r  p o s s i b l e  n a t u r a l  seasonal 

v a r i a t i o n  i n  groundwater q u a l i t y .  A t  t h a t  t i m e ,  a de te rm ina t ion  as  t o  

t h e  e f f e c t  o f  t h e  impoundriient on groundwater q u a l i t y  w i l l  be 

Analyses f rom t h e  f i r s t  two  quar te rs  i n d i c a t e  t h a l  r a d i o a c t i v i t y  (g ross  

be ta  r e s u l t i n g  f rom predominate ly  'OS,) o f  t h e  groundwater exceeds 

l i m i t s  a l lowed by R C R A  r e g u l a t i o n s .  Low Bevels (0,0001 mg/L) o f  PCB 

were a l s o  de tec ted  i n  t h e  groundwater. 

The c u r r e n t  conceptual p l a n  f o r  impoundment c l o s u r e  w i l l  need t o  be 

rev i sed  t o  cons ider  t h e  f o l l o w i n g :  ( 1 )  i f  t h e  waste i s  s o l i d i f i e d  i n  

p lace ,  remedia l  a c t i o n s  w i l l  have t o  be taken t o  i s o l a t e  t h e  s o l i d i f i e d  

m a t e r i a l  f rom t h e  groundwater i n  bo th  t h e  surrounding c l a y  overburden 

and u n d e r l y i n g  l imestone bedrock, and ( 2 )  t h e  proposal  t o  separate t h e  

pond i n t o  sma l le r  workable segments by d r i v i n g  sheet p i l i n g  i n t o  t h e  

c l a y  may need t o  be mod i f i ed  f o r  some p a r t s  o f  t h e  pond because o f  an 

i n s u f f i c i e n t l y  t h i c k  c l a y  l a y e r  i n  which t o  found t h e  p i l i n g .  

x i  i 



1. INTRODUCTION 

Th is  c h a r a c t e r i z a t i o n  s tudy  o f  t h e  3513 impoundment a t  Oak Ridge 

N a t i o n a l  Labora tory  (ORNL) has been conducted under t h e  Surp lus  

F a c i l i t i e s  Management Program (SFMP) t o  p r o v i d e  i n f o r m a t i o n  necessary 

f o r  p roper  d i s p o s i t i o n  o f  t h e  f a c i l i t y .  hlork has been performed towards 

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

f u l f i l l i n g  any o b l i g a t i o n  t h a t  may develop under t h e  Comprehensive 

Environmental Response, Compensatiov and L i a b i l i t y  Act. (CERCLA). 

1.1 ORNL SURPLUS FACILITIES M A r ~ A G E ~ ~ N T  P R O ~ ~ A M  (SFMP) 

The SFMP a t  ORNL i s  p a r t  o f  t h e  Department o f  Energy 's  ( D O E )  

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

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

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

i s  completed. 

1.2 COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION AND 
LIABILITY A C T  

Impoundments t h a t  c o n t a i n  hazardous wastes b u t  which stopped 

r e c e i v i n g  such wastes p r i o r  to November 1 g s  1980 a r e  regu la ted  under 

CERCLA r a t h e r  than t h e  Resource Conservat ion and Recovery Ac t  ( R C R A ) .  

Bas in 3513 has n o t  been an a c t i v e  p a r t  o f  t h e  ORNL's waste management 

system s i n c e  1916. Ph is  ORML bas n has been l i s t e d  as a p o s s i b l e  

hazardous waste f a c i l i t y  w i t h  t h e  Environmental P r o t e c t i o n  Agency (EPA)  

and t h e  Tennessee Q i v i s i o n  o f  So l  d Waste Management ( T D S W M ) .  Under 

CERCLA regu?a t ions ,  t h i s  o r i g i n a l  l i s t i n g  o f  t h e  s i t e  d i d  n o t  r e q u i r e  
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sampling and analysis of the waste, but could be based on "the 

respondent's belief, recollection and examination o f  available records" 

(FR vol. 46,  No. 77, A p r i l  15, 1985, EPA Notices, p. 221144). Primarily, 

CERCLA hazardous waste sites are regulated by EPA under %he! National Oil 

and Contingency Plan of 40 CFR Part 300 (IISEPA 1983)" 

regulations, the National Oil and Contingency Plan does not provide 

specific procedures for dete ining whether a was te  1s hazardous, or for 

deterwlning any potential effect on the groundwater a t  a site. 

Therefore, RCRA procedures and requirements generally have been employed 

as guidelines for this current characterization study. 

Unlike RCRA 

1 .3  SCOPE OF THE C H A R A C T E R I Z A T I O N  

Previous studies (Tanrsura e t  al. 1977 and an unpublished study by 

S ,  F. Huang, bJ. F .  Ohraesorge, 8 .  F .  Kelly, R. K .  Owenby, J. .  S .  Eldridge, 

K. L. Daniels, and T. W.  Oakes, Environmental and Occupational Safety 

Division, ORNL) have sampled, analyzed, and calculated inventories of 

radionuclides and certain heavy etals in the impoundment's sediment. 

The Huang et a l .  study will be referenced as Huang e t  a l .  (personal 

communication) throughout this report, The current study co 

November, 1984, and extended through July,  1985, The sediment waste in 

the bottom of the pond was sampled and analyzed to determine if it would 

classify as a hazardous waste as defined by RCRA regulations, and to 

determine the chemical elements t h a t  comprise the major portion of the 

sediment. The groundwater hydrology at the site was investigated by a 

review of its geology, and the construction and sampling of five 

groundwater-monitoring wells. 
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2. DESCRIPTION OF THE FACILITY 

The 3513 impoundment a t  ORNL i s  l oca ted  i n  Bethe l  V a l l e y  as shown 

i n  F l g .  1. The f a c i l i t y  i s  s i t u a t e d  on t h e  n o r t h  s i d e  o f  

westward-f lowing White Oak Creek between B u i l d i n g  3544 on t h e  west and 

two sma l le r  impoundments, 3539 and 3540, on t h e . e a s t .  On t h e  n o r t h  s i d e  

l i e s  Basin 3524 wh-ich, l i k e  t h e  two sma l le r  impoundments on t h e  eas t  

s ide ,  i s  a p a r t  o f  t h e  ORNL process waste system. F igu re  2 i s  a 

photograph l o o k i n g  northward f rom south o f  bdhite Oak Creek w i t h  t h e  

3513 impoundment i n  t h e  center ,  t h e  3539-40 bas ins on t h e  r i g h t ,  and t h e  

3524 bas in  i n  t h e  u p p e r - l e f t  p o r t i o n  o f  t h e  f i g u r e .  Groundwater 

m o n i t o r i n g  systems a re  scheduled t o  be completed i n  t h e  f a l l  o f  1985 f o r  

t h e  o t h e r  t h r e e  impoundments. 

groundwater a t  t h i s  f a c i l i t y  migh t  w e l l  be i n f l uenced  by t h e  o t h e r  t h r e e  

impoundments. 

Impoundment 3513 i s  p o s i t i o n e d  so t h a t  

2.1 IMPOUNDMENT CONSTRUCTION 

The u n l i n e d  impoundment was cons t ruc ted  i n  t h e  year  1944 t o  serve 

as a s e t t l i n g  bas in  f o r  wastewaters p r i o r  t o  t h e i r  d ischarge i n t o  

ad jacent  White Oak Creek. 

excavat ing  i n t o  t h e  c l a y  s o i l  o v e r l y i n  t h e  l imestone bedrock a t  t h e  

s i t e .  No l i n i n g  was added t o  t h e  f a c i l i t y .  Dimensions o f  t h e  

i m p ~ u n d ~ e n t  a t  water  l e v e l  e l e v a t i o n  778 f t  (237 m) a re  approx imate ly  

220 by 220 f t  (67 m ) ,  s l o p i n g  t o  200 by 200 f t  (61 m) a t  t h e  bottom. 

The bot tom e l e v a t i o n  o f  t h e  n o r t h  end o f  t h e  impoundment, a t  

approx imate ly  772  f e e t  (235 m), i s  approx imate ly  1 f t  lower  than the  

south end. (These e l e v a t i o n s  a r e  based on prob ings  made a t  n i n e  evenly  

The impoundment b a s i c a l l y  was cons t ruc ted  by 
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Figure 1. Locat ion  o f  3513 impoundment w i t h i n  ORNL. 



ORNL PHOTO NO. 2563-85 

Figure 2.  Photograph taken looking northward with 3513 
impoundment i n  the center and White Oak Creek 
v is ib le  i n  lower l e f t .  
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spaced l o c a t i o n s  d u r i n g  t h i s  s tudy. )  

f i v e  waste l i n e s  emptying i n t o  t h e  n o r t h  s ide,  w h i l e  o u t f l o w  was through 

t h e  same number o f  opposing l i n e s  on t h e  south s ide.  

above dimensions and water  l e v e l ,  a normal s to rage capac i t y  o f  

approx imate ly  1,880,000 g a l  (7,120,000 L) o f  water  and sediment i s  

c a l c u l a t e d  f o r  t h e  impoundment. 

I n f l o w  t o  t h e  impoundment was by 

Employing t h e  

2.2 IMPOUNDMENT OPERATION 

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

t rea tment  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 supernatant  f rom t h e  g u n i t e  tanks which c o l l e c t e d  

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

were added t o  t h e  impoundment waters 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  

rad ionuc l i des  p r i o r  t o  r e l e a s i n g  t h e  water  t o  White Oak Creek. 

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 .  

Other 

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

impoundment averaged 2.5 f t  (0.76 m) and 3.8 f t  (1.16 m) a t  t h e  n o r t h  

end (Hor ton  unpubl ished) .  It appears t h a t  t h e  s ludge may have 

conso l i da ted  somewhat d u r i n g  t h e  e i g h t  years s ince  1977 as t h e  average 

depths measured by prob ings  and soundings d u r i n g  t h i s  s tudy were 1.6 f t  

(0.43 m) and 2.8 f t  (0.85 m), r e s p e c t i v e l y .  
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3 .  IMPOUNDMENT SEDIMENT WASTE 

3.1 SEOIMENT AND POND WATER SAMPLING PROCEDURES 

wh 

i n  

w l  

To d~~~~~~~~ t h e  c o n s t i t u e n t s  o f  t h e  waste sediment, samples were 

secured from tke c e n t e r  o f  each quadrant  o f  t h e  ~ m ~ o ~ n d ~ e r ~ ~  as w e l l  as 

i n  t h e  pond's  c e n t e r  as shown i n  F i g .  3. Two se ts  o f  samples were 

ob ta ined:  t h e  f i r s t  i n  November, 1984, and t h e  second i n  February, 1985. 

Ihe procedure for  sampling t h e  f i r s t  s e t  cons i s ted  o f  pushing a 

3.8-in. (7.62-cm) dlam ~~~~~~~~ t ube  through t h e  sediment i n t o  t h e  

u n d e r l y i n g  c l a y  b o t t o  t o  a depth of 1 t o  3 i n .  ( 2 . 5 4  t a  7,62 cm). The 

c lay ,  which was sampled t o  a depth o f  f rom 1 t o  3 inches,  ac ted  as a 

p l u g  a t  t h e  bot tom of  t h e  sampling tube  t o  r e t a i n  t h e  loose,  l ow-dens i ty  

sediment. The t o p  o f  t h e  tube p ro t ruded  above t h e  water  l e v e l  and was 

ged w i t h  a rubber s topper  p r i o r  t o  r e t r i e v i n g  t h e  sample tube from 

t h e  sediment. 

The second s e t  o f  sa ples was collected w i t h  a 1 .5 - i n . (3 *8?  -c 

d i m  a l i m i n m  t u b e ,  T h i s  sampler had a w o ~ d  p l u y g i ~ g  d e v l c e  t h a t  was 

pu7led i n t o  p lace  at  t k  botttofn o f  the sample t u b e  by r7r1 a t tached  l i n e  

c h  ex tended  t O ~ r . ~ u g h  the b o l t m  (iod o u t  t h e  t o p  of t h ~ l  i t h e .  Sampling 

anner 6 1 1 ~ ~ 6  t h e  redlmcnt l o  bc reta-isaed ira the  sampler 

Dwast ,I c l a y  p l u g  as i n  l h e  mr1iia;tr sampling t e c h 5 i q w .  

 or ease o f  hand:ing, sediment samples were emptied rrom the  

sampling d e v i c e s  i n t o  a ~ ~ ~ ~ - ~ ~ ~ ~ ~ . ~  p l a s t i c  C Q  t a ine r  from which they  

were t r a n s f e r r e d  t o  0.5-gal (1.9 L) g las s  con ta ine rs  a t  t he  sampling 

s i t e .  More t han  one co re  was taken a t  each s i t e  f o r  bo th  s e t s  
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O R N L - - D W G  85-137178 

Figure 3 ,  Location o f  sediment sampling s i tes  and 
groundwater monitoring we1 1 s. 
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o f  samples. Dur ing t h e  f i r s t  se t ,  two con ta ine rs  o f  sediment were 

c o l l e c t e d  a t  each sampling s i t e .  

was c o l l e c t e d  a t  each s i t e .  

Far  t h e  second s e t  o n l y  one con ta ine r  

Pond water  was sampled f rom a l o c a t i o n  i n  t h e  cen te r  o f  t h e  

impoundment w i t h  a s t a i n l e s s  s t e e l ,  bot tom load ing  b a i l e r .  Water was 

taken f rom bo th  t h e  lower  and upper depths. 

3 . 2  SELECTION OF CONSTITUENTS FOR ANALYSIS IN SEDIMENT AND POND WATER 

The pr imary  purpose o f  t h e  sampling was t o  determine i f  t h e  

sediment waste i n  t h e  bottom o f  t h e  3513 pond would be c l a s s i f i e d  as a 

hazardous waste under CERCLA o r  RCRA regu la t i ons .  Federal  r e g u l a t i o n  40 

CFR 261, promulgated under R C R A ,  s p e c i f i e s  t h a t  a s o l l d  waste i s  a 

hazardous waste i f  i t  e x h i b i t s  any a f  t h e  de f i ned  c h a r a c t e r i s t i c s  o f  

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

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

phys i ca 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  o u t  

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

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

concent ra t ions  o f  e i g h t  elements o f  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) and s i x  he rb i c ides  and p e s t i c i d e s  i n  

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

l e v e l s  o f  these c o n s t i t u e n t s  exceed es tab l i shed  maximum perm iss ib le  

concent ra t ions ,  as shown i n  Table 1 ,  then  t h a t  waste i s  cons idered a 

hazardous waste. 
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Table 1. Contaminants t h a t  determine EP t o x i c i t y  
FR v01. 45, No. 98, Way 19, 19863, p. 33122) 

Waste i s  c l a s s i f i e d  as hazardous i f  concen t ra t i on  o f  any l i s t e d  
c o n s t i t u e n t  equals o r  exceeds t h e s e  ~~~i~~~~ concent ra t ions ,  

w: 

E PA 
ha zip r d  cu LI s 

waste 
number Contaminant 

Haximu 
concen t ra t i on  

( m i  11 igranis 
p e r  l i t e r )  

DO@4 
DO05 
DO06 
DO07 
BOOS 
DO09 
DO1 0 
DO1 1 
DO1 2 

DO1 3 

DO1 4 

DO1 5 

DO1 f, 
DO1 7 

Arsenic  
Ra ri urn 
Cadmi urn 
Chrorni urn 
Lead 
Me rc 11 ry 
Se 1 en i urn 
S i  1 ve r  
Endr in  (1  ,2,3,4,1 O,lO-hexachIora-6 3--epoxy- 

Lindane Cl,2,3,4,5,6-hexachlsrocyclahexane 

1,4,4a,5,6,7,8,8a-octahydro-a,4-endo-end~ - 
5,8--dimethano naphthalene 

l,1 , l - t r i c h l a r a - 2 , 2 - b i s  
[e-methsxypheny~]9thane) 

Toxaphene ( C ~ O H I Q C I ~ ,  t echn ic  
c h l o r i n a t e d  camphene, 67-69 

ich lo raphensxyacet ic  a c i d )  
2,4 ,S-TP S i l v e x  (2 ,4,5-trichlorophenoxy)-  

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

5 .O 
100.0 

1 .o 
5.0 
5.0 
0.2 

5.8 
0.02 

1 .a 

0.4 

10.0 

0.5 

10.0 
1 .o 



11 ORNL/TM-9936 

To evaluate the potential of  the sediments to leach organic 

compounds other than the above herbicides and pesticides, the EP 

extracts were analyzed for total toxic organics ( T T O ) .  The general 

definition of  TT6 i s  meant to be a summation of all quantifiable 

concentrations greater than 0.01 mg/L of a large selection of volatile 

ivolatile organic compounds as listed in the July 15, 1983, 

Federal _Register vol. 48 (No. 133). 

As supplementary information, concentrations of nonregulatory 

elements were also reported for E P  extracts. These concentrations 

resulted from analysis o f  the EP extracts by the multielemental analysis 

technique, Inductively Coupled Plasma (ICP) spectroscopy. These 

nonregulatory elements, such as iron, calcium, sodium, phosphorus, 

copper, and nickel, although not regulated by CERLA or R C R A ,  are 

significant in determining the overall leaching characteristic of the 

sediment 

An estimate o f  total elemental analyses o f  the sediment was 

conducted and the total concentration of PCB in the sediment was aKso 

determined. Analyses of t h i s  nature are useful in evaluating remedial 

action alternatives and are necessary to determine inventories of 

chemical constituents in the sediment waste. 

The pond water in the 3513 impoundment was analyzed for the 

parameters defined by the NIPDWS as well as those established to 

determine groundwater quality and a5 indicators of groundwater 

contamination. Radiological analyses of the pond water were also 

determined. These analyses included gross alpha and beta 

determinations, as required by the WIPDWS regulations, in addition to 
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separate analyses of specific alpha, beta, and ga 

data of this type have been previously reported for both pond water and 

sediment samples, (Tarnenra '8977, Wuang et a l .  unpublished). 

3.3 CHEMICAL. ETHOOS USED FOR ANALYSIS OF SEOIHE%JT AND POND WATER 

Chemical analyses used t o  characterize the sedi ent  and pond water 

weye performed by the? QRRL Analytical Chemistry Division. The metho 

used are predo inately those described in 

-I_.- hods, SW-846, second edition, 

published July 1982 by the  USEPA Office o f  Solid Haste and Emergency 

Response, Washington, D . C .  (USEPA 1982) and Methods f o r  Chemical 

Analysis o f  Mater and Wastes, EPA-dQ0/4-79-028, revised March 1983, 

published by USEPA Environ onitoping and Support Laboratory, 

Office sf  Research and Qevelogment, Cincinnati, Ohio (USEP 

Far  the sedime the EP toxicity test was conducted as outlined by 

ethod 1310 (US 2) .  The concentrations o f  metals in t h e  EP 

extract were determined by €PA methods 3861, 70 1 ,  7131, 7191, 7421, 

9438, 7747, and 3761 in USEPA (1982) and inductlvely coupled p l a v m  

( ICP) spectroscopy, method 200.7 in USEPA (1983). The zsncentratians sf 

pesticides and herbicides ? n  the EP extracts were determined by method 

8080 (USEPA 1982) except that the analyses were by liquid chro 

instead of gas chromatography. The total toxic organics (TTO) in the EP 

extracts were determined using method 624 (USEPA 1983) or pentane 

extraction for the volatile organic compounds and method 1625 

(USEPA 1982) for the semivolatile compounds. 
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T o t a l  e lemental  concent ra t ions  i n  t h e  sediment f rom t h e  3513 

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

110 '~ ove rn igh t )  w ~ t h  a I:I m i x t u r e  o f  concentrated n i t r i c  a c i d  and 

concentrated h y d r o f l u o r i c  ac id .  

was taken up i n  12% n i t r i c  ac id ,  and elemental  concent ra t ions  were 

determined by ICP spectroscopy. Thus, t h i s  d i g e s t i o n  procedure 

prec ludes t h e  a n a l y s i s  o f  mercury because t h e  element i s  l o s t  on 

v o l a t i l i z a t i o n .  The t o t a l  concent ra t ions  o f  PCB i n  sedime 

determ-?ned u s i n  

A f t e r  b r i n g i n g  t o  dryness t h e  res idue  

Elemental concent ra t ions  i n  pond water  a t  t h e  3513 s i t e  were 

determined by I C P  (method 200.7 i n  USEPA 1983).  

determine concent ra t ions  o f  p e s t i c i d e s  and he rb i c ides  as w e l l  as PCB 

were t h e  same as those used t o  determine t h e i r  concent ra t ions  i n  t h e  EP 

e x t r a c t s ,  C o l i f o r m  b a c t e r i a  were determined by method 405.1 

(USEPA 1983). Concentrat ions o f  f l u o r i d e ,  c h l o r i d e ,  n i t r a t e ,  and 

s u l f a t e  were determined i n  pond water  us ing  methods 340.2 and 300,O as 

descr ibed i n  USEPA (1983). Phenol concen t ra t i on  was determined by 

method 420.1 (USEPA 1383), T o t a l  o rgan ic  carbon (TQC)  and t o t a l  o rgan ic  

h a l i d e s  (TQX) were determined i n  t h e  pond water  us ing  methods 9060 and 

9820, r e s p e c t i v e l y  (USEPA 1982). 

Nethods used t o  

Concentrat ions o f  rad ionuc l i des  i n  pond water  a t  t h e  3513 

impoundment were determined us ing  s o l i d  s t a t e  a lpha and be ta  de tec to rs .  

Gross a lpha and gross be ta  measurements were performed by coun t ing  on 

Tennelec LIB5100 Ser ies  I1 equipment. Th is  automated system i s  

p rogramed t o  conver t  raw data  t o  a c t i v i t y  u n i t s  as w e l l  as u t i l i z i n g  

m a t e r i a l  weights  o r  volume t o  produce a c t i v i t y  p e r  u n i t  (we igh t  o r  
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volume). Analyses o f  gamma-emitting rad ionuc l i des  were conducted us ing  

h i g h - r e s o l u t i o n  germanium de tec to rs .  The d e t e c t o r s  were s h i e l d e d  from 

extraneous backgrotind and were c a l i b r a t e d  f o r  t h e  respec t i ve  sample 

geometries us ing  c e r t i f i e d  m ix tu res  o f  g a m a - e m i t t i n g  r a d i o n u c l i d e  

s tandard s o l u t i o n s  f rom t h e  Na t iona l  Bureau of Standards ( N R S ) .  

C a l i b r a t i o n  procedures and assessment have been descr ibed elsewhere 

(Larsen and Cu tsha l l  1981 ) - 

3.4 RESULTS AND DISCUSSION OF CHEMICAL ANALYSES OF SEDIMENT AND POND 
MATER 

A s  s t a t e d  e a r l i e r ,  t h e  pr imary  i n t e r e s t  i n  t he  chemical 

c h a r a c t e r i z a t i o n  o f  sediment and pond water  a t  3513 i s  t h e  

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

The pil o f  t h e  sediment s l u r r y  was found t o  be 7.2, thus t h e  w a s t e  does 

n o t  have t h e  c h a r a c t e r i s t i c  o f  c o r r a s i v i t y  as de f i ned  by € P A .  The 

c o n t r o l l i n g  t e s t  f o r  c l a s s i f i c a t i o n  i s  t h e  EP t o x i c i t y  c h a r a c t e r i s t i c .  

Concentrat ions o f  RCRA r e g u l a t o r y  c o n s t i t u e n t s  i n  E P  e x t r a c t s  f rom 

sediment taken a t  va r ious  l o c a t i o n s  w i t k i n  the  3513 impoundment a re  

presented i n  Table 1 A  o f  Appendix C.  The concent ra t ions  p r e f i x e d  by a 

mjnus s i g n  a r e  t h e  d e t e c t i o n  l i m i t  f o r  t h e  element o r  compound f o r  t h a t  

a n a l y s i s .  Table 1 A  revea ls  t h a t  concent ra t ions  o f  a l l  r e g u l a t o r y  

c o n s t i t u e n t s  except mercury, which i s  on t h e  o r d e r  o f  t e n  t imer  h i g h e r  

than t h e  p e r m i s s i b l e  l i m i t ,  a r e  below the maximum perm iss ib le  

concent ra t ions .  These da ta  a re  summarized i n  Table 2 .  The 

concen t ra t i on  o f  se len ium i n  t h e  EP e x t r a c t  was b e l s  I C P  de tec t i on ;  

however, t h e  d e t e c t i o n  l e v e l  by I C P  f o r  these e x t r a c t s  was 1 t o  2 mg/L 

g r e a t e r  t han  t h e  RCRA l i m i t .  It i s  because o f  t h e  mercury 
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Table 2. Concentrations of RCRA-regulated constituents in 
EP extracts from 3513 impoundment sediments 

Measured concentration 

Permissible No. 
Constituent concentration Mean obs. M i  n Wax %CV 

Arsenic, mg/L 5.0 

Barium, mg/L 100 

1 .0 

5.0 

Lead, mgBL 5,O 

Mercury, mg/L 0.2 

Selenium, mg/L 1 .o 
Silver, mg/L 5.0 

Endrin, mg/L 0.02 

Lindane, mg/L 0.4 

Methoxychlor, mg/L 10. 

Toxaphene, mg/L 0.5 

2,4-0, mg/L 10. 

2 ,4 ,5 -TP  SILVEX, ~ng/L 1.0 

1 .aooosl. 

0.7640 

0.21603 

1.1224a 

2.9900 

3 - 6000a 

0.6360g 

0.0001 

0.0003 

0.0002 

0.0020 

0.0050 

0.0050 

5 

5 

5 

5 

5 

5 

5 

5 

1 

1 

1 

1 

1 

1 

1.2000 

0.5600 

0 * 0200 

0.140 

0.0030 

0.1500 

2.4QOO 

0.4200 

0.0001 

0.0003 

0.0002 

0 e 0020 

O.OQ50 

Q.0050 

4.2800 74.5 

0.9700 22.7 

0.1900 77.7 

0,4200 53-7 

4.8000 58.7 

8.4000 74.5 

1.5000 75.9 

0.0001 

0.0003 

0.0002 

0.0020 

O.OO50 

0.Q058 

Qeasurements include analytical detection levels (see Table  1 A ) .  
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concent ra t ions  i n  EP e x t r a c t s  a f  sediment f rom t h e  3513 impoundment t h a t  

t h e  sediment would be considered a hazardous waste .  Concentrat ions o f  

o rgan ic  compounds i n  t h e  EP e x t r a c t ,  as measured by t h e  TTO ( a  screening 

sumnation f o r  113 o f  t h e  115 organ ics  l i s t e d  by EPA as p r i o r i t y  

p o l l u t a n t s )  a re  low (<Q,01 mgBL, see Table 2 A  o f  Appendix C ) .  

Concentrat ions of copper,  n i c k e l ,  and z fnc  i n  EP e x t r a c t s  a r e  

s i g n i f i c a n t l y  below t h e  100 t imes t h e  maximum l i m i t  f o r  water  i n  t h e  

r e c e n t l y  i ssued "Hazardous Substance Gu ide l ines"  (see Table 3) by t h e  

S t a t e  o f  Tennessee (Gregory 1985), The cancent ra t ions  l i s t e d  i n  Table 3 

a r e  not  r e g u l a t i o n ,  b u t  r a t h e r  a r e  g u i d e l i n e  l i m i t s  c u r r e n t l y  used by 

t h e  S t a t e  of  Tennessee. As such, t hey  a r e  s u b j e c t  t o  m o d i f i c a t i o n ,  

A c t i v i t i e s  o f  rad io i so topes  were no t  d e t e r  ined i n  t h e  E Q  e x t r a c t s .  

Resu l ts  o f  t o t a l  e lementa l  analyses o f  t h e  sed i  e n t  a re  provided i n  

Table 3A o f  Appendix C. These analyses a l s o  i n d i c a t e  e leva ted  

concen t ra t i ons  o f  PCB ( concen t ra t i ons  ranged f rom 3 t o  a 

, T2bIe  3 A ) .  Regulatory  l e v e l s  do n o t  p r e s e n t l y  e x i s t  govern ing 

t o t a l  concen t ra t i ons  o f  i n o r g a n i c  o r  o rgan ic  c o n s t i t u e n t s  i n  sed i  

R e l a t i v e  t o  t h e  p r e v i o u s l y  en t ioned Tennessee "Hazardous Substanee 

Guide l ines"  t h e  sediment exceeds ~ a ~ i ~ u  s a i l  l i m l t s  f o r  copper, z i n c ,  

n i c k e l ,  cadmium, chrorniu s i l v e r ,  lead,  and PCB, 

An i n v e n t o r y  o f  meta ls  and o t h e r  c a n s t i t u e n t s  i n  the sediments o f  

t h e  3513 impoundment, d e r i v e d  from 8- e n t a l  analyses, i s  

presented i n  Table 4A of Appendix C.  The i n v e n t o r y  was c a l c u l a t e d  based 

on 2,350,000 L af sediment hav ing  a b u l k  we t  d e n s i t y  o f  1.2 g/cm and 3 

water  as determined i n  t h i s  study. s discussed e a r l i e r ,  t h e  t o t a l  
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Table 3. Hazardous substance guidelines 
Tennessee Division o f  Solid Waste Management - Superfund 

Maximum limit, Maximum limit, 
water sol 1 Water 

Compound (PPm or W L )  (PPm or mg/kgl reference 

Benzene 0.025 2.5 6 
Ethylbenzene 1.4 140 1 
To1 uene 14.3 1430 1 
Carbon tetrachloride 0.025 2.5 6 
Chloroform 0.002 0.2 1 
1 ,2-Di chloroethane 0.26 26 6 
1,l-Dichloroethylene 0.35 35 6 
Methylene chloride 0.15 15 2 
Tetrachloroethylene 0.085 8.5 6 
Trichloroethylene 0.26 26.0 6 
1,1,1-Trichlorethane 1 .o 100 6 
Acetone 20 2,000 7 
Ethylacetate 400 40,000 4 
Xylenes 0.62 62 2 
Methyl-ethyl ketone 0.75 15 5 
Methyl-isobutyl ketone 100 10,000 4 
Vinyl chloride 0.06 6.0 6 
Naphthalene 0.025 2.0 1 
Ri-#-butyl phthalate 0.034 3.4 1 
Pentachloro phenol 1.01 101 1 
Cyanide 0.2 10 3,8 
Phenol 0.3 30 1.8 
Copper 1 100 3 
Zinc 5 500 3.8 
Nickel 0.2 20 3* 8  
Mercury 0.802 0.2 398 
A m e n  I c 0.05 5 3.8 
Cadmi um 0.81 1 .o 3.8 
Chrami um 0.05 5 3 , 8  
Silver 0.05 5 398 
Lead Q,05 5 398 
PAHs (%,0000:?8 0 * 0028 1 
PCBS O . O O O O f l O 7 ~  0. (900079 
Water limits, clarified by MED 8/28/84: 

Nitrates(N) - 10 ppm 
Sulfates - 250 ppm 
Phosphate - should be set below 50 ppm in water (gives renal damage in 

rats, 1 s  ten times dietary, adequate nutritional level for rats) 

References : 
1. Federal Register 45:23l, November 1980 
2. Long-term SNARL 
3. Interim Drinking Water Standard 
4. Dangerous Properties of Industrial Materials, N. Irving Sax 
5. Ten-day SNARL 
6. Federal Register, 49:114, 24338, June 1984 
7. Flash point concentration 
8. E.P. toxicity limit or suggested level (phenol, cyanide, nickel) 
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elemental Concentration of mercury was not determined in analyses for 

this report (mercury in this study was deterrnjned by EP toxiclty test 

only). However, Huang e t  all, (personal ea 

mercury inventory for the sediment of  25 kg. 

For pond water analysis, the detection limit by I C P  for  some o f  .the 

metals generally exceeded the N I P D  S (see Table 5 A  of A pewdix C). For 

ple,  the detection limits for silver was 'sn excess of the rnaxlmum 

allowable NIPDWS. ~ e a ~ ~ ~ ~ ~ e ~ ~ s  o f  chrsmi rn, lead, and selenium i n  pond 

water were observe to be in excess o f  NIQDWS. However, levels of 

arsenic, bariu cadmium, fluoride, mercury, and nitrate, as well as the 

pesticides and herbicides were below the maximu allowable NIPDWS. The 

concentration of total organic halides ( T O X )  was relatively high 

(0.670 mg/L). Detectable concentrations of PCB ere observed in the 

pond water (0.00Qta mg/L) and counts of coliform acteria (12) were in 

excess of the NIPD S .  The total organic carbon content (TCC) ,  however, 

was relatively low (12 mg/L). The a j o r  contaminant, a5 expected, is 

the radionuclide concentrations (Ta le 6 A  of Appendix C ) .  The bulk of 

the activity is from 13'cs and 'QS,, mmsiiring 290 ana 420 B ~ A -  (7.8 

and 11 yCi/rni), respectively. Gross beta activity appears t o  be 

"Sr and Y--90 decay [i .e., gross beta (910 Bq/L or 

25 p C i / m l ) ]  i s  slightly ore than twice the " ~ r  activity. 

activity in the pond water I s  less than 2% of  the gross beta and la7Cs 

~lpha 

activity combined. 

3.5 RADSONUCLIOES IN THE SEDIMENTS ~~~~~~~~~~ BY PREVIOUS REP0 

Radionuclides present in the sediment waste have been determined by 

Tamura 1977 and Huang et al. (personal communication) Table  4 i s  from 
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Table 4. Radionuclide concentration and 
(from Tables 7 and 8 o f  Huang et a 

Results o f  quantitative analyses for 

inventories in 3513 impoundment . personal communication) 
smples from 3513 impoundment 

bE 4,000 20 NO 50 1.7 5.0 2.2 540 
13E 800 10 4 80 2.8 8.0 1.1 300 
8G 1,200 16 4 20 1 .o 7.0 2.4 320 
5L 4,000 40 4 60 1 .o 12.0 2.4 200 
1 OL 1,800 16 4 30 1.7 14.0 3.6 280 

- __...._...~__..._II_ _I__ ..____-_______I-__ __ 

asample locations refer to locations described in Huang et al. (personal conmunication) 

bl Bq = 27 pCi 

Estimated inventories of radionuclides in t h e  3513 impoundment 

Average depth Major Average activity Inventory_.- 
Pond content and volume radionuclide (8q/mL or 8q/g)a GBq Ci 

Water 

Sediment 

l m  137cs 
4 x 106L 9% r 

0.5 m 
2 x 1061 

137cs 
6Oco 
905 r 
238PU 
239Pu 
z4lAm 
244cm 
154Eu 

0.4 
0.3 

2400 
21 

330 

41 
1.7 

9.2 
2.3 
3.8 

2 0.05 
1 0.03 

5000 
50 
700 

4 
100 
20 
5 
8 

130 
1 

20 
0.1 
3 
0.5 
0.1 
0.2 

aActivity in sediment is on w e t  weight b a s i s  



t h e  study by Huang and shows t h e  concentrat ions 

rad ionuc l ides  i n  the  sediment. No adjustments have been 

f i g u r e s  f o r  decay o f  r a d i o a c t i v i t y  due t o  the r e c e n t  date  o f  t h a t  report. 

and i n v e n t o r i e s  af 
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4. SUBSURFACE EXPLORATION AND MONITORING WELLS 

A l l  work was performed w i t h  ORNL equipment and personnel .  

4.1 DRILLING AND SAMPLING 

A t o t a l  o f  f i v e  bo r ings  rang ing  i n  depth f rom 12  t o  25 f t  (3.65 t o  

7.62 m) were d r i l l e d  w i t h  a mobi le,  ilnodel B-33 d r i l l i n g  machine u s i n g  4- 

and 6-- in.  (10.16- and 15.24-c ) d i m ,  c o n t i n u o u s - f l i g h t  augers w i t h  t h e  

excep t ion  o f  m a n i t o r i n  

8 - i n .  (20.32-cm) diam, hol low-stem aager. 

i c h  was d r i l l e d  w i t h  an 

The augers were washed between the d r i l l i n g  o f  each h o l e  and t h e  

sampling t o o l s  were washed and r i n s s d  w i t h  a c i d  and d i s t i l l e d  water  

between each sampling event. 

Continuous s o i l  samples were 

long (5.08 x 60.96-cm) s p l i t - t u b e  

c u t t i n g s  were monitored w i t h  a Ge 

taken by 

sampler. 

d r i v i n g  a 2- in.  diam x 24- in.  

A l l  s o i l  samples and d r i l l  

ger-Muel e r  (G/M) meter, and no 

r a d i o a c t i v i t y  above background was de tec ted .  D e s c r i p t i v e  records o f  a l l  

bor ings  a r e  prov ided i n  t h e  b o r i n g  logs i n  Appendix A. Locat ions  o f  t h e  

bor ings  (as m o n i t o r i n g  w e l l s )  a r e  shown on F i g .  3 .  

4.2 MONITORING WELL CONSTRUCTION 

A groundwater m o n i t o r i n g  w e l l  was cons t ruc ted  i n  each o f  t h e  

bo r ings  us ing  2- in .  (5.08-cm) diam s t a i n l e s s  s t e e l  w e l l  screen and 

cas ing .  P r i o r  t o  i n s t a l l a t i o n  o f  t h e  w e l l  screen, d r i l l  c u t t i n g s  f rom 

t h e  l imestone encountered i n  t h e  bottom p o r t i o n  o f  each b o r i n g  (except  

f o r  b o r i n g  MW-1) were f l ushed  from t h e  bottom o f  t h e  h o l e  by pressure  
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washing w i t h  po tab le  w a t e r -  To ensure t h d t  t he  po tab le  wash water  d i d  

n o t  i n t e r f e r e  w i t h  sampling o f  t h e  grour~d!~: i i ter ,  a voliJmP o f  w a t e r  was 

removed f rom each o f  these w ? l s  eqdal t o  o r  g r e a t e r  t h a o  f i v e  t imes t h e  

d r i l l e d  d i a m t c t r  volume o f  t h e  w e l l .  

‘[he well screens had a cont inuous sla?,,  0.01- in .  (0.25 mm) wide 

opening. They ranged i n  l e n g t h  f r o m  2 t o  7 f t  (0 .61  t o  2.13 m ) ,  ami 

were surrounded by a sand pack of medium-grained q u a r t z  sanci which 

extended a minimum h e i g h t  o f  1 f t  ( 0 - 3  P) above t h e  e l e v a t i o n  o f  the  t o p  

of  t h e  w e l l  screen. A b e n t o n i t e  ( c l a y )  seal  of  a t  l e a s t  1 f t  (0.3 m) 

minitnilrrn th i ckness  was placed a t  t h e  t o p  o f  t h e  sand pack. The remainder 

o f  t h e  b o r i n g  was b a c k f i l l e d  c r i th  p o r t l a n d  ceaen t  concre te  f r o m  t h e  t o p  

o f  the sea l  t o  t h e  t o p  o f  t h e  bo r ing .  A 4 i n .  (10.16-cm) djam 

p r o t e c t i v e  cas ing,  5 f t  (1 .52  m) i n  l eng th ,  was i n s t a l l e d  around t h e  

w e l l - r i s e r  p i p e  w i t h  bo th  t h e  p i p e  and cas ing  e x t e n d i n g  approx imate ly  

3 f t  (0.91 m) above t h e  ground sur face .  The top o f  t h e  r i s e r  p i p e  i s  

c losed by a reinavable, s t a i n l e s s  s t e e l  cape  Cons t ruc t i on  d e t a i l s  of 

each o f  t h e  w e l l s  a r e  p rov ided i n  Appendix B .  A sum a r y  o f  c o n s t r u c t i o n  

d e t d i l s  arid measured groundwater e leva t i ons ,  as w e l l  as  surveyed 

l o c a t i o n s  and e leva t i ons ,  a r e  p rov ided i n  Table 5. 

Locat ions  a v a i l a b l e  f o r  t h e  c o n s t r u c t i o n  o f  mon i to r i ng  w e l l s  a t  t h e  

351 3 s i t e  a r e  r e s t r i c t e d  by topography, roads t h r e e  ad jacent  

impoundments, and underground l i n e s .  A t  t he  time o f  th i s  report, 

m o n i t o r i n g  w e l l s  were i n  t h e  process o f  be ing  cons t ruc ted  around t h e  
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Table 5. Summary of monitoring well location. construction data, 
and water levels at 3513 impoundment 

Well No. 

nw-1 MW-1 A MW-2 flw-3 HW-4 

North Grid 
coordinate, (ft) 

East grid 
coordinate, (ft) 

Top of well 
casing el., (ft) 

Height of casing 
above ground, (ft) 

Ground surface 
el., (ft) 

Top of well 
screen el., (ft) 

Bottom of well 
screem el., (ft) 

Top of sand 
pack el., (ft) 

Bottom of well 
hole el., (ft) 

Diameter of well 
pipe/screen, (in) 

Type material 
of pipe/screen 

Width of screen 
opening, (in) 

Water level 
el., (ft) (2-6-85) 

Water level 
eL.. (ft) (4-8-85) 

Water level 
el., (ft) (4-16-85) 

Water level 
el., (ft) (6-16-85) 

Water level 
el., (ft) (7-1-85) 

21463.30 21462.19 21180.43 21180.33 21281 .a9 

31157.39 31155.27 31141.45 31009.21 30970.03 

786.61 

3.0 

783.6 

777.8 

775.8 

778.6 

715.6 

2.0 

s.s.4 

0.01 

779.56 

779.10 

778.21 

778.87 

778.97 

786.37 

2.9 

783.5 

769.2 

162.2 

769.6 

758.5 

2 .o 

s.s.P 

0.01 

780.05 

779.22 

779.22 

779.12 

779.15 

785.96 

3.0 

783.0 

776.2 

769.2 

778.0 

769.2 

2.0 

s.s.3 

0.01 

776.68 

776.45 

776.25 

776.77 

776.45 

785.24 

3 .O 

782.2 

766.1 

769.1 

777.2 

769.0 

2.0 

S.S.3 

0.01 

773.81 

773.30 

773.13 

773.43 

773.20 

783.25 

2.5 

780.8 

774.2 

767.2 

775.8 

767.1 

2.0 

S . S . h  

0.01 

776.79 

776.39 

776.56 

775.93 

776.18 

- 
dsta i n 1 es s s tee1 
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o t h e r  impoundments t h a t  e x i s t  t o  t h e  n o r t h  and east ,  and t hese  were 

scheduled f o r  complet ion i n  September 1985, 

Loca%ions f o r  mon i to r i ng  w e l l s  MW-1 and MW-1A were se lec ted  i n  an 

at tempt  t o  prov ide  groundwater samples t h a t  a r e  upgrad ien t  o f  t h e  

impoundment and t h a t  are  n o t  a f f e c t e d  by p o t e n t i a l  con taminat ion  f rom 

t h a t  source. Mo i t o r i  ng/wel l  M -1 i s  completed i n  t h e  c l a y  s o i l  

o v e r l y i n g  t h e  l imestone bedrock, w h i l e  MLJ-IR i s  completed w i t h i n  a 3 f t  

(1  m) h o r i z o n t a l  d i s t a n c e  a t  a lower  e l e v a t i o n  i n  t h e  bedrock. 

The l o c a t i o n s  o f  t h e  ~ t h e k  t h r e e  m o n i t o r i n g  wells were se lec ted  t o  

determine i f  conta i nan ts  f rom t h e  impoundment are m i g r a t i n g  i n t o  t h e  

groundwater. A s  CERCLA doe5 n o t  p rov ide  s p e c i f i c  requirements f o r  

mon i to r i ng  w e l l  l o c a t i o n s ,  these wells comply w i t h  r e g u l a t i o n s  

promulgated by t h e  € P A  i n  accordance w i t h  R C R A  which s p e c i f i e s  t h a t  

t h e r e  be t h r e e  "downgradient w e l l s . "  Downgradient w e l l s  a r e  r e q u i r e d  t o  

be a t  t h e  boundary o f  t h e  impoundment f a c i l i t y .  

Permi t Wrj t e r  ' s Manual Groundwater P r o t e c t i  on 40 CFR,  P a r t  264,  Subpart 

E, O r a f t  (USEPA 1983), EPA i n t e r p r e t s  t h i s  boundary t o  be no mare 

d i s t a n t  than t h e  o u t s i d e  t o e  o f  any containment d i k e  t h a t  may e x i s t ,  

p l u s  30 f t  (9.14 m) f o r  p h y s i c a l l y  s e l e c t i n g  an approp r ia te  d r i l l  s i t e .  

M o n i t o r i n g  w e l l  W--2 i s  a t  t h e  downgradient end o f  t h e  impoundment 

A s  descr ibed i n  RCRA 

and i s  ad jacen t  t o  an underground l i n e  which e x i t s  f rom the ern 

above h lh i te  Oak Greek. Th is  p a r t i c u l a r  l o c a t i o n  was chosen because t h e  

b a c k f i l l  around the  l i n e  cou ld  p o s s i b l y  p rov ide  a p r e f e r r e d  pathway f o r  

m i g r a t i o n  of impoundment contaminants. 

# m i t o r i n g  w e l l  Mlni-3 i s  a t  t h e  extreme downgradient. p a i n t  o f  t h e  

impoundment and a l s o  a t  t h e  west end o f  s t r i k i n g  s t r a t a  so t h a t  i t  has 
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t h e  o p p o r t u n i t y  o f  i n t e r c e p t i n g  p o l l u t i o n  movement downgradient and t o  a 

l e s s e r  degree a long s t r i k e  o f  t h e  bedrock s t r a t a .  

M o n i t o r i n g  w e l l  MW-4 i s  l oca ted  a long t h e  west s i d e  o f  t h e  

impoundment and i s  g e o m e t r i c a l l y  i n  t h e  most advantageous p o s i t i o n  o f  

a l l  t h e  w e l l s  t o  i n t e r c e p t  contaminants moving a long geo log ic  s t r i k e  o f  

t h e  l imestone bedrock. A ~ t h o u g ~  t o  a l e s s e r  degree than MIW-3, i t  a l s o  

i s  i n  a downgradient p o s i t i o n  r e l a t i v e  t o  t h e  n o r t h e r n  p o r t i o n  o f  t h e  

impoundment. 

4.4  SURFACE GEOPHYSICAL SURVEY 

An e lec t romagnet ic  c o n d u c t i v i t y  survey, us ing  a model EM-34 

i ns t rumen t  manufactured by Geonics Ltd. ,  was conducted around t h e  

pe r ime te r  o f  impoundment 3513. This  geophysical  method prov ides  a r a p i d  

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

s t reng th .  The techn ique measured t h e  apparent e l e c t r i c a l  c o n d u c t i v i t y  

o f  t h e  subsurface u s i n  se l f - con ta ined  d i p o l e  t r a n s  i t t e r  and r e c e i v e r  

i n  t h e  h o r i z o n t a l  d i p o l e  c ~ ~ ~ f ~ g u ~ a t ~ o n  and separated by a 

h o r i z o n t a l  d i s t a n c e  o f  20 f t  (6.1 mr). I n  t h i s  c o n f i g u r a t i o n  t h e  

i ns t rumen t  senses t o  approx imate ly  0.75 o f  the  i n t e r c o i l  spacing 

(Geonics 1983). Therefare, t he  apjx-ent  c o n d u c t i v i t y  was 

u n i t s  o f  m i l l i m h o s  pet- meter t o  an approx i  a t e  depth o f  15 f t  (4.6 m) a t  

each s t a l i o n .  Readings i n  m i l l i  has per m e t e r  a t  each measurement 

s t a t i o n  around the 3513 i ~ ~ ~ ~ ~ d ~ ~ n t  are  shown I n  F i g .  4. The magnitude 

~f v a r i a t i o n s  do o t  i n d i c a t e  major  C o n d u c t i v i t y  anomalies t.hat would 

t o  be a t t r i b u t a b l e  t o  c o n t a ~ i ~ ~ ~ i o ~  plumes f rom t h e  i 

These v a r i a t i o n s  may l i k e l y  be due t o  i n t e r f e r e n c e s  caused by 

sur round ing  overhead and underground power l i n e s  and p i p e l i n e s .  
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Figure 4. Locations and measurements o f  electromagnetic 
conductivity survey. 
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5. GEOLOGY 
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5. 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  

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

~ o r t h ~ a s t - ~ o ~ t ~ w ~ ~ t  s t r i k i n g  rock stP-ata o f  l imestone, sandstone, and 

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

V i r g i n i a  bo rde r  on t h e  n o r t h .  

30 degrees and g r e a t e r  th roughout  i t ' s  l e n g t h  r e s u l t i n g  i n  t h e  

e r o s i o n - r e s i s t a n t  beds fa rming  p a r a l l e l  r i dges ,  and those l e s s - r e s i s t a n t  

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

The s t r a t a  i s  t i l t e d  t o  angles o f  

5.2 S I T E  GEOLOGY 

5.2.1 Bedrock 

~ m p ~ ~ n ~ ~ ~ ~ t  3513 l i e s  i n  e t h e l  V a l l e y  approx imate ly  700 f t  (213 m) 

nor thwest  o f  the Capper Creek f a u l t .  As shown on t h e  geo log ic  map o f  

F ig ,  5, t h e  s i t e  i s  u n d e r l a i n  by u n i t  " & "  o f  t h e  Chickamauga Group: a 

hard, mostly thiw-bedded l imestone w i t h  shaly  p a r t i n  

(S tockda le  1951). Locat ions  o f  severa l  core  ha les  conducted f o r  t h a t  

study i n  the  v i c i n i t y  o f  t h e  3513 impoundment upon which t h e  d e s c r i p t i o n  

o f  t h e  l imestone was based are shown i n  F i  . 6. Thin -bedded l i  

crops o u t  i n  t h e  bottom of  Whi te  Oak Creek immediately ad jacen t  t o  t h e  

south s'lde o f  t h e  i m p ~ ~ n ~ m ~ n t .  

estone s t r a t a  beneath the  impoundment d i p s  t o  t h e  southeast 

at. an ang le  o f  approx imate ly  35' f rom 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" t o  t h e  no r theas t .  Th is  bedding p lane s t r i k e  
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Figure 5, Geologic map of t h e  ORNL area  i n c l u d i n g  
the 351 3 impoundment. 
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Figure 6. General water table  map o f  a portion o f  ORNL. 
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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  Mbaite Oak Creek 

a d j a c e n t  t o  the  impoundment. I n  regards t o  bedrock un'lfc, "G" and " H " ,  

Stockdale (1951) r e p o r t s  " sma l l  secondary openings i n  t h e  rock brought 

a b o u t  by s o l u t i o n  th rough  ground Materr e x i s t  i n  minor  amounts as 

revea led  by core d r i l l i n g , "  The b o r i n g  l a g  o f  co re  hole  No. 1 o f  t h a t  

s tudy,  d r i l l e d  from t h e  sou th  s i d e  and d i r e c t e d  beneath t h e  impoundment 

a t  a 55" angle  from t h e  h o r i z o n f d l ,  shows two s o l u t i o n  openings o f  

0.5 i n .  (1.27 cm) each a t  t h e  i n c l i n e d  dep th  o f  between 212 t o  216 f t  

(64 .62  t o  65-83 r n ) -  A geo log ic  section thrsliigil the impoundwent i s   show^ 

i n  F i g .  7 .  The e l e v a t i o n  o f  t h e  sediment, as  shown i n  F i g ,  7, i s  based 

on prob ings  ob ta ined  f o r  t h i s  s tudy a t  n ine  even ly  spaced l o c a t i o n s  i n  

t h e  impoundment. 

5.2.2 w. 

T h e  s o i l  depth around t h e  impoundment i s  app rox ima te l y  12 ft 

(3 .66  m) and, as i n d i c a t e d  by the boring records i n  Appendix A ,  c o n s i s t s  

o s t l y  of m a t e r i a l  which would c l a s s i f y  as c l a y s  under the  U n i f i e d  S a i l  

C l a s s i f i c a t i o n  System. F o r  t h e  most p a r t ,  t hese  s o i l s  a r e  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 d e r i v e d  f rom the u n d e r l y i n g  

bedrock; however, t h e  area a d j a c e n t  t o  IPdhite 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 .  Bo r ing  MW-2 encountered a c layey  sand w i t h  

e g r a v e l  a t  a depth o f  7 .4 t o  8 .8  f t  (2.3 t o  2.6 m ) .  F r o m  f i e l d  

obse rva t i on ,  i t  appears t h a t  t h i s  clayey sand i s  p a r t  o f  t h e  b a c k f i l l  

m a t e r i a l  p laced f o r  an 8 i n  (20 .52  cm) d i scha rge  l i n e  t h a t  e x i t s  i n t o  

White Oak Creek a t  t h i s  l o c a t i o n .  No f l o w  has been observed f r o m  t h i s  

l i n e  d u r i n g  t h e  course o f  t h i s  study.  
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6. HYDROLOGY 

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

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

no rma l l y  occurs d u r i n g  w i n t e r  and e a r l y  s p r i n g  w i t h  t h e  month ly  maximum 

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

some years,  t h e  month ly  maxisnuim has occurred i n  J u l y  because o f  

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

According t o  t h e  C l i m a t i c  Atlas-of  t h e  U n i t e d  S ta tes  (U,S Department o f  

Commerce, 1979), mean annual l a k e  evapora t i on  i n  t h e  Oak Ridge a r m  i s  

33 i n .  (89 cm). 

From t h e  above data,  i t  can be est imated t h a t  t h e  n e t  annual p r e -  

c i p i t a t i o n  inpui: t o  t h e  3513 pond i s  22 i n .  ( 5 6  cm) ,  M u l t i p l y i n g  t h i s  

ami-swnt by the s u r f a c e  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  p r e c i p i t a t i o n  c o n t r i b u t i o n  o f  app rox ima te l y  664,000 g a l  

(2,518,000 L )  . Th is  i s  approx ima te l y  o n e - t h i r d  t h e  va lue of the pond's  

normal c a p a c i t y  as e a r l i e r  desc r ibed .  

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  778 f t  

(237 m), which i s  t h e  approximate e l e v a t i o n  o f  t h e  e f f l u e n t  d r a i n  j i n e s  

on t h e  south s i d e  o f  t h e  impoundment. Out f  OM f r om these l i n e s  goes t o  

which i t  i s  pumped t o  the 3524 m p o ~ i n ~ ~ ~ n ~  and processed. 

In the  f a l l  and w i n t e r  o f  1984, t h e  wa te r  1 v e l  i n  %he impoundment was 

a l l owed  t o  r i s e  t o  a maximum e l e v a t i o n  o f  app rox ima te l y  788.5 f t  

(237.9 m). The q u a n t i t y  o f  wa te r  pumped f rom t h e  3513 impoundment 

i s  n o t  measured. 
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6.1 GROUNDWATER MOVEMENT 

Water t a b l e  maps, i n c l u d i n g  the  area conta in ing  the  3513 

impoundment, a re  shown i n  Figs.  6 and 8. The map i n  F ig .  6 i s  from a 

r e p o r t  by Stockdale (1951) and dep ic ts  the  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  a t  t he  t ime 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 igure 8 i s  based on water l e v e l  observat ions f rom the  f i v e  mon i to r ing  

w e l l s  const ructed du r ing  t h i s  study ,and i s  l i m i t e d  t o  t h e  immediate s i t e  

o f  t he  3513 impoundment. Water l e v e l  observat ions upon which F ig.  8 i s  

based a re  provided i n  Table 4. Both Figs. 6 and 8 show the  hyd rau l i c  

g rad ien t  t o  be genera l l y  towards White Oak Creek w i t h  a l e s s e r  component 

t o  the  w e s t ,  which i s  t h e  downstream d i r e c t i o n  o f  White Oak Creek. 

As p rev ious l y  descr ibed i n  Sect. 5.2.1, White Oak Creek f l o w s  i n  

t h e  d i r e c t i o n  o f  geolog ic  s t r i k e  on t o p  o f  t h e  l imestone along the  south 

boundary o f  t he  i ~ ~ o ~ n d ~ e ~ ~ .  I n  a h ~ ~ ~ ~ ~ n ~ o u s  ma te r ia l ,  groundwater 

t i s  i n  a d i r e c t i o n  no e water t a b l e  contours. However, 

s tud ies  OR the  ORML r e s e r v a t i  (Webster 1976; Davis e t  a l .  1984) 

support  t he  f a c t  t h a t  i n  the  bedrock, t he  d i r e c t i o n  o f  groundwater 

movement i s  g r e a t l y  a f f e c t e d  by the d i r e c t i o n a l  pe rmeab 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  g r o u ~ ~ ~ a ~ ~ ~  movement through the  bedrock 

i s  o f t e n  i n  a d i r e c t i o n  a t  some acute angle t o  the  groundwater 

contours.  Such ovemewt would n o t  nor  a l l y  be expected t o  be i n  a 

s t r a i g h t  l i n e  o f  f low,  b u t  r a t h e r  would f o l l o w  i r r e g u l a r  pathways as 

along j o i n t s  and bedding planes because t h e  under ly ing  bedrock s t r a t a  

has i n s i g n i f i c a n t  pr imary permeabdl i ty.  Therefore, a p a r t i c u l a r  

groundwater pathway could extend a d is tance westward i n  the  form o f  a 
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bedding plane j o i n t  ( d i r e c t i o n  o f  geolog ic  s t r i k e )  before i n t e r s e c t i n g  

another f r a c t u r e  lead ing  i n  a steeper downgradient d i r e c t i o n  towards the  

creek, 

I n  a d d i t i o n  t o  the  h o r i z o n t a l  movement o f  groundwater a t  t h e  

3513 s i t e ,  there  a l s o  ex i s ted  dur ing  t h e  per iod  o f  t h i s  study a s l i g h t  

upward v e r t i c a l  g rad ien t  from the  under ly ing  bedrock t o  t h e  ove r l y ing  

s o i l .  As shown i n  t h e  bo r ing  and w e l l  cons t ruc t i on  logs i n  Appendixes A 

and B, ad jacent  mon i to r ing  w e l l s  MW--1 and Mid-1A have t h e i r  i n take  

screens pos i t i oned  i n  t h e  overburden c l a y  s o i l  and l imestone bedrock, 

respec t i ve l y .  As shown i n  Table 4, the  p iezometr ic  head i n  MW-1A 

(bedrock w e l l )  exceeded the  head i n  WW-1 ( c l a y  overburden w e l l )  by as 

much as 1.0 f t  (30.4 cm) i n  March t o  0.2 f t  (6.1 cm) i n  Ju ly .  

5.2 UPPERMOST AQUIFER 

The s o i l  ove r l y ing  the  l imestone bedrock cons is ts  o f  ma te r ia l  t h a t  

has been v i s u a l l y  c l a s s i f i e d  as c l a y  (according t o  the U n i f i e d  S o i l s  

C l a s s i f i c a t i o n  System), which c a t e g o r i c a l l y  has low hyd rau l i c  

c o n d u c t i v i t i e s .  As shown i n  the  bordn and w e l l  cons t ruc t i on  logs 

provided i n  Appendixes A and , moni to r ing  w e l l  p4W-1 i s  const ructed 

e n t i r e l y  i n  c l a y  s o i l  and ,  t o  date, produces adequate q u a n t i t i e s  o f  

water for  sampling purposes. However, f o r  most water uses, t he  c l a y  

would p rov ide  an i n s u f f i c i e n t  q u a n t i t y  and would n o t  be considered an 

a q u i f e r .  The two u n i t s  are h y d r a u l i c a l l y  connected as t he  c l a y  

e d i a t e l y  o v e r l i e s  the  l imestone bedrock. 
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6.3 GROUNDWATER SAMPLiNG METHOOS 

H a t e r  l e v e l s  were measured w i t h  an e l e c t r i c  t ape  p r i o r  t o  p u r g i n g  

and sampl ing each w e l l ,  and t h e  immersed p o r t i o n  o f  t h e  tape  was r i n s e d  

w i t h  d i s t i l l e d  wa te r  between w e l l s .  

w i t h  bot tom- loading,  s t a i n l e s s  s t e e l  b a i l e r s  t h a t  were  disassembled f o r  

thorough c l e a n i n g  b e f o r e  use. 

and de te rgen t ,  and d u r i n g  t h e  f i r s t  round o f  sampl ing were 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  f o l l o w e d  by d i s t i l l e d  water. B u r i n g  t h e  second 

round, t o  avo id  r u s t i n g  o f  t h e  s t e e l ,  the a c i d  was rep laced w i t h  a l c o h o l  

f o l l o w e d  by d i s t i l l e d  wa te r  r i n s e s .  h new n y l o n  l i n e  was a t tached  t o  

the  b a i l e r  f o r  each w e l l .  

The w e l l s  were purged and sampled 

The b a i l e r s  were washed w i t h  h a t  water 

P r i o r  t o  t a k i n g  a sample, t h e  w e l l  was purged by removing a volume 

o f  wa te r  equal  t o  f i v e  t i m e s  t h e  volume con ta ined  w i t h i n  t h e  w e l l  sc reen 

and cas ing.  T h i s  amounted t o  a volume o f  0.82 g a l / f t  (3.10 b p e r  

30.48 cm) o f  wa te r  depth i n  t h e  w e l l .  The wa te r  removed f o r  p u r g i n g  

purposes was measured i n  5 g a l  (18.9 L-) c o n t a i n e r s  and d i sca rded  i n t o  

t h e  impoundment. 

On t h e  F i r s t  round o f  samples, w i c h  were c o l l e c t e d  i n  February 

1985, t h e  pW and s p e c i f i c  c o n d u c t i v i t y  were  measured a t  at: Environmental  

Sciences D i v i s i o n  ( € S O )  l a b o r a l a r y  l o c a t e d  a d j a c e n t  t o  t h e  3513 s i t e .  

On t h e  second round o f  sampl ing i n  May, these two para 

measured a t  t h e  w e l l  s i t e .  

6 . 4 .  SAMPLE COLLECTION AND PRESERVATION 

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

D i v i s i o n  ( A C D )  were poured d i r e c t l y  f rom t h e  s t a i n l e s s - s t e e l  b a i l e r  i n t o  
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1 q t  (0.95 L )  new glass  containers (previnusly rinsed w i t h  d i s t i l l e d  

water) having caps w i t h  Teflon l i n e r s .  Four such samples were collected 

from each well d u r i n g  February and April,  and two o f  the  samples from 

each were ac id i f ied  w i t h  n i t r i c  acid t o  a pH of 2. These samples were 

e i t h e r  de ivered t o  the Analytical Chemistry Division within an hour o r  

so a f t e r  col lect ion where they were refr igerated o r  stored overnight i n  

an ESO re f r igera tor  f o r  next day delivery t o  ACD, In June, two 

addi t ional ,  1 q t  (0,95 L )  sa ples we-e collected from each well f o r  

additional t o t a l  organic carbon (TOC) and polychlorinated biphenols 

( PCB) analyses. 

In the February and April sampling operations,  one- l i te r  samples i n  

p l a s t i c  containers were collected from each well f o r  gamma radiation 

analysis  by E S D ' s  Low-Level Gamma-Ray Spectrometry Laboratory u s i n g  a 

high-resolution, lithium-drifted germanium [Ge(Li)] detector.  These 

sampl e5 requi red no preservation. 

6 . 5  CHAIN OF CUSTODY 

A record was completed f o r  a l l  samples collected which contains 

the  following information: name of co l lec tor ,  identifying l i s t  o f  

samples, da te  and location where col lected,  inclusive dates t h a t  samples 

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

t o  the  laboratory f o r  analyses. A copy of th i s  record accompanied the 

samples t o  the laboratory. 
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6 .6  SELECTION OF CONSTITUENTS FOR ANA!. "%IS IN GROlJNDWAl ER 

The p r i n c i p a l  goal i n  a n a l y z i n g  g r o u n b w ? e r  was t o  de te rm ine  i f  t h e  

groundwater had been contaminated. T o  do this t h e  groundrpatet- wa5 

analyzed F o r  those 30 c o n s t i t u e n t s  promulgated lrndes R C R A  r e g u l a t i o n s  as 

shown i n  Table  6 .  For a c t i v e  hazardous w a s t e  f a c i l i t i e s  ( t h o s e  t h a t  

r e c e i v e  wastes a f t e r  November 19, 1 9 8 3 1 ,  R C R A  r e g u l a t i o n s  require t h a t  

each groundwater n i d n i t o r i n g  we1 1 he sampled a i d  analyzed f o r  t h e s e  

c o n 5 t i t u e n t s  a t  l e a s t  f o u r  times d u r i n g  t he  f i r s t  year  t o  a s c e r t a i n  any 

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

was conducted i n  February and A p r i l  o f  1985. 

I n  a d d i t i o n  t o  those  30 c o n s t i t u e n t s  l i s t e d  i n  ' fable 5, groundwater 

samples w e r e  analyzed by I C P  spectroscopy. T h i s  technique p rov ides  

genera l  i n f o r m a t i o n  on concen t ra t i ons  O F  n e a r l y  30 elements i n  one 

a n a l y s i s .  Many o f  these a r e  n o t  RCRA r e g u l a t o r y  elements, b u t  t h e i r  

c o n c e n t r a t i o n s  i n  groundwater a r e  u s e f u l  i n  e v a l u a t i n g  genera l  

groundwater q u a l i t y .  F o r  i ns tance ,  t h e  c o n c e n t r a t i o n s  of copper, 

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

technique.  These elements a r e  i n c l u d e d  i n  t h e  l i s t  of compounds and 

elements l i s t e d  i n  t h e  r e c e n t l y  issued "Hazardous Substance Gu ide l i nes "  

by  t he  S t d t e  o f  Tennessee (Gregory 1985). Groundwater samples were a l s o  

analyzed f o r  PCB 

The methods 

USEPA (1982 and 

and t h e  r a d i o i s o t o p e s  9 o S r ,  l 3 I C s ,  and tritium. 

HODS USE0 FOR ANALYSIS O F  GROUNDWATER 

used t o  analyze groundwater a r e  those d e s c r i b e d  i n  

9 8 3 ) .  For elemental  c o n c e n t r a t i o n s  o f  t h e  NIPDWS, i t  
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Table 6. RCRA - 40 CFR 265.92 .- Groundwater mon i to r ing  parameters 

EPA I n t e r i m  Primary Dr ink ing  Water Standards 

Parameter 

Arsenic 
B a r i  um 
Cadmi urn 
Ch rami urn 
F l u o r i d e  
Lead 
He r c  111 r y  
N i t r a t e  (as N) 
Sel en i  um 
S i  1 ve r  
Endr in  
Lindane 
Methoxychlor 
Toxaphene 

2,4,5-TP S i l v e x  
Rad i um 
Gross alpha 
Gross beta 
Co l i f o rm b a c t e r i a  

2,4-0 

0.05 
1.0 
0.01 
0.05 
1.4-2.4 
0.05 
0.002 

0.01 
0.05 
0.0002 
0.004 
0.1 
0.005 
0.1 
0.01 
0.2 Bq/L 
0.56 Bq/L 
4 mrem/y 
1 /count / l00 mL 

10"  

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

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

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

PH 
S p e c i f i c  conductance 
To ta l  organic  carbon 
To ta l  organic  halogen 
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was necessary t o  use a t o m i c  a b s o r p t i o n  methods t o  reach t h e  requir-ed 

d e t e c t i o n  l e v e l s .  The recommended USEPA trrethods a r e  7061,  7081, 1131, 

7191,  7421 7470, 7741, and 77Gl f o r  arsen jc ,  bar ium, cadmium, chromium, 

l ead ,  mercury, selenium, and s i l v e r ,  r e s p e c t i v e l y .  A s  r ; , ~ n t i o i i c d  above, 

IGP spectroscopy (method 280.7 i n  USEPA 1983) was a l s o  used t o  determine 

c o n c e n t r a t i o n s  o f  nonregulator-y elements. The concen t ra t i ons  o f  

p e s t i c i d e s  and h e r b i c i d e s ,  as  well as the PC8 i n  t h e  groundwater,  were 

deterp ined  by method 8080 (USEPA 1982) except t h a t  the  analyses wepe by 

1 i q u i d  chromatography i n s t e a d  o f  gas chr-omatography. The total t o x i c  

o rgan ics  (TTO) were determined us nq method 624 (USEPA 1983) or  pentace 

e x t r a c t i o n  f o r  t h e  v o l a t i l e  organ c compounds and method 1625 

(USFPA 1982) f o r  t h e  s e m i v o l a t i l e  compc-rrands. C o l i f o r m  b a c t e r i a  w w  

determined by melhad 405.1 (USEPA 1983).  Concentrat ions o f  fluoride, 

c h l o r i d e ,  n i t r a t e ,  and sulfate were determined i n  pond b a t t e r  u s i n g  

methods 340.2 and 300.0 as desc r ibed  i n  USEPA ( 1 9 8 3 ) ,  Phenol 

c o n c e n t r a t i o n  was determined by method 420.1 (USEPA 7983). T o t a l  

o rgan ic  carbon (TOC)  and t o t a l  o rgan ic  h a l i d e s  ( T O X )  were determined i n  

t h e  pond wate r  using methods 9960 and 9020, r e s p e c t i v e l y  (USEPA 1982) .  

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

r a d i o n u c l i d e  analyses o f  t h e  pond wat.cr. 

6.8 RESULTS AND QXSCUSSION OF CHEMICAL ANALYSES OF GROUNQMAIEK 

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

February and A p r i l  a r e  presented i n  Tables 7 A  and 8A of  Appendix C. 

Those c o n s t i t u e n t s  presented i n  Table 78 a r e  those  r e g u l a t e d  by RCWA 

( p r i n c i p a l l y  those listed i n  t h e  MIPDlJS) as w e l l  as those c o n s t i t u e n t s  
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that have been determined to be parameters establishing groundwater 

quality (chloride, iron, manganese, phenols, sodium, and sulfate), and 

those which USEPA has determined to be indicators o f  groundwater 

contamination (pM, specific conductance, total organic carbon, and total 

organic halogens). Also included in Table 7A are t h e  concentrations of  

PCB, the beta-emitting radionuclides tritium and "Sr, and the 

gamma-emitters 13?Cs and *I4Pb. Listed in Table 8A are the 

concentrations o f  elements in groundwater samples determined by I C P  

spectroscopy. 

Table 7 is a summary of measured constituent concentrations of  all 

analyses listed in Table  7 A  for the three downgradient monitoring 

wells. As seen in Tables 7 and 7 A ,  the maximum level f o r  beta emitting 

radionuclides is presented as a dose rate o f  4 millirems/year. However, 

the gross beta concentrations in Tables 7 and 7 A  are presented in the 

commonly accepted manner as activity units (Bq) .  

dose rate for drinking water be,oafiulated as the total body or organ 

dose that a person would recelve by drinking 1 L of water daily far one 

€PA specifies that the 

year (USEPA 1976). Accord i  n to € P A  (19761, the activity in water o f  

the beta  ernittors trit 

m i  1 1  i remiyear, are 20 

respectively. 

Major contarni nant 

urn and 'OS,, which result in a dose rate o f  4 

pC.i/L (740 5qA) and 8 pCi/L 0.3 Sq/L), 

i n  groundwater at the 3513 impoundment appear t I 

be radionuclides; for  example, gross-alpha and gross-beta concentrations 

exceed ~~~~~~ concentrations in upgradient as well as downgradient 

wells, There are sampljng dates when concentrations o f  chromium and 
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Tabie 7 .  Concentrat ion of  se lected groundwater parameters from 
down-gradient wells a t  t h e  3513 impoundment (summary across 

a l l  sampling dates)  

Maximum 
a1 lowable bleasureal concent ra t ion  

Const i tuent  u n i t  concent ra t ion  fiean N Minimum Maximum xcv 

A8-senic mg/L 0.05 0.QO18 6 0.001 0.004 64 
Wari urn mg/L 1 0.247 5 0.059 0.52 76 
Cadmi urn mgi/L 6.01 0,0018 5 0.001 0.002 22 
Ch 1 o r i d e  mg/L n o t  de f ined 11 .1  6 6 35 73 
Chromi urn mg/L 0.05 0.339 6 0.016 1.2 147 
Coliform counts/100 rnL 1 0.5 6 0 2 167 
Endrin 
F iuo r ide  
Gross alpha 
Gross beta 
I rm 
Lead 
Lindane 
Ma R ga n e s e 
Werc ury  
Methoxychlor 
N i t r a t e  (as  N )  
P C B s  
Phenol 
Sel en i urn 
S i  1 ver 
Sad i urn 
Sp.  cond.  
S u l f a t e  
TOC 
I Q X  
I oxaphene 
'I r i t i  urn 
PH 

- 

0. GO:! 
1.4 t o  2.4 

0.56 
4 mr@n/y 

no t  d e f i n e d  
0.05 

8.004 
n o t  de f ined 

0.1 
10 

no t  def ined 
n o t  de f ined 

0*01 
0.05 

no t  def ined 
n o t  def ined 
no t  def ined 
not  def ined 
no t  de f ined 
n o t  def i ned 
n o t  defined 
n o t  def ined 

0.0001 
1 

1.47 
19.9 

19.78 
0.24 

0 c 0082 
3 . 1 3  

0.0002 
0.0002 

3.5 
0. BOO1 
0.0025 
0 "GO5 

0.07 
30.2 

59 2 
12.8 
5.98 

0. Q485 
0 002 

2700 
6.5 

6 
6 
6 
6 
6 
6 
e 
6 
6 
6 
6 
3 
6 
6 
6 
6 
6 
6 
6 
6 
6 
3 
6 

0.0081 
1 

6.03 
1.4 
5.6 

0.003 
0.0001 

2.7  
0.OQOl 
0.0002 

2 
0.0001 
0.801 
0 -005 

0.07 
25 

442  
5 

1.40  
0.022 
0. GO2 

2200 
6.2 

0,0001 0 
1 0  

3.9 110 
54 117 
7 2  130 

1.4 232 
0.001 147 

5 25 

0*0002 0 
5 47 

O.OO01 6 
0.007 90 
0.005 0 
0.07 8 

39 17 

22 58 
10 44 

0*08 43 
0.002 0 

3500 29 
7.1 5 

a03 2% 

0.01 0.0058 6 0,005 0.01 35 
2 4 - 0  irag / c 0 - 1  0.0057 6 0,005 0.009 29 
197~esiurn Bq/L n o t  def ined 0.39 10 0.0001 1.04 106 
21 4 ~ e a d  Bq/L not def ined 6-55 5 3.51  10.6 47 
226Rad i urn Rq/L 0.19 0.046 6 0,008 0.14 110 
W j t r o n t  i urn B q / L  n o t  de f ined 10.6 3 0.4 26 128 
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lead f o r  the  f i v e  wells exceed NIPDIdS (note concentrat ions o f  chromium 

i n  w e l l s  2 and 4 i n  A p r i l ,  a l s o  lead i n  w e l l  3 dur ing  A p r i l ) .  These 

concentrat ions may simply represent  sample and a n a l y t i c a l  va r ia t i ons ,  

s ince no general t rend  i s  i nd i ca ted  f o r  concentrat ions o f  e i t h e r  o f  

these elements i n  the  downgradient we l l s .  Fur ther  sampling over t ime 

w i l l  v e r i f y  poss ib le  contaminat ion.  The E P  e x t r a c t s  f rom t h e  3513 

sediment i nd i ca ted  concentrat ions of mercury i n  excess  o f  RCRA 

permiss ib le  l e v e l s ;  however, concentrat ions o f  mercury i n  groundwater 

sampled t o  date a re  n o t  i n  excess o f  t h e  MIPDWS. 

b a c t e r i a  i n  groundwater upgradient, as w e l l  as downgradient, were i n  

excess o f  t h e  NIPDWS. These counts may r e s u l t  from w i l d l i f e  h a b i t a t ,  

such as waterfowl and t e r r e s t r i a l  animals, known t o  be i n  t he  area. 

They a l s o  may represent sampling and a n a l y t i c a l  va r ia t i ons .  Again, 

a d d i t i o n a l  mon i to r ing  w i l l  i n d i c a t e  a t rend  over time. 

Counts o f  c o l i f o r m  

Concentrat ions o f  t o t a l  organic carbon ( T O C ) ,  t o t a l  organic ha l ides  

(TOX),  and PCB i n  groundwater samples appear t o  be r e l a t i v e l y  constant  

regard less o f  t he  mon i to r ing  w e l l  sampled, e i t h e r  upgradient o r  

downgradient from the  3513 impoundment. To date, i t  appears t h a t  t he  

groundwater i s  contaminated by rad ionuc l ides  and PCB, both o f  which 

appear i n  upgradient and downgradient w e l l s .  The upgradient w e l l s  may 

be a f f e c t e d  by contaminants from o the r  sources, such as the  p rev ious l y  

mentioned i ~ p ~ u n d ~ e n t s  o r  underground waste l i n e s .  
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7.1 CURRENT C O N C E P T  FOR POND CLOSURE 

The current technical plan as s u m a r i z e d  from blyrick (1384) is as 

f o l l o w s :  "Based on the concept o f  in-situ stabilization of the pond 

sedimeiat, the objective of site decommissioning is to solidify all 

radioactive and hazardous waste into a stable waste form on-site, and 

isolate the disposal s i t e  froin long-term interactions with surface and 

groundwater. According to the conceptual plan f o r  this site, the pond 

would be segmerited into smaller areas to provide a better contrallcd 

and more thorough fixation o f  the pond contents. The majori ty  o f  the 

clear water above the pond sediment would be transferred t o  the  process 

waste treatment system for processing prior to release. Truck-mounted 

equipment would then move along t h e  accessible side o f  each pond 

segment, extracting the sediment/sludge, mixing it with grout, and 

returning it back into t h e  basin. A closed-loap suction, mixing, and 

discharge system has been specified t o  eliminate the corscerns with 

a i rborne  particulates. After the grout had sufficiefitly hardened, the 

remaining f r e e  liquids Would be transferred t o  t h e  process s y s L m  while 

an adbitiona'a concrete cap i s  applied. Compacted fill, graded 

aggregate, and appropriate capping (soil or asphalt) saould follow, 

resulting in a site grade that would alleviate surface runoff and 

inf i ltration concerns. Groundwater control would be provided through 

installation of a slurry wall or grout curtain surrounding the site." 
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9.2 CHARACTERIZATION RESULTS TO BE ~ O ~ S ~ ~ ~ ~ E ~  

As prev ious l y  discussed, analyses o f  t h e  sediment have determined 

t h a t  the waste can be c l a s s i f i e d  as both a hazardous and rad ioac t i ve  

substance. A s  ~ u i h ,  c losure  concepts may be requ i red  t o  comply w i t h  

regu la t ions  o f  both the  €PA and Nuclear Regulatory Commission 

(10 CFR 20 o r  10 CFR 61). 

d i s p o s i t i o n  o f  PCBs (which are  a cons t i t uen t  o f  the  waste) dur ing  t h e  

t ime frame t h a t  closure i s  planned (1987-1991) may be adverse t o  j n - s i t u  

s o l i d i f i c a t i o n .  

Also, € P A  requirements f o r  t he  f i n a l  

Two phys ica l  c h a r a c t e r i s t i c s  o f  t h e  s i t e ,  as revealed by t h i s  

study, need t o  be considered i n  t h e  cu r ren t  conceptua? plan: (1)  the  

r e l a t i v e  th inness o f  t he  c l a y  l a y e r  o v e r l y i n g  the  bedrock beneath t h e  

waste sediment, and ( 2 )  t h e  f a c t  t h a t  t he  e leva t i on  o f  t he  water t a b l e  

a t  the  s i t e  i s  several  f e e t  above the  e leva t i on  o f  the  l imestone bedrock. 

As p resen t l y  conceived i n  t h e  s i t e  s t a b i l i z a t i o n  plan, d i v i s i o n  o f  

the  pond i n t o  smal ler  sect ions would be accomplished by d r i v i n g  

shee tp i l i ng .  However, the  c l a y  i n  the  pond bottom i s  probably n o t  

s u f f i c i e n t l y  t h i c k  i n  a l l  p a r t s  o f  t he  impoundment [approximately 0 . 5  f t  

(15  cm) on the no r th  s ide  t o  3.0 f t  ( 3 0 . 5  cm) on the  south s ide ]  t o  

support the  shee tp i l i ng ,  nor  w i l l  the  p i l i n g  be ab le  t o  penetrate the  

under ly ing  hard, l imestone bedrock. Therefore, i f  t he  impoundment i s  t o  

be d i v ided  i n t o  segments, a method o the r  than d r i v i n g  s h e e t p i l i n g  may be 

needed i n  a major p o r t i o n  o f  t h e  f a c i l i t y .  
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and a g r o u t  c u r t a i n  would p robab ly  be necessary.  The 

be a b a r r i e r  t o  l a t e r a l  groundwater movement from o u t s  

because of i t s  depth l i m i t a t i o n  t o  t h e  t o p  o f  bedrock, 

The e l e v a t i o n  o f  t h e  groundwater a t  the  s i t e  i s  above t h e  e l e v a t i o n  

of t h e  impoundment6s Tedirnent and even f u r t h e r  above t h e  l imes tone  

bedrock ( s e e  F i g .  7 ) .  When s o l i d i f i c a t i o n  i s  completed, t h e  groundwater 

e leva t ion  would be above a t  l e a s t  p a r t  o f  t h a t  mass. The cur ren t  

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

the  s o l i d i f i e d  mass fi-sm the groundwater. A s l u r r y  w a l l  i s  n o t  f e a s i b l e  

i n  t h e  l imes tone  bedrock, and g r o u t  i s  n o t  f e a s i b l e  i n  t h e  c l a y  

overburden; a t  a minimum, e i t h e r  a s l u r r y  t r e n c h  o r  pass ive  French draSn 

wall would 

s i t e ,  b u t  

d not 

p r o t e c t  t h e  s o l i d i f i e d  mass a g a i n s t  upward movement frmi t h e  u n d e r l y i n g  

bedrock, As t h e  area. w i l l  be approx ima te l y  210 f t  464 m) square, t h e r e  

will be t h e  p o s s i b i l i t y  of s i g n i f i c a n t  upward groundwater flu& f rom t h e  

l imestone,  and then  l a t e r a l  movement a long  t h e  base o f  t h e  

Al though a g r o u t  c u r t a i n  around t h e  p e r i m e t e r  o f  the s i t e  would n o t  

p r e v e n t  upward p ressu re  of t h e  groundwater t o  t h e  base o f  t h e  ma5s, i t  

would be expected t o  r e s t r i c t  groundwater c i r c u l a t i o n  w i t h i n  t h e  grouted 

pe r ime te r .  The degree o f  r e s t r i c t i o n  would depend i n  l a r g e  measure on 

t h e  depth and e f f e c t i v e n e s s  of t h e  g r o u t  c u r t a i n .  The s u b s t i t u t i o n  o f  a 

pass i ve  French d r a i n  i n  p l a c e  o f  t h e  s l u r r y  t r e n c h  would have t h e  

advantage o f  a c t u a l l y  l o w e r i n g  t h e  groundwater t a b l e  around the 

p e r i m e t e r  of t h e  s i t e  t o  t h e  e l e v a t i o n  o f  t h e  bat tom o f  the t r e n c h  ( t o p  

o f  bedrock) .  

s l u r r y  

de the 

i t  wou 
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8. ADDIIIONAL DATA NEEDS 

8 . 1  ~ R ~ ~ ~ ~ ~ A ~ ~ R  SAMPLING AM0 HYDRAULIC TESSIWG A? EXISTING WELLS 

Moni to r ing  w e l l s  a t  t h e  3513 impoundment w i l l  be sampled a t  l e a s t  

tw ice  more so t h a t  f o u r  quar te rs  o f  data on RCRA regu la ted  cons t i t uen ts  

(see Table 5) w i l l  be ava i l ab le .  For  impoundments a c t i v e  a f t e r  

November 19, 1980, RCRA regu la t i ons  r e q u i r e  t h a t ,  a t  t he  end o f  t h e  

f i r s t  year o f  sampling, s t a t i s t i c a l  analyses be performed on t h e  data 

from t h e  f o u r  quar te rs  t o  determine whether t h e  groundwater i s  p o l l u t e d  

by t h e  impoundment. P o l l u t i o n  i s  assumed i f  t h e  ana lys i s  (Cochran's 

Approximation t o  the  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  increase (decrease i n  the  case o f  pH) i n  the  water  q u a l i t y  

parameters ( l i s t e d  i n  Table 5)  between the  upgradient  and downgradient 

w e l l s .  T h i s  procedure f o r  determin ing p o l l u t i o n  w i l l  be considered f o r  

t h e  3513 impoundment a f t e r  f o u r  quar te rs  o f  sampling and analyses have 

been completed. 

Tests w i l l  be conducted i n  the  e x i s t i n g  mon i to r ing  w e l l s  t o  

est imate the  hyd rau l i c  c o n d u c t i v i t y  o f  t h e  c l a y  and bedrock i n  t h e  

v i c i n i t y  o f  t h e  we l l s .  

8.2 PLANNED AND POTENTIAL WELLS 

As s t a t e d  e a r l i e r  i n  t h i s  report, an ex tens ive  groundwater- 

mon i to r i ng  system w i l l  be i n  p lace  by October 1985 a t  t h ree  a c t i v e  

impoundments (3524, 3539, and 3540; see Fig.  1 )  t h a t  bound t h e  3513 
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impoundment on the n o r t h  and eas t ,  r e s p e c t i v e l y .  Th is  s y s t e ~  will have 

tlao downgradient wells t h a t  a re  op@n o n l y  t o  groundwater moving through 

t h e  bedrock. The t e s t  r e s u l t s  f r o m  t h e  bedrock w e l l s  will  be evaluated 

t o  belermine whether an a d d i t i o n a l  bedrock m o c l t o r i n g  w e l l  should be 

cons t ruc ted  a t  t h e  3513 impoundment. 

I f  i t  i s  decided t h a t  an a d d i t i o n a l  well i s  necessary, i t  -is 

propaserl t h a t  i t  be cons t ruc ted  w i t h i n  10 f t  ( 3  m) o f  the ex s t i n g  Mlw-3 

o r  MI!-4, depending on f u t u r e  sampling r e s u l t s .  Th i s  well wou d be 

cons t ruc ted  i n  limestone bedrock so t h a t  t h e  h y d r a u l i c  head would be 

mea7:nred a t  a depth a p p r o x i i w t e l y  39 f t  deeper t han  t h a t  measured i n  

MW-3, and t h e  groundwater would De sampled f o r  contaminants a t  a depth 

between approx ima te l y  40 and 50 f t  below t h e  ground surface.  As 

p r e v i o u s l y  discussed, t h e  ? imestane beds d i p  a t  an angle of 

approx ima te l y  35" f rom t h e  h o r i z o n t a l  below t h e  pond a lmost  p a r a l l e l  

w l t h  t h e  south s i d e  of the impoundment. Therefore,  a t  a depth o f  50 f t  

(13  m> a t  e i t h e r  l o c a t i o n ,  t h e  w e l l  would be expected t o  i n t e r s e c t  a 

s t r a t u m  t h a t  subcrops beneath t h e  c l a y  bot tom o f  the  pond 70 f t  (21  rn) 

n o r t h  o f  i t s  p o s i t i o n  a t  t h e  ground su r face .  Thus, t h i s  well would have 

t h e  o p p o r t u n i t y  to i n t e r c e p t  p o s s i b l e  con tamina t ion  i f  i t  i s  moving 

downward a l o n g  t h e  d i p  of  t h e  bedding p lanes f rom t h e  pond. 

I f  t h e  r e s u l t s  o f  con t i nued  sampl ing c o n f i r m  t h a t  the 3513 

impoundment has s i g n i f i c a n t l y  contaminated t h e  groundwater, a d d i t i o n a l  

m o n i t o r i n g  w e l l s  w i l l  be considered f o r  c o n s t r u c t i o n  i n  t h e  a p p r o p r i a t e  

areas t o  determine t h e  e x t e n t  and c o n c e n t r a t i o n  o f  t h e  plume. 
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APPENDIX A 

ORILLING LOGS OF BORINGS, MW-1 THROUGH MW-4 





5 5  

r[~fi-yT.cl;T...-. ................ ~~ 

s t i f f ,  
nioi 5 t , 
broum ~ 

...... . . . . . . . . . . . .  1 . O '  

CLAY (CL)  
s t i f f ,  
m o i s t ,  
browrt i  s h r e d ,  
c o n t a i n s  tmudstone 
fragrtient5 t o  1 / 2 "  s i z e  

...... 5 . 0 '  
.AY (CL)  
s t i f f ,  
m o i s t ,  
niedium g r e y  I 

0 . 5 '  
. . . . . .  . ~~ 

R Y  (CL)  
s t i f f ,  

n o t  t l  ed ye1 1 OW- 9 r e y  
8 r i  t h  subangu la r  inudstone 
fragments t o  1.0" s i z e  

ili) i 5 t , 

J a r  

2.C ,---- 

J a r  

4 .0 

Jar 

6.0 __ 

a r  4 

7 . 9 '  

...... 0 

d v i : i i n ~  1 1 / 2 "  x 24" 
s p l i t - t i i b c  sarlpli:r' t o  
f u l l  depti! of h o l e  i n  
2.C6 d r i v e s  p r i o r  t o  

I__ ......... _- 
!<Of i n s  \ Ids  53ttl!,!Pil by 

d i . i l 1 i n g  N i t h  auger.. 

Sdi i ip ler  ,tias washed 
between each d r i v e .  

r\ugers were washed aL 
zuinpl e t  i on o f  bo t - i  t i  g . 



0 R N L / T W -9 9 3 6 

1 2 - 1  

I 5 t l f f .  
m i s t ,  
I ~ o t t  1 ed ye1 1 ow- ? r e y ,  
w i t h  s u b a n s u l a r  i i iudstone 
f r a c p e n t s  t o  1 . O "  s i z e  

I 

1 1 . 9 '  
B o t t o i i  o f  h o l e  on f i rh  
b e d r o c k  

- 
CORE I C O V -  
ERY 

1 1 . 9 '  

"' A t  Lo i7 ,p le t ion  o f  drilling 
o n l y  d p p r o x l i l l a t e l y  0 . 1 -  
0.2' nf  w a t e r  i n  h o l e .  

1 . 9 '  

Sal ,pies checked w i t h  
G/K w t e r  and no c o u n t  
was i i ieasured above 
backqround . 



..... 
. 

H I I M E  O F  O R I L L E R  -14.  I O T A ?  NUMUER C O R E  BOXES - 
P. - .. ___ ................... I C O * I P L . E l L "  

.............. 16 D A T E  MOLE 

17 E L E V A T I O N  T O P  OF H O L E  . 7 8 3 ,  5 ' 
. 18 T O T A L  __ CORE R E C O V E R Y  - .............. FOR BORTNG .................. 

.......... l.--Im~...-~~ ..-i. 1 /w:.?i ............ ........ . ... 
..................... . 

.............. ............ 

t. !wore 
5 l R E C T l O N  O F  H O L E  

k l v - ; . . e T 8 C * l -  i l ? l N C L ' % F O  

T H l C X N E j S  OF O V E R O U R O E N  

D E P T H  DRILLED ~ N T O  POCK 

~ S E D  FROM Y B Y T .  

, . l . ~ . ~ ~ - - .  
-. 

T 3 T A  

. .... 
.:i A Y  
( i c e  l o g  o f  b o r i n g  NW-1) 

11 .9  

C h i c k a m b g a  L i w s  tone 

25.0' 
. ........... ~- 

l o t t o m u  o f  h o l c  

L€l 
ox < 
AMP N O  

I .- 

N 
0 

S 
A 
M 
P 
L 
E 
S 

T 
A 
K 
E 
N 

... 

8or- ing MN-lA i s  
l o c a t e d  7 . 3 '  south-  
w e s t e r l y  o f  b o r i n g  
rw- 1 , 

Dri  1 l e d  jwi t t i  4" augei- 
e q u i p p e d  w i t h  r o c k  b i t .  

L la tc r  i n  h o l e  a t  
c o n i p l e t i o n  o f  d r i l l i n g .  
A u g e r s  were w s s h r d  a t  
c o r # i p l e t i o n  o f  b o r i n g .  

h i l l  c u t t i n g s  were 
w a s  tied irmi t,nt'iorl o f  
b o r i n g  wi ti1 r l c ? a r  water 
a t  c o l i p l ~ t i o n  of 
d r i l l i n g .  

. .~~ 

h t t i n q s  c h e c k e d  w i t h  
;/M Ntieter 2nd 110 
. w t 1  t was i w a s u r e d  
ibove b a c k g r o u n d  
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I V A T l O P  

f t )  -. .. 
"3.0 

775.6 

774.2 

773.0 

1% TOT 
,EPTM D R ~ L L E D  INTO R O C K  

__- 

s t i f f ,  
damp, 
medium brown w i t h  red ,  
subangu la r  sands tone 
fragrments t o  1 .0"  i n  s i z e  

" c h e r t  f r a g n e n t  
t 3 .0 '  

5 . 5  

7.1 
MYEY Sand ( S C j  
p o o r l y  g raded w i t h  some 
g r a v e l ,  m a t e r i a l  c o n t a i n s  
c h e r t ,  sands tone and 
1 imestone, 
we t  , 
brown and r e d  

8 .  
CLAY (CL) 

iwd iu in  
m o i s t  
b rown ish  g r e y  
w i t h  c h e r t  f ragments  

a n s f i e l d  
:ORE BOX OR 
COY-  S A M P L E  
R Y  I N O  
L 1- 

J a r  1 
5 0  

2.0 

35c J a r  2 

4.0 

6 5 ,  Jar 

6.0 

75*, Jar 

8.0 

J a r  
1 

3 A O I C C T  

B o r i n g  was sariipl 

p r i o r  t o  d r i  1 1  ins w i t h  
a u g e r .  

Sampler was wi;shed 
between d r i v e s  

Augers were washed a t  
con ip le t i on  o f  b o r i n g .  

r i l l  c u t t i n g s  were 
ashed f rom bo t tom o f  
o r i n g  w i t h  c l e a r  w a t e r  
t comp le t i on  o f  d r i l l -  
n g ,  

i o t e :  SC m a t e r i a l  may be 
r a c k f i l l  as b o r i n g  i s  
oca ted  w i t h i n  3 '  o f  

I r a i n  p i p e .  



5 

I. T O T A L  - 
m 

771.3 

'69 2 

. - . . . - - - 
1 I 

C C A S S I F I C A T I U H  OF H A T E R I A L S  

i i i s u a l  cla&:PI~Yt':dion on ly  

YAY ( C L )  (cont inuer - ' - - - - ' - -  
medi UP], 
1110 i s  t , 
brownish grey ,  
w i t h  c h e r t  fragments 

1 1 . 7 '  

hi ckawug a Limes tone 

3otton: o f  hole  

13.8 '  

-I__ 

% COF HECO E R I  

- 

25:: 

___ 
R O  , i I, 

- 
3 0 X  Of PAMPL 

NO 
I 

Jar € 

11. - 

Water present  i n  hole  a t  
completion o f  d r i l l i n g .  

Samples and d r i l l  
c u t t i n g s  were checked 
with G/M nicter and ti0 
C O U l l t  Was lllrdsured above 
background. 
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\ I N S T A L L A T I O N  

D T A L  D 
__.._I 

Ifij"' 
323- 

171.1 

inoi s t , 
brown 
w i t h  o r g a n i c  m a t t e r  i n  t o p  
0.5', 

c h e r t  and sands tone frayr ient . '  
t o  1 /2"  s i z e ,  

i t h  d a r k  brown s t r e a k s  
o r g a n i c ? )  

Cons is tency  changes t o  
iiiedi 11111 a t  
app rox in id te l y  6 . C '  

9 . (  
CLAY ( C L )  

vied 1 uia, 
iiioi i t  , 

_Stal 
c o a E  

E C O V -  L R Y  

- 

' 5 "  

B o r i n g  was sampled by 
d r i v i n g  1 1 /2 "  x 24" 
s v l i t - t u b e  sampler  t o  1- 
r e f u s a l  i n  2.0.' d r i v e s  
p r i o r  t o  d r i l l i n g  w i t h  
auger .  

Sampler was washed 
between d r i v e s .  

Samples and d r i l l  

w i t h  G/M i w t e r  and n o  
coun t  was i i ieasured above 
background.  

Augers were washed a t  

Water i n  h o l e  a t  

c u t t i n g s  were checked 

c o m p l e t i o n  o f  b o r i n g .  

o i i i p le t i on  o f  d r i l l i n g .  

4 . 0 '  

J a r  3 

,6.0' 

50, J a r  4 

~ ~~ 8 . 0 '  

.... _I P R O J E C T  L: 50 

tr i l l  c u t t i n g s  were 
lashed f ro i i i  h o l e  w i t h  
: l e a r  w a t e r  a t  
:o i i ip lc?t ion o f  
I r i  1 l i n g .  

P O L E  wo I 1.11.1 - 3 
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3. DRILL ING AGENCY 

-. -.. T O T A L  NO. 06 OVER- -0 Y H D I S 7 V I 8 E O  

- 
BURDCN SAMPLES TAKEN 1 

14. TOTAL NUMBER C O R E  BOXES 

1s. ELEVATION GROUND WATER 

1 1 .  D A T E  HOLE 

S . H P  -- 
and Ill. n - b d  i MW-3 

5. NAME OF DRILLFR 
~ I _ _  

__--__.___ 
; S T l F ! T E D  ICOUPLLTLD 

~XIRECTION OF noLi---------- 

-L (-JYERTICAL ~ 1 I N C L I W E . a  OEC.  FROM (IELIT. 

-.-___I __ - 17. ELEVATION TOP OF 
1. THICKNESS OF OVERWURDEN 
I__. ---.I-__ 
1. DEPTH DRILLED I N T O  ROCK 
I 119. SIGNATURE OF I N S P E C T Z  

HOLE 

% 1 1 0 .  T O T A L  CORE RECOVERY FOR BORING 

a .  T O T A L  DEPTH OF HOLE 
I 

ELFVAT 

( f t j  - 
772.; 

770.f 

7G9.0 

10 

11  

3 -- 

4 -  1 
..... 

I 

...... 

..... 

.... .I 

..j 

1 

C L A S S I F I C A T I O N  OF MATERIALS 
( h a c  o t f i d  , v i  sua1 c l  ass I f i  ca t i  on on 1 y ) 

CLAY ( C L )  (continued) 

Clayey Gravel ( C G )  
Angular t o  s u b r o u n d  
fragments o f  lime- 

s t o w ,  cher t  a n d  
sandstone t o  

1.0" s i z e  

T t i  i ckariauga Limes tone 

o t to i i i  o f  holc 

10. 

1.1.: 

13.2 

- 
lox c AMP1 

NO. 
.- 

Jar 

1 1 . 4  

' N - 3  
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.. ...... 
SIGKATICW OF DRILL 

. . ~ _ _  
I O I I T U I a L o  : " H O I I T " *  

_____ .......... T O T A L  NUMBER CORE BOXES ........ 
ROUND W A T E R  

AM€ OF D R I L L E R  

.......... P .  E .  Moore ___ ~ 

IRECTION O F  WOLE 

g Y c " T I C . L  rJ '"CL'"E0 ........... __ _ ............. ~ ..... 
H l C K N E S S  OF O V E R B U R D E N  

8EPTH D R I L L E D  INTO ROCK 
~ _ _ _ -  

I V A T 1  ON 

ft.) ....... - 
80.3 

_..Î._- 770.8 lo.....- 

I_ 

CLASSIFICATIOH OF Y A T E R I 1 l S  

isual cld%i?f%??tion only) 

.AY ( C L )  
s t i f f ,  
damp, 
brown, 
w i t h  chert  fragments and 
sandstone fragments t o  
1 / 2 " s i  ze 

~ ......... __ 

3.0'  __ .... ~ - .... 
LAY (CL) 
s t i f f ,  
moist, 
mottled medium grey a n d  
ye1 1 ow, 
with occasional white 
chert  in sand s izes  

CO%E 
.COV- ER Y 

__ 

65% 

656 

90% 

go:> 

75' 

,ROJEI  

O X  OR h n P L E  
HO 

I __ 

lar 1 

2 2  

a r  2 

4.0 '  

a r  : 

6 . 0 '  

lar 1 

3.0 
~ 

;ai- : 

1C.C 

3oritiy was sdmpled by 
driving 1 1 / 2 "  x 24" 
spl i t - tube  sampler t o  
refusal in 2 .0 '  drives 
pr ior  t o  d r i l l i ng  with 
auger. 

Sampler was washed 
between drives.  

Samples a n d  d r i l l  
cutt ings were checked 
with a G/M meter and 
no count was measured 
above background. 

Augers were washed a t  
completion of boring. 

i t e r  in hole a t  
mpletion of d r i l l i n g .  

- i l l  cu t t ings  were 
ished from hole a t  end 
F dr i l l i ng  by c lear  
i t e r .  

t 
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1 1.( 
,LAY (CL) 

s t i f f ,  mo is t ,  n l o t t l e d  
grey and yellow, w i t h  
sands tone  a n d  chert f r a g -  

ments t o  1 . O s '  s i ze -  

1 1 . 7 '  

Chickamauga Limestone 

13.7 - - ~ -  
lo t to i l l  o f  hole 

.- O T A L  HUHBER CORE B O X E S  .. .. 

...................... -. .......... 

.................................. - ................ 
TOTAL CORE R E C O V E R Y  FOR BORING 

- 

) O X  0, AHPL 
HD. 
I 

~ 

J a r  

I 1 7  

.... 





A P P E N D I X  B 

GROUNDWATER MQNITORIMG WELL REPORTS, MW-1 THROUGH Mlrl-4 
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PRo.tEeT SFNP Potdny 

~ A T R N  3513 Pond N21463.30; E31 157.39 

Date bmplettd 1/8/85 Qriqinal Depth U '  ~ P ~ U A U U L  

s ii r f a ce  

E l e v a t i o n  o f  t o p  o f  well r i s e r  p i p e  - 736.61 f t  

Note :  A l l  dep ths  and h e i g h t s  -- - 
a r e  r e f e r e n c e d  t n  - -  
ground s u r f a c e .  

(See l o g  o f  b o r i n g  
Mbd-1- 3513 PGIId) 

Clay t o  dep th  o f  
1 1 .9 I, 1 i rws t one  
hc 1 ow 

I 
I 
I 
I 
I 
I 
I 
I 
E' 
I 

H e i g h t  of  riser DiDe 
aboie ground s u r f a k e  

'Height of fog of S u r f O C l  caring. 
pipe above ground rurfuce 

Depth of surface reo1 below ground 
sur fact 
Type of wrface seala 

LD. of surface caring. 
Type of surfaec C a l i q :  s t e e l  

(kpih of surface casing below ground 

Diameter of OoPeholc 
Depth O f  bWrh6k 

c o n c r e t e  

.-- depth bol?sm of son4 column. 

3 . 0 '  

1 . 7 '  

2 . 3 i '  

4.0" 

2 . 3 '  

2 .0 "  

8.0" 
1 1 . 9 '  

4 . 0 '  

5 . 0 '  

5 . 0 1  

-__I 

5 . 3 '  

8 .0 '  

j t e  



ORNL/TR--9936 68 

. E31155.27 &CAT@N .... S m d  N7l.- 

i e v a t i o p  o f  t o p  o f  I x i i  r i s e r  p i p e  - i L b . ? ?  f t  

!te-: A l l  dep ths  and h e i g h t s  
a r e  r e f e r e n c e d  t o  
ground s u r f a c e  

(See l o g  o f  b o r i n  
M W - l A ,  3513 Pond? 

C lay  t o  dep th  o f  
1 1 . 9 ' , l i m e s t o n e  
be 1 oiw 

Screen s e t  i n  
1 imestone 

! 

2.9' 

4 .U"  

2 5 . C '  

21.3' - ~-.--.-.--de~rh bottom o f  sc reened  s e c t i o n  
7 '  23 .5 '  
+L depth bottom of sand column 

Type of backfilI below obsaawotian 
pipe. ..LKI-~~ - .bJl e- 25.0' 

__-I_ 
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QRm~cf SFMP PONDS 
3513 Forid N21180.43; E31141.4'5 

13.3 '  below ground 

levatiori o f  t o p  of  well r iser  p i p e  - 185.96 f t  

heights are 
referenced t o  

See l o g  o f  
boring i%l-Z,  
3513 Pond) 

: l ay  t o  depth o f  
1 .  7 '  , 1 i w j t o n e  

le 1 ow 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3 

+----Height o f  riser p i p e  
above g r o u n d  surface 

tieight of top of surface coring 
:L pipe obovr ground surface 

Qeprh of surface real below ground 
sur face 
Type of surface realt 

steel L Q .  of surface caring. 
Type of surface coring: 

Ocprh d ourface casing below ground 

3.0 

2.1' 

1.9 '  

4.0" 

1 . o  
4.0" 

6 .0"  
1 3 . 8 '  

4.0' 

5.0' 

5.0  

6 . 3 '  

0.010" (ip:'t1irig 
1 . 9 "  I G screened section. 

13.8 '  --- depth boftorn o f  screened sec t ion  

13.8'  * bottom of rand column. 
T y p e  sf backfill below abrervofion 
pipe. ._ 

13.8,  
depth of hole. 
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SFMP PONDS 

3513 Pond N21180.33 ,  E31009.21 
"RBQECT __._._ 
we~~aW ...- r-7_.̂ -- 

I1yper-l; O S ?  Pquifw 
--. .* e v a t i o n  o f  t o p  o f  w e l l  r i s e r  p i p e  - 785 .24  f t .  

I t e :  A l l  dep ths  and 
h r i q h t s  a r e  
r e f e r e n c e d  t o  
g r o u n d  s u r f a c e .  

I See 10s o f  b o r i n y  
11.1-3, 3513 Pond) 

: l ay  t o  dep th  o f  
1 / 4 ' ,  l i n i es tone  

, e l  ow 

7 H e i g h t  o f  riser p i p e  
above ground s u r f a c e  

Depth of aisrfraec seal belaw 
sur face 
Type of wwsfaer I Z Q I I ,  iLr 'Lr ' f i f  __I 

I 

LD. of surface casing. 
Type ob surVoce casing:- 

Depth of surface casing bt low groan 

I I  
Diameter OV borehole 
Dtpth of borehok 

3 . 0  -. 

i .SI 

2.2' 
a _ _ l P  

4.0" 

2 . 2 '  

2.0" 

_I_- 

6 . 0 "  
13 .2 '  

4 . 0 '  - 
5 . 0 '  

1 . 9 "  ... - I I.D. of screened section. 

1 3 . 1 '  depth bottom o f  sc reened  s e c t i o n  -- 

Type of backfil I below observation 
sand pipe. 1 3 . 2 '  

__ I-..--!- ~~ _ _  ~ depth of hole ~ 
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GROUND N WELL REPORT 
SFM? PONDS OROJEC Y 

LOCATtON 3515 Pond N21281.39; E30970.02 

Dote comprctrd l / l W  ~ ~ Q ~ n a ~  QIpih 13 6 ' l.,p1nw 
ground i u r f a c e  

leva t ion  o f  t o p  o f  well r i s e r  p i p ?  = 783.55 f t .  

log-: All depths and 
hei gli t!, are 
referiwced t o  

Set? l o g  o f  b o r i n g  
MU-4 , 351 3 Pot id)  

Clay  t o  depth o f  
1 1 . 7 ' ,  l i i i e s t o n p  
be 1 ow 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

+------ Height o f  r i s e r  p ipe  

u ~~~T~ loo of screened susion. 

2 . 5 '  

1.8' 

2.2' 

4.0" 

2 . 2 '  

2.0" 

6 .0"  

13.7 

4.0' 

5 . 0 '  

5.0 ' 
6 . 6  ' 

Type 0% stseene$ SeCtiQn: T t a i n m  

D ~ , ~ ~ ~ ~ ~  

1.D. of screened section. 

cont inuous s l o t ,  

0 .01  0 '  men i nq 1.9"  

13.6 ' 
+-----,depth bottom of screened s e c t i o n  

13.7 ' depth bottom of sand column. 
Type 04 backfill below observation 
pipe. 5'''' 





ANALYTICAL TABLES, 1A THROUG 

Notes f o r  a l l  t a b l e s :  

1 .  The ' I - "  (minus)  symbol i s  used t o  represent t h e  
detection level .  

2 .  Detection l imi t  for  the  same const i tuent  varied 
among the  analyses because o f  sample d i lu t ion  and matrix 
e f f e c t s .  
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Tb43LE 3A. TOTAL A N A L Y S I S  OF 3513 P O N O  SEUIHFNT.  

: PlEASUREO : : CONCENTRAT-S 
I ION 8 
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T b B t E  3 A e  T O T A L  A N A L Y S I S  OF 3513  P O N D  SEDFflFNTe 

* 
; 
8 

' M E A S U R E D  ! CONCFNTRAT-! 
: I O N  I 

4 

4 
8 

4 

4 

I 
a 
4 
I 

i 

4 

4 

4 

4 

4 

I 

: 
: 

* 

; 
: 
I 

8 

I 

I 

: - 

4 
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TABLE 5 A s  CHEHXCAL CONSTITUENTS MEASURE0 I N  3513 POND UITER.  

i WG/L I . 
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T A B L E  bAe R A O I O I S O T O P E S  BEASUREO I N  3513 POND WATER. 
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TABLE 7 A .  IlrQEX OF GROUNDWATER QUALITY FOR THE 3513 SITE-  
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TABLE 7 A o  INDEX 06 GROUNDWATER QUALITY FOR TME 3513 S I T E .  
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: HEASUREO I 
I CONCEM TRAB- 
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TABLE Y A i  I F t D t X  OF GROUkOUATER QUALITY F O R  TME 3313 S I T E .  
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TABLF 7 A c  IE tDEX OF GRQUNOWATER Q U A L I % I  F O R  THE 3513 SITE. 
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T A B L E  8A.FUPPLEHENTARY GROUNDWATER OU4LTTY tEASURERENTS 

FOR THE 3 5 1 3  SITF, 
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