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ABSTRACT 

White Oak Creek and Melton Branch tributary surface 
streams flow through the Oak Ridge National Laboratory (ORNL) 
reservation and receive treated low-level radioactive liquid 
waste which originates from various Laboratory operations. 
The streams receive additional low-level liquid waste generated 
by seepage of radioactive materials from solid-waste burial 
grounds, hydrofracture sites, and intermediate-level liquid- 
waste sites. Over the years, various liquid-waste treatment 
and disposal processes have been employed at ORNL; some of 
these processes have included: settling basins, impoundment, 
storage tanks, evaporation, ground disposal in trenches and 
pits, and hydrofracture. Burial of solid radioactive waste was 
initiated in the early 19401s, and there are six burial grounds 
at ORNL with two currently in use. Monitoring at White Oak Dam, 
the last liquid control point for the Laboratory, was started 
in the late 1940's and is continuing. Presently, a network of 
five environmental monitoring stations is in operation to 
monitor the radionuclide content of surface waters in the White 
Oak watershed. In this paper, the solid waste burial grounds 
will be described in detail, and the environmental data tabulated 
over the past 29 years will be presented. The various monitoring 
systems used during the years will also be reviewed. The liquid 
effluent discharge trends at ORNL from the radioactive waste 
operations will be discussed. 

INTRODUCTION 

Six solid radioactive waste disposal areas (SRIDA) have been used 
since the operation of Oak Ridge National Laboratory (ORNL) began in 1943. 
The location of these SR\JDA1s are shown in Figure 1. Location of the 
first three SRIJDA1s were selected primarily for convenience (We 76). Very 
little geologic or hydrologic considerations were given to the site 
selections. 

,. 
Operated by Union Carbide Corporation under contract W-7405-eng-26 with 
the U.S. Department of Energy. 
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Fig, 1. Solid-waste disposal areas at ORNL. 



A s  t h e  volume of waste  i nc reased ,  more a t t e n t i o n  was g iven  t o  s i tc  
s e l e c t i o n .  Areas unde r l a in  by Conasauga s h a l e  formation make e x c e l l e n t  
s i t e s  f o r  was te  d i s p o s a l ,  a s  t h e  s h a l e  i s  e a s i l y  excavated and has  i on  
exchange p r o p e r t i e s  t h a t  i n h i b i t  t h e  migra t ion  of water -so luble  n u c l i d e s  
through t h e  s o i l .  Melton Valley i s  unde r l a in  by t h i s  format ion  and i s  t h e -  
l o c a t i o n  of t h r e e  of t h e  SRIJDA's t h a t  became o p e r a t i o n a l  s i n c e  1951. The 
c u r r e n t  o p e r a t i o n a l  s t a t u s  and land  a r e a  of t h e  so l id-was te  a r e a s  a r e  
g iven  i n  Table 1. Other sources  of c.ontamination on t h e  s i t e  i nc lude  
s e t t l i n g  b a s i n s ,  impoundments, . t renches,  and p i t s .  

Table  1. Opera t iona l  s t a t u s  of ORNL Radioac t ive  So l id  Waste 
S torage  Area 

SRWDA Operat ing ~ a t e s  S t a t u s  
Land Used 

(acres )*  

1 1943 - 1944 Closed 1 
2 1944 - 1946 Closed 4 
3 1946 - 1951 Closed 7 
4 1951 - 1959 Closed 2 3 
5  1959 Operat ing 3  3  
6  1969 Operat ing 68 

* 2 
One a c r e  = 4047 m . 

1 

SOURCES OF CONTAMINATION 

SRWDA No. 1 

SRTJDA No. 1, wi th  a  t o t a l  a r e a  of one ac re ,  is l o c a t e d  a t  t h e  f o o t  of 
Haw Ridge. It is  a t  t h e  edge of t h e  Laboratory complex and is about  2 5  f t  
sou th  of White Oak Creek (We 76).  Th i s  s i t e  was s e l e c t e d  on t h e  b a s i s  of 
i t s  proximity t o  t h e  Laboratory,  and no cons ide ra t ion  of was te  l each ing  
i n t o  t h e  water  system was given. Waste was dumped i n t o  open t r enches  and 
b a c k f i l l e d .  There a r e  no a v a i l a b l e  r eco rds  showing t h e  q u a n t i t y  o r  kind 
of s o l i d  waste  disposed of i n  t h e s e  a r e a s .  Very l i t t l e  moni tor ing  d a t a  is 
a v a i l a b l e  around SRlJDA No. 1 (we 76).  The d a t e  of c l o s u r e  of t h i s  a r e a  
was 1944; i t  was c losed  because water  was found i n  one of t h e  t renches .  

I n  1946, t h e  s i t e  was surveyed f o r  s u r f a c e  contaminat ion,  and s o i l  
samples were analyzed.  The r e s u l t s  from only two a r e a s  ind i ' ca ted  a c t i v i t y  
above background. Wate samp&7 from two w e l l s  and a  s u r f a c e  seep  i n  t h i s  
a r e a  were analyzed 5 0  

g&or  S r ,  C s ,  and t r a n s u r a n i c  elements  i n  19.75. Low 
concen t r a t ions  of Sr  (O14j7dprn/m2) were p re sen t  i n  o n e o f  t h e  w e l l s .  No 
d e t e c t a b l e  q u a n t i t i e s  of C s  and t r a n s u r a n i c  elements  were found (Du 75). 

SRWDA No. 2 

SR\JDA No. 2 was opera ted  between 1943-1946, and covered a  t o t a l  a r e a  
of about  f o u r  a c r e s .  The s i t e  i s  loca t ed  on t h e  lower h a l f  of a  h i l l  near  



t h e  e a s t  e n t r a n c e  of t h e  Laboratory.  S e l e c t i o n  of t h e  s i t e  was most 
l i k e l y  based on cons ide ra t ion  f o r  t h e  reduct2on of personnel  exposure 
du r ing  t h e  t r a n s p o r t a t i o n  of t h e  was te  (Ke 76) .  No a t t e n t i o n  w a s  given t o  
environmental  p r o t e c t i o n .  

There a r e  no a v a i l a b l e  r eco rds  documenting t h e  q u a n t i t y  o r  k ind  of 
s o l i d  was te  disposed of i n  t h i s  a r e a .  It  has  been a s c e r t a i n e d  t h a t  s o l i d  
was te  contaminated by b e t a  o r  gamma a c t i v i t y  was placed i n  b l ack  i r o n  drums 
and bu r i ed  i n  t h e  t renches .  Liquid waste  contaminated by plutonium was 
p laced  i n  s t a i n l e s s  s t e e l  drums and e i t h e r  bu r i ed  i n  t r e n c h e s  o r  s t o r e d  
wi thout  b u r i a l  i n  a  " n a t u r a l  ravine" eroded i n  t h e  denuded s l o p e  (We 76).  

The use  of t h e  SRWDA No. 2 s i t e  was l a t e r  found t o  b e  incompat ib le  
w i th  t h e  long-range land-use planning a t  t h e  Laboratory,  and t h e  o p e r a t i o n  
was te rmina ted  i n  1946. A f t e r  c l o s u r e ,  most of t h e  was te  i s  s a i d  t o  have 
been exhumed and r ebur i ed  i n  SRWDA No. 3. The s t a i n l e s s  s t e e l  drums con- 
t a i n i n g  l i q u i d  plutonium waste  were removed i n t a c t ,  b u t  t h e  b l a c k  i r o n  
drums con ta in ing  beta-gamma s o l i d  waste  had d e t e r i o r a t e d .  Thus, t h e  sur-  
rounding e a r t h  was a l s o  removed and r ebur i ed  a t  SRWDA No. 3. The h i l l s i d e  
of t h e  SRWDA No. 2 s i t e  was then bul ldozed t o  smooth o u t  t h e  i r r e g u l a r i t i e s  
and was seeded (We 76) .  

During August, 1976, 1 3  c o r e  samples were c o l l e c t e d  a t  v a r i o u s  p o i n t s  
i n  SRIJDA No. 2. Water samples were a l s o  c o l l e c t e d  from t h e  c o r e  ho le s .  
A c t i v i t y  l e v e l s  i n  water  samples were f o  nd n o t  t o  be  s i g n i f i c a n t l y  d i f f e r e n t  Y 
from b a s e l i n e  samples when analyzed f o r  H ,  gross-alpha,  and gross-be ta  
a c t i v i t y .  A r e p r e s e n t a t i v e  port ion.  of t h e  homogenized whole c o r e  was used 
f o r  t h i s  a n a l y s i s .  The average uranium and plutonium c o n c e n t r a t i o n s  were 
found t o  be  0.47 pCi/g and 0.06 pCi/g, r e s p e c t i v e l y  (Oa 77).  The average  
r a d i o i s o t o p e  concen t r a t ion  f o r -  s o i l  samples near  t h e  pe r ime te r  of  t h e  DOE 
a r e a  i n  Oak Ridge have been found t o  con ta in  0.66 pCi/g of uranium and 0.04 
pCi/g of plutonium (Oa 76).  

The average  137~s  concen t r a t ion  f o r  t h e  upper t h i r d  and t h e  e n t i r e  
co re  was measured t o  b e  0.7 and 0.3 ~ C i / g ,  r e s p e c t i v e l y .  Both of  t h e s e  
v a l u e s  a r e  s u b s t a n t i a l l y  lower than  t h e  va lue  of 1 .0 pCi/g,  t h e  ave rage  
va lue  of samples c o l l e c t e d  i n  1976 from 16 s i t e s  throughout  e a s t e r n  and 
c e n t r a l  Tennessee (Oa 76). It should be  noted t h a t  t h e s e  s o i l  samples a r e  
from o r e s  s e v e r a l  f e e t  long  and a r e  be ing  compared w i t h  t o p s o i l  samples.  

9  6 
For S r ,  t h e  average va lues  f o r  t h e  c o r e s  were 5 0.57 and 5 0.53  pCi/g 
f o r  t h e  upper t h i r d  and t h e  e n t i r e  co re ,  r e s p e c t i v e l y  (Oa 76).  

SRWDA No. 3 

SRWDA No. 3 i s  about 0.6 m i l e s  west  of t h e  west e n t r a n c e  t o  t h e  Labora tory  
complex. The s i t e  i s  a  f l a t ,  f o r e s t e d  a r e a  a t  t h e  f o o t  of  Haw Ridge. 
Waste Area No. 3 presumably was chosen because of i ts  proximi ty  t o  t h e  
Labora tory ,  out-of-s ight  locatioi:, and because t h e  s o i f  could  be  r e a d i l y  
excavated (We 76) .  The a r e a  became o p e r a t i o n a l  i n  1946. Alpha-contaminated 
was tes  were dumped i n  unl ined t r enches  and covered w i t h  conc re t e ,  whereas 
t h e  beta-gamma waste  was. covered wi th  n a t i v e  s o i l .  



Samples of w e l l  water  from t h e  a r e a  were anal3&ed i 1964 and i n d i c a t e d  
89 

sme l l  amounts of t h e  t r i v a l e n t  r a r e  e a r t h s  (TRE), S r ,  Sr ,  a n g O 3 ~  (We 76) .  
Well samples were a l s o  c o l l e c t e d  i n  1973 and ana lyses  i n d i c a t e d  S r  l e v e l s  
a s  h igh  a s  3.0dpm/mP,. S o i l  samples were c o l l e c t e d  and analyzed du r ing  1978, 
a n d  t h e  r e s u l t s  a r e  given i n  E ld r idge  ' (79) .  

SRIDA 'No. 4  

During 1948-50, a  s tudy  (S t  51) of t h e  geology and hydrology of t h e  
Laboratory s i t e  was conducted. Disposa l  of waste  i n  t h e  Conasauga s h a l e  
b e l t  was .recommended. SRWDA No. 4 was opened i n  1951 i n  t h e  c l o s e s t  a r e a  
t o  t h e  Laboratory unde r l a in  by Conasauga s h a l e .  Trench o r i e n t a t i o n  was 
v a r i a b l e  and lacked any c o n s i s t e n t  r e l a t i o n s h i p  t o  o r i g i n a l  s i t e  topography 
(We 76) .  Auger h o l e s  one t o  two f e e t  i n  diameter  i n  t h i s  a r e a  were used 
f o r  t h e  d i s p o s a l  of h ighe r  r a d i o a c t i v e  l e v e l  waste.  The s i t e  was c losed  i n  
1959 and r e s u l t e d  i n  a  t o t a l  d i s p o s a l  a r e a  of 23 a c r e s .  

A number of sma l l  s eeps  have developed near  t h e  r i m  of t h e  t e r r a c e  i n  
t h e  c e n t e r  t h i r d  of t h e  a r e a ,  and o t h e r s  a r e  r epo r t ed  t o  have developed i n  
t h e  c e n t r a l  p a r t  of t h e  s i t e .  During 1959 and 1960, sampling of w e l l s  and 
s t reams i n  and n e a r  t h i s  a r e a  i n d i c a t e d  t h a t  bo th  ground water  and s u r f a c e  

I wa te r  were contaminated (We 76).  E ight  of the s t x t e e n  w e l l s  showed be ta-  
I g a y 0  c o n r ~ ~ i n a t 4 ! y .  g ~ N b  ater6gamples f r o n  two seeps  i n d i c a t e d  contaminat ion 

of S r ,  C s ,  Z r -  , Co, and TRE. The s e c t i o n  of Whiffi60ak Qjeek 
1 zf8wing23g SRWDA No. 4 i n d i c a t e d  r a d i o a c t i v e  contaminants  of Ru, S r ,  

Po, Pu, and TRE (We 76).  I n  1964, water  s a m p l e s g y y j  co l Jec t ed  from 
s i x  w e l l s  and one seeyognd each were found t o  conta  48 S r ,  H,  TREY 

! and minor amounts of Ru (We 76).  Discharges of S r  from SRWDA No. 4 
ve r sus  p r e c i p i t a t i o n  a r e  given i n  Table 2 from Stueber  (78).  

Table 2. 9 0 ~ r  d i scha rges  vs .  p r e c i p i t a t i o n  

P r e c i p i t a t i o n  T o t a l  " ~ r  Discharge  
Water Year* cm , . C i  

k 
September 1 - August 31 



S o i l  samples were c o l l e c t e d  i n  1973.&l,ong f97 south  s e of SRWDA No. 4 .  
These samples contained smal l  amounts of Co, 4d 

C s ,  and Sr  (Du 76).  The 
s o i l  a long  White Oak Creek e a s t  of t h e  a r e a  has  been contaminated by seepage 
from SRlJDA No. 4 and d i scha rges  of . the  creek.  Near t h i s  s i t e  i s  a contami- 
na t ed  f lood  p l a i n  a r e a  which was once f looded by an  i n t e r m e d i a t e  pond. A dam 
was cnnstr ,ucted i n  e a r l y  1944 t o  he lp  c r e a t e  an in t e rmed ia t e  r e t e n t i o n  pond 
between t h e  Laboratory and White Oak Lalcc, The dam was, breached i n  l a t e  
1944, and a smal l  pond remained u n t i l  1950 (Du 76).  R e s u l t s  of  ana lyses  of  
s o i l  and sediment a r e  given i n  t h e  s e c t i o n  on f lood  p l a i n s .  

SRIDA No. 5 

SRWDA No. 5 opened i n  1958 and cons i s t ed  of two s e c t i o n s  on t h e  h i l l s i d e  
e a s t  of White Oak Creek and south  of Haw Ridge. Th i s  a r e a  was opened i n  
1958, because space  i n  SRWDA No. 4 was approaching exhaus t ion .  I n i t i a l l y ,  the 
same b u r i a l  procedures  were used a t  t h i s  s i t e  a s  had been used a t  t h e  pre- 
ceding  s i t e s ;  t h a t  i s  alpha-contaminated waste  was i n t e r r e d  i n  t h e  lower p a r t  
of t h e  area and capped wi th  conc re t e ,  and t h e  beta-gamma contaminated was t e  
w a s  simply covered wi th  weathered s h a l e .  This  s eg rega t ion  procedure was 
d i scon t inued  sometime dur ing  t h e  o p e r a t i o n a l  l i f e  of t h e  s i t e .  The t r e n c h  
l e n g t h s  vary  from < 40 f e e t  t o  > 500 f e e t .  These t r enches  w e r e  o r i e n t e d  
p a r a l l e l  t o  t h e  topographic s l o p e s  (We 76).  Water samples from g8ever@ w e l l s  
ygge co) lec ted  i n  1964. The p r i n c i p a l  contaminants found were Sr. S r ,  

Ru, H, and TRE. Seve ra l  new w e l l s  were cored and sampled. The d a t a  .. . 
suggested t h a t  a t  t h i s  t ime, only minor movement of r a d i o a c t i v i t y  had 
occurred.  I n  1960, sjamples from t h e s e  w e l l s  i n d i c a t e d  t h a t  SRWDA No. 5 was 
t h e  major sou rce  of H (We 76) i n  White Oak Creek. 

Most of t h e  t r a n s p o r t  of r ad ionuc l ides  i n  t h e  s u r f a c e  water  i s  
monitored a t  S t a t i o n  4 on Melton Branch. Add i t iona l  d a t a  a r e  g iven  i n  t h e  
s e c t i o n  on moni tor ing  s t a t i o n s .  I n  1974, t h i r t e e n  sma l l  s eeps  were sampled 
a long  t h e  sou th  gdge 05 t h e  arff5 These samples contained measurable  amounts 
of t o t a l  a l p  $6, S ~ Y  H, and Sb.-8Eleven of t h e  samples conta ined  concen- 
t r a t i o n s  o f  S r  ranging  from 9 x 10  t o .  6 .1  x j C i / r n %  (Du7.6).  

SRlJDA No. 6 

SRIJDA No. 6 i s  loca t ed  immediately northwest  of White Oak Lak.e. Th i s  
s i t e  i s  about  70 a c r e s  i n  s i z e  and was opened i n  1g69. Trenches i n i t i a l l y  
were excavated a s  long a s  p o s s i b l e ,  bu t  a r e  now l i m i t e d  t o  a l e n g t h  about  50 
f e e t .  T h i s  procedure 'was i n i t i a t e d  i n  o rde r  t o  reduce t h e ' c o l l e c t i o n  of 
water  i n  t h e  t r enches  t o  an accep tab le  l e v e l  (We 76) .  Some moni tor ing  
around t h i s  a r e a  has  been completed. The r e s u l t s  i n d i c a t e  some movement o f  
r a d i o a c t i v i t y ,  b u t  i t  i s  too e a r l y  t o  judge t h e  t r u e  meaning of  t h e  r e s u l t s .  

F loodpla in  Areas 

There a r e  f o u r  f l o o d p l a i n  a r e a s  on t h e  s i t e  t h a t  a r e  contaminated.  
For t h e  purpose of t h i s  paper ,  on ly  t h e  f l o o d p l a i n  t h a t  was e s t a b l i s h e d  by 
t h e  c o n s t r u c t i o n  of t h e  dam i n  1944 w i l l  h e  d iscussed .  



During 1944, astudy of the 137~s distribution in soil, roots, ground 
vegetatio?, overstory, litter, mammals, flies, and insects from the 2 ha 
(20,000 m ) flood plain area was madeliyo 76). The highest concentration 
found in soil was 84,400 pCi/g. All Cs concentrations below the 17-cm 
depth, outside the floodplain area were equal to background (Vo 76). Con- 
cen tions in the roots range.d as high as 12,500 pCi/g. The concentration 
of "'Cs in ground vegetation ranged from 4.6 to 182 pCi/g. Other results 
can be found in Voris (76). 

Waste Ponds 

Another source of radioactive discha~ges from past waste treatment 
procedures are the waste ponds. Three waste ponds have been in use at ORNL 
over the years of operation. An example of the.activity in these ponds is 
from a study in2jql/46Ta 77) of Naste3Tond 2. This stugg: indicated approxi- 
mately 5 Ci of Pu, 200 Ci of Cs and 33 Ci of Sr in the bottom 
sediment. Another source of discharged waste is the Intermediate-Level 
Waste Pits. 

Seepage Pits and Trenches 

In 1951, the construction of pits for disposal of intermediate-level 
liquid was begun. The first pit was opened in 1951 and immediately closed 
because of its poor location. The second pit was opened in 1952, and large 
quantities of intermediate-level waste were disposed of for the first time. 
Pits 3 and 4.became operational in 1955 and 1956, respectively. Trenches 5, 
6, and 7 were opened between 1960-1962. These trenches were taken out of 
routine service in 1965 as part of a plan to implement disposal of intermediate- 
level waste by hydrofracture (Du 75). 

. . 
137 Small amounts of. 9 O ~ r  and. . Cs have been observed inlogepage from. -. 

trenches 6 and 7. The major seepage problem has been with Ru, as seen in 
Table 3 and Figure 2. 

Table 3. Annual discharges of lo6~u to the Clinch River 

Year Ci Year C i 



YEAR 

Fig.  2 .  Annual discharges  of lo6IXu to the Clinch River. 



WATER SAMPLING 

Low-level radioactive liquid wast.es originating from ORNL operations 
are discharged, after preliminary treatment,, to White Oak Creek and Melton 
Branch, which are small tributaries of the Clinch River. The radioactive 
content of the White Oak Creek discharge is determined at White Oak Creek 

. . Stations 1, 2, and 3 and at White Oak Dam, which is the last control point 
along the stream prior to the entry of White Oak Creek into the Clinch 
River. Samples are collected at several locations in the Clinch River, 
beginning at a point above the entry of the wastes into the River and. 
ending at Center's Ferry near Kingston, Tennessee, the nearest population 
center downstream. Location maps of these stations are given in Figures 1 
and 3. 

Station 1 - White Oak Creek Station 1 monitors the effluent from the 
ORNL Process Waste Treatment Plant. 

Station 2 - Station 2 is located on White Oak Creek a short distance 
upstream from Station 1 and provides data on radionuclide content from 
operation discharges above the Process Waste Treatment Plant. 

Station 3 Water Monitoring Station 3 is located on White Oak Creek a 
short distance above the confluence of White Oak Creek and Meltan Branch. 
This station measures the streamflow and radionuclides content from the 
ORNL plant effluents; SRWDA Nos. 1, 2, 3, 4, and portions of 5; contami- 
nated floodplain sediments; and other potent2al sources. 

Station 4 Station 4 is located on Melton Branch, a short distance 
above the confluence with White Oak Creek. This station measures stream- 
flow and radionuclide content from SRWDA No. 5, several experimental 
reactor sites, and other areas. 

Station 5 - Samples of White Oak Creek effluent are collected at 
White Oak Dam by a continuous proportional sampler which was designed and 
constructed at ORNL. Proportional sampling is necessary to obtain a truly 
representative sample, since streamflow and concen,tration of radioactive 
materials in the stream may vary independently over a relatively wide 
range in a relatively short period of time, depending upon weather and 
operating conditions. Streamflow at White.Oak Dam is measured by means 
of a Stevens water-level recorder and stilling well in the l.ake pool in 
conjunction with the White Oak Dam gate, which serves as a rectangular 
weir through which the water flows. The weir system was rated by the U.S. 
Geological Survey and found to be accurate to within 5%. 

, Samples are collected weekly from White Oak Dam and analyzed for 
gross beta activity as a control measure and as a means of evaluati.ng the 
gross concentration of radioactivity entering the Clinch.River. Portions 
of the weekly samples are composited, proportional to the flow, into 
monthly composite samples that are subjected to more detailed analyses by 
vet chemical and gamma spectrometric techniques. The weekly samples are 



Fig. 3. Water monitoring locations in the Clinch River. 



I 
analyzed f o r  t h e  t r a n s u r a n i c  a lpha  e m i t t e r s ,  t o t a l  s t ron t ium,  and 1311, 
which r e p r e s e n t  t he  elements i n  t h e  waste  s t ream wi th  t h e  h i g h e s t  hazard 
i n d i c e s .  

The monthly composites a r e  concent ra ted  and analyzed by radiochemical  
and g a w n a g ~ p e c ~ ~ ~ ~ e t r i ~ 4 ~ e c h n ~ ~ ~ e s ,  y  fogo'the Sollowing radionu- 
c l i d e s  : S r ,  C s ,  Ce, R u ,  Z r -  , CO,  H, t r i v a l e n t  r a r e  

~ 9 ~ ~ ~ 4 3 ~ ~  
e a r t h s ,  and g ros s  b e t a .  Analyses f o r  o t h e r  nuc l ides  may be performed a s  
t h e  need a r i s e s .  These ana lyses  a r e  performed t o  d e t e r m i n e . t h e  percentage  
d i s t r i b u t i o n  and concen t r a t ions  of t h e  va r ious  nuc l ides  i n  t h e  e f f l u e n t  
s t ream and t o  c a l c u l a t e  t h e  q u a n t i t y  of each r ad ionuc l ide  r e l e a s e d  t o  t h e  
Clinch River .  More f r equen t  ana lyses  a r e  made i f  c o n c e n t r a t i o n  l e v e l s  i n  
White Oak Creek vary  s i g n i f i c a n t l y  from the  experienced normal. 

C a l c u l a t i o n s  a r e  made of t h e  concen t r a t ions  of r a d i o a c t i v i t y  i n  t h e  
Cl inch  River  f o r  t h e  po in t  of e n t r y  of t h e  was tes ,  u s ing  t h e  concen t r a t ions  
measured a t  White Oak Dam and t h e  d i l u t i o n  provided by t h e  River. These 
c a l c u l a t i o n s  a r e  based on uniform mixing of t h e  two s t reams w i t h i n  a s h o r t  
d i s t a n c e  downstream from t h e  p o i n t  of e n t r y  of t h e  wastes .  The c a l c u l a t e d  
concen t r a t ion  of each r ad ionuc l ide  i n  t h e  River  i s  compared w i t h  i ts  r e s p e c t i v e  
MPCw v a l u e  a s  s p e c i f i e d  by Chapter 0524 of t he  DOE Manual and t h e  r e s u l t i n g  
f r a c t i o n s  a r e  summed t o  a r r i v e  a t  t h e  % MPC i n  t h e  Clinch R ive r .  

w .  

The annual  d i scha rges  of r ad ionuc l ides  t o  t h e  Clinch R ive r  a s  measured 
a t  White Oak Dam from 1949-1978 a r e  given i n  Tables  4  and 5. The measured 
FlPC a t  White Oak Dam and t h e  c a l c u l a t e d  MPCw i n  t h e  Clinch R ive r  from 
197x-1978 a r e  g iven  i n  F igures  4 and 5, r e s p e c t i v e l y .  A comparison of MPC . 

W a t  White Oak Dam and t h e  c a l c u l a t e d  va lue  i n  t h e  River  from 1974-1978 is 
given i n  Table 6. The t o t a l  amount of r a d i o n u c l i  es d i scha rged  i n t o  t h e  !I Clinch  River  i s  g iven  i n  Table 7. The amount of H r e l ea sed  t o  t h e  r i v e r  
i n  three-year  pe r iods  from 1965-1977 is  given i n  F igu re  6. 

A s  a followup t o  t h i s  c a l c u l a t e d  concen t r a t ion ,  two sampling s t a t i o n s  
a r e  maintained i n  t h e  Cl inch  River  below t h e  p o i n t  of e n t r y  of t h e  wastes:  
one a t  t h e  ORGDP water  i n t a k e ,  Cl inch  River  mi le  (CRM) 14.5, and t h e  o t h e r  
a t  C e n t e r ' s  Fe r ry  near  Kingston, Tennessee (CRM 4 .5) .  I n  a d d i t i o n ,  a  
sampling s t a t i o n  is  maintained i n  t h e  Clinch River  above t h e  p o i n t  of e n t r y  
of t h e  was te  a t  Melton H i l l  Dam (CRM 23.1) t o  provide  background d a t a .  

ORGDP Water In t ake  Sampling S t a t i o n  - The ORGDP water  sampling 
s t a t i o n ,  which was designed and cons t ruc t ed  a t  ORNL, c o l l e c t s  a sample from 
t h e  Cl inch  River  t h a t  i s  p r o p o r t i o n a l  t o  t h e  flow i n  t h e  River  near  t h e  
water  i n t a k e  of t h e  ORGDP p l a n t  water  system (:the f i r s t  p o i n t  of Cl inch  
River  water  usage downstream from t h e  p o i n t  of e n t r y  of ORNL was tes ) .  The 
samples a r e  brought i n t o  t h e  l a b o r a t o r y  a t  weekly i n t e r v a l s ,  a c i d i f i e d ,  and 
combined i n t o  q u a r t e r l y  composite samples f o r  a n a l y s i s .  The q u a r t e r l y  
composite samples a r e  concent ra ted  by evapora t ion  and analyzed by wet 
chemical and gamma spectrome' t r ic  techniques  f o r  g ros s  a c t i v i t y  and f o r  
those  r ad ionuc l ides  p re sen t  i n  s i g n i f i c a n t  amounts. Average c o n c e n t r a t i o n s  
of i n d i v i d u a l  r ad ionuc l ides  a r e  determined from t h e  a n a l y t i c a l  d a t a ,  



T a b l e  4.  Annual d i s c h a r g e s  (Ci)  of r a d i o n u c l i d e s  t o  t h e  C l i n c h  R i v e r  

1949-1963 

Year 

7 7 1 8  180 2 2 7 7 NAA* 0,009 ( f o r  8-12/49) 
3 0 N A 1 5  4 2 19 0.0379 
11 N A 4 .5  2.2 1 8  0.0734 
2 6 23 19 1 8  2 0 0.0296 

110 6.7 7.6 3.6 2 . 1  0.0838 
160 24 1 4  9 .2  3 .5  NA 0.0729 
150 8 5 5 . 2  5 .7  7.0 6 .6  0 .2491 
140 59 1 2  1 5  3 .5  46 0.2840 
110 1 3  2 3 7 . 1  1 . 2  4 .8  0.1454 
240 3 0 6 .0  6 .0  8 . 2  8 . 7  0.0755 

9 4 48 2 7 3 0 0 . 5  7 7 0.6770 
4 8 2 7 3 8 45 5 . 3  72 0.1860 
24 4 .2  20 70 3.7 31 0.0682 
11 1 . 2  2 .2  7.7 0.36 14 0.0627 

9 .4  1 . 5  0.34 0 . 7 1  0.44 1 4  0.1660 

J .  

T o t a l  r a r e  e a r t h s m i n u s  cerium. 
*+;No a n a l y s i s  performed. 



T a b l e  5. Annual d i s c h a r g e s  (Ci )  of r a d i o n u c l i d e s  t o  t h e  C l i n c h  R i v e r  

1964-1978 

Year TRU 

- -- 

f< 
T o t a l  r a r e  e a r t h s  minus cerium. 

**No a n a l y s i s  performed. 



Fig. 4. Percent  of MPC t o t a l  over  White Oak Dam. 
TJ 
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Fig. 5. Percent of MPC total for dilution calculation in the 
Clinch River. w 



Tnbl-e 6.  T o t a l  > p e r c ~ n t  'NPC f o r  a l l  r ad ionuc l ides  
W 

1974-1978 

White Oak 
Year Dam D.F. Calc.. C.R.* . . 

2- - 
Calcu la t ed  concen t r a t i ons  i n  Cl inch  River  u s ing  d i l u t i o n  
f a c t o r s .  

Table  7. T o t a l  amount of r a d i o n u c l i d e s  d i scharged  

i n t o  Cl inch  River  

1949-1978 

. . Time I n t e r v a l  Radionucl ide C i  

1949-78 137~s  

1964-78 3~ 

1955-78 ' 6 0 ~ o  

1949-74 1 4 4 ~ e  

1949-71 TRE (-Ce) * 
% 

T r i v a l e n t r a r e  e a r t h s  minus cerium. 
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Fig. 6. Tritium releases to the Clinch River (3-yr. intervals). 



and t h e  pe rcen t  MPC ' for  t h e . m i x t u r e  5 s  c a l c u l a t e d  from t h e  concen t r a t ion  
va lues  measured. ~ { e  MPCw a t  t h i s  p o i n t  from 1974-1978 a r e  g iven  i n  
F igure  7. 

The ORGDP sampling s t a t i o n  was e s t a b l i s h e d  . to provide d a t a  r e l a t i v e  t o  
t h e  concen t r a t ions  of r a d i o a c t i v i t y  i n  water taken from t h e  Cl inch  River  .. . . 

f o r  normal tre.atment p l a n t  usage, t o  provide an index of t he  hazard t o  t h e  
ORGDP p l a n t  popula t ion  a s  t h e  f i r s t  u se r  of Clinch River  water  downstream 
from t h e  p o i n t  of e n t r y  of t h e  ORNL was tes ,  and t o  provide da t a .  f o r  com- 
p a r i s o n  wi th  t h e  c o n c e n t r a t i o n s  i n  t h e  Clinch River c a l c u l a t e d  from White 
Oak Dam r e l e a s e s  and the  d i l u t i o n  provided by t h e  River .  

C e n t e r ' s  Fe r ry  Sa~r~p l ing  S t a t i o n  - A "grab" sample is  c o l l e c t e d  d a i l y '  
a t  t h e  Cen te r ' s  Fe r ry  sampling s t a t i o n  which i s  loca t ed  on t h e  Cl inch  River  
a t  CRM 4.5. Thermal s t r a t i f i c a t i o n  e x i s t s  a t  t h i s  l o c a t i o n ,  w i t h  t h e  co ld  
water  of t h e  Clinch River  running under t h e  warmer backwater of t h e  Watts 
Bar Reservoi r .  The sample i s  c o l l e c t e d  25 f t  below t h e  s u r f a c e  of t h e  
water  t o  ensure  t h e  c o l l e c t i o n  of Cl inch  River  water  f o r  t h e  sample. Fluc- 
t u a t i o n s  i n  concen t r a t ion  a t  t h i s  l o c a t i o n  a r e  r e l a t i v e l y  smal l  d u e . t o  t h e  
d i s t a n c e  downstream from t h e  p o i n t  of e n t r y  of t h e  was tes ,  and d i s p e r s i o n  
of r a d i o a c t i v i t y  i n  t h e  Clinch River  water  i s  complete; t hus  a  grab  sample 
i s  cons idered  adequate .  The d a i l y  grab samples a r e  composited, a c i d i f i e d ,  
and analyzed on a  q u a r t e r l y  b a s i s .  The p r e p a r a t i o n  of t h e  sample and t h e  
ana lyses  performed a r e  t h e  same a s  t hose  c i t e d  f o r  t h e  ORGDP water  sampling 
s t a t i o n .  

Samples from t h e  Cen te r ' s  Fe r ry  sampling s t a t i o n  provide  d a t a  r e l a t i v e  
t o  t h e  average  concen t r a t ion  o f . r a d i o a c t i v e  m a t e r i a l s  i n  t h e  Cl inch  River  
a t  t h e  n e a r e s t  popula t ion  c e n t e r  (Kingston, Tennessee)' dbwnstrearn from t h e  
p o i n t  of e n t r y  of t h e  wastes .  The MPC .from 1976-1978 is given i n  F igu re  8. ' 

W 
A comparison of t h e  c a l c u l a t e d  MPC a t  ORGDP and Cen te r ' s  Fe r ry  i s  given i n  
Table 8. W 

Table 8. Tota.1 pe rcen t  MPCw i Clinch River  

I 

I Year ORGDP C.F.* Calc. C. R. 9:" 

* 
Cen te r ' s  Fer ry  

* A  
Calcula ted  concen t r a t ions  i n  Clinch River  
u s ing  d i l u t i o n  fac . tors  



YEAR 

Fig .  7 .  Percen t  of MPCv t o t a l  a t  t h e  ORGDP i n t a k e .  

i - -. .... _ _ _ _ _ _ _ . _ _ _  - ------.--.--.--.. , ..". 
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Fig. 8. Percent of MPCw total at Kingston, Tennessee. 



Melton H i l l  Dam Sampling S t a t i o n  - The Melton H i l l  Dam sampl ing  s t a t i o n  
c o l l e c t s  a  sample  p r o p o r t i o n a l  t o  t h e  f low of  w a t e r  th rough  t h e  power- 
g e n e r a t i n g  t u r b i n e ,  which r e p r e s e n t s  a l l  of  t h e  d i s c h a r g e  from t h e  Dam 
o t h e r  t h a n  a  minor amount d i s c h a r g e d  i n  t h e  o p e r a t i o n  of t h e  l o c k .  The 
siilupler was des igned  and c o n s t r u c t e d , a t  ORNL and i s  l o c a t e d  on t h e  lower  
s i d e -  of t h e  Darn, w i t h  the . .  i n t a k e  p o s i t i o n e d  a t .  t h e  t a i l  r a c e  o f  t h e  t u r b . i n e s .  
The sample r  i s  keyed t o  t h e  Curbine  o p e r a t i o n  such  t h a t  a sample  is  c o l -  
l e c t e d  o n l y  when t h e  t u r b i n e s  a r e  o p e r a t i n g ,  even though w a t e r  from t h e  
t a i l  r a c e  i s  c o n t i n u o u s l y  pumped th rough  t h e  sampl ing  l i n e s .  Samples a r e  
c o l l e c t e d  from t h e  s t a t i o n  a t  weekly i n t e r v a l s ,  a c i d i f i e d ,  and composited 
f o r  a  three-month p e r i o d  i n  p o l y e t h y l e n e  c o n t a i n e r s .  The q u a r t e r l y  sample  
i s  p r o c e s s e d  and a n a l y z e d  i n  t h e  manner s e t  f o r t h  (above) f o r  t h e  ORGDP 
w a t e r  sampl ing  s t a t i o n .  

I n  a d d i t i o n  t o  mee t ing  r o u t i n e  m o n i t o r i n g  r e q u i r e m e n t s ,  w a t e r  m o n i t o r i n g  
a i d g o i n  t h e  d e t e c t i o n  of a b n o r m a l i t i e s .  For  example,  i n  1969,  h i g h  l e v e l s  
of Co were  d e t e c t e d  i n  t h e  w a t e r  a t  Melton H i l l  (@.M 23.1).  R i v e r  s i l t  
was t h e n  ana lyzed  and found t o  c o n t a i n  1 6  pCi/g  of Co above Mel ton H i l l .  
C o n c e n t r a t i o n  below ORNL d i s c h a r g e s  was 1 .2  pCi /g  (CRPI 19 .1 ) .  I n v e s t i g a t i o n  
r e s u l t e d  i n  t h e  f i n d i n g  of a w a s t e  t a n k  l e a k  a t  American N u c l e a r  C o r p o r a t i o n  
l o c a t e d  a t  approx imate ly  CRM 51. Other  t y p e s ,  of samples ,  s u c h  a s  s e d i m e n t  
and f i s h ,  a r e  a l s o  c o l l e c t e d  f o r  t h e  purpose  of m o n i t o r i n g  t h e  d i s c h a r g e s  
from t h e  p l a n t  s i t e .  

F i s h  Sampling 

S e v e r a l  s p e c i e s  of f i s h  from t h e  C l i n c h  R i v e r  are sampled.  Ten f i s h  
o f  each  s p e c i e s  a r e  composited f o r  each  sample,  and t h e  samples  are a n a l y z e d  
by gamma s p e c t r o m e t r y  and r a d i o c h e m i c a l  t e c h n i q u e s  f o r  t h e  c r i t i c a l  r a d i o -  
n u c l i d e s  t h a t  c o n t r i b u t e  t o  dose .  An e s t i m a t e  of man's i n t a k e  of r a d i o -  
n u c l i d e s  from e a t i n g  t h e  f i s h  i s  made by assuming a n  a n n u a l  r a t e  of f i s h  
consumption of 37 l b s .  The e s t i m a t e d  p e r c e n t a g e  o f  MPI is  c a l c u l a t e d  by 
assuming a  maximum p e r m i s s i b l e  i n t a k e  o f  f i s h  t o  be  comparable  t o  d a i l y  
i n t a k e  of 2.22 of w a t e r  c o n t a i n i n g  t h e  MPC of t h e s e  r a d i o n u c l i d e s  f o r  a 
p e r i o d  of one y e a r .  The h i g h e s t  r e c o r d e d  &I i n  t h e  l a s t  1 5  y e a r s  f o r  any 
s p e c i e s  h a s  been 8 .1%.  

Sediment Sampl.ing - 

Annual a v e r a g e  c o n c e n t r a t i o n s  o f  r a d i o n u c l i d e s  i n  t h e  s u r f a c e  l a y e r s  
of bot tom s e d i m e n t s  i n  t h e  C l i n c h  and Tennessee  R i v e r s  were conduc ted  f rom 
1951-1969. T h i s  i n f o r m a t i o n  is  r e l e v a n t  t o  ttie d i s p e r s a l  and movement o f  
r a d i o a c t i v i t y  r e l e a s e d  from ORNL. Data  v a r i e d  from y e a r  t o  y e a r  w i t h  t h e  
changes  i n  t h e  amounts of r a d i o n u c l i d e s  re lea???.  The p r i n c i p a l  r a d i o -  
g d c l i d  o n t a i n e d  f 08 

t h e  bot tom s e d i m e n t s  i s  C s  w i t h  l e s s e r  o u n t s  o f  
c o  , 

!38 
Ru, and Ce b e i n g  r e t a i n e d .  Only a  s m a l l  amount o f  S r  r e l e a s e d  

t o  t h e  r i v e r  i s  i n c o r p o r a t e d  48 t h e  bot tom sed iments .  Water a n a l y s e s  have 
shown t h a t  n e a r l y  a l l  o f  t h e  S r  i s  e i t h e r  i n  s o l u t i o n  o r  a s s o c i a t e d  
p r i n c i p a l l y  w i t h  suspended s o l i d s  and,  t h u s ,  p a s s e s  through t h e  r i v e r  sys-  
tem. Sediment d a t a  can  i n d i c a t e  d i s c h a r g e s  a s  shown i n  F i g u r e  9. 
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Fig .  9 .  Cesium-137 i n  r i v e r  s i l t  (1967) .  



I. F i c t s  w i t h  r e g a r d  t o  t h e  : r e l e a s e s  from ORNL w a s t e  p r a c t i c e s  o v e r  t h e  . 
l a s t  twenty y e a r s .  

A. Ruthenturn R e l e a s e s .  

1. A l a r g e  amount of ru then ium r . r a ~ O ~ e l . e a s e d  d u r i n g  1959-64. 
T h i s  r e f l e c t e d  t h e  seepage  of Ru from t h e  ILW w a s t e  
p i t  d i s p o s a l  a r e a  f o l l o w i n g  t h e  t r a n s f e r  of a  l a r g e  
q u a n t i t y  of m a t e r i a l  t o  r h e  p i t  i n  1959. 

2.. ,The ~ o n a s a u g a  s h a l e  d i d  n o t  r e t a i n  ruthenium a s  w e l l  
a s  o t h e r  r a d i o n u c l i d e s .  

B. T r i t i u m  R e l e a s e s .  

1. L a r g e  q u a n t i t i e s  of tr5tTum have been r e l e a s e d  t o  t h e  
C l i n c h  River  i n  r e c e n t  y e a r s .  

2 .  O r i g i n  of t h e  b u l k  of t h e  t r i t i u m  is  a p p a r e n t l y  t h e  
b u r i a l  grollnds where t r i t i u m - b e a r i n g  w a s t e  from a n o t h e r  
l a b o r a t o r y  w a s  b u r i e d .  

3 .  From a  p r a c t i c a l  s t a n d p o i n t ,  l i t t l e  can b e  done t o  
i n h i b i t  -or c o n t r o l  t h e s e  r e l e a s e s .  I 

C. There  h a s  been a  downward t r e n d  i n  t h e  number o f  c u r i e s  r e l e a s e d  
f o r  a l l  o t h e r  r a d i o n u c l i d e s .  

C i 
R a d i o n u c l i d e s  1959 . -  1978 

11. A number of c o r r e c t i v e  measures  have  been t a k e n  a t  ORNL t o  r e d u c e  t h e  
d i s c h a r g e s .  Some of t h e s e  a r e :  

A .  The method of d i s p o s a l  of  l i q u i d  w a s t e  i n t o  p i t s  and t r e n c h e s  &as 
d i s c o n t i n u e d  i n  1965,  and t h e  u s e  of h y d r o f r a c t u r e  was begun i n  
1966. 

B. R e r o u t i n g  of White Oak Creek t o  bypass  f l o o d p l a i n  a r e a s .  

C .  . The i n s t a l l a t i o n  of t h e  new P r o c e s s  Waste ~ r e a t m e n t  P l a n t  
which becamegapera t iona l  i n  A p r i l ,  1976, h a s  s i g n i f i c a n t l y  
reduced t h e  S r  d i s c h a r g e s  t o  White Oak Creek from f a c i l i t y  
o p e r a t i o n s .  



D. .Paved  i n t e r c e p t e r  d i t c h e s  have  been p l a c e d  i n  t h e  b u r i a l  
ground a r e a  t o  reduce  t h e  s u r f a c e  runof f  i n  t h a t  a r e a .  

E .  H y d r o l o g i c a l  c o n s i d e r a t i o n  i.s be ing  reviewed i n  t h e  s e l e c t i o n .  
of a new. b u r i a l  s i t e .  

F. Smal l  t r e n c h e s  a r e  b e i n g  used t o  reduce  t h e  amount of w a t e r  
c o l l e c t e d  i n  them a f t e r  d i s 'posa l  h a s ' o c c u r r e d .  

G .  Volume r e d u c t i o n  programs have been i n i t i a t e d .  

B e t t e r  m o n i t o r i n g  programs a r e  a l s o  b e i n g  i n i t i a t e d .  Other  proposed 
c o r r e c t i v e  measures f o r  t h e  r e d u c t i o n  n f  r e l e a s e s  and proposed f a c i l i -  
t i e s  f o r  t h e  d i s p o s a l  o f  low- leve l  w a s t e  a r e  b e i n g  , cons idered .  These  
e f f o r t s  have  r ' e s u l t e d  i n  a  r e d u c t i o n  i n  t h e  d i s c h a r g e s  from t h e  s i t e  
a s  h a s  been shown i n  t h i s  paper .  
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