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EXECUTIVE SUMMARY 

Approx mately 180 surface-sediment grab samples and three sediment 

cores were btained from the Clinch River-Poplar Creek system around 

the Oak Ridge Gaseous Diffusion Plant (K-25) and screened f o r  metal, 

organlc, and radloisotope contamination. The results of this scopirag 

study were evaluated to identify potential sources of contamination. 

Data from this study indicate that Hg, 137Cs, and 6oCo 

orlginate from sources outside K-25. External sources also contribute 

uranlum and miscellaneous organic contamination. Within K-25, the 

K1700 stream, K901A chromate pond, K710A powerhouse, and K1007B pond 

appear to be the major areas o f  contamination. Principal contaminants 

detected In these areas as a result of this survey were U, Cr, Ni, Cu, 

Ag, and PCBs. 

Although the major areas of contamination have been identified, 

t .hls report does not attempt to identify the specific sources within 

K-25 nor to quantlfy the impact o f  K-25 sources on the majo r  streams. 

ix 
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From January 10, 1985, t h r o u g h  February 28, 1985, app rox ima te l y  

180 sur face-sed iment  q rab  samples and t h r e e  sedlment cores were 

c o l l e c t e d  i n  t h e  C l i n c h  R ive r -Pop la r  Creek system and s e v e r a l  ponds, 

d ischarge  p i p e s ,  and ephemeral streams on t h e  #-25 s i t e .  Every e f f o r t  

was made t o  o b t a i n  samples o f  r e c e n t l y  depos i ted  m a t e r i a l ,  so  t h a t  t h e  

r e s u l t s  would i n d i c a t e  c u r r e n t  c o n d i t i o n s  a t  t h e  p l a n t .  The presence 
7 o f  Be ( a  n a t u r a l l y - o c c u r r i n g ,  53-d h a l f  l i f e  r a d i o n u c l i d e )  was used 

t o  i n d i c a t e  whether t h e  samples were o f  r e c e n t  o r i g i n .  

The K-25 Process Suppor t  Department screened t h e  samples f o r  

me ta l s  u s i n g  i n d u c t i v e l y  coupled plasma spect roscopy ( I C P ) ,  f o r  PCBs 

u s i n g  gas chromatography ( G C ) ,  and f o r  o t h e r  o r g a n i c s  u s i n g  a gar; 

chromatograph-mass spec t rometer  (GC-NS). 

analyzed f o r  gamma-emitt ing r a d i o i s o t o p e s  by t h e  ORWL Envi ronmenta l  

Sc i ences D i  v i  s i  on. 

The samples were a l s o  

Resu l t s  o f  t h i s  s tudy  a r e  presented i n  two p a r t s .  The f i r s t  p a r t ,  

c o n s l s t l n g  o f  r e s u l t s  f rom t h e  180 grab samples, y i e l d s  a p i c t u r e  o f  

c u r r e n t  contaminant  l e v e l s  around t h e  K-25 s i t e .  The second p a r t ,  

which addresses t h e  t h r e e  cores,  p resen ts  a h i s t o r i c a l  p e r s p e c t i v e  o f  

sediment con tamina t ion  around K-25.  



a u 

LE COL.L.EC7 IOW 

Surface ~~~~~-~~~~~~~~ sediment samples were collected ~ ~ r i n ~  

ry and Fetarlaary 1985 -in a e Cllncaia River,  PCiplar Creek, and 

l i n g  was I n  the 

v l c i r r l e y  0.6 t h e  K-15 5 slud e ~~~~~~~~~~~ pond ,  K-IIOA s c r a p  yard,  and 

K-961 A ho1 d i n pond Fig. 1 ) .  Po l a r  Creek was sampled f r o m  Pts 

confluevace w i t h  the Cl-ijnch River trs a b o u t  1 km upstream a f  the ~~~~~ o f  

E a s t  Fork Poplar  Creek. Several  sa p les  were  a l s o  co ' i lected f rom East 

Fork Pop la r  Creek, Sampll njplar Creek and i t s  t r i b u t a r i e s  was 

i n t e n s i f i e d  near a l l  water effluent s i t e s  a n d  surra nd lng  disposal 

areas ( F i g .  I ) .  P a r t i c u l a r  a t t e n t i o ~  w a s  g i v e n  to t h e  K-170 

which dra ins  area5 wear t h e  #---i407 h 5 ,  coal  p i l e ,  and t h e  

c l a s s i f i e d  bur ia l  groi ;nd,  

ra!nned sediment sample col lec ted  a t  each s i t e  was s p l i t  

zed 
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O R N L  DWG 86-1607 

F i g .  1. Map i n d i c a t i n g  p r i m a r y  samp l ing  areas  
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signature, performs activity calculations, and corrects for decay based 

on the elapsed time interval between the sample collection and  sample 

analy5is dates. A hard copy printout of the data was made for each 

sample analyzed. 

Following radioactivity analysis, each sample was air dried a t  

-72°C for over 48 h. Radioisotope activity levels were then 

calculated based OR dry sample weight. 

Table 1 provides data for the specific radionuclides o f  interest. 

For comparison, Tables 2 and 3 illustrate radioactivity analyses 

performed on certified reference materials. The concentrations are 

corrected for decay to the date of assay. 

Due t o  low uranlum activity in many of the samples, the relatively 

s h o r t  counting time, as well as the low photon abundance accompanying 

the p h o t o n  decay of uranium, the lower levels of detection may not be 

achieved, and in s u c h  instances, a relatively large analytical 

uncert-alnty exists. For 235U values to be considered present, at 

least 2 of the 3 photon peaks listed in lable 1 had to be reported on 

t h e  hard copy data sheet. M i n i m u m - d e t e c t a b l e - a c t i v i t y  levels 

(Pasternak and Harley 1971) far the various radionuclides are presented 

in Table 4. If any o f  these quantities o f  radioactive material were 

present in the samples when counted for 100 min, then 95% o f  the time a 

value greater than zero would be reported for these radionuclides. 

However, at these low activity levels, the relative analytical 

uncertainty may range from 5 40 t o  100% o f  the value. The 

nilnlmurn-detectable actlvlty depends upon matrix composition (i . e . ,  

other radionuclides present and their amount), the sample size, 



hter radionuclide 0% ;‘3 U, assumed t o  be i n  equilibrium. 

CCWM-BL1 

2,6 p 0 * 2  
1 . 6  0.3  
1.6 t Q ” 3  

23 ’li 
5 - 2  0.7 
4 . 3  1,3  
s i , $  2 1.3 

WD 

17.4  2.6 13.7 5 Q “ 5  
( 0 . f p  
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Tab le  3 .  Comparlson o f  a n a l y s i s  w i t h  c e r t i f i e d  r e f e r e n c e  m a t e r i a l s  
(pC i /g  5 1 C Y )  

~ -.l.._-.-l.." - - 

Samp 1 e CS-1  37 K-40 Ac-228 

Rocky F l a t s  S o i l  #l Measured 0.49 t 0.02 19.2 5 0.1 1.93 2. Q.08 
Expected 0.48 0.01 19.5 5 0,6 1.89 5 0.03 

(Assay da te :  1 5  Dec 80) 

I.__ cs-137 Ca-60 

I A E A  Mar ine sediment Measured 0.396 t 0.018 0.312 2 0.029 
SO-N-1 
(Assay da te :  l Jan 82) Expected 0.378 5 0.012 0.319 0.012 

Tab le  4 .  Est imated minimum-detectable a c t i v i t y  
l e v e l s  f a r  a 100-min c o u n t i n g  i n t e r v a l  

Conc en t ra t i on 
f o r  an 80-9 d r y  w t  MBA 

Rad lonuc l l de  pC i sample ( p C i / g )  

37cs 

%o 

3 

3 

0.04 

0.04 

16 0.20 235" 

238" 220 2.8 



2.3.1 Sample Prepara t io  
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Mercury was analyzed by t h e  E P A  Method 7470, u s i n g  a F i s h e r  Atomic 

Absorp t l on  ( A A )  I n s t r u m e n t  ded ica ted  e x c l u s i v e l y  t o  t h i s  a n a l y s i s .  

2.3.2 C a l i b r a t i o n  and Q u a l i t y  C o n t r o l  

C e r t l f  l e d  s o l u t i o n s  o f  v a r i o u s  elements o f  "Spex s tandards ' '  were 

prepared and a p p r o p r i a t e l y  d i l u t e d  u s i n g  a 10% n i t r i c  a c i d  f o r  I C P  

a n a l y s i s .  A l i n e a r  c a l i b r a t i o n  o f  up t o  a SOO-ppm c o n c e n t r a t i o n  f o r  

v a r i o u s  elements was per formed.  Sample c o n c e n t r a t i o n s  determined 

beyond t h i s  range were v e r i f i e d  u s i n g  a h i g h e r  c o n c e n t r a t i o n  o f  

s tandards when necessary.  Tab le  8 (see Sect .  3.1) l i s t s  t h e  ower 

de t .ec t lon  l i m i t s  expected f rom t h i s  t y p e  of a n a l y s i s .  Typ ica  I C P  

accuracy f rom aqueous samples i s  20% a t  t h e  2-sigma l e v e l .  Q u a l i t y  

assurance I s  r e g u l a r l y  per formed u s i n g  an Envi ronmenta l  Research 

Assoc la tes  waste wa te r  i n t r a c a l i b r a t i o n  s o l u t i o n .  F o r  t h i s  s tudy ,  

samples o f  N a t i o n a l  Bureau o f  Standards R i v e r  sediment (1645 and 1546) 

were subml t ted  and run .  Resu l t s  a r e  i l l u s t r a t e d  i n  Tab le  5.  Mercury 

q u a l i t y  assurance a n a l y s i s  was r o u t i n e l y  per formed by a n a l y s i s  o f  an 

NBS c e r t i f i e d  s o l u t i o n  #16416, Table 5 p resen ts  a comparison o f  

r e s u l t s  f rom d u p l i c a t e  ana lyses .  

C a l i b r a t i o n  f o r  o rgan ic  a n a l y s i s  was per formed d a i l y  u s i n g  q u a l i t y  

assurance s tandards  f r o m  t h e  EPA. Rout ine  analyses o f  q u a l i t y  

assurance s o l u t l o n s  a r e  per formed month ly .  Table 7 compares t y p i c a l  

va lues determined by K-25 w i t h  t h e  expected c o n c e n t r a t i o n s .  L i m i t s  o f  

d e t e c t i o n  f a r  p r i o r i t y  p o l l u t a n t s  a r e  g i v e n  i n  Table 8 (see 

S e c t .  3.1).  Organics n o t  analyzed f o r  b u t ,  i n  many ins tances ,  p resen t  

i n c l u d e  l i g h t  and heavy hydrocarbons.  
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l a b l e  5 ,  Analytical r e s u l t ;  f o r  Matianal Bureai~ of S t a n d a r d s  (NBS) 
Sample5 (concentrations i n  plgt’g) 

NSS I b45  NBS 1641, 
R 1  ver sed lrrent t s t u a r  ine sediment __- 

t 1 emen t. S t d .  Prep  Mu.1 Prep N0.F ’ i t d .  Prep No.1 P r r p  go .  7 

A r s e n i c (  A s )  
Cadmiurn(Cd) 
Chrornl urn( Cr) 
Copper(Cu)  
Mlckel(NI) 
Lead ( Pk) 
Selenlwm(Se) 
Z l n c ( 2 n )  

60 

263W 
186 

650 
kjNC 

1490 

8 . 3  

41.3  

60 

27 200 
1 1 2  

658 

3410 

7 .6 

543.9 

NR 

1 1 . 6  2 2 . 3  
0.4 0.7 

7 6  40.9 
18 1 6 . 3  
3 2  24.5 
28.2 2 2 . 3  
( 0 . 6 )  <5 

I38 109 

2 1 . 5  
0 . 5  

52 .1  
1 5 . 5  
2 7 . 5  
2 2 . 4  
(5 
i I S  

I- --v -l-lll---_l.-_ ~ --l_l._._ l_l. 

aPrep #2 I s  a duplicate o r  prep # I .  

h u m b e r s  i n  parentheres  are  nancertified results. 
C f f R  means value was n o t  reported.  

00th prepara t ions  followed E P A  
procedure 3050. 

T a b l e  6 .  D u p l i c a t e  a r t n l y t i c a l  resu l t s  f o r  metals 

E 9 emen t 

Silver (Ag) 
A rsenSc  ( A E )  
Cadmium ( C d )  
Chromium (Crib 
Copper  (CU) 
Mercury (Wg) 
Nickel ( M i )  
Lead ( P b )  
Se 1 en i urn 
Z i n c  (Zn) 

3 
1 
0 
4 
4 
3 
5 
5 
5 
5 

5.0 
9 . 6  

4 - 9  
5 . 6  

36.8 
3 0 . 5  

3 . 8  
42 .0  
20.3 

142 
138 
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lable 7. Organic - Typical control data from USEPA 
environmental monitoring and support lab - Cincinnati 

(Samples WP-482 and WP-881 Received 7/26/85) 

Measured Acceptable EPA certified 
Component: WP-482 conc e range value 

(base neutrals) ( V W )  (vg/L) ( I l S l ” L )  

1.4-Dichlorobenzene 
B l s  (2-chloroisopropyl) ether 
Hexachloroethane 

Naphthalene 
Dimethyl phthalate 
Acenaphthylene 
F 1  uorene 
4-Chlorophenol phenyl ether 
4-Bromaphenyl phenyl ether 
Anthracene 
Fluoranthene 
Butyl benzyl phthalate 
Chrysene 
B 1  s (2-ethyl hexyl ) phthalate 
5enza (b) fluoranthene 
Benzo {a) pyrene 
Olbenzo (ash) anthracene 
Benzo ( g  , h i ) peryl ene 

trobenzene 

1 6  
29 
15 
52 
15 
13 
14 
36 
35 
35 
30 
24 
12 
23 
10 
29 
21 
35 
76 

(9-24) 
(9 - 2 4 )  
(9-24) 
(9-24) 
(9-24) 

(9-23) 
(9-23) 

(9-23) 
(9-23) 
(9-23) 
(9-23) 
(9-23) 
(9-23) 
(9-23) 
(9-23) 
(9-23) 
(9-23) 

(9-24) 

(9-23) 

24.8 

30.0 
76.5 
24.8 
40.0 
19.5 
51.2 
76.7 
41.5 
40.0 

51.3 
69.9 
29.1 
40,O 
24.9 
40.7 
80.4 

38.8 

29.8 

Component: WP-881 
(acids) 

Measured Acceptable E P A  certified 
CORC. range value 

(I lg/L)  ( I rg/L) (vg/L)  

2-Ch 1 orophenol 
2 -Ni trophenol 
Phenol 
2.4-Dimethylphenol 
2.4-Dichlorophenol 
2,4.6-Trichlarophenol 
4-Chloro-3-methylphenol 
2-Methyl-4,6-dinitrophenol 
Pentachlorophenol 
4-Nitrophenol 

29 
29 
43 
21 
40 
19 
52 

21 0 
32 
7 

(0.1-37) 
(8.1-37) 
( 1  2-89) 
(1 2-89) 
(1 2-89) 
(1 2-09) 
(1 7-73) 
(1 7-73) 
( 6 .8-7 7 ) 
(5-48) 

30 
50 

100 
30 
50 
25 
75 
2 50 
75 
50 
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Table 8. Summary o f  contaminant l eve ls  

S I  1 ver( Ag 
Arsenlc ( A s )  
CadmjurnCCd) 
Ghromi urn( Cr) 
Copper(Cu) 
Lead ( Pb) 
Nercury(Hg) 
Nickel ( H i )  
Selenium(%) 
Z inc (  Zn) 

Total organic carbon 
PCB 1254 
PCB 1260 
Acenaphthylene 
Anthracene 
5enzo( a )  Anthracene 
Bis(2-ethylhexylbphthalate 
Chrysene 
di-N-butylphthalate 
Fluoranthene 
Phenanthrene 
Pyrene 

1 3 7 ~  es i um 
&%obal t 
238~rani urn 
235~ranium 

0.6 
5.0 
0.3 
1 .o 
0.4 
5.0 
8.1 
1 .o 
5.0 
8.1 

1.0 
1 .o 
0.004 
0 1) 002 
0.008 
0.003 
0.003 
0.003 
0.002 
0.805 
0.002 

0.04 
0.04 
2.8 
0.2 

29 
1 4  
13 
51 
51 
49 
45 
5 2  
38 
52 

180 
5 
2 
7 

11 
3 

23 
4 

19 
23 
23 
24 

178 
111 
40 
25 

8 
50 

2 

94 
42 

6 
220 

91 
250 

3 
7 
4 

< I  
<l 

1 
7 
2 

<1 
1 
1 
1 

2 
<l  
30 

4 

6 4  

89 
190 

5 
3368 

470 
140 
4s 

1300 
280 
99 

55 
13 

5 
( 7  

2 
2 
7 
3 
1 

10 
1 

12  

1 5  
2 

2 44 
28 

4 
2 
2 

12  
9 
d 
13 

5 
8 

4 
1 
1 
0 
1 
1 
2 
1 
0 
4 
4 
4 

32 
1 5  
8 
6 

1 i  

% n i t s  o f  measurements are percentage far t o t a l  Q T  a n i c  c a r b o n ,  pg/g 
for metals and organics, and pCi/g for radioisotopes. All  u n i t s  a r e  based OD 
dry weight, 

bThe K - 2 5  mean i s  calculated as t h e  average level of those ~~~~~~~~ i n  
which a particular element or campolind was detec ted .  

CllHjghll i s  defplned as 150% o f  the K-25 mean or 1~ 
greater. For total organic carbon, the t h r e s h o l d  i s  18 

dThe K-25 mean f o r  C r  does n o t  include samples f r om t he  Chromate Pand. 

g, wh ichever  is 
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3, RESULTS AND DISCUSSION 

3.1 SEDIMENl GRAB SAMPLES 

Tab le  8 presen ts  a genera l  summary o f  con taminant  l e v e l s  f o r  t h e  

182 sediment grab samples ( i n c l u d i n g  t h e  t o p  4 cm o f  t h r e e  c o r e s ) .  A l l  

182 samples were ana lyzed f o r  t o t a l  o r g a n i c  carbon (TDC)  screened f o r  

PCBs and counted f o r  r a d i o i s o t o p e s .  F i f t y - t w o  samples were ana lyzed 

f o r  me ta l s  by I C P  and A A .  T h i r t y - t w o  samples were ana lyzed by GC-#S 

f o r  e x t r a c t a b l e  o r g a n i c s .  

A l though t h e  I C P  and GC-MS ana lyses  cove r  a w ide  range o f  elements 

and compounds, t h i s  s tudy  focused on those  Contaminants i d e n t i f i e d  by 

Hoffman e t  a l .  (1984, l a b l e  V I I )  as w a r r a n t i n g  f u r t h e r  s tudy  on t h e  

Oak Ridge Reserva t ion .  Hoffman e t  a l .  (1984) made t h i s  d e t e r m i n a t i o n  

based on those contaminants  f o r  wh ich  an es t ima ted  l e v e l  o f  i n t a k e  

exceeded t h e  es t ima ted  a l l o w a b l e  d a i l y  i n t a k e  and wh ich  were found i n  

r 

Ch 

c o n c e n t r a t l o n s  above minimum d e t e c t a b l e  l i m i t s .  The o r g a n i c s  l i s t  f 

t h i s  s tudy  was reduced f u r t h e r  by e l i m i n a t i o n  o f  t h o s e  components wh 

were n o t  found a t  l e v e l s  above d e t e c t a b l e  l i m i t s  a t  K-25. 

The K-25 mean f o r  each contaminant  rep resen ts  t h e  average l e v e l  

a l l  samples 

K-25 s i l v e r  

29 samples 

The K- 

o f  

f o r  wh ich  t h a t  con taminant  was de tec ted .  Fo r  example, t h e  

mean was determined by ave rag ing  t h e  s i l v e r  c o n t e n t  o f  t h e  

n wh ich  s i l v e r  was de tec ted .  

5 mean p r o v i d e s  a b a s i s  f o r  d e t e r m i n i n g  wh ich  samples have 

r e l a t l v e l y  h i g h  l e v e l s  of a p a r t i c u l a r  con taminant .  The K - 2 5  mean, 

r a t h e r  t h a n  t h e  background l e v e l ,  i s  used because t h e  o b j e c t i v e  i s  t o  

de termine wh ich  samples a r e  h i g h  f o r  K - 2 5 ,  n o t  t o  de te rm ine  w h i c h  
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samples are high relative t o  background. 

facilitates .identification of those areas around the K-25 site khich 

may be sources of contamination. 

Using the K-25 

The number o f  h3gh samples is based on t h a s e  samp’lea which 

exceeded 150% o f  the mean. F o r  some of the organics ,  150% o f  the  mear~ 

would still have been less than 1 ug/g, 50 the nu ber of h i g h  samples 

was based on those exceeding 1 u / g .  F o r  total organfc carbon, the 

threshold was set a t  10%. Tables 9 ,  10, and I 1  respectively present  

the samples that were determined t o  be h i g h  f a r  metals, organicsl and 

radloisotopes. It must be remembered that t h i s  i s  purely an a r b i t r a r y  

designation to determine those areas that are potential sources S C  

contamination. In the absence o f  definitive standards and further 

study, no statement can be made about the potential environmental 

effects, if any, of these contaminant levels. F o l l o w i n g  i s  a 

discussion, by a r e a ,  of t h e  grab sample results. 

The K-901A chromate pond ( F i g  1 and Appendix A ,  p. A-13)  

sediments are high i n  chromium, as would be expected to result from t h e  

chromate wastes that have settled n this pond. The reason for the 

high zinc and selenium levels is n o t  readily apparent, unless these 

elements are part o f  the proprietary formula o f  t he  chromate c o r r o s i o n  

inhibitor used in the recirculating c o o l i n g  water systems. 

lhe samples identified in i iable 9 as bejng from t he  C l a s s i f i e d  

Burial Ground were actually taker] from ephemeral streams on the 

north ( 4 2 )  and southeast ( 2 1 6 )  slopes of the burial ground h i l l  ( F i g ,  1 

and Appendix A ,  pp. A-4 and A-14) .  Sample 42 appears t o  be in  t he  
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Table 9 .  Areas o f  metal contamination exceeding 150% of  K-25 mean 

Metals (ug/g)  
Area/sample No.  Ag As Cd Cr Cu Hg W i  Pb Se i6-.- 

Chromate pond 
SSO20785-124 
SS020785-125 
SSO20785-126 
SS02078!5-127 
SSO20785-130 
SS020885-132 
55020885-133 
SSO20885-135 

c0.s <5 <0.3 
cO.6 <5 cO.3 
1.2 <5 co.3 
C0.6 <5 cO.3 
1.5 <5 cO.3 
1.8 <5 cO.3 
<0.6 <5 cO.3 
4 . 6  9 co.3 

940 
2800 
1600 
2 50 
3300 
41 0 
21 00 
1600 

Class. burial ground 
SS020485-42 23.0 <5 <0.3 66 
SS622885-216 1.2 <5 co.3 17 

Clinch River Trib 1 
SSOl2485-10 < 0 , 6  <5 cO.3 51 

9 0.3 27 17 120 230 
28 cO.2 10 8 <5 990 
8 0.6 5 8 <5 410 
0 1.1 2 5 <s 350 
8 0.6 6 5 <5 900 
5 cO.1 20 14 110 140 

17 0.9 26 16 88 560 
26 0.8 39 24 710 230 

77 1.4 83 79 58 230 
40 0.9 120 10 140 41 

4 0,7 38 22 140 190 

East Fork Poplar Creek 
SSO22285--138 
EF021585( 0-4) 

K1007B ( P C  Trib 4) 
SSO20485-45 
SS920485-46 

K1700 Stream 
SSO20485-41 R 
SSO 2 04 8 5 .-3 5 L 
SS020485---34L 
SSO20485-33L 
SSO20485-32M 
SSO20485-31 R 
SSOl1085-bL 
SSOll085-5R 
SS020485-49 
SSOl1085-4L 
SSOl1085-3L 
SSO11085-2L 
SSOllO85-1 L 

Pop 1 a r Creek 
SSO 2 0 6 8 5 -5 2 R 
SSO2O685-111 R 
SS020785-86R 
SS020785-1 20L 
SSO20785-115 
SSO2'll85-155R 

cO.6 <5 3.3 45 76 45.0 54 110 37 320 
4.9 <5 cO.3 49 40 20.7 33 26 110 130 

12.0 <5 co.3 150 56 co.5 89 47 38 210 
17.0 <5 1.0 63 63 cO.5 86 37 21 220 

<0.6 23 cO.3 39 250 <1.0 420 
cO.6 <5 cO.3 69 210 1.5 400 
c0.6 15 <0.3 50 220 3.0 430 
C0.6 34 1.3 62 230 1.8 460 
89.0 45 1.1 65 250 2.9 520 
cO.6 16 1.1 57 210 1.8 560 
1.8 22 0.8 130 300 6.6 830 
2.5 190 c0.3 100 470 4.4 1200 
1.4 33 c0.3 91 250 2.1 1000 
cO.6 ?70 4 . 6  98 440 4.6 950 
c0.6 68 2.4 91 260 6.1 1300 
1.4 45 2.2 88 260 6,l 1200 

c0.b 15 1.5 57 140 9.5 420 

46 <5 160 
39 110 210 
49 48 190 
48 <5 240 
73 <5 220 
51 <S 240 
140 57 410 
100 280 450 
97 150 330 
120 <5 510 

94 <5 350 
94 <5 37Q 
49 <5 220 

6.2 <5 2.0 54 70 25.6 44 43 72 200 
CO.6 <5 cO.3 56 47 11.0 59 30 77 170 
44.0 <5 c0.3 32 30 5.4 46 29 67 170 
1.3 <5 <0.3 95 35 9.5 51  27 60 210 
c0.6 <5 c0.3 610 62 c0.5 68 48 45 590 
2.6 <5 cO.3 46 41 7.7 60 20 160 150 



1 7  

T a b l e  10. Areas  of o r g a q i c s  contamination exceeding 1 p g / g  
o r  150% o f  K-25 mean 

--.1. -.- -- 

- -..___._.I- - 

TOCa PCB PC 
Area/sarnple No, ( X )  1254 926 38 58 135 1 

-.-.̂ -I __ 

Chromate Pond 
SSO20785-125 1.9 c1.O c1.O 

Eas t  Fork Poplar Creek 
ssw2za5-I 3% 3 . 9  <a . 

K1007B ( P C  T r i b  4) 
SSO20485-44 0.9 6,5 <I .O 
SSO20485-45 ND 12.6 4 . 0  
SSO20485-46 1.4 3.0 <1 - 0  
SSO20485-47 1.3 5.2 <I .0 

Kl515 
SSOl3O85-16 64.6 <1 .O <I .O 

K1700 Stream 
SSO20485-39L 12.4 <1 .O <1 .O 
SSQ20485-38R 11.4 <1 .O <1 .Q 
SSO20485-35L 4.6 cl .0  c1.0 
SS020485-32M 1 6 - 2  <I .O <1 - 0  
SSOl10%5-5R 7.3 0 ND 

M isce l l aneous  
5SO22285-141 2.9 6.6 2.4 

Pop1 a r Creek 
SSO20785-117 2 .3  4 . 8  <1,Q 
SSQ20785-I15 2 . 9  11.8 5.0 
SSO21185-154R 2.7 <1.0 < 1 .  

HD N D  2.9 

0 1 .3  4 . 1  

ND ND ND 
D WD 0.5 

ND NO ND 
NQ ND N D  

ND ND ND 

ND ND NO 
ND ND ND 

2.4 N O  ND 
N D  M D  ND 

0.3 N D  13.9 

N D  ND N D  

ND ND 1 . 8  
N D  2.1 Ne) 
0.4 NO 96.7 

NB MD 

1.9 ND 

ND WD 
0.5 0.2 

NO ND 

ND NO 

NOi W D  
MD ND 
ND 0.1 
ND ND 
ND 0.1 

N D  NU 

3.0 0.2 
NB 0.1 

1.6 

3.1 

N D  
0.9 
ND 

D 

NQ 

wa 
ND 

3 . 0  
ND 

0.4 

N D  

2.6 
9.8  
0 . 5  

1.1 

2 .E3 

NO 
ND 

NO 

2.4 
ND 

0.4 

ND 

2 .7  
6 . 6  
Q. 7 

1.4 

4.0 

HD 
1 .2  
HO 
ND 

ME 

a 
NO 

2.5: 
n 

0.2 

ND 

2 . 4  
12.1 
0.8 

SS021185-155R 2.4 C 1 . 0  4 . 0  N D  0.5 ND 1.2  iv N D  1.1 1 .0  1 . 6  

ND = Not Detec ted  
aTOC = total organic carbon. 
bOrganic compound codes are  a s  follows: 25 = Acenaphthylene; 

3B = Anthracene; 58 = Benzo{a)Anthrazener  13B = B i s ( 2 - e t h y l h e x y l ) p h t h a l a t e ;  
188 = Chrysene; 265 = ~ ~ - ~ - ~ ~ ~ y ~ p ~ t ~ a ~ a ~ e ~  31B = Flusranthene; 
448 = Phenanthrene; 458 = Pyrene. 
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Tab le  11.  Areas w i t h  r a d i o i s o t o p e  l e v e l s  
exceed ing  150% o f  K-25 mean 

C l i n c h  R i v e r  
SSOl3185-22 
55013085-14 
SSOl3185-21 
55021 185-1 51 L 
SSO13185-24 
SSO21585-1 bbL 
55021 585-1 65L 
55021585-164L 
SSO21585-1 63L 
SSO22185-208 
55013185-30 
SSO22185-209 
SSO21585-162L 
SSO21585-1 61R 
SSO20785-129 
55020785-123 
SSO21185-156L 
SSO21185-15lL 
WB021485[0-4CM] 

C l i n c h  R i v e r  T r i b  1 
SSOl2485-10 
SSOl2485-11 R 
SSOl2485-12R 
SSO12485-9L 
SSO13185-23 

E a s t  F o r k  P o p l a r  Creek 
55022185-210 
55022285-139 
EFD21585(0-4) 

K1515 
SSOl3085-13 
SSOl3085-1 6 
SSOl3085-11 
SSOl3185-18 
SSOl3185-19 
SSOl3185-20 

K1700 Stream 
SSO20485-33L 
SSOl1085--6L 
SSOll085-SR 
SSO20485-49 
SSO20485-48 
SSO11085-4L 
SSOll085-3L 
SSOl1085-2L 

P o p l a r  Creek 
SS020685-52R 
SSO20685-67 
SSO20685-76 
SSO21185-154R 
SS020885-94R 
55021 185 -1 55R 

Powerhouse 
SSOl3185-28 
SSOl3185-29 

NO 
NO 
0.22 
NO 
0.81 
NO 
ND 
0.33 
0.85 
NO 
0 . 6 3  
NO 
0.69 
NO 
1.52 
0.80 
NO 
NO 
NO 

ND 
1 .80 
1.74 
NO 
NO 

NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
1 .42 

5.29 
2.30 
6.29 
NO 
6.20 
NO 
1 .61 
1.83 

NO 
2.05 
1.38 
0 .71  
ND 
4.20 

0 . 6 6  
1.91 

14 .90  
13.40 

5.71 
12.82 

7 .16  
9.15 
6.41 
8.57 
1.04 
7.87 

11.20 
12.28 

7 . 2 2  
7 . 1 1  

14.40 
7.21 
8.75 
9.05 
9.70 

3.73 
5.26 
5.29 
5.06 
6 .23  

4.00 
3.21 
4.20 

12 .90  
0.29 

10.50 
14 .30  
12.60 
11.60 

1 .oo 
1.14 
0.99 
0.88 
0.85 
1.39 
1 .24 
1 .Ob 

4.26 
1.38 
1 .41 
1 .46 
3.30 
3.49 

3.03 
3.45 

0.70 
1.07 
0.64 
1 .14 
0.49 
0.70 
0.19 
0.84 
0.55 
0.45 
0 .85  
0.17 
0.71 
0.52 
1 .34  
0 .66  
0.61 
0.86 
0 . 8 0  

NO 
0 . 3 8  
0 . 3 3  
0.39 
0.51 

1 .42 
0.94 
1 .60 

1.38 
1.94 
1.35 
1.85 
1.27 
1 .67 

N O  
NO 
NO 
NO 
ND 
0.20 
0.8  
NO 

1 . 7 0  
1 . 2 8  
1.25 
1.01 
0.35 
0 .72  

0.35 
0 . 1 1  

NO 
NO 
NO 
NO 
NO 
2 . 8  
NO 
NO 
NO 
5 . 5  
5.0 
NO 
NO 
NO 
NO 
N O  
NO 
NO 
ND 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
7 . 2  

NO 
NO 
NO 
NO 
ND 
NO 

58.5 
76.8 

145.0 
51.1 
80.9 

254.0 
82.4 
81.7 

NO 
NO 
NO 
NO 
6.8 
NO 

NO 
12.8 

NO 
NO 
ND 
NO 
ND 
0.1 
NO 
ND 
NO 
0.7 
0.2 
NO 
NO 
NO 
NO 
ND 
ND 
NO 
ND 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
0.4 

NO 
ND 
NO 
ND 
ND 
NO 

3.7 
5.4 

12 .8  
7 .O 
6.4 

19.5 
7 . 1  
7 . 5  

NO 
ND 
ND 
NO 
0 . 7  
ND 

ND 
1.2 

NO = No t  l e t e c t e d  
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watershed f o r  t h e  ~~~~~ s tream, and its h f g h  silver anid lead levels a r e  

consistent with sirnllarly ht h levels i n  that stream. 

The metal and o r  n fc9r the Clinch River are  

i n t e r e s t i n g ,  b u t  ~ r ~ ~ ~ ~ l ~  do not indicate any significant K-25 

sources. 

downstream o f  the Gallaher Road Br'idge and upstream o f  the K910A 

powerhouse ( F i g .  1 and Appendix A ,  p.  A - 1 1 ) .  This is a backwater area, 

a n d  the reason for t h e  re la t ively high selenium level i s  not apparent. 

The other sample I s  a c t u a l l y  t h e  top 4 cm of the core taken from t h e  

Cljnch River near the city o f  Kingston. The cadmlum value should be 

verified before the suspected source is investigated further. 

Sample 10 (Appendix A ,  p.  A-12) ,  which appears high i n  p h t h a l a t e ,  is 

Sample 1651- was taken from the ~ p p o s i n g  bank o f  the r i v e r  

a l s o  In a backwater area b 

the source is unclear. 

 he '37~s and "co in 

ORML (Turner, Dlsen, and W 

low the K1515 water treatment plant, Again, 

the Gl"nch River are most likely f r o m  

lcox 1985).  These radioisotopes a r e  

concentrated i n  the K1515 sludges. The radioisotope levels in Clinch 

River Tributary I ,  which is downstream o f  #I515 ( F i g ,  I ) ?  indicate that 

this area i s  probably d backwater a r e a ,  instead o f  a source to the 

Clinch River. 

The metal, organic, and levels in K1007B pond ( F i g .  1) may 

be attributable to lab drains which are reported to empty i n t o  this 

pond ( J .  E .  Stone, personal interview, February 1985) .  

High levels o f  ~ ~ ~ n i ~ ~  i s ~ t ~ p ~ ~ ,  Aq, C d ,  C u ,  N i ,  and Zn in t h e  

Kl700 Stream ( F l g .  1 and Appendix A ,  p .  A-4) nay be due to t h e  m e t a l  

cleaning and other operations in K1420. Howevers s i n c e  these samp les  

generally represent recent depositisn, and s i n c e  d r a i n s  from Kl420 



currently go to one or more of the K1407-B holding ponds and since K 

1487-C Pond once received sediment from K-1407-5 Pond (Fig. 1). some 

connection must exist, or must have existed in the recent past, between 

the ponds and the surface rtream sediments. 

lhe actual mechanism for this connection i s  unclear. An 

electromagnetlc conductivity survey of the K1407C pond (R. H. Ketelle, 

and T .  I-. Ashwood, unpublished data, March 1985) indicated t h e  presence 

o f  a groundwater plume from the pond toward the stream; however, it is 

by no means certain that groundwater contamination i s  the only source 

of elevated sediment levels. The K14078 pond has an overflow discharge 

dlrectly Into the K1700 stream. 

upstream and downstream from this discharge. 

contamlnatlon mechanism mlght be breaching and/or erosion o f  the pond 

embankments. For example, there appears to be a small seep in the 

K1407C embankment adjacent to sample 41R (Appendix A ,  p. A-4). 

Contamination has been detected b o t h  

Another possible 

Samples 5 R ,  48, and 49, collected upstream of the Kl700 weir 

(Appendix A ,  p .  A - 4 ) ,  had a visible, oily sheen. Apparently the 

excessive hydrocarbon levels effectively blinded the PCB scan 

( L .  W .  McMahon, personal interview, May 1985). Further analyses should 

be conducted. 

lhe sources of elevated arsenic and lead levels in the K1700 

stream also are  unclear. High TOC and miscellaneous organics might 

well come from the coal pile and/or K1420 activities. 

East Fork Poplar Creek appears to be a source of Cd, Pb, Hg, 

238 '37Cs, 6oCo, 

Poplar Creek i s  evident in decreasing levels downstream in Poplar 

U and several organics. The Hg from East Fork 
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3.2 SEDIMENT CORES 

Reposition, in association with particulate matter, is the 

princlpal mechanism for removing chemically reactive contaminants from 

aquatic systems (Olsen, Cutshall, and Larsen 1982), and burial by 

sedimentation is the principal mechanism for isolating these 

contarn nants from contact with epibenthic and pelagic biota (Cutshall, 

Larsen and Nichols 1981). Since the fine-grained sediments 

accumu atlng in river-reservoir areas generally reflect the character 

o f  the material transported o r  released into these areas, changes in 

the contaminant concentration or chemistry associated with this 

material generally reflect changes in contaminant input. T h i s  

pollution input history i s  recorded in the sedimentary column and can 

be documented using sedimentary core data. 

7he concentration and vertical distribution o f  several 

radionuclides, organic compounds, and metals in the three cores 

collected as part o f  this study are illustrated in Fig. 2. The 

respective vertical distribution data are listed in Appendix E along 

with additional data for several other contaminants. I t  is evident 

from F i g .  2 and Appendix E that contaminant levels in subsurface 

sediments often greatly exceed concentrations near the surface, 

reflecting t h e  relatively large quantities of contaminants released 

durlng the 1950s and early 1950s- Turner, Olsen, and lflilcox (1985) 

have shown the Hg and 137Cs profiles in sediment cores collected from 

the Clinch River and Watts Bar Reservoir t o  be strongly correlated with 

docunlented discharge histories for Mg from the Y-12 Plant and 137Cs 

from ORNL. With an independent means of determining an accurate 
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sedlment chronology (perhaps from other natural radionuclides or pollen 

profiles), It would be possible t o  estimate contaminant transport times 

and total contaminant retention within the Poplar Creek, Clinch River, 

and M a t t s  Bar Reservoir systems, but such estimates would require 

several more core profiles, as well as data concerning contaminant 

water-to-particle distributions, an undertaking beyond the objectives 

o f  this study. 

A comparison of the concentration and vertical distributions o f  

137Cs and ‘OCo in the East Fork Poplar Creek core with 

concentrations and dlstributions in the other two cores (Fig. 1 and 

Appendix E )  indicates that the Y-12 Plant and the city of Oak Ridge 

have been relatively insignificant sources o f  these t w o  radionuclides, 

relatlve t o  the input from QRNL via White Oak Creek and the Clinch 

RIver. 

Creek core at the 4-  t o  6-cm-depth interval, however, is an order of 

magnltude greater than the maximum level of  “Co measured for the 180 

surface sediment samples collected throughout the system (Table 8). 

This subsurface peak does not coincide with the deeper (12 to 16 cm) 

peak in Hg and 238U concentration (Fig, 2) and, when compared with 

the “Co distributions in surface sediments along East Fork Poplar- 

Creek, implies that there has been a relatively recent and large 

release of this radionuclide from the Oak Ridge Sewage Treatment 

Facility (Merritt 1984). Although ORNL is the source o f  most of the 

bQCo in the Poplar Creek, Clinch River, and Watts Bat- Reservoir 

system, It I s  apparent that this recent release from the Oak Ridge 

Sewage Treatment Plant has been manifested throughout the lower portion 

The large subsurface peak of 6oCo in the East Fork Poplar 
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of  Poplar Creek, as evidence 

~ - c ~ - ~ ~ p t ~  Increment o f  t h e  Lower ~~~~~~ Creek core ( F i g .  2). 

y t h e  "co peak a t  t h e  6 -  to 

h l a rge  v a r i a t i o n s  I n  t h e  s e d i  entary  c h a r a c t e r i s t i c s  of 

t h e  E a s t  Fork Poplar Creek core ( F i  I 2 )  make i t  difficult to ~o~~~~~~ 

t h e  hlstory o f  c ~ ~ ~ a ~ i ~ ~ ~ ~  i scharge  accu ra t e ly ,  t h e  h i g h  

~ ~ ~ ~ ~ ~ ~ r a t ~ o ~ s  o f  Mg an 

subsurface peaks, an eneral decrease i n  ~ ~ n c ~ n t r a ~ i o ~  

downstream i m p l y  t h a t  r e l eases  f r o m  t h e  Y - I 2  P l a n t  may be a s i g n i f i c a n t  

source o f  b o t h  contaminants,  In a d d i t j o n ,  t h e  r e l a t i v e l y  h i g h  

cancent ra t lons  of Pb, Cd, Cu, Zn, and severa l  organic  compounds I n  t h i s  

ca re  (Appendix E )  Imply t h a t  discharges From Y-12 may be an i m p o r t a n t  

source o f  t hese  contaminants r e l a t i v e  t o  r e l e a s e s  f rom o the r  f a c i l i t i e s  

on t h e  Oak Ridge 

2 3 8 ~  in t h i s  core ,  t he  coincidence o f  t h e j r  

The sediments i n  t h e  t o p  88 cm o f  t h e  Lower Poplar Creek care 

cons is ted  of uncohesive, f ine-grained muds, exh ib i t i ng  l i t t l e  v a r i a t i o n  

i n  sediment t ex tu re  o r  organic  carbon ( F i g ,  2 ) .  Below 88 cm, t o  t h e  

core bottom a t  128 cm, the sediments consis ted of r e l a t i v e l y  

coarse-grained sands,  c o a l ,  s l a g ,  a sh ,  and g r a v e l ,  Although ? 

Co, a n d  23811 concent ra t ions  s h a r p l y  decreased below $8 cm, a l l  
60 

t h r e e  nuc l ides  were n e ~ e ~ ~ ~ e ~ ~ ~ ~  E'teCtable LO the  C O W  h O t t O f f l ,  and 

organlc  carbon and '*%a concent ra t ions  actually increased by a 

f a c t o r  of 2 t o  3 i n  t he  ~ o ~ ~ ~ ~ - - ~ ~ ~ ~ ~ e ~  material below (Appendix E ) .  

lnterpret  th-is abrupt  change i n  sedimentary c h a r a c t e r i s t i c s  t o  r e f l e c t  

t h e  1964 cessatlon o f  discharge a s s o c l a t  

K710A p o w ~ r h o ~ s ~  on the C?inc%l 1).  T h i s  p o w e r ~ Q ~ s e  

operated from t h e  m i d  1940s t o  '1964 ( T .  6. Wl lson, telephone 

1 3 T C s  

We 

t h e  operat ion of t h e  
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conversat ion,  August 1985) ,  pumping  water from the  Clinch River and 

discharging t h i s  water i n t o  Poplar Creek near t h e  s i t e  of core  

c o l l e c t i o n  (F ig .  1 ) .  Surface sediment samples ( 2 6  and 2 7 ,  see  

Appendix A ,  p .  A-10) co l l ec t ed  along t h i s  discharge route  (which i s  now 

a backwater a r ea  o f  Poplar Creek) were contaminated w i t h  137Cs 

(Appendix S) as  a r e s u l t  o f  t h i s  pumping-discharge opera t ion .  We 

suggest t h a t  t h e  coarse-grained mater ia l  r e f l e c t s  t h e  erosion of 

f ine--grained mater ia l  and t h e  depos i t ion  o f  sand, coa l ,  s l a g ,  and ash 

during discharge from the  powerhouse. In add i t ion ,  we suggest  t h a t  t he  

top  88 cm o f  f ine-grained sediment r e f l e c t s  the accumulation of 

backwater muds s ince  1964 .  The h i g h  concentrat ions of 137Cs and 

6oCo and t h e  r e l a t i v e l y  low concentrat ion o f  Wg i n  t h e  sediments 

between 88 and 60 cm i m p l y  t h a t  Clinch River muds formed a major 

component of t h e  f ine-grained mater ia l  which accumulated immediately 

a f t e r  powerhouse operat lon ceased i n  1964.  Since t h e  major r e l eases  o f  

both Hg and 238U from the  Y-12 Plant  occurred p r i o r  t o  1964 (Turner ,  

Olsen, and Wilcox 1985) ,  we suggest t h a t  t h e  sharp increase  in  

concentrat lon a t  88 cm does not r e f l e c t  a la rge  r e l ease  of uranium b u t  

23aU 

r e f l e c t s  t h e  change i n  sedimentary cha rac t e r .  Ne a l s o  suggest t h a t  t he  

gradual decrease i n  238U concentrat ions from 88 cm t o  t h e  sediment 

sur face  r e f l e c t s  a general  decrease i n  t h e  ex ten t  o f  

contamination s ince  1964. I n  add i t ion ,  the high concent ra t ions  o f  N i ,  

Ag, Cr, and Zn  in  t h e  Lower Poplar Creek core r e l a t i v e  t o  t h e  o t h e r  

238,, 

cores (Appendlx E )  a r e  cons i s t en t  w i t h  t h e  sur face  sediment d a t a ,  which 

lndlcete t h a t  t h e  prlrnary source of t hese  metals i s  discharges from t h e  

K--25 f a c i l i t y .  Two major unce r t a in t i e s  w h i c h  may a f f e c t  t he  preceding 



evalua t ion  a r e  t he  ~~~~~0~~ e f f e c t s  of c l o s l n  e l t o n  Hi l l  Da 

t h e  two-way c ? r c u l a t i o n  p a t t e r n s  i n  Poplar  Creek caused by 

seasonal water  level fluctuatlans. Further  s t u d y  of t h e s e  ~ ~ ~ n o ~ ~ n ~  i s  

required before  our  ~ v ~ l u a t ~ ~ ~  can he c o n f i r m  

a r  Weservalr co re  was co l l ec t ed  f rom an a rea  where the 

Cl”ich River widens i n t o  Wa%<ts ai” Lake, Because Watts 

f t r s t  closed i n  1 ecause r e se rvo i r s  se rve  as  e f f i c i e n t  

f 1 ne-part  1 c 1 e and 9s  core should conta in  a 

complete po l lu t ion  record,  ~ n ~ e ~ r ~ t ~ ~ ~  discharges from a l l  three o f  t h e  

DOE f a c i l i t i e s  on t h e  Oak Ridge Reservation. 

concent ra t ions  i n  t h e  sediments of t h i s  core  en^?^ E )  a r e  very near 

our  de tec t ion  l i m i t  f o r  a ~ 0 ~ ~ - ~ i n  count and 30 gram sample 

(1 .4  p C i / g ) ,  t h e r e  appear t o  be severa l  peaks i n  t h e  

concentrat ion below 20 cm ( F i  . 2 ) .  7 h j s  15 n o t  c o n s i s t e n t  w i t h  d a t a  

published previously by Turner,  Oisen, and Milcox (1985) which 

ind ica ted  t h a t  t h e r e  waF only one peak I n  t he  2J 19 concentrat ion and 

A l ~ h o ~ ~ h  t h e  23 

2 3tIu 

the  present  t ime,  i t  i s  s t t l l  not poss ib le  t o  discern t h e  relatlve 

con t r ibu t ion  o f  U f r o  t h e  K-25  facility. The s t rong  co r re l a t ion  238 

between t h e  Ng and 238U prof’ i le  in t h e  Eas t  Fork Poplar  Creek core 

implies  t h a t  t h e  Y-12 f a c i l i t y  maybe a s i g n i f i c a n t  source f o r  t h e  

uranium contamination 1 the  Poplar Creek, Clinch River and Watts  B a r  

Reservoir system, but an ~ x ~ ~ i n a ~ ~ ~ ~  of g and U peak and inventory 

r a t i o s  i n  severa l  more cores co l l ec t ed  ~~~~s~~~~~ of the  East Fork 

Poplar Creek s i t e  w~~~~ be needed t o  document t h i s  w i t h  more 

c e r t a i n t y .  ~n a d d i t i o n ,  a comparjson of  t h e  2 3 8 ~ ~  peak p r o f i l e  j n  t h e  
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Watts Sar c ~ r e  w l t h  an accurate sediment chronology and 23RU r e l ease  

records f rom the K.-25 plant would help discern the ex ten t  and history 

o f  uranium contribution from t h e  K-25 facility. 
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4. S ~ ~ ~ A ~ ~  AN0 CQ 

Based on a ~ ~ ~ o x ~ m a ~ ~ ~ y  188 sediment g r a b  samples and 3 sediment 

cores ,  t h e  following a reas  appear t o  have l e v e l s  of  various 

contaminants which exceed the K-25 mean l eve l s :  

a K901A Chromate Pond--Cr,  Se, Z n ,  and some organics ;  

* C l a s s i f i e d  Burial  Ground--Ag, Pb, and Se;  

0 
-1 

Clinch River-/-Cd, Se,  137Cs, 6oCo, and 238U; 

e K10078 Pond.--Ag, Cd,  Cr, PCB, and 238U; 

0 Kl700 Stream---Ag, As, Cd, C r ,  N i ,  P b ,  Se, Z n ,  severa l  organjcs, 
and uranium iso topes ;  

* E a s t  Fork Pop la r  Creek---Cd, Hg, Pb, Se, severa l  o rganics ,  137Cs, 
~ Q C O  and 23%; 

* P o p l a r  Creek--Ag, Cd, Cr, Hg, Se, Zn, severa l  o rganics ,  PCB, and 
rad i o i s otopes ; 

e K710A Powerhouse---Uranium isistopes 

Several  C O i 2 C l U S ~ O n 5  can be drawn from a review o f  t hese  d a t a ,  including:  

1 3 7 ~ s  anel 6 Co come pr imar i ly  f r o m  OR L via  t h e  Whjte Oak 
Creek and t h e  C l i n c h  River; however, some I37Cs and 6QCo 
have r ecen t ly  entered Pop;ar Creek via  East  Fork; 

1 .  

2 .  Although su r face  sediments i n  several  a r eas  (p r imar i ly  K1700, 
K710A, and K 2 7 )  a r e  contaminated w i t h  uranium, the s i  
o f  t h e s e  a reas  a s  sources  of uranium contamination I n  t h e  m a j o r  
streams is  uncer ta in ;  

3 .  Mercury c o ~ ~ a ~ ~ ~ a t ~ o ~  is  coming f r o m  East Fork Poplar Creek; 

4. The most h e a v i l y  ~ ~ n ~ a ~ ~ ~ ~ t ~ ~  sediments occur i n  t h e  K1700 
stream and %he K ~ ~ ~ A  chrowate pond.  The ac tua l  e f f e c t s  o f  
t h e s e  po ten t i a l  sources an Poplar Creek and  the C l i n c h  River 
a r e  n o t  c l e a r .  

5 .  PCB contamination from K l O O 7  and the pipe outfall a t  K1203 do 
not appear t o  be manifested a t  l e v e l s  g r e a t e r  than 1 vy/g ? n  
sediments downstream f r o m  t hese  s i t e s .  
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A P P E N D I X  A 

SAMPLE LOCATIONS 





A- 3 



A - 4  

Upper Poplar  Creek and East  Fork 





A-.6 OWNL/TM-9791 

ORNL-DWG 85-1 4342 

Poplar Creek 



A - 7  



ORWI-/ PM-9791 

0RNL.--DWG 85 14344 

P o p l a r  Creek and K10078 





A-10 0 R 64 h / T M -9 -1 9 1 

ORNL-DWG 85-14346 

C l i n c h  River 



64-11 

% 

1 SOR 

71 019 Powerhouse 



A-1 2 Q M N  L/TW -9 7 9 1 

ORNL -DWG 85 14348 

Clinch R i v e r  



A-7 3 



A-1 4 

ORNL-DWG 85-14350 

K-909 A Chrornats Pond 







A P P E N D I X  8 

R A D I O I S O T O P E S  





SSO13185-22 

SS021185-151 I 

SS021 fi85-165L 

SS021585-162L 

e7 cs137 

1.76 1.74 

2 * 9 6  .69 
.4 

1. 1.9 
63 

3.04 1.41 

.13 .16 

. 5& . I  5 
D . 3 4  

ND 
He) 

.77 

n 19.90 
M69 13.4 

.22 5.7 

.2Q 2 - 3 8  
7.04 

* 31 

.20 
hl 

. 15  

. 1 7  

.15 
6v 

.1 
ND 

NO 
N D  

. '70 

.24 

.45  
* 85 
. 7 7  
.71 
. 52  

1.34 
.6sa 
.ti-! 
.86 
.80 

kl238 

2.7 
N D  

4 . 7  

ND 

HD 
ND 
3.8 

ND 

1 . 9  
2 * 9  

ND 

MD 
5 .  
5 ,  

H 
w 
w 
ND 



Ea -4 

RADIOISQTOPE DATA 

AWEA/SAMPLE NO. 

CLINCH R I V E R  TWIB 1 
SScIl2685-10 
SSOl2485-11 R 
SSOl2485-12W 
SSOl2485-9h 
SSO13185-23 
SSOl3185-25 

EAST FORK POPLAR CR 
SSO22185-2'10 
SSO22185-211 
SS022185--212 
SSO22185-2'13 
SS0222FI5--138 
SSO22285-139 
SSO22285-148 
EF021585( 0-4) 

Kl OO-1 B 
55022285-142 

K10078 ( P C  PHIB 4 )  
59020485-44 
SSO20485-45 
SSO20495-46 
S SO 2 0 4 8 5 -4 7 
SSO2Q685-114 

K1515 
SSOl3085-13 
SSOl3085-I 5 
SSOl3085-16 
SSOl3085-17 
SSOl3185-18 
SSQ13185-19 
SSOl3185-20 

K170Q STREAM 
SSOl1085-8R 
SSOl1085-7R 
SS020485-41 R 
SSO20485-39L 
SS020485-38R 
SS020485-37R 
SS020485-36R 
SSO20485-35L 
SSB20485-34L 
SSO20485-33L 
SSO 2 04 8 5 -3 2 k4 

Be7 

ND 
1.80 
1 .94  

NQ 
ND 
ND 

ND 
ND 
ND 
ND 

4.85 
ND 

1.23 
ND 

Ed0 

N D  
ND 

1 - 1 0  
HD 
ND 

N D  
MD 
MD 
N a 
ND 
ND 

1.42 

.36 

.9Q 
NQ 
ND 

f 6 Q  
.38 

1.42 
1.17 

.51 
5.29 

RADIOISOTOPES ( p C i / g )  
U238 Csl37 

3.73 
5.25 
5.29  
5.06 
6.23 
2.25 

4.00 
.15 
.08 
.19 

1 . 5 3  
3.27 
2.57 
4.20 

1 . O Q  

.36 

. 2 7  

. 43  

.31 

.26 

12.90 
.68 
.29 

10.50 
14.30 
12 -60  
11 .dO 

.13 

.10 

.37 

.36 

.47 

.48  

.36 

.63 

.R3 
1 .a0 

COG0 

ND 
. 3% 
.33 
.39 
.51 
.20 

1.42 
ND 
ND 
ND 
ND 

.94 

.96 
1.60 

ND 

ND 
ND 

.12 
N D  
ND 

1.38 
ND 

1.94 
1.35 
1 .85  
1.27 
1.67 

ND 

N U  
ND 
NO 
ND 
ND 
N D  
NO 
ND 

Nn 

1 .54  .89 ND 

ND 
ND 
ND 
N Q 
N D  
ND 

w D 
NO 
N D 
ND 
ND 
M D  

3.3 
7 . 2  

ND 

ND 
ND 
ND 

10.6 
ND 

MD 
NB) 
MD 
ND 
NO 
N D  
N D  

ND 
ND 

8.7 
ND 

2.8 
5.2 

14.4  
30.2 
15.0 
58.5 
42.6 

U235 

ND 
WD 
NO 
ND 
N D  
Nlb 

ND 
ND 
ND 
NQ 
ND 
ND 
ND 
. 4  

WD 

N B  
ND 
ND 
NO 
ND 

ND 
ND 
ND 
N D  
ND 
WD 
ND 

EJD 
ND 
.5 
ND 
ND 
.€I 

.9 
2 . 5  
1.1 
3 . 'I 
3.5 



K170O STREAM 
SSO20485-33 R 
SSOl1085-6L 
SS011885-SR 
55020485-49 
55020485-48 
SS011085-4L 
SSOl1 085-3L 
SS01 1085-2L 

MISCELLANEOUS 
SSO20885-136 
SSO20885-137 
SSO22185-2 14 
SSO22285-I 41 

PC T R I B  3 
s$020685-105 
SSO20685-1 06 
SSO2Q635-101 
SSO20685-108 
SSQ20685-110 

POPLAR C R E E K  
SSO21585-137 
SS021585-l38R 
SS020685-50L 
SSQ20685-51 R 
55020685-52R 
SSQ20685-53R 
SS020685-54R 
SS020685-55R 
SSO20685-lQ 
SS020685-56R 
SS020685-57 
SS020685-58 
SSO20685-59 
55020685-50 
SSO20685-61 
SSO20605-62 
SS020685-63 
SSO20685-113 R 
S5020685-109 
SSO20685-64 
SSO20685-65L 
SSO20685-66 
55020685-67 
SSQ20685-68 

B e l  

2.16 
2*3 
6.2 

N 
6,2 

N 
1.61 
1.133 

.51 

ND 
ND 

D 
0 

.91 
1.69 

ND 
.64 
ND 

e 68 
ND 

1.30 
1.20 

NO 
1.52 
1.92 

N D  
1.49 
2.38 

.$I 
1.98 
1.49 
2.33 
2.40 
1.91 
2.07 
1.94 

ND 
ND 

1.78 
610 

2.85 
1-45 

CSI 37 

* 7 4  
1 .a4 

.99 

.88 

.85 
1.199 
1.24 
1.06 
1.16 

.? 3 
ND 

*91 
.25 

.53 
* 54 
.67 - 27 

1.02 

. I 6  
ND 

.40 

.20 
4 . 2 6  

.43  
* 27 

1.05 
1.09 

* 99 
1.23 
1.06 

* 91 
1.50 
1.04 
.95 

1.84 
1.06 
1.67  
1.26 
1 .38  
1.38 
1.61 

ND 
N O  
NO 
N 
ND 

.20 

.08 
N D  

.36 

D 
D 
D 
D 

ND 
ND 
ND 
MI 

. I 8  

WD 

. 2 3  

.41 

.48  

.31 

.40 
D 

.17 

.57 

.37 

.34 

.5Q 

. 38  

.47 

.58 

.65 
1.28 

. 4 3  

4 . 4  
76.8 

1-45 .o 
5 7 . 1  
30.9 

254.0 
82.4 

1 . 7  
9.4 

3.1 
N D 
M D 
ND 

M D 
N D  
NO 
ND 
ND 

Ne) 
ND 
N Q  
ND 
NO 
ND 
NO 
ND 
Ne) 
w 
MD 
HD 
R Q  

D 
D 
D 

ND 
MD 
ND 

D 
e 
5 
D 
D 

u235 

2 . 8  
5 . 4  

1 2 . 8  
7 .o 
6 . 4  
19.5 

7.1 
7.5 
2.5 

ND 
ND 
ND 
ND 

ND 
HD 

D 
D 

ND 

NO 
ND 
NO 
ND 
ND 
0 
e, 

ND 
ND 
ND 
Ne, 
HD 

0 
ND 
ND 
Ha 
ND 
ND 
MD 

ND 



0 R N L / T W -9 7 3 '1 B -6 

RADIOISOTBPE DATA 

RADIOISOTOPES (pCi /g )  

POPLAR C R E E K  
S S  0 20 6 8 5 -6 9 
SSO 2 0 Es 8 5 .- ' I  0 
SS820585-71 
55020685-72R 
SSO20685-73 
SSO20685-74 
SS020685-15 
SSO20685-76 
SS020685-77 
SS020685-78 
SSO20785-79L 
SS020785-80L 
SSO2O785-81 L 
SS020785-82L 
SSO20785-83R 
SSO20785-84L 
SSO20785-858 
SSO20785-86R 
SSO206t35-103 
SS020185-87L 
SSO20685-102 
SSO20685-101 
SSO20785-888 
SSO20785--121 
SS020785-89R 
SS020785-90R 
ss020785--120L 
SS020785-119 
SS02Q785--117 
SSO20785-118 
$9020785-115 
SSO20785-116 
~ ~ 0 2 0 6 8 5 - 1  OOL 
SSO2068§-112 
ss020ba5-113L 
SSO20885-91 L 

SS021185 -1 54R 
SS028885 -9 3 L 
PC022085[0-4CM] 
SS020885-94R 
SSO21185-958 
SS020885 -96L 
SS020885-97R 
SS020885-98R 
SSO20885-99L 

SSO21185-152R 

S S O ~ O ~ ~ ~ - W L  

Be7 

1.57 
1.45 

.94 
1.84 
1.21 
2.11 

.9¶ 
1.38 
3.01 
2.72 
1.88 
1.10 
1.36 

ND 
2.87 

NO 
NO 

2.67 
ND 
ND 

1.69 
.58 

3.15 
.68 

2.74 
2.05 

.35 
1.90 

.71 

.81 
1.02 

ND 
ND 
ND 

1 . 9 4  
1.28 
1.42 

.71 
ND 
ND 
ND 

1.15 
N D  
ND 

2.01 
1.54 

ND 
ND 

Csl37 

1.46 
1.22 
2.01 
1 .94  
1.27 
1.39 
1.15 
1.41 
1.28 
1.39 
1.39 
1 .E6 
1.20 
1.20 
1.41 
1.76 
1.47 
1.39 

.45 
1.42 
1 .15  

. 4 5  
1.71 

:12 
1.49 
1.62 
1.12 

.73 

.93 

.95 
1.29 
1.1'4 

.72 

.15 
1.75 
1 .41 
1.50 
1.46 
.93 

ND 
3.30 
1 .S6 
2.89 
1.92 
2 . 5 2  
2.60 
2.49 

Cob0 

WD 
.37 
.50 
.58 
.46 
.4a  
.32 

1.25 
.54 
.50 
.9b 
.80 
.62 
.64 
.63 
.44 
. 39  
.b3 

NO 
.48 
.33 

ND 
.56 
.19 
.n2 
.70 
.17 
.64 
.51 
.35 
.09 
.18 

NO 
WD 

.60 

. 2 5  

.58 
1.01 

.19 
ND 

.35 

.83 

.45 

. b l  

.99 

.68 

.62 
2.47 .41 

U238 

N O  
ND 
ND 
ND 
ND 
ND 
WD 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
NO 

28.3 
ND 
ND 
ND 
ND 
NO 
ND 

24.2 
ND 

13.5 
NO 

6 . 3  
6.5 

ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 

5.8 
ND 
ND 
NO 

N D  
ND 
ND 
NO 
NO 
ND 
ND 

6.8  

U235 

ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
N O  
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
NO 
NO 
ND 
NQ 
ND 
. 4  
ND 
NO 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
.7 
ND 
ND 
ND 
ND 
ND 
ND 
WD 



AREA/SAMPLE NO,  

POPLAR CREEK 
SSO21135-153L 
SSO21185-I 558 

POWERHOUSE 
SSOl3185-25 
5507 31 85-27 
SS013185-28 
SSOl3185-29 
SSO22185-200 
$SO221 85-201 
SSO22185-202 
SSO22185-203 
SSO22185-204 
SSO22185-205 
SSO22135-206 
550221 85-207 

Be7 

1 .00 
4.20 

.22 

. 34  

.66 
1.91 
.50 

1.56 

1.08 
ND 
NO 
ND 
.32 

2,52 .82 
3 , 4 9  .72 

.13 

.28 
3.03 
3.45 .17 
1.07 ND 
1.54 NO 
1.74 ND 
1.31 ND 

.71 ND 
1 . 3  NO 
.74 NQ 

1.84 .13 

13238 

N D  = No t  Detected 
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APPENIUIX C 

RESULTS 0% METALS AWALYSES 

AREA/SAMPL.t No. 

CHROMA1 E POND 
SSO20785-124 
SSQ20785 -1 25 
$5020785-126 
SSO20185-127 
SSO20785 -1 30 
SS020885 -1 3 2  

SSO20885-135 
ss0208a5-133 

CLASS. BURIAI- GRND 
$SO20485 -42 
SSO22885-216 

CI. INCH R l V t - R  
SS013185 -21 
55021 585 -1 65L 
SSO2 I 585 -1 61 K 
WB0214 8 5  [ 0-4 CM 4 

C L I N C H  RIVER 1R18 1 
SSOl24A5 -10 

E A S l  FORK POPLAR C R  
SS022185-212 
55022285 -1 38 
EF021585( 0 -4) 

Kl007B ( P C  1 R l B  4 )  
$5020485 -45 
SSO20185 -46 

K1700 SIRkAH 
SS0204R5-41 R 
SS02O4 85-351- 
SS020485 -39L 
SSO20185-33L 
SSO20485-32M 

SSOl 1 085-611- 
SSOllO85 -5R  
SSO20485 -4 9 
SSOl1085-4L 
SSQI 1085-31- 

sso204as-31 R 

Ag 

<.6 
e.6 
1.2 
<.6 
1.5 
1.8 
<.b 
c.6 

23.0 
1 .2  

< .6  
1.3 
3.7 
1.4 

< . 6  

<.6 
<.6 
4.9 

12.0 
17.0 

c.6 
C.6 
C.6 
<. 6 
89.0 
<.6 
1.8 
2.5 
1 . 4  
c.6 

As Cd 

<5 c . 3  
<5 c . 3  
<5 c.3 
c5 1.3 
<5 e.3 
<5 < . 3  
<5 < . 3  

9 4.3 

<5 c.3 
1 5  < .3  

<5 <.3 
45 c.3 
<5 c.3 
7 1.8 

<5 C . 3  

<5 .7 
<5 3 . 3  
c5 c.3 

<5 c.3 
<5 1.0 

23 < . 3  
<5 c.3 
15 <.3 
34 1.3 
4 5  1.1 
16 1.1 
22 .8 
190 c . 3  
33 c.3 

1'18 4.6 
q.6 68 2.4 

Cr C U  

740 9 
2800 2% 
1600 8 
250 0 

3300 8 
410 5 
2100 1 7  
1600 26 

66 7 7  
17 40 

16 12 
17 17 

1 1  
44 38 

51 4 

21 11 
45 76 
4 9  40 

150 55 
63 63 

34 250 
69 210 
50 220 
h2 230 
6 5  258 
57 210 
130 300 
100 470 

91 250 
98 440 

.3 
c . 2  
.6 

1.1  
. 6  

c.1 
.9 
.8 

1.4 
.9 

. 7  

.8 
5.3 
4.2 

.7 

3.5 
45.0 
20. ' I  

<. 5 
C.5 

(1 .0  
1.5 
3.0 
1.8 
2 . 9  
1.8 
6.5 
4 . 4  
2.1 
4.6 

91 260 6 . 1  

W i  

27 
10 
5 
2 
6 
20 
25 
39 

83 
120 

12 
24 
2 

64 

38 

25 
54 
33 

89 
8b 

420 
400 
4 30 
4 60 
5261 
560 
830 
200 
000 
9 50 
300 

Bb Sa? hn  

17 120 230 
8 <5 990 
8 15 410 
5 c5 350 
5 <5 900 
14 110 140 
16 88 560 
24 110 230 

17 58 230 
10 140 11 

9 39 35 
1 2  110 9 2  
5 <5 6 

30 <5 ? G O  

22 140 190 

16 29 4 2  
110 31 320 

26 110 130 

47 38 210 
37 21 220 

46 <5 160 
39 110 210 
49 48 190 
48 <5 240 
33  <5 220 
51 <5 240 
40 57 410 
00 280 450 
97  150 330 
20 <5 510 
94 <5 350 



c -4 

METALS ( p g / g )  

K1700 STREAM 
SSlllllO85-2L 
SSOllO85-I l. 

PC BRIB 3 
SSO20685-I 05 

POPLAR CREEK 
SS02'15535--138R 
SS020685-52R 
SS020685-56R 
SSO20685-61 
SSO20685-111 R 
SS020685-65L 
SS029685-72R 
SS0207 85-79 L 
SSQ20785-86R 
SSO2W85-120L 
SSO20385-I 1 7  
SSO20785-115 
SS02O685-113L 
SSO21185-154R 
P C 6 2 2 08 5 [ 0-4 C M 3 
SS021185-155R 

POWERHOUSE 
SSQl3185-29 
SSO22185-207 

Ag A s  Cd 

1 . 4  45 2 . 2  
< .6  15  1 .5  

<.6 <5 C . 3  

8 . 8  <5 < . 3  
6.2 <5 2.0 
C . 6  <5 < . 3  
1 .4  <5 <.3  
c.6 <5 x.3 
2.6 <5 <.3  
2.7 <5 c.3 
1 . 8  <5 <.3 

44.6 <5 c . 3  
1 . 3  <5 < . 3  
2.1 <5 < . 3  
X.6 <5 c . 3  
X . 6  <s C.3 
1 .9  <5 < . 3  
1 .4  <5 c.3 
2.6 <5 c . 3  

<.6 <5 c.3 
2.8 <5 c . 3  

C r  Cu Hg N i  Pb Se 2n 

88 260 6 .1  1200 94 <5 370 
51 140 9.5 420 49 <5 220 

29 18 C.5 34 29 49 45 

20 20 
67 78 
22 24 
23 27  
56 47  
51 46 
6Q 48 
54 48 
32 39 
95 35 
87 4 2  

610 52 
59 41 
33 37 
27 43 
46 41 

<.1 
25.6 

6.7 
5.8 

11 .Q 
5 . 5  
8 . 3  

.o 
5.4 
9 . 5  
5.4 
c .  5 
8 . 4  
4 . 8  
3.1 
7 . 7  

40 5 120 100 
44 43 7 2  200 
40 24 62 150 
43 27 61 150 
59 30 77  170 
58 28 83 188 
62 41 110 200 
59 30 89 180 
46 29 67 170 
51 27  60 210 

68 48 45 590 
65 32 93 200 
56 10 130 140 
42 1 5  138 120 
60 20 160 150 

57 40 a3 230 

45 38 3.0 51 50 76 196 
31 54 2 . 0  48 42 110 180 
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RESULTS OF GC-NS ANALYSES 

ORGANICS (pg/g) 
TOC PCB PCB 

AR€A/SAbIPLE No. ( % )  1254 1260 28 38 58  138 188 26B 316 448 458 
POWERHOUSE 
$5022185-207 2 .8  <1.0 <1.0 ND ND ND 1 . 2  MD ND .4 .2 .5 

ND = N o t  D e t e c t e d  

ORGANIC COMPOUND CODFS ARL AS FOLLOWS:  
TOC- - T o t a l  Organ ic  Carbon 
2B - - -Acenaphthy lene 
38 - Anthracene 
58 --Benzo( a )Anthracene 
13B---Bis(2-ethylhexyl)phthlate 
188 - -Chrysene 
268 -- - d i - N - B u t y l p h t h a l a t e  
318 4 l u o r a n t h e n e  
448 - -Phenanthrene 
458  - - P y r e n e  



A P P E N D I X  E 

SEDIMENT CORE DATA 
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E-4 



t
-

t
-

C
-

L
 

m
 

I Ln
 



0-4 2.5 
4-8 - 
8-12 2.5 

12-16 2.4 
16-20 2.2 
20-24 2.1 
24-28 2. 1 
3-32 2.2 
2-& 2.: 
36-40 2.0 
40-44 2.0 
44-48 2. i 
4-52 L O  
52-55 2.1 
%* 2.1 
60-64 2.2 
64-63 2.7 
€a-72 3*2 
92-76 3.; 
76-80 2.8 
80-38 3.! 
&-9-6 3.7 
95-104 12.6 

104-112 2.3 
:12-120 5.3 

ND ;uD ND 1.1 ND RD (1.0 0.2 0.5 2.5 55.0 W 270 77 4.5 96 3'3 84 2FJ 

m 
1 

m 
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