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INTRODUCTION 

Radionuclides in the bottom sediment of the Clinch and 

Tennessee Rivers originate from three sources: naturally occurring 

radioactive materials in the earth, fallout from weapons testing, and 

the release of low-level radioactive waste from various industrial and 

research facilities to streams in eastern Tennessee. The principal 

source is the Oak Ridge National Laboratory (ORNL). 

the Oak Ridge National Laboratory in 1943. 
Operations began at 

Radioactive waste effluents from facilities at ORNL pass 

through a waste processing system. The processed liquid wastes, con- 

taining low-level radioactivity, enter the Clinch River via White Oak 

Creek (Fig. 1). 
Health physicists at ORNL noted radioactive materials associated 

with bottom sediments in the creek embayment (0.6 mile long) downstream 
from White Oak Dam. Later (1951) their investigations indicated radio- 
activity in bottom sediment of the Clfnch and Tennessee Rivers. 

Origin of Fission Product Wastes 

Fission products are discharged into White Oak Creek basin 

from the process waste water treatment system, waste seepage pits, and 

several minor sources not included in the main waste systems at ORNL . 
Intermediate-level radioactive liquid wastes (more than 1.0 microcurie 

9 

per gallon) flow in special drains to storage tanks centrally located in 

the ORNL plant area. The wastes are transferred by pipeline to waste 

seepage pits. Low-level radioactive waters seep from these pits into 

White Oak Creek. 

microcurie per gallon) flow in another sewage system to the process 

waste water treatment area. After treatment these waste waters are 

released into White Oak Creek. 

Low-level radioactive liquid wastes (less than 1.0 

Some facilities at ORNL are not connected into either the 

intermediate-level o r  low-level radioactive liquid waste sewage net- 

works. Drainage of low-level radioactive materials from these facilities 

into White Oak Creek or tributaries is monitored to insure against dis- 
charge of waters containing radioactivity above prescribed limits. 



Fig .  1. Map of Clinch River Showing Bottom Sediment Observation Sect ions.  

L 

ORNL-LR -DWG 31563R4RJMR 
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Objective of Report 

Sources of information pertaining to the various investigations 

concerned with radioactivity in the bed sediments are diverse; some in- 

formation is in the open literature, some in reports issued by ORNL, 

and much is in the files of the investigators and of the various agencies 

involved in the Clinch River Study. In this report information about 

radionuclides in bottom sediment of the Clinch and Tennessee Rivers, 

pertinent to objectives of the Clinch River Study is summarized and in- 

terpreted. 

The objectives of the Study, as set forth by the Clinch River 
10 Study Steering Committee , are 

(1) To determine the fate of radioactive materials currently being 

discharged to the Clinch River, 

To determine and understand the mechanisms of dispersion of 
radionuclides released to the river, 

To evaluate the direct and indirect hazards of current disposal 

practices in the river, 

To evaluate the over-all usefulness of this river for radio- 

active waste disposal purposes, and 

(2) 

( 3 )  

(4) 

(5) To provide appropriate conclusions regarding long-term monitoring 
procedures. 

Two factors tend to define the scope of information in this 

report. First, most information is from investigations in progress 

or completed at the time of canvass of available information, June 1962. 
Second, a substantial change in flow conditions has occurred in the 

Clinch River downstream from Melton Hill Dam since this structure was 
completed (Fig. 1). Because these changes in flow conditions may 

affect the movement of radionuclides in the river, only investigations 

conducted prior to the time operations began at Melton Hill Dam are in- 

cluded in the report. 

Two important studies pertaining to the Study have not been 
fully treated in this report. These studies are: 

of the quantity of fission products in the bed of the Clinch River and (2) 

a description of the vertical distribution of radioactivity in bottom 

(1) a firm estimate 
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sediments of the Clinch and of geochemical factors which influence 

this distribution. These studies are the subject of Supplement 2B.  4 

Available Data 

At five-year intervals, beginning in 1946, personnel of the 
Hydraulic Data Branch, TVA, measured the elevation of the surface of 
the bottom sediments of the Clinch River at selected sections. The 

purpose of these measurements was (1) to estimate the number of years 
that sedimentation will occur (a) before sedimentation interferes with 

water-control operations in Watts Bar Lake and (b) before the useful 

life of the reservoir is ended, and ( 2 )  

of the reservoir’’. 

at Clinch River Miles (CRM) 1.3 (1.3 miles upstream from mouth of river), 
4.3, 7.5, 10.0, 11.9, and 19.2 (Fig. 1). Similar work has been done in 

other reservoirs on the Tennessee River. 

to determine the current capacity 
These sections, called sediment ranges, are located 

Each year, beginning in 1951, personnel of the Applied Health 
Physics Section, ORNL, made surveys of the radioactivity in the bottom 
sediments of the Clinch and Tennessee Rivers. From these surveys, they 

evaluated potential, present, and future hazards resulting from radio- 

activity in these sediments, predicted the capacity of the sediments for 

storing radioactive materials, recommended rates of release of radio- 

active wastes to the Clinch River, and determined the effect of increased 

radioactivity in sediments in the river system on industry . The surveys 
extended from Norris Lake on Clinch River anf from Fort Loudoun Lake 

on Tennessee River into Guntersville Lake on Tennessee River (in 1952 

6 

and 1961 Kentucky Lake included; see Figs. 1 and 2) 5-8 . 
In 1960, personnel of the Waste Disposal Research Section, 

ORNL, collected core samples of bottom sediments in 1-9 sections of the 
Clinch River, from CRM 4.7 to 22.5. L. Hemphill and W. B. Nix of ORNL 
and P. H. Carrigan, Jr., of USGS used the cores f o r  study of the dis- 

tribution of radionuclides in the upper horizon of Clinch River bottom 

sediments. T. Tamura, ORNL, determined physicochemical characteristics 
and sorption capacity of the composites of the cores. 

Composites of cores which were collected in 1961 at five 
sections in the Clinch River, from CRM 4.7 to 19.2, were sent to USGS 

c 
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laboratories (Denver, Colorado, and Releigh, North Carolina) for 

mineralogical, cation exchange, and size-distribution analyses. Study 

of these analyses was the first step in describing the physicochemical 

properties of the cores. 

Scientists of the Division of Radiologic Health, USPHS, 
Cincinnati, Ohio, undertook investigations of bottom sediments of the 

Clinch and Tennessee Rivers as well. 

radionuclide concentration with particle size and with location in 

the study reaches, particularly for bottom sediment of the Tennessee 

River. 

They studied the variation of 

Information on flows in the Clinch and Tennessee Rivers used 

in this report has been obtained from USGS and TVA reports. 
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DESCRIPTION OF STUDY REACH 
Studies of radionuclides in river-bottom sediments have ex- 

tended from Norris Lake on the Clinch River and Fort Loudoun Lake on 

the Tennessee River as far downstream as Kentucky Lake. 

the portion of the Tennessee River System included in these studies 

appears in Fig. 2. 

A map showing 

The Clinch River enters the Tennessee River in the backwater 

pool of Watts Bar Lake, and contributes the minor portion of the inflow 

to the lake. 

square miles, and at the mouth it is 4,413 square miles. Drainage area 

of the Tennessee River at Fort Loudoun Dam is 9,550 square miles, which 
is increased by the Little Tennessee River and minor drainage to 12,470 
square miles just upstream from the mouth of the Clinch River. 

Drainage area of the Clinch River at Norris Dam is 2,912 

The Clinch River portion of the Tennessee River basin lies 

principally in the Valley and Ridge Province. 

the study reaches is largely that contributed by minor tributaries of 

Sediment flowing into 

the Valley and Ridge Province, because the major storage reservoirs-- 

Norris on the Clinch River, Cherokee on the Holston River, Douglas on the 

French Broad River, and Fontana and three downstream power pools on 

the Little Tennessee River--trap most of the sediment from the upper 

12,850 square miles (76 percent) of the drainage area above the mouth of 
the Clinch River. As the sediment load passes downstream, a succession 
of reservoirs (Table 1) acts to retard the flow and accumulate bottom 
sediment from the suspended material. 

For study reaches in the Clinch and Tennessee River, water 

levels are affected by reservoir impoundments, and flow is affected by 
water-control operations. In the Clinch River, backwater of Watts Bar 

Lake extended as far upstream as CRM 25 in the winter and CRM 28 in 
the summer prior to the closure of Melton Hill Dam. 

Thermal stratification affects flow through these reservoirs l2 J l-3 

During summer months, cold water from Norris Lake begins to under- 

flow the warm, stilled water of the lower Clinch River embayment in 

the vicinity of CRM 12. Practical use has been made of this condition 

by construction of a submerged dam at CRM 3.8, just below the Emory 
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Table 1. Location of Clinch River Tributaries and Tennessee River Damsa 

Identification 

Mouth of White Oak Creek 
Mouth of Poplar Creek 
Mouth of Emory River 
Submerged dam for underflow diversion 

Mouth of Clinch River 
Watts Bar Dam 
Chickamauga Dam 
Hales Bar Dam 
Guntersville Dam 
Wheeler Dam 
Wilson Dam 
Pickwick Landing Dam 
Kentucky Dam 

Distance 
Downstream from 
White Oak Creek 

(miles) 

Distance Above 

Mouth 
(miles) 

Clinch River 

CRM 20.8 
12.0 
4.4 
3.8 

Tennessee River 

TRM 567.7 
529.9 
471.0 
431.1 
349.0 
274.9 
259.4 
206.7 
22.4 

0.0 

8.8 
16.4 
17.0 

20.8 
58.6 

117.5 
157.4 
239.5 
313.6 
329.1 
381.8 
566.1 

aDams on the Clinch River upstream from White Oak Creek are Norris at CRM 79.8 and Melton Hill a t  CRM 23.1. 
The mean annual flow of the Clinch River near Scarboro, Tennessee,  was 4,564 cubic fee t  per second (cfs) for 

Following are the long-term mean annual flows a t  principal stations on the Tennessee the 24-year period 1936-60. 
River for the  periods ind ica ted  

~ ~~ ~ 

Period Mean 
Station of Record Annual Flow 

(years) (cfs) 

Knoxville, Tennessee 61 12,810 
Chattanooga, Tennessee 86 37,030 
Florence, Alabama 66 50,620 
Paducah, Kentucky 71 63,790 
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River mouth, t o  d i v e r t  t h i s  cold water up the  Emory River t o  the  con- 

denser intakes of the  Kingston Power P lan t .  The condenser e f f luen t  r e -  

tu rns  t o  the  lower Clinch River. 

I n  the  fu ture ,  thermal differences,  r e su l t i ng  from operation 

of  Bul l  Run Power P lan t  (under construct ion a t  CRM 47.6), w i l l  s t r a t i f y  

flow t o  an appreciable degree i n  Melton H i l l  Lake. 

t he  p lan t  w i l l  have a capaci ty  of 900 megawatts. 

w i l l  be pumped through the  u n i t  a t  928 cubic f e e t  per second and w i l l  

be heated about 18 degrees Fahrenheit. 

The f i rs t  u n i t  of 

The cooling water 



10 

* 

SEDIMENT DEPOSITION 

Whether retention of fission products in bottom sediments of 

the Tennessee River basin is a major factor in determining the fate of 

the releases or constitutes a potential hazard, depends on the con- 

centrations of the fission products in the bottom sediment, mass of 
sediment accumulated on the stream beds, and movement of the deposits 

subsequent to deposition. In later sections of the report, concentra- 

tions of the fission products in the sediments will be considered. In 

this section, the location and extent of the sediment deposits will be 

presented. 

Sediment deposition is considered only in Watts Bar and 

Chickamauga Lakes (see Fig. 2). 

elsewhere is not included because radionuclide concentrations in the 

sediment are extremely low. 

Consideration of sediment deposition 

Description of variations in sediment volume for the period 

of record comes from TVA sediment range surveys. See Figs. 1, 3, and 
4 for locations of sediment ranges, and Fig. 5 and Tables 2 and 3 for 
variations in volume of bottom sediment in study reaches. 

ORNL-DWG 66-4338R 

- SR = TVA SEDIMENT RANGE 
--- MS = SAMPLING 

SECTION FOR ROCKWOOD 
ORNL ANNUAL 
MONITORING 
SURVEYS 

WATTS BAR DAM 

Fig. 3. Map of Watts Bar Lake Showing Bottom Sediment Observation 
See tions 
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ORNL-DWG 66-4339R 

-SR = TVA SEDIMENT RANGE 

---MS SAMPLING SECTION FOR ORNL 
ANNUAL MONITORING SURVEYS 

CLEVELAND 

;A SR CHICKAMAUI 

MS I 

ANOOGA T 8 

Fig .  4. Map of  Chickamauga Lake Showing Bottom Sediment Observation 
Sect  ions 
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T a b l e  2. Change in  Volume of Bottom Sediment i n  

Tennessee River Embayment of Watts Bar L a k e  

for Indicated Periods 

Reach  Change  i n  Volume 

(TRM) (acre- fee t  p e r  mile) 

Begin End 1946-51 1951-56 1956-61 

529.9 532.1 98 - 55 278 

532.1 534.7 85 36 327 

534.7 537.8 47 179 226 

537.8 538.8 134 347 346 

538.8 543.7 40 158 142 

543.7 546.2 14.7 77 200 

546.2 549.9 11.0 - 30 210 

549.9 552.7 44 25 241 

552.7 557.1 44 147 181 

557.1 562.2 34 102 174 

562.2 567.7 22 90 96 

T a b l e  3. Change in  Volume of Bottom Sediment in  

Tennessee River Embayment of Chickomauga L a k e  

for Indicated Periods 

R e a c h  Change  i n  Volume 

(TRM) (acre-feet  per  mile) 

Begin End 1940-47 1947-54 1954-56 1956-61 
~~ 

471.0 475.1 211 - 89.3 89.3 -2.46 
475.1 478.2 180 3.00 -90.7 73.6 
478.2 480.8 534 -338 -153 237 
480.8 484.8 243 - 209 -62.1 157 
484.8 490.4 271 - 190 55.2 80.0 
490.4 496.4 290 - 274 166 149 
496.4 501.7 236 - 230 184 112 
501.7 506.6 156 - 119 97.0 -32.4 
506.6 514.3 142 - 176 94.7 -34.4 
514.3 517.9 82.5 -104 6.41 6.28 
517.9 523.2 88.7 -89.4 -30.1 2.62 
523.2 527.3 89.3 -108 19.8 -32.5 

527.3 529.5 29.3 -45.5 12.9 0.29 

c 

T. 



I n  t h e  Clinch River downstream from the  Emory River, t he  ra te  

of accumulation of bottom sediments averaged a nea r ly  s teady 931 acre-  

f e e t  per year (1946-62). 

periods of gains and losses  i n  volume occurred, with gains and lo s ses  

being near ly  equal over t h e  period of record from CRM 4.3 t o  7.5 and 

from CRM 11.9 t o  19.2.  The continuous and uniform accumulation of bed 

material downstream from Emory River, i n  c o n t r a s t  t o  the  a l t e r n a t e  periods 

of gains and lo s ses  upstream from t h i s  sec t ion ,  appears t o  r e s u l t  from 

extremely low v e l o c i t i e s ,  and deposi t ion of sediments contr ibuted from 

the  Emory River bas in .  Larger changes i n  volume of ‘cottom sediments ob- 

served i n  the  reach between CRM 7.5 and 11.9 than i n  the  reaches 

immediately upstream or  downstream, seem t o  r e s u l t  from loads discharged 

from Poplar Creek ( a t  CRM 12.0).  

Upstream from the  Emory River, a l t e r n a t e  

I n  the  Tennessee River Embayment of Watts B a r  Lake (down- 

stream from the  Clinch River) ,  t he  volume of bottom sediments i n -  

creased i n  each reach f o r  t h e  period of record of sediment range 

surveys, except i n  reaches near Watts B a r  Dam (TRM 529.9 t o  532.1) 

and about midway between Watts B a r  Dam and the  mouth of Clinch River 

(TRM 546.2-549.9). I n  t h e  two c i t e d  reaches,  sediment volume decreased 

between 1951 and 1956; 
o f f s e t  by gains occurring i n  other  reaches.  

i n  t he  Tennessee River Embayment of Watts Bar Iake,  s h i f t s  i n  sediment 

volume (gains  or  l o s s e s )  occurred i n  t h e  deeper p a r t s  of t he  sec t ion .  

High rates of increase  i n  volume of bottom sediments i n  the  

Tennessee River Embayment of Watts B a r  Lake occurred genera l ly  i n  the  

downstream por t ions  of t he  r e se rvo i r ,  downstream from TRM 543.7 
(Table 2 ) .  

between TRM 549.9 and 557.1. 
i n  volume of bottom sediments has been r e l a t i v e l y  low. 

the  losses i n  the  two reaches were more than 

A t  most sediment ranges 

, 

Moderate rates of increase  have occurred i n  the  reaches 

I n  other  reaches,  t he  rate of increase  

I n  Chickamauga Lake sediment volume increased i n  a l l  reaches 

between 1940 and 1947. I n  t h e  next  period between sediment range 

surveys, 1947-54, volume decreased i n  a l l  reaches but  one ( 4 . 1  t o  

7.2 miles upstream from Chickamauga Dam);  

nea r ly  t h e  same or  g rea t e r  than the  gains i n  the  preceding period, 

the  magnitude of losses  w a s  
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espec ia l ly  i n  the  upstream two-thirds of t he  r e se rvo i r  (upstream from 

TRM 490.4). 

four ths  of t h e  reaches i n  t h e  r e se rvo i r .  I n  the  upstream h a l f  of t he  

reservoi r ,  changes i n  volume, e i t h e r  l o s ses  o r  gains,  were appreciably 

l e s s  than changes i n  t h e  downstream p a r t  throughout t h e  period of record. 

Af te r  1954, the  volume increased s l i g h t l y  i n  about t h ree -  

Channel alignment seems t o  influence t h e  t ransverse  d i s t r i b u -  

t i o n  of bottom sediments i n  a sec t ion .  Zones of g r e a t e s t  depos i t ion  i n  

a sec t ion  occur i n  t h a t  por t ion  a f f ec t ed  by eddies i n  t h e  flow. Eddies 

a r e  c rea ted  as t h e  ' l i v e '  flow separa tes  from a curving channel boundary. 

The s i z e  of t h e  eddy depends on t h e  degree of curvature i n  t h e  boundary 

and on the  length of t h e  curve. Bends, i s lands ,  and cons t r i c t ions  i n  a 

channel c r e a t e  eddy zones. Water i n  the  eddy zone i s  i n  slow r o t a t i o n  

with l e s s  v e l o c i t y  and turbulence than i n  t h e  main stream of the  flow. 

With the  decrease i n  dynamic forces a c t i n g  t o  suspend t h e  sediment 

p a r t i c l e s ,  more deposit ion takes place i n  t h e  eddy zones than i n  the  

l i v e  stream of the  r i v e r .  

I n  the  Clinch River, the  influence of bends on the  d i s t r i b u t i o n  

of sediment depos i t s  i n  a sec t ion  has been observed i n  t h e  TVA sediment 

ranges loca ted  a t  CRM 1.3, 4.7, 7.5, and 16.9. 
also have a f f e c t e d  deposit ion pa t t e rns  i n  the  Clinch River. The i n -  

fluence of t h e  flow pa t t e rn  on sediment deposit ion through one bend 

i n  the  Clinch River i s  shown i n  Fig.  6 .  
CRM 5.4 and 6.3, and i s  one of t he  sharpes t  bends i n  t h e  s tudy  reach. 

I s lands  i n  the  channel 

The bend i s  loca ted  between 

Deposition pa t t e rns  i n  t h e  Tennessee River Embayment of Watts 

B a r  Lake a r e  influenced by channel alignmelit, a l s o .  Eddy zones c rea ted  

by i s l ands  and cons t r i c t ions  i n  the  channel a f f e c t  t ransverse  d i s t r i b u -  

t i o n  of sediment a t  more than half  t he  sediment ranges. 

The influence of channel alignment on deposit ion pa t t e rns  i n  

Chickamauga Lake i s  not s o  apparent as i n  Watts B a r  Lake. Apparently 

the  curvature of t he  bends i s  s o  l a r g e  t h a t  pronounced eddy zones a r e  

not c rea ted .  The t ransverse  slope of t h e  channel bed seems t o  have 

more inf luence .  L i t t l e  or  no gain i n  volume of bed ma te r i a l  occuxs 

i n  the  s t e e p e s t  s lop ing  por t ions  of the  bed. 
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RELEPSE OF WIONUCLIDES FROM OAK RIDGE NATIONAL LABORATORY 

Y 

Much of the  l i q u i d  waste products a t  OWL o r ig ina te  from 

various chemical processes used t o  e x t r a c t  a spec i f i c  radionuclide,  

or group of radionuclides,  from nuclear f u e l s  removed from a reac tor .  

I n  1943 and 1944, the  primary e f f o r t s  were d i rec ted  toward ex t rac t ing  

plutonium from f u e l  i r r a d i a t e d  i n  the  graphi te  r eac to r .  These ex- 

t r ac t ions  were made i n  the Chemical-separations P i l o t  P lan t .  

the  WLA program f o r  ex t rac t ion  of I4'Ba and 140h began i n  the  Hot 

Laboratory and Fiss ion Products S e p r a t i o n  Building. 

of f ission-product ex t rac t ion  processes, a t  p i lo t -p l an t  sca le ,  were 

i n i t i a t e d  a t  ORNL. 

separat ions P i l o t  P lan t .  

f i e d  and other spec ia l ized  f a c i l i t i e s  were constructed t o  house ex- 

periments using rad ioac t ive  mater ia ls .  

producing rad ioac t ive  waste a t  ORNL i s  given i n  Table 4. 

I n  1945 

I n  1947 a number 

Many of these processes were i n  the  Chemical- 

Later a c t i v i t i e s  a t  the  Laboratory d ive r s i -  

A l i s t i n g  of major f a c i l i t i e s  

The e f f e c t  of changes i n  methods of disposing of  l i q u i d  

wastes re leased  from f a c i l i t i e s  processing radionuclides may be d i s -  

cerned i n  the  records of the  r e l ease  of rad ioac t ive  waste waters from 

White Oak Lake (see Table 5 ) .  
of a l l  radionuclides between 1949 and 1950 r e su l t ed  when treatment of  

waste waters i n  the  Evaporator (Fig.  7) began. The loads of 137Cs, 

Coy and 144Ce i n  1955 and 1956 suddenly increased due t o  draining 
144 

White Oak Lake i n  October 1955. The r e l ease  of Ce from the  lake 

bed occurred i n  1955 because e i t h e r  t h i s  pa r t i cu la r  radionuclide w a s  

not s t rongly sorbed i n  the  sediments on the  lake bed or because sed i -  

ments containing t h i s  radionuclide were a t  the  surface of t h e  lake bed. 

The cesium and cobal t  re leases  accompanied heavy runoff i n  the  ea r ly  

p a r t  of 1956. 

' 
For instance,  a decrease i n  t h e  loads 

60 

U n t i l  1949, t he  waste-disposal treatment procedure a t  OWL 
14 

could be described as a t r i p l e  s e t t l i n g  process 

underground tanks permit t ing p rec ip i t a t ion  and decay of short- l ived 

radionuclides,  

and (3)  s e t t l i n g  of so l id s  i n  the  Intermediate Pond and White Oak Lake 

: (1) storage i n  

(2 )  deposit ion of p rec ip i t a t e s  i n  the  S e t t l i n g  Basin, 
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Table 4. Facil i t ies Producing and Processing 

Significant Quantities o f  Radioactive Waste 

Materials a t  ORNL 

Facility 

Graphite Reactor 
Chemical-Separation Pilot  Plant 
Chemical Laboratory 
Tank Farms 
Retention Pond (Equalization Basin 

locale) 
White Oak Lake 
Hot Laboratory and Fission Products 

Separation Building 
Settling Basin 
High Radiation Level Chemistry 

Laboratory 
Evaporator 
Metal Recovery P lan t  
Radioisotopes Production Area 
Sewage Treatment Plant 
Seepage P i t s  
Decontamination Laundry 
Sigh Radiation Level Analytical 

Facility 
Process  Waste Water Treatment 

Plant 
Equalization Basin (Process Waste 

System Basin) 
Fission Products Development 

Laboratory 

Year 
Operation 

Began 

1943 
1943 
1943 
1943 
1943 

1943 
1944 

1944 
1948 

1949 
1951 
1951 
1951 
1952 
1955 
1956 

1957 

1957 

1957 

Table 5. Yearly Discharges of Radionuclides to Clinch River (curies)'60a 

137cs 1 0 6 ~ ~  "Sr TRE(-Ce) 144Ce 95Zr  95Nb 1 3 1 1  6oCo 
Gross 

Year Beta 

1949 718 77 110 150 77 18 180 22 77 
1950 191 19 23 38 30 15 42 19 
1951 101 20 18 29 11 4.5 2.2 18 
1952 214 9.9 15 72 26 23 19 18 20 
1953 304 6.4 26 130 110 6.7 7.6 3.6 2.1 
1954 384 22 11 140 160 24 14 9.2 3.5 
1955 437 63 31 93 150 85 5.2 5.7 7.0 6.6 
1956 582 170 29 100 140 59 12 15 3.5 46 
1957 397 89 60 83 110 13 23 7.1 1.2 4.8 
1958 544 55 42 150 240 30 6.0 6.0 8.2 8.7 
1959 937 76 520 60 94 48 27 30 0.5 77 
1960 2190 31 1900 28 48 27 38 45 5.3 72 
1961 2230 15 2000 22 24 4.2 20 70 3.7 31 

0.36 14 1962 1440 5.6 1400 9.4 11 1.2 2.2 7.7 
1963 470 3.5 430 7.8 9.4 1.5 0.34 0.71 0.44 14 

aValues calculated from data supplied by Applied Health Phys ics  Section, ORNL. 

a" 
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(flood destroyed Pond in 1944). 
natant from the tanks mixed with process-waste waters for dilution 

within the plant area at ORNL and effluents from the Settling Basin 

mixed with waters of White Oak Creek and the Clinch River f o r  dilution 

outside the plant area. "This method..of waste disposal..was entirely 

satisfactory because the dilution afforded by the Clinch River lowers 

In addition to triple settling super- 

the (radioactive) liquid waste concentration to acceptable levels it15 . 
In 1949, the Evaporator, the first major modification to 

waste treatment, was placed in operation. Supernatant from the storage 

tanks fed into the Evaporator and its condensates flowed into White 

Oak Creek. The Evaporator was an interim process in waste treatment, 

being decommissioned in 1954. In 1952, a pit dug in Conasauga Shale 
residuum demonstrated that radionuclides could be removed from waters 

seeping through the banks and walls of the pet by filtration and 
sorption in the soil. 

method of waste disposal which soon supplanted the Evaporator. 

pits have been put in operation since 1952. 

These seepage pits (trenches) constituted the 

Seven 

In 1955, the accumulation of radionuclides in White Oak Lake 
presented problems because: (1) the lake had become a habitat for 
nigratory birds and fish, and (2) radionuclides in lake waters had 

come to equilibrium with radionuclides deposited or sorbed on lake bed . 
For these reasons the lake was drained in October 1955. The drained 
lake provided a facility for emergency storage in the event of an 

unusually high-level release of radioactivity. 

1-5 

Growth and diversification of activities at ORNL created 
many sources of release of low-levels of radioactivity to the waste 

water system. To control this problem the Process Waste-Water Treat- 
ment Plant was constructed in 1957. 

106 The release of Ru from White Oak Lake had been almost 

negligible prior to 1959. As a result of leakage from the seepage 
pits subsequent to the transfer of a large quantity of this radio- 

nuclide to the pits, the release increased very substantially in 

1959, 1960, and 1961. 
There are many other fluctuations in the loads of 
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radionuclides released from White Oak Creek that cannot be easily 

documented. The inability to document the fluctuations is due to 

the complexity of operations at ORNL. 
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W A L  MONITORING SURVEYS OF RADIOACTIVTTY IN BOTTOM SEDIMENTS 

Annual monitoring surveys have been made since 1951 at 
selected cross sections between Clinch River Miles 1.1 and 27.5 and 
between Tennessee River Miles 354.5 and 570.8 (note locations of 
tributaries and dams in figures 1 and 2 and in table 1 and locations 

of the observation sections in figures 1, 3, 4, and 8). In 1952 and 
1961 the surveys extended downstream on the Tennessee River to TRM 
24.6; 
to CRM 39.1. 
detector, was used to measure radiation levels at the surface of the 

sediment at about ten equally-spaced points in each section. Be- 

ginning in 1954 the survey included sampling of the upper portion of 
the sediment at flounder observation points with an Ekman dredge. 

Sampling at every point was not always possible because of encountering 

bedrock or  large-sized particles (gravel or cobbles). 

for each section were composited and radiochemical analyses were made 

(see Tables 8-19 for results of radiochemical analyses, Appendix). 

in 1961 the survey was extended upstream on the Clinch River 
In each survey the flounder, a Geiger-Mueller tube 

The point samples 
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Before each survey the  flounder w a s  ca l ib ra t ed  f o r  a t tenua-  

t i o n  of cosmic r ad ia t ion  by water shielding,  and dredge samples from 

For t  Loudoun Lake provided sediment f o r  an estimate of background 

concentrations of spec i f i c  radionuclides.  

Descriptions of instrumentation and of  meVqods of conducting 

surveys and of analyses of  r e s u l t s  of the  surveys a r e  given i n  g r e a t w  

d e t a i l  i n  repor t s  by Garner and Kochtitzky 5 6 and by C o t t r e l l  . 
Longitudinal Dis t r ibu t ion  

Flounder data from the  1958 and 1961 surveys i l l u s t r a t e  

general  pa t te rns  of d i s t r i b u t i o n  of r ad ioac t iv i ty  i n  bottom sediment 

o f  t he  Clinch and Tennessee Rivers (Figs .  9 and 10). Flounder count 

r a t e s  observed i n  1958 were general ly  higher than r a t e s  f o r  preceding 

or subsequent surveys; data from the  1961 survey a r e  the  most recent  

ava i lab le .  

Highest average count r a t e s  i n  the  Clinch River have been 

confined t o  the  reach extending from CRM 5 t o  15. The annual maximum 
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Fig .  10. Variat ion of Average Flounder Count Rate i n  Tennessee River, 
Surveys of 1958 and 1961. 

average count rate s h i f t e d  somewhat from year t o  year,  general ly  

occurring a t  e i t h e r  CRM 8.0 or  10.0. 

d i s t r i b u t i o n  of r a d i o a c t i v i t y  between CRM 5 and 15 does not  appear t o  

s h i f t  appreciably as the  radionucl ide loads re leased  from White Oak 

Lake change from year t o  year .  

The cent ro id  of t h e  longi tudina l  

I n  most years average flounder count r a t e s  upstream from 

CRM 14 or 15 w e r e  lower than those i n  reaches downstream. 

of sediment deposi ts  i n  t h i s  por t ion  of the  r i v e r  has been l e s s  than 

i n  the  por t ion  of t he  study reach downstream from CRM 14 or 15. 
of accumulation of sediment depos i t s ,  e spec ia l ly  f i n e l y  divided 

p a r t i c l e s ,  upstream from these  sec t ions  i s  the  probable reason f o r  ob- 

serving lower l e v e l s  of r a d i o a c t i v i t y  (see sec t ion  on Physicochemical 

Charac t e r i s t i c s ) .  

Accumulation 

Lack 

Low count rates have been observed a t  CRM 2.6, r e l a t i v e  t o  

those fo r  sec t ions  a t  CRM 1.1 and 4.7, i n  each annual f lounder survey. 

The decrease i n  average count r a t e  between CRM 4.7 and 2.6 i s  g rea t e r  

than t h a t  t o  be expected from volumetric d i l u t i o n  due t o  inflow from 
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the Emory River (24 percent of flow in Clinch River). 
measurements made at CRM 2.6 may not be representative of the general 
longitudinal distribution of radioactive sediments in this region of 

the river. The measuring section is immediately downstream from the 

cooling-water outlet from Kingston Power Plant, and is also immediately 

downstream from a small tributary entering from the right bank. At 

a section located immediately upstream from the cooling-water outlet, 

radiation levels are higher than at the 'standard' measuring section 

for CRM 2.6 and are about 16 percent less than those observed at CRM 

Count-rate 

4.7. 
Hemphill and others compared various methods of determining 

longitudinal distribution of radioactivity in the Clinch River (Fig.  

ll)2. 
the surface of the sediment, average gross gamma count of one-inch 

segments of cores, and radionuclide content of composites of the cores. 

Later, R. W. Andrewx7 superposed results of radiochemical analyses of 
total identified radioactivity in dredge samples (collected by USF'HS 

Data used in comparison included average flounder count rate at 
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personnel) on the comparative plot, Pig. 11. 
Fig. 11 are much alike for all methods. Differences in patterns re- 

sult primarily from differences in location of sampling sections. 

Only one survey in 1960 included observations at CRM 20.8. 

The patterns in 

Radionuclide concentration in bottom sediment of the Tennessee 

River appears to decrease exponentially for standardized concentra- 

tion of 137Cs (Fig. 12). Standardized concentrations are estimtes 

of the concentration for sections located 3 miles upstream from the 
dams. 

5 Garner and Kochtitzky concluded that in the 1952 survey the 
flounder was detecting only variations in the radioactivity of naturally 

occurring radionuclides in bottom sediment downstream from Hales Bar 

Dam (TRM 431.1). 
rather than that of flounder count rate is used to study longitudinal 

distribution of radioactivity in the Tennessee River (Fig. 13). 

Therefore, variation in concentration of 137Cs 

There is a tendency in the Tennessee River for radioactivity 

to increase in concentration in the downstream direction within a 
,- 
b reservoir (see Fig. 13) .  Cottrell 

reasoned that the increase was the 

result of scouring action in the 

first 20 miles of reach downstream 

from the dam and deposition farther 

downstream into the reservoir. 
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Influence of Dispersion and Flow Pat te rn  

Releases from White Oak Creek remain c lose  t o  the  r i g h t  bank 

of t he  Clinch River f o r  more than a mile downstream. Latera l  mixing 

of waters from White Oak Creek i s  complete a t  dis tances  somewhere be- 

tween 4 and 6 miles downstream f rom the  mouth of  the creek 

Parker inves t iga ted  f ac to r s  influencing development of complete l a t e r a l  

mixing, p a r t i c u l a r l y  temperature differences between waters of  the  

creek and r i v e r ,  i n  1957 and i n  1959 
t e s t s  he found t h a t  waters from White Oak Creek generally passed 

through t h e  r i g h t  channel of t h e  r i v e r  a t  Jones I s land  (Fig.  1) and 

remained i n  the  r i g h t  port ion of t he  channel f o r  a considerable dis tance 

downstream from the  i s l and .  

1, 3 ,  18 

. Through a s e r i e s  of t r a c e r  18, 19 

Incomplete l a t e r a l  mixing of waters from White Oak Creek has 

an e f f e c t  on the  dispers ion of r a d i o a c t i v e - p t e r i a l s  i n  bottom sedi-  

ment i n  the uppermost reaches of t h e  study a rea .  

t he  highest  flounder count r a t e s  occur i n  the  r i g h t  t h i r d  of t he  

channel bed (see  Fig.  10, Ref. 6 ) .  

A t  CRM 19.4 and 20.7 

Farther  downstream i n  the Clinch River d i s t r ibu t ion  of  radio- 

a c t i v i t y  across  the  sec t ion  seems t o  be influenced by the l o c a l  flow 

pa t te rn .  I n  pa r t i cu la r  eddy zones i n  and about bends, is lands,  and 

submerged r idges a f f e c t  the  d i s t r i b u t i o n .  Count r a t e s  a r e  higher i n  

the  p a r t  of t he  stream bed which i s  i n  or near the  convex s ide  bends 

(CRM 4.7, 5.8, 6.9, 9.4, 12.5, 14.0, and 15.2, Fig. 1). 

of r ad ioac t iv i ty  i n  the  sediment i s  f a i r l y  uniform across  the  sect ions,  

or i s  s l i g h t l y  higher a t  mid-section, a t  CRM 8.0, 11.0, and 16.3. 
There a r e  small s l i g h t l y  exposed i s lands  or s l i g h t l y  submerged r idges 

i n  the  v i c i n i t y  of these sec t ions .  

Concentration 

I n  the  Tennessee River d i s t r i b u t i o n  of r ad ioac t iv i ty  i n  

bottom sediments across  sec t ions  i s  more uniform than f o r  sect ions 

i n  the  Clinch River. Nevertheless channel alignment has an e f f e c t  

on t h e  d i s t r i b u t i o n  pa t te rn ,  bu t  the  e f f e c t  i s  l e s s  marked than i n  

the  Clinch River (see F igs .  3, and 10-14, Ref. 6 ) .  
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Limits of Detection 

Presumably bottom sediments in the Clinch River upstream 

from the mouth of White Oak Creek should not be contaminated by 

fission-product releases from White Oak Lake. Sediments at CRM 27.5 
do seem to be free of contamination by these releases. At CRM 21.5, 
0.7 mile upstream from the mouth of White Oak Creek, unusually high 
flounder count rates were obtained in surveys of 1957, -58, and -59. 
Contamination of bottom sediments with fission-product releases 

apparently occurred in the river upstream from the creek, at least 

as far as CRM 21.5. During short periods of essentially no flow, 

contaminated material could have been carried in waters of the Clinch 

River upstream from White Oak Creek either by adverse velocity 

gradients or by wind action. In 1961, radioactive contamination of 
the river bed sediment due to releases from White Oak Creek did not 

extend upstream to CRM 24.1, nor was there p” ,onounced contamination 

at CRM 21.5. 
From study of available data it is concluded that the bottom 

sediments of the Tennessee River upstream from the mouth of the Clinch 
River at TRM 570.8 (Fig. 3) have not been contaminated by fission- 
product releases during the period 1954-61. 

Samples of bottom sediments collected in the Clinch River 

at CRM 21.5, in the Tennessee River at TRM 570.8, and in Fort 
Loudoun Lake in 1961 are assumed to be uncontaminated by releases 
from White Oak Lake. The average concentration of each radionuclide 
in samples from these sections is considered to represent the back- 
ground concentration for the radionuclide. Concentrations of Io6Ru 

in composite samples obtained in the annual monitoring survey of 1961 
(Tables 16, 17, Appendix) were greater than background (2.4 pc/g) in 
the reach extending from the mouth of White Oak Creek on the Clinch 

River to near the mouth of the Tennessee River, near Paducah, Kentucky. 

Concentrations of 137Cs, 90Sr, Ce, and Co were found 144 60 

to be greater than background (respectively 1.3, 0.18, 0.73, and 0.34 
pc/g) in Pickwick Landing Lake. Concentrations of 95Zr and 95JYb, 
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trivalent rare earths, and 90Y were higher than background upstream 
from Guntersville Dam (backgrounds, respectively, were 0.73, 1.0, 
and 1.0 pc/g) . 

5 As Garner and Kochtitzky have pointed out, the concentra- 

tions of fission products in the bottom sediments are not enough 

greater than concentrations of naturally occurring radionuclides in 

sediments to cause a significant response in the detector of the 

flounder. Very low-level contamination detected by the founder is 

almost exclusively that due to gamma emissions of 137Cs. The con- 

centration of 137Cs must be greater than 4 pc/g in order to cause a 
significant response in flounder count rate. 

have been generally less than 4 pc/g in bottom sediments downstream 

from Guntersville Dam (see Table 9, Appendix). 

Concentrations of 137Cs 
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RADIONUCLIDE CONTENT OF UPPER PORTION OF BOTTOM SEDIMENTS 

c 

Relationshi-o of Concentration i n  Sediment t o  Annual 

Load Released from White Oak Lake 

Annual va r i a t ions  i n  concentrations of radionuclides i n  the  

upper port ion of  bottom sediments appear t o  follow the  same pa t te rns  

of  va r i a t ions  a s  annual re leases  of these radionuclides from White 

Oak Lake. For example, t he  concentration of 137Cs i n  composite 

samples of bottom sediment from CRM 1.1 (from annual monitoring 

surveys) var ies  almost d i r e c t l y  with the  t o t a l  quant i ty  of  t h i s  radio-  

nuclide released from White Oak Lake during the  preceding year ( Ju ly  1 

t o  June 30) f o r  t he  period 1954-61 (see Fig.  14) . 
index i s  0.80. 

found i n  bottom sediment a t  t h i s  sec t ion  of the  Clinch River, a r e  

l i s t e d  i n  Table 6.  

4 
The co r re l a t ion  

Correlat ion indices  fo r  other p r inc ipa l  radionuclides,  

Annual changes i n  the  coneentration of  most radio- 

z 

Fig. 14. Relationship of Annual Changes i n  137Cs Concentration i n  
Bottom Sediments a t  CRM 1.1 t o  Changes i n  Annual Load of 137Cs 
Released from White Oak Lake i n  Year Beginning Ju ly  1 and , 

ending June 30 



Table 6. correlation Indices for Comparison of Annual Determinations of Radionuclide Concentrotions in  

Bottom Sediment at Selected Sections in  the Clinch ond Tennessee Rivers to Annual Loads Releasede 

Correlation Index 

Location Radionuclide 

137cs  lo6Ru 1 4 4 ~ e  ' ~ r  6Oco 
Rare 

Earthsb 

19.1 
16.3 
15.2 
14.0 
11.0 

1.1 

(TRM) 

562.7 
432.0 
491.9 

0.87 
0.96 
0.90 
0.90 
0.93 
0.80 

0.96 

0.92' 
0.91 

0.76' 
0.97 
0.94' 
0.95 
0.98 
0.89 

0.99 
0.93 
0.97' 

0.41d 
0.40d 
0.75' 
0.57d 
0.80 
0.66 

0.97 
0.91 
0.73' 

0.62C'd 
0.81 

0.92' 
0.79 
0.90 
0.72 

0.27d 
0.22d 
0.11 ' 0  

0.5 1 
0.62' 
0.79 
0.4gd 
0.84 

e 

0.70 
0.78 
0.85' 

0.69 
0.89 
0.90 
6.92 
0.92 
0.4gd 

0.89 
0.47d 
0.66' 

aCorrelation of logarithms of radionuclide concentrations which were determined for annual monitoring surveys in  

bRadiochemical analyses  included 
'No data for 1955 survey. 
dCorrelation index not significantly different from zero. 

eInsufficient data for analysis.  

period 1954-61. From records furnished by ORNL Applied Health Physics  Section. 
but exculded 144Ce. 

nuclides in the upper portion of bottom sediments appear related to 

load of the radionuclides released annually through White Oak Dam 

throughout the study reaches in the Clinch and Tennessee Rivers (Table 

6). 
Two models describe possible means of incorporation of radio- 

nuclides in the bottom sediment in response to annual releases through 

White Oak Dam: 
sediments which sorbed radionuclides prior to their release through 

White Oak Dam 

river of radionuclides released as dissolved ions . 

(1) deposition during preceding 12 months of suspended 

(2) O r ,  sorption in situ by bottom sediments in the 
4 -- 

Both models require either regular, continuous deposition of 

sediment over much of the sampled section, or release of fairly constant 

quantities of the radionuclides during the preceding 12 months. Model 

(2) requires rapid establishment of chemical equilibrium between water 

and sediment followed by each incremental layer of sediment being 

covered and sealed by other sediment. Quantities of radionuclides re- 

leased from White Oak Lake have not been constant. Furthermore, 

c 
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deposi t ion of sediment a t  sampling sec t ions  i s  not  continuous across  

t h e  e n t i r e  width of t h e  sec t ion  (see Tables 2 and 3, Fig.  5 ) .  However, 

data f o r  TVA sediment ranges show wide zones of continuous, n e t  accumu- 

l a t i o n  of sediment on the  s ides  of t he  stream channel, and only areas 

along the  thalweg of t h e  stream channel are  sub jec t  t o  scour, pa r t i cu -  
4 

l a r l y  i n  periods of high streamflow . 
For r e l eases  of 137Cs, more than 80 percent  of the  radio-  

nucl ide passing through White Oak Dam i s  assoc ia ted  with suspended 

sediment2'. 

i s  no t  r e a d i l y  r eve r s ib l e  . 
sediments can be assumed t o  conform t o  model (1). 

The r eac t ion  by which cesium i s  sorbed on the  sediment 
4 Hence, incorporat ion of 137Cs i n t o  bottom 

Relat ionships  i n  t h e  Longitudinal D i s t r ibu t ion  of  Radionuclides 

S i m i l a r i t i e s  i n  longi tudina l  d i s t r i b u t i o n  of c e r t a i n  rad io-  

nucl ides  i n  t h e  bottom sediments i n  1961 annual monitoring survey 

appear t o  p e r s i s t  from t h e  mouth of White Oak Creek on the  Clinch 

River t o  the  mouth of t he  Tennessee River ( see  Tables 8-19, Appendix). 

Correlat ion analyses  have been used t o  s tudy the  r e l a t ionsh ips  i n  

longi tudina l  d i s t r i b u t i o n  of these  radionucl ides .  I n  the  c o r r e l a t i o n  

analyses the  index of co r re l a t ion ,  standard e r r o r  of  t h e  estimate, 

and regress ion  c o e f f i c i e n t  were computed for t h e  comparison of 

logarithms of concentrat ions f o r  a l l  poss ib le  pa i r ings  of 137Cs, 

6oCo, 144Ce, 95Zr, 95Nb, 90Sr, and t r i v a l e n t  rare ea r ths  ( including 

106 
Ru, 

but excluding 144Ce)4. I n  Fig.  15 t he  regress ion  curves f o r  t he  

comparison of concentrat ion of the  ind ica ted  radionucl ide t o  t h e  

concentrat ion of 137Cs are p lo t ted ,  and the  ind ices  of c o r r e l a t i o n  

and standard e r r o r s  of  t he  est imate  are  l i s t e d .  

The s i m i l a r i t y  i n  s lopes for t h e  regress ion  curves i n  F ig .  
106 60 15 between concentrat ions of Ru, Coy rare ea r ths ,  and 137Cs 

suggests t h a t  similar mechanisms con t ro l  t he  long i tud ina l  d i s t r i b u t i o n  

of these  p r t i c u l a r  radionucl ides .  

The concentrat ions of radionucl ides  i n  bottom sediments 
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Fig .  15. Correlat ions Showing S i m i l a r i t y  i n  t h e  Longitudinal Dis t r ibu t ion  
of Radionuclides i n  t h e  Bottom Sediments of t h e  Clinch and 
Tennessee Rivers 

decrease i n  the  downstream d i r ec t ion  i n  t h e  Tennessee River ( see  Fig.  16) 
The p o s s i b i l i t y  e x i s t s  t h a t  flow d i l u t i o n  i s  t h e  cause f o r  t he  decrease 

i n  concentrat ion.  

pected due t o  flow d i l u t i o n  (discharge records f o r  t he  period 1960-60 

furnished by TVA and USGS) with d is tance  downstream from Watts B a r  

Dam i s  shown by the  l i n e  l abe l l ed  "discharge".  Other curves i n  the  

figure depic t  the  r e l a t i v e  change i n  concentrat ion of a radionuclide 

with d is tance  downstream from Watts Bar Dam (referred t o  i t s  concentra- 

t i o n  f o r  the  f i rs t  sec t ion  upstream from Watts B a r  D a m ) .  

p o s s i b i l i t y  e x i s t s  - t h a t  t he  decrease i n  radionucl ide concentrations 

i n  the  downstream d i r e c t i o n  r e s u l t s  from d i l u t i o n  of contaminated sed i -  

I n  Fig.  16, t he  decrease i n  concentration t o  be ex- 

Another 

ments by uncontaminated sediments (lowermost curve i n  Fig.  16). 
expected d i l u t i o n  of contaminated sediments by uncontaminated sediments 

w a s  computed from da ta  on t h e  f r a c t i o n  of t he  sediment i n  a r e se rvo i r  

t h a t  o r ig ina ted  from the  next upstream rese rvo i r  . 

of each radionuclide,  except f o r  90Sr, appears t o  be g rea t e r  than 

The 

5 

Based on curves i n  F ig .  16, t he  reduct ion i n  concentration 
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simple volumetric d i l u t i o n  but not  as g rea t  as d i l u t i o n  by uncontaminated 

sediment. 

Resul ts  of ana lys i s  i n  Figures 1-5 and 16 f u r t h e r  suggest 

t h a t  t he  mechanism con t ro l l i ng  t h e  d i s t r i b u t i o n  pa t t e rn  f o r  s eve ra l  

radionucl ides  i s  sedimentation r a t h e r  than the  chemical process of 

equ i l ib ra t ion  ( r eve r s ib l e  sorp t ion)  be tween radionucl ide concentrat ions 

i n  t h e  sediments and i n  the  water. Furthermore, once these radionucl ides  

a r e  incorporated i n t o  bottom sediments t h e  p o t e n t i a l  f o r  t h e i r  r e l e a s e  

through desorpt ion i s  almost neg l ig ib l e  . 4 

Slopes of t he  curves f o r  95Zr and 951Tb and f o r  "Sr are  

d i f f e r e n t  from those f o r  other  radionucl ides  i n  Fig.  15. The d i f fe rences  

i n  s lopes of t he  curves imply t h a t  d i f f e r e n t  mechanisms may be con t ro l l -  

ing  t h e  d i s t r i b u t i o n  of these  th ree  radionucl ides  i n  the  bottom sedi -  

ments. 

q u i t e  similar t o  the  d i s t r i b u t i o n  t h a t  would have r e su l t ed  from the  

e f f e c t s  of flow d i l u t i o n  (Fig.  16) .  

Longitudinal d i s t r i b u t i o n  of "Sr i n  the  bottom sediments i s  

It i s  q u i t e  probable t h a t  t h e  

most important mechanism con t ro l l i ng  the  longi tudina l  d i s t r i b u t i o n  of 

'OS, i s  flow d i l u t i o n  ( see  sec t ion  on Physicochemical Charac t e r i s t i c s  

and R e f .  4 ) .  

Seasonal Changes i n  Dis t r ibu t ion  of Radioac t iv i ty  

I n  general ,  l e v e l s  of r a d i a t i o n  i n  bottom sediments of t he  

Clinch River tend t o  increase  as t h e  d is tance  downstream from White 

Oak Creek increases  (see Fig .  17). This tendency has been ascr ibed  

t o  hydraul ic  f a c t o r s  t h a t  m y  inf luence sediment deposi t ion:  l a r g e r  

flow areas, lower v e l o c i t i e s ,  and g rea t e r  sur face  a rea .  However, t he  

change i n  r a d i a t i o n  l e v e l s  with d is tance  i s  not  r egu la r .  I n  par t icu-  

lar r e l a t i v e l y  high l e v e l s  of r a d i a t i o n  have been observed, i n  summer 

surveys, a t  s eve ra l  sec t ions  downstream from CRM 12 . 4 

Possibly the  higher zones of r ad ia t ion  l eve l s  downstream 

from CRM 12 r e s u l t  from seasonal  va r i a t ions  i n  these  and other  

hydraulic f ac to r s ;  i n  t he  winter season g rea t e r  discharges and in-  

creased v e l o c i t i e s  of flow occur; i n  t h e  summer thermal s t r a t i f i c a -  

t i o n  occurs when flows a r e  less than 10,000 c f s  ( see  F ig .  13, R e f .  4 ) .  
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a t  t h e  Surface of Bottom Sediments i n  Clinch River 
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A survey of gamma rad ia t ion  a t  t h e  sur face  of bottom sedi -  

ment, by ORNL Waste Disposal Research Sect ion and USGS, i n  t h e  spr ing  

of 1963 (Apr i l  30 t o  May 8) explored the  possible  inf luence of t he  

seasonal  changes i n  t h e  var ious hydraul ic  f a c t o r s  on d i s t r i b u t i o n  of 

rad ioac t ive  sediments. 

af ter  t h e  winter  high flows as p rac t i cab le  using t h e  method reported 
6 by C o t t r e l l  . 

This spr ing  survey (1963) was made as soon 

The r e s u l t s  of t h ree  g a m  rad ia t ion  surveys shown i n  Fig.  17, 
summer surveys of  1962 and 1963 and spr ing  survey of 1963, seem t o  

ind ica t e  t h a t  t he  decrease i n  e f f e c t i v e  flow area due t o  thermal 

s t r a t i f i c a t i o n  i n  the  summer period does not  cause any major change i n  

the  longi tudina l  v a r i a t i o n  of r a d i o a c t i v i t y  i n  t h e  bottom sediments . 4 

i 

t 

Ver t i ca l  D i s t r ibu t ion  of Radioac t iv i ty  i n  Upper S t r a t a  

of Bottom Sediments 

Limited information i s  ava i l ab le  on the  v e r t i c a l  d i s t r i b u -  

t i o n  of r a d i o a c t i v i t y  i n  bottom sediments of t he  Clinch River from 

gross gamma counting of cores,  co l lec ted  i n  the summer of 1960 (see  

Descr ipt ion of Available Data). 

cor ing t o o l  used f o r  t h e  sampling was 14 inches.  

s h o r t  depth of pene t ra t ion  ava i lab le ,  plugging of t h e  core  b a r r e l  

f requent ly  occurred. Hence, information on the  v e r t i c a l  d i s t r i b u t i o n  

of r a d i o a c t i v i t y  w a s  r e s t r i c t e d  t o  a r e l a t i v e l y  t h i n  layer of t h e  

uppermost s t ra te  of bottom sediments (average length of sample 7-l/2 
inches ) . 7 

Maximum depth of pene t ra t ion  of t he  

I n  add i t ion  t o  t h e  

Some v a r i a t i o n  i n  r a d i o a c t i v i t y  with depth w a s  noted i n  

p r a c t i c a l l y  a l l  of t h e  lo7  cores  co l l ec t ed  from t h e  nineteen sec t ions ,  

CRM 4.7 t o  22.5, sampled i n  1960. The d i s t r i b u t i o n  of r a d i o a c t i v i t y  

i n  some cores  seemed t o  be re la ted t o  increases  and decreases i n  t h e  

annual loads of radionucl ides  re leased  through White Oak Dam. For 

example, similar pa t t e rns  of v e r t i c a l  d i s t r i b u t i o n  i n  gross gamma 

count occurred i n  th ree  cores  co l l ec t ed  a t  CRM 9.0 (Fig.  18). 
pa t t e rns  were s i m i l a r  t o  t he  p a t t e r n  of gross gamma r a d i o a c t i v i t y  

re leased  annual ly  through White Oak Dam ( i n s e t ,  lower l e f t  corner,  

These 
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Fig. 18). 
A study of all plots of vertical distribution of radio- 

activity in cores, showed that radioactivity levels neared background 

levels where the water depth over the coring hole, at the time of 

coring, was less than five feet, in sections downstream from CRM 16.9. 
From November to April in each year water levels in the river are 

nominally five to six feet lower than the levels at the time of coring 

(summer 1960). 
of the sampling section may result from shorter duration of contact 

with radioactive waters of the Clinch ('summer' period) River and, also, 

may result from subaerial erosion of exposed sediments in the 'winter' 

period. 

Low radioactivity levels in shallow-water portions 

Effects of Flow Area and Channel Curvature on Distribution 

of Radionuclides 

R. W. Andrew21rwas first to define a relation between flow 
area and the concentration of radionuclides in bottom sediments for 

the Clinch and Tennessee Rivers (Fig. 19). Andrew described the 
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Fig. 19. Variation of Total Identified Radionuclide Concentration with 
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r e l a t i o n  i n  Fig.  19 a s  def ining a d i l u t i o n  e f f e c t .  He,  as C o t t r e l l  6 , 
bel ieved t h a t  i f  the  r ad ioac t iv i ty  i s  dispersed over a la rger  a rea  

(surface a rea  of t he  bottom sediments) the  concentration of the  radio-  

a c t i v i t y  must be l e s s .  

The flow area,  used t o  develop t h e  r e l a t ionsh ip  i n  Fig.  19, 
i s  normal t o  the  channel-bed surface a rea .  Hence, the  f l o w  area  i s  

not a d i r e c t  expression of e i t h e r  ' d i l u t i o n '  or surface a rea .  How- 

ever, geometrical p roper t ies  of sec t ions  i n  the Clinch and Tennessee 

Rivers a r e  such t h a t  the  length of perimeter for t h e  sec t ions  general ly  

increases  as the  flow area  of these sect ions increases .  The product 

of perimeter length and longi tudina l  dis tance i s  t h e  surface a rea  of 

the  channel bed. Thus, flow area  for t he  study reaches i n  the  two 

r i v e r s  i s  an i n d i r e c t  measure of surface a rea .  

I n  previous sec t ions  of t h i s  r epor t  the influence of  channel 

geometry, p a r t i c u l a r l y  curvature,  on the  deposit ion of sediment and 

on the d i s t r i b u t i o n  of r ad ioac t iv i ty  i n  these sediments has been d i s -  

cussed. R .  W .  Andrew'' del ineated a possible  r e l a t ionsh ip  between 

radionuclide content of  the  bottom sediments and channel curvature.  

He found t h a t  t he  concentration of radionuclides i n  the upper port ion 

of  bottom sediments increased as the  rad ius  of curvature increased. 

A de f in i t i ve  r e l a t ionsh ip  between concentration and curvature w a s  not 

es tabl ished because information w a s  lacking on e f f e c t s  of other f ac to r s  

( p a r t i c l e  s i z e ,  pos i t ion  of t h e  sampling sec t ion  r e l a t i v e  t o  beginning 

of  bend). 
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INVENTORY OF RADIONUCLIDES IN SEDIMENTS 

Complete inventory of radioactivity in the bottom sediments 

of the Clinch and Tennessee Rivers has not been made prior to work 

reported in Part B of this report. 

materials associated with these sediments might be ascertained by 

The quantity of radioactive 

utilizing data on radionuclide concentrations obtained in annual 

monitoring surveys and on sediment deposition or by radiochemical 
analyses of cores collected in these river sediments . 4 

Inventory of Radionuclides in Upper Portion of Clinch River 

Bottom Sediments 

Based on estimates of radioactivity in the bottom sediments 

of the Clinch River, from results of core sampling program in 1960, 
the total quantity of radioactive material accumulated is small relative 

to the quantity of radioactivity released through White Oak Dam. 
The following quantities of radionuclides, in curies, were 

found to be associated with the upper 6-10 inches of sediments: 
for 137Cs, 14.7 for rare earths, 13.2 f o r  

0.7 for 90Sr; 
the reach extending from CRM 4.7 to 21.5 (essentially between the 
mouths of Emory River and White Oak Creek). 

of obtaining this inventory and more detailed results of the work were 

reported by Morton . 

43.2 
106 60 Ru, 4.7 for Co, and 

This inventory was made for the total is 76.5 curies. 

Computational methods 

2 

Through review of sediment range data furnished by TVA the 

average sediment thickness is estimated to be three to four times 

greater than that sampled by the coring tool used in the 1960 inventory 
work. For this reason it might be assumed that the total quantity of 
radioactivity in the bottom sediments is a few times greater than the 

76.5 curies determined as a result of the coring done in the summer 
of 1960. 

The inventory could be on the order of 200 curies. A 
comparison with the quantities of radionuclides released through 
White Oak Dam, listed in Table 5, will show that the relative retention 
of these radionuclides in the bottom sediments is small. 
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PHYSICOCHENICAL CHARACTERISTICS OF BOTTOM SEDIJXEXTS 

Particle-Size Distribution in Bottom Sediments 

Two separate determinations were made by the U. S. Geological 
Survey of the particle-size distribution in cross-sectional samples 

composited from bottom sediment cores collected during 1961 at five 
sections in the Clinch River. The averages of the results of those 

determinations (Table 20, Appendix) indicate the bottom sediment in 

the Clinch River to be a well graded silty loam with a rather constant 

content of clay-size material. The minimum median particle size 

occurred at CRM 11.9. 
The quantity of radionuclides sorbed on river sediment should 

increase with decreasing particle size of the sediment for two reasons: 

(1) because the relative content of clay minerals, the mineral group 
with the highest sorption capacities for many cations, usually in- 

creases as the median particle size of the sediment decreases; (2) 

because in many minerals, including the clay minerals, the exchange 

capacity varies directly with the surface area, which increases as 

particle size decreases. 

Relationship between particle-size distribution and radio- 

nuclide concentrations (OWL radiochemical analysis ) in the sediment 
with dis tance for t h e  f i v e  r i v e r  cross  sect ions sampled i s  shown i n  

Fig. 20. Radionuclide concentrations vary more widely from section 

to section than does particle-size distribution and do not appear to 

bear the direct relationship to particle-size distribution that might 

be expected on the basis of the statement made in the preceding para- 

@=Ph * 

Comparison plots of particle-size distribution and 137Cs 

content of bottom sediment samples collected in a single survey of 
the Clinch and Tennessee Rivers by the USWS have been made by R. W. 

22 Andrew and are shown in Fig. 21 . A possible correlation exists 
between the percent clay-size particles in the bottom sediments and 

the cesium content of the samples studied by Andrew. 



43 

c 

100 

80 

60 

40 

20 

10 

8 

6 

4 

2 

4 

0.8 

ORNL-DWG 66-4350 

4 6 8 10 12 14 16 18 20 22 
CLINCH RIVER MILE 

Fig .  20. Longitudinal Var ia t ion  i n  Radionuclide Content, i n  Free 
Calcium Carbonate Content, and i n  Pa r t i c l e -S ize  Di s t r ibu t ion  
of  Clinch River Bottom Sediment 



44 

0 

0 
0 
0 

7 + 

0 

ORNL-DWG 66-4351 

/ 
hRELATIONSHIP FOR SAMPLES 

FROM CRM 11.9 
C= -4.53 + 5#22 pC f COEFFICIENT OF CORRELATION = 

RELATIONSHIP FOR SAMPLES 

FROM l R M  562.2 
C= -5.66 + 0,96 pC 
COEFFICIENT OF CORELATION = 0,985 - 

1- 
1,870 

4 8 12 16 20 24 28 32 36 40 
Pc, CLAY CONTENT (%) 

Fig. 21. Relation of Content of Clay-Size Fraction (<2p diameter) in 
Bottom Sediment to Radionuclide Concentration in Sample. 



I 

I 

45 

Sorption and Cation Exchange Propert ies  of  Bottom Sediments 

The p r inc ipa l  means of uptake of radionuclides by Clinch 

River bottom sediments has been postulated t o  be ca t ion  exchange, a 

type of  sorpt ion.  For t h i s  reason, the  t o t a l  ca t ion  exchange capaci ty  

and the  exchangeable ca t ion  content of bottom sediment cores co l lec ted  

a t  the  f i v e  sec t ions  sampled during 1961 were determined by the  U.  S. 

Geological Survey. 

The t o t a l  ca t ion  exchange capacity,  determined by an ammonium 
+ chlor ide leaching method, w a s  much the  same f o r  a l l  samples (11.3 - 0.2 

meq/100 grams). The t o t a l  "exchangeable" ca t ion  contents varied,  how- 

ever, and i n  a l l  samples exceeded the  determined t o t a l  ca t ion  exchange 

capaci ty .  Because exchangeable sodium and potassium were not present,  

and t h e  content of  exchangeable magnesium w a s  almost the  same i n  a l l  

samples (6 .0  - 0.2 med l00  grams), the  va r i a t ion  i n  t o t a l  l'exchangeable'l 

ca t ion  content i s  obviously the  r e s u l t  of va r i a t ion  i n  the  "exchangeable" 

calcium content of t he  f i v e  samples. The anomalously high "exchangeable" 

calcium content,  higher i n  a l l  samples than t h e  determined t o t a l  ca t ion  

exchange capacity,  together with the  moderately high pH's of the  samples, 

ind ica tes  t h a t  calcium carbonate i n  the  sediment w a s  dissolved when the  

sediment w a s  leached with ammonium chlor ide.  This implication con- 

cerning the  mineralogy of  t he  bottom sediments w i l l  be discussed i n  

a l a t e r  paragraph. 

+ 

I n  order to fu r the r  def ine the  ca t ion  exchange proper t ies  of 

Clinch River bottom sediments, eleven sediment samples of the  composited 

cores co l lec ted  from the  Clinch River i n  1960 were evaluated fo r  t h e i r  

a b i l i t y  t o  sorb strontium. 

a rad ioac t ive  t r a c e r  (5.0 x meq of strontium i n  200 m l ) ,  a mean 

value of 49.3 - 1.7 percent of t h e  strontium w a s  removed by 0.1 gram 

of the  sediments. The da ta  on exchangeable ca t ion  content of t he  

composite samples ind ica te  t h a t  t h e  sa tu ra t ing  cat ions on the  clays 

a r e  calcium and magnesium. 

50% of the  strontium can be sorbed, leaving 50% of the  strontium s t i l l  

i n  solut ion,  then one would suspect t h a t  t he  calcium plus  magnesium on 

the  exchange s i t e s  equals t h a t  i n  so lu t ion ,  i .e . ,  it equals 50% of t h e  

I n  demineralized water containing 85Sr as 

+ 

If i n  a system of t h i s  sort approximately 
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total calcium plus magnesium (ion exchange plus dissolved) in the 

system. 

Sr/Mg selectivity by clays is the same as the observed ratio for Sr/Ca 

selectivity by clays, i.e., 1.0. 

This suspicion is based on the assumption that the ratio for 

The source of the dissolved calcium in the sediment-distilled 

water mixtures used in the sorption studies can be assumed to have been 

calcium carbonate contained in the sediment. The sol.ubility of ca1ci.m 

carbonate has been reported to be 0.014 gram~/liter~~. 

would correspond to 0.056 meq Ca in 200 m1 of saturated solution, which 

is greater than the 0.022 meq Ca that would be 50% of the total 

calcium plus magnesium in the system (0.022 meq Ca + Mg on exchange 
sites per 0.1 gram sediment and 0.022 meq Ca + Mg in solution based on 
total exchangeable cation content of sediment). Hence, it can be 

assumed that when strontium sorption was measured using demineralized 

water, dissolution of calcium carbonate in the sediment had not yet 

reached equilibrium. 

This value 

When Oak Ridge tap water was substituted for demineralized 

water, the calcium concentration in the solution was increased to 

26 ppm, and the magnesium concentration to 8 ppm, which resulted in 
a solution containing 0.39 meq of Ca and Mg in 200 m l .  

of strontium in this system was reduced to 5.07 - 0.27 percent of that 
in the demineralized water system. This effect can be explained if 

it is assumed that the sorption of strontium by the sediment in the 

tap water system should be reduced in proportion to the reduction in 
the Sr/(Ca + Mg) ratio in the tap water system as compared to the same 
ratio in the distilled water system, 

The sorption 
+ 

Thus, 

Sr in distilled water system 

Ca + Mg in distilled water system 0.022 meq 
= 5 X lOe5rneq = 0.00114, 

and Sr in tap water syct -_I_ ,em 

Ca + Mg in tap water system 0.39 meq 
= 5 x 10 -5 meq = 0.00013, 

(49.3%) = 5.6%. so reduced sorption should be (O.OOOl3) 
(0.oOllrir) 

Thus, the high concentration of dissolved calcium in the 

river water, the apparently calcium-saturated status of the sediment, 

and the low exchange capacity of the sediment all contribute to the 

c 
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very low stront ium content of Clinch River bottom sediment. 

Sorption of cesium by sediment samples co l lec ted  during 1960 

has been s tudied by the same methods used i n  t h e  strontium sorpt ion 

s tudies  described above 

and demineralized water (93.1 - 0.25 and 97.6 - 0.25 percent respec- 

t i v e l y ) ,  and thus provide an explanation for the  high 137Cs content 

of Clinch River bottom sediment. 

24 . Sorption capac i t ies  were high i n  both t a p  
+ + 

Sediment samples taken a t  CRM 22.6, above the  mouth of White 

Oak Creek, were cornposited t o  provide mater ia l  for sorpt ion s tudies  

made by Sorathesn, e t  a125. 

f r a c t i o n  of t he  sediment, determined by X-ray d i f f r a c t i o n  methods, i s  

60% i l l i t e ,  15% kaol in i te ,  10-15s vermiculite,  and 10-15 $J quartz .  

The 140 mesh s i z e  f r ac t ion  of t h e  crushed sediment w a s  used i n  de- 

termining i t s  sorpt ion capac i t ies  f o r  t h e  radionuclides 137Cs, 6oCo, 

85Sr, and 95Zr-Nb. The r e s u l t s  of these determinations a r e  shown i n  

Table 7. 

The mineralogical composition of t h e  c l ay  

The high uptake of 13'Cs by the  sediment has been ascr ibed 

Table 7. Sorption of Radionuclides by Bottom Sediment from CRM 22.625'a 

Activity Sorbed 
Contact (%) Kdb 

PH 6 PH 9 Time Radionuclide 

PH 6 PH 9 

137cs 1 hour 53.75 10 .42  61.31 10.37 2,326 3,169 
3 days 96.17 kO.25 96.16 f0 .25  50,152 50,152 
7 davs 97.78 f 0 . 2 4  97.64 k0.24 88,048 82,769 

6Oco 1 hour 46.44 k0.33 71.91 k0.22 1,734 5,120 
3 days 93.34 k0.17 82.38 *0.19 28,017 9,354 

7 days 97.28 kO.17 85.12 10 .18  71,567 11,445 

" ~ r  1 hour 21.42 f0 .78  24.79 f 0 . 6 7  545 659 
3 days 45.79 f 0 . 3 6  63.87 k0.26 1,690 3,537 
7 days 41.83 f0 .39  66.80 f 0.25 1,438 4,024 

95Zr-95Nb 1 hour 62.83 10.32 54.37 k0.37 3,380 2.383 

3 days 82.69 k0.25 75.55 k0.27 9,554 6,181 
7 days 86.56 f 0 . 2 4  79.94 f0 .25  12,886 7,970 

aO. l  gram of sediment contacted with 200 ml of master solution. 

bKd, the distribution coefficient, is the ratio of the fraction of ions sorbed per unit weight of clay to the fraction 
of ions remaining in  solution per unit volume of solution. 
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to its high illite content. 
ment was higher than had been expected on the basis of the sediment's 

mineralogy, and may have been due in part to the presence of organic 

material with ion exchange properties in the sediment. More recent 

work has shown that peat moss, plant remains extracted from river 

sediment, and raw river sediment all possess a strong affinity for 

Sorption of 85Sr and 6oCo by sedi- 

co . 60 

The effect of pH on sorption of the various radionuclides 

by the sediment (Table 7) is in part a reflection of the ability of 
the radionuclides to displace sorbed hydrogen ions. Cesium ex- 

changes with hydrogen ions to a much greater extent than strontium, 

so the sorption of cesium is less adversely affected by an increase 

in abundance of hydrogen ions competing for ion exchange positions 

than is the sorption of strontium. The nuclides 

were present as colloidal particles in the solution, and thus were 

flocculated and could be centrifuged out more effectively at pH 6 
than at pH 9 where the hydroxyl ions apparently helped stabilize 
the negatively charged colloidal particles. 

60 Co and 95Zr-Nb 

Mineralogy of Bottom Sediments 

A knowledge of bottom-sediment mineralogy is requisite to 
an understanding of radionuclide distribution in the sediment because 

of differences between minerals in both total sorption capacities and 

capacities for sorbing specific nuclides. Most clay minerals and 

certain oxides are known to have high total cation adsorption capacities; 

vermiculite with a particular lattice spacing perferentially sorbs 

cesium . 27 

Cross-sectional composites of bottom sediment cores collected 

in 1961 (CRM 4.7, 7.6, 11.9, 15.3, and 19.2) were examined by the U. S. 
Geological Survey for variations in mineralogy of the sand-, silt-, 

and clay-size fractions. The sand-size fraction of the sediment is 

composed almost entirely of quartz grains with traces of feldspar 

and dolomite. 

of quartz grains, with traces of feldspar, dolomite, and possibly 

The silt-size fraction also consists almost entirely 

f 
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diaspore.  

bu t  appreciable quan t i t i e s  of c lay  minerals a r e  a l s o  present ;  pro- 

port ions of minerals i n  c lay-size  f r ac t ion  a re :  30-40% quartz,  20% 

vermiculite,  20% mica, 10-2@ kaol in i te ,  and 10% randomly i n t e r -  

s t r a t i f i e d  vermiculite-mica. 

Quartz i s  the  predominant mineral i n  t h e  clay-size  f r ac t ion ,  

Any comparison o f  radionuclide content i n  the  1961 core samples 

with t h e i r  mineralogy must be very general  because of t h e  se&- 

quan t i t a t ive  nature  of t he  mineral determinations. O f  t h e  th ree  

r e l a t i v e  mineral content va r i a t ions  mentioned, t he  va r i a t ion  i n  mica 

content of t he  samples might be expected t o  have t h e  most pronounced 

e f f e c t  on radionuclide sorpt ion.  Without more prec ise  mineralogic 

data,  however, l i t t l e  more can be s a i d  than t h a t  differences i n  the  

mica contents of t he  composites might be i n  part responsible f o r  

differences i n  t h e i r  radionuclide contents .  I n  general, the  composite 

sediment samples f o r  a l l  f i v e  cross  sect ions sampled have much the  

same mineralogy. 

t o t a l  ca t ion  exchange capac i t ies  of the  f i v e  samples. 

This f a c t  may explain the  lack  of  va r i a t ion  i n  the  

The calcium carbonate content of each composite sample w a s  

estimated from the  exchangeable ca t ion  content and t o t a l  ca t ion  ex- 

change capaci ty  of  t he  sediment as follows: 

(CaCO,)  = 
J 

i n  which 

(CaCO ) = 
3 

- - ++ 
CaX 

- - 
3 CaCO 

$4- $4- ++ 
Cax - RT -t MgX 

calcium carbonate i n  

exchangeable calcium 

sediment i n  meq/100g, 

i n  sediment i n  meq/lOOg, 

t o t a l  ca t ion  exchange capaci ty  of sediment i n  

meq/100g, and 

exchangeable magnesium i n  sediments i n  meq/100g; o r  

exchangeable Ca minus t o t a l  ca t ion  exchange 

capaci ty  plus exchangeable Mg. 

This ca lcu la t ion  was made on the  assumption t h a t  t he  amount 

of calcium held on mineral exchange s i t e s  i s  equal t o  the  d i f fe rence  

between the  t o t a l  ca t ion  exchange capaci ty  and exchangeable magnesium. 
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Because exchangeable sodium and potassium were shown to be absent, 
it was assumed that no other exchangeable cations were present. 

amount of "exchanged" calcium (from analysis) in excess of the 

estimated calcium on exchange sites is thus assumed to have been con- 

tributed by free calcium carbonate in the sample. Variations in the 
calcium carbonate content with distance are very similar to variations 

in 90Sr concentrations, as is demonstrated in Fig. 20, and may in- 

dicate a direct association of 90Sr in bottom sediments with free 
calcium carbonate. 

The 

The nearly identical variations with distance of cesium and 

cobalt concentrations in the composite samples suggest that those two 

nuclides are incorporated into the bottom sediment by the same, or 
similar, processes. 

Discussion.-- Several shortcomings must be recognized in connection with 

the determinations to date of the physical properties and mineralogy 

of Clinch River bottom sediments. 

X-ray diffraction only, a method which cannot be expected to detect 

amorphous substances such as organic fragments. Coal has been observed 

to be fairly abundant in the sand-size fraction of sediments collected 

near the mouth of Poplar Creek and in certain downstream locations, but 

its relative abundance is not known because petrographic examinations 

of the bottom sediment samples were not made. 
of a leaf fragment collected at the mouth of the Esnory River showed 

that the organic leaf material contained forty times as much radio- 

activity per gram as did clayey silt from the same location 

little data are available on plant and animal detritus in the sediment. 
Also, care must be taken to avoid dissolution of highly soluble 
chemical constituents during the processing of sediment samples. 

Mineral determinations were made by 

An analysis by the USFTIS 

28 , yet 

E 
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RADIATION DOSAGE FROM BOTTOM SEDIMENT 

Main Channels of Clinch and Tennessee Rivers 

Re-examination of Figs.  9 and 10 i s  usefu l  i n  gaining an 

impression of reaches i n  which high gainma rad ia t ion  dosage may occur. 

A s  mentioned i n  the  sec t ion  on annual monitoring surveys the  highest  

r ad ia t ion  l eve l s  occur i n  the  Clinch River; and the  highest  l eve l s  i n  

the  Clinch River occur between CRM 5 and 15 .  Data f o r  curves i n  these  

two f igures  a r e  average count r a t e s  i n  the  sec t ions .  A s  pointed out 

i n  the  sec t ion  "Influence of Dispersion and Flow Pat te rn"  count r a t e s  

vary across  the  sec t ions ,  with a l ikel ihood of the  maximum count r a t e  

being considerably d i f f e r e n t  from the  average i n  the  Clinch River.  

The pa t te rn  of longi tudina l  d i s t r i b u t i o n  of maximum count r a t e  i s  

general ly  similar t o  the  pa t t e rn  f o r  average count r a t e .  Hence, t he  

aforementioned curves f o r  average count r a t e s  de l inea te  reaches t h a t  

would be of major i n t e r e s t  i n  a s a f e t y  ana lys i s .  

The maximum count r a t e  fo r  t h e  period of record (1954-61) 
was  observed i n  1959 a t  CRM 15.2 on the Clinch River: 

176 cps);maximum count r a t e  observed i n  1961 w a s  a t  CRM 5.8: 
(average, 137 cps) .  

Snyder these  maxima were wel l  below maximum permissible dose r a t e s  

even i f  the exposure t o  r ad ia t ion  from the  sediments were continuous. 

394 cps (average, 

219 cps 
6 A s  pointed out by C o t t r e l l  and by Cowser and 

16 

Estimates of  gamma rad ia t ion  dosages, using flounder count 

r a t e s ,  a r e  meaningful only upstream from Chattanooga, Tenn. Garner 

and Kocktitzky5 have shown t h a t  t he  r ad ia t ion  due t o  f i s s i o n  products 

i n  bottom sediments cannot be dis t inguished from radia t ion  due t o  

na tu ra l ly  occurring radionuclides downstream from t h i s  c i t y .  Cowser 

and Snyder have invest igated the  r e l a t i o n  between gamma rad ia t ion  

dose and flounder count r a t e  and have concluded t h a t  such re la t ionships  

a r e  p a r t i c u l a r l y  meaningful only i n  the  Clinch River. 

16 

Water sh ie lds  r ad ia t ion  emitted from the  sediments; 0.7 
foo t  of water a t tenuates  the  dose by a f ac to r  of about two. Hence, 

the  most c r i t i c a l  s i t ua t ion ,  i n  general ,  f o r  ex terna l  exposure t o  

t h i s  r ad ia t ion  w i l l  occur i f  t he  person i s  i n  d i r e c t  contact  with 



52 

the contaminated sediment, sitting or lying on the sediment. This 

type of exposure can occur under at least two conditions: (1) the 

unusual circumstance of divers working on the riverbed, and (2) 

people sitting or lying on the river banks during 'winter-flow' 

conditions (fishermen). 

Bar Lake are about six feet lower than during the summer. As a 

result sediments in contact with radioactive waters during the summer 

are exposed. The enveloping curve in Fig. 22 gives evidence that the 

maximum flounder count rate on the exposed riverbank in the winter of 

1961would have been lo5 cps, about one-half of the maximum count rate 
observed in the 1961 annual monitoring survey. 

During the winter, water levels in Watts 
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Clinch River Slounhs 

I n  1963, a survey of r a d i o a c t i v i t y  i n  bottom sediment of 

s i x  l a rge  sloughs of t h e  Clinch River and one slough of t h e  Emory 

River w a s  made. The purpose of  t he  survey w a s  t o  determine t h e  

l e v e l  of sur face  r a d i o a c t i v i t y  i n  f i n e  sediment of the sloughs. 

Radioac t iv i ty  readings were made with the  Flounder instrument.  

The r e s u l t s  of t he  survey ind ica t e  t h a t ,  though t h e  radio-  

a c t i v i t y  of sediment i n  the  sloughs i s  wi th in  the  range of radio-  

a c t i v i t y  i n  the  main r i v e r  channel, the maximum r a d i o a c t i v i t y  value 

was not  as high as t h e  maximum r a d i o a c t i v i t y  i n  ad jacent  por t ions  of 

t h e  main channel . 4 

I n  seve ra l  of t he  deeper sloughs, a d i r e c t  r e l a t ionsh ip  be- 

tween bottom sediment r a d i o a c t i v i t y  and depth of water was found. 

Causes of t h i s  r e l a t ionsh ip  a r e  not d e f i n i t e l y  known. Two eros iona l  

processes may be l a r g e l y  responsible:  

of exposed sediments during winter  low water i n  Watts B a r  Lake, and ( 2 )  

movement of sediment from shallower t o  deeper port ions of t h e  sloughs 

by shee t  erosion . 

(1) subae r i a l  erosion 

4 

. 

*. 
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C ONC LUSIONS 

Contents of t h i s  repor t  i l l u s t r a t e  the  wealth of information 

ava i lab le  which i s  r e l a t e d  t o  assoc ia t ion  of r a d i o a c t i v i t y  with bottom 

sediments of t he  Clinch and Tennessee Rivers. 

River Study Steer ing  Committee which catalyzed study of t h i s  informa- 

t i o n  was wel l  taken. 

per t inent  data,  perspective has been gained as t o  how wel l  i nves t i -  

gations have met object ives  of t he  Study (i. k )  and t o  suggest 

d i r ec t ion  of other  inves t iga t ions ,  such as those reported i n  P a r t  B 

of t h i s  r epor t .  

Action by the  Clinch 

Through compilation and in t e rp re t a t ion  of 

The f i rs t  object ive of the  Clinch River Study i s  ('to 

determine the  f a t e  of rad ioac t ive  mater ia ls  cu r ren t ly  being discharged 

t o  t h e  Clinch River". 

The predominant radionuclide re ta ined  i n  bottom sediments, 

determined i n  the  inventory of r ad ioac t iv i ty  of t h e  uppermost strata 

of bottom sediments of t h e  Clinch River, i s  137Cs. 

an appropriate  s ca l ing  f ac to r  t o  t h i s  inventory of t he  137Cs content 

i n  the  sediments, probable r e t en t ion  of re leases  of t h i s  radionuclide 

t o  t h e  study reach of the  Clinch River i s  estimated t o  be 20 percent.  

Continued appl ica t ion  of t he  same sca l ing  f ac to r  t o  t h i s  incomplete 

inventory suggests t h a t  t he  f r a c t i o n  of r e t en t ion  f o r  other radio-  

nuclides re leased t o  the  Clinch River i s  much l e s s  than f o r  137Cs, 

e spec ia l ly  f o r  'OS, (almost neg l ig ib l e ) .  

By appl ica t ion  of 

Resul ts  of t h i s  p a r t i a l  inventory suggest only a small 

f r ac t ion  of t he  fission-product load re leased  from White Oak Lake 

has been re ta ined  i n  bottom sediments. Work w a s  s p e c i f i c a l l y  under- 

taken t o  accura te ly  determine f iss ion-product  a c t i v i t y  re ta ined  i n  

the  bottom sediments, and r e s u l t s  of t h i s  work a r e  described i n  P a r t  

B of t h i s  r epor t .  

Several  f ac to r s  may influence deposit ion and r e t en t ion  of 

rad ioac t ive  mater ia ls  i n  bottom sediments of t h e  Clinch and Tennessee 

Rivers. Among these  f ac to r s  a r e  va r i a t ions  i n  radionuclide loads r e -  

leased from White Oak Lake, diffusion,  sedimentation, some aspects  

of flow pa t te rn ,  p a r t i c l e  s i ze ,  sorption, mineralogy, and s t a t e s  of 
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calcium equilibrium in water and sediment. Other factors that appear 

to be important, but which are not reported in this paper, are plant 

and animal detritus contents of sediment, coal content, potential for 

desorption of radionuclides (see Morton ), and the physico-chemical 

state of radionuclides in water and in suspended and deposited sedi- 

ments (see Part B, this report). 

4 

Study of these factors has a direct bearing on satisfying 

the aims of the second objective of the study: 

understand mechanisms of dispersion. . . ' I .  

"to determine and 

Evidence has been obtained that changes in the concentration 

of radionuclides at the surface of bottom sediments are directly re- 

lated to variations in radionuclide loads released through White Oak 

Dam. Evidence has also been obtained that suggests that most radio- 

nuclides that are associated with bottom sediment are sorbed on the 

sediments, or are in the form of particulate matter, prior to their 

release to the river (as suspended sediment) and that sedimentation 

is the primary mechanism for incorporation of radionuclides in bed 

deposits. 

Effects of thermal stratification on depositional patterns 

of sediments in the Clinch River do not seem to be of primary im- 

portance. Other hydraulic characteristics, however, do affect 

depositional patterns: 

White Oak Creek into the Clinch River, surface area of the channel 

bed, and flow pattern. 

diffusion of sediment-bearing water from 

In at least the first three miles downstream from the 
mouth of White Oak Creek lateral distribution of contaminated sedi- 

ments is constrained, being related to the diffusion of White Oak 

Creek waters in the river. 

creek mouth these waters become fully mixed in the river 

and lateral distribution of contaminated sediments should be in- 

dependent of this particular aspect of diffusion. 

Between 4 and 6 miles downstream from the 
1, 3, 18 

As radioactive material is dispersed over a larger and 

larger area, concentration of radionuclides in bottom sediments is 

decreased. 

Y 

I 



56 

Deposition of sediments and lateral distribution of radio- 

activity in these sediments are influenced by flow patterns around 

bends and about islands. Greater deposition and higher concentrations 

occur in eddy zones. Attempts to quantitatively relate concentration 

to curvature of bends, although not brought to complete fruition, are 

encouraging. 

Sorption of radionuclides in river sediments may be expected 

to vary with changes in -particle size, because the relative mineral 

composition usually varies with particle size and the chemically 

reactive surface of the particle increases, per unit weight, as its 

size decreases. Such concepts have been tentatively confirmed for 

sediments in the Tennessee River System by directly relating concen- 

tration of radionuclides to clay content of the sample. In the Clinch 

River the variation in radionuclide contents of five samples, collected 

at widely spaced (longitudinally) sections, was found to be greater than 

variations in particle size; essentially this contradicts findings for 

the samples from the Tennessee River and must for the moment remain an 

unexplained anomaly. 

Only sorption of strontium and cesium by bottom sediments of 

the Clinch River has been measured extensively. Sorption of both 

radionuclides was found to be practically constant with longitudinal 
location. In t racer  studies, using bottom sediments, sorption of 
strontium was found to be 49.3 - 1.7 percent and for sorption cesium 
it was 97.6 - 0.25 percent in demineralized-water solutions. 

-t 

+ 
High sorption of 137Cs has been ascribed to high illitic- 

type mineral content of the sediments. An appreciable content of 

illitic-type minerals, particularly in the clay-size fraction, is in the 

riverbed. Mineralogic composition of these samples is fairly 

constant. 

Mineral composition of clay-size particles is more varied than for 

large sizes; variations in content of one mineralogic group in this 

size fraction, the mica-related minerals, may be the most important 

control on cesium sorption in the sediments. 

Sand and silt sizes have consisted mostly of quartz. 

Similar variations in 'OS, content of the riverbed sediments 

* 
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and in free calcium content have been noted in the Clinch River. This 

relationship may indicate that calcium in the water and sediment has 

a considerable influence on association of 90Sr with bottom sediment. 

Studies of physico-chemical properties of bottom sediments 

in the Clinch River have not shown any property which may singularly 

affect variations in radionuclide content of these sediments. In- 

corporation of radionuclides in sediments is due to complex inter- 

action of a number of properties: size distribution, mineralogy, 

sorption capacities, and cation exchange capacities. 

Desorption of radionuclides from riverbed sediments is being 

studied. Progress on investigations by Bonner and Tamura has been re- 

ported by Morton . 4 

Geochemical studies, needed to delineate the processes 

which lead to incorporation of radionuclides in bottom sediment, 

strongly suggest that radioactivity has become associated with 

suspended sediments in White Oak kke and that incorporation of some 

radioactivity in sediments on beds of the Clinch and Tennessee Rivers 

is the result of a hydraulic process, sedimentation. The possibility 

exists that some of the radioactivity is not associated with litho- 

logic o r  biotic sediments; 

with bed deposits through formation of chemical precipitates and sub- 

sequent agglomeration of these precipitates into particles of settleable 

size. 

with other settleable-sized sediments and are thereby included into 
bed material. 

this radioactivity may have become associated 

Another possibility exists that these precipitates are occluded 

Parts of material presented in this report are germane to 

safety analysis and will serve as an aid to achieving the third ob- 

jective of the Study: 

current disposal practices...". 

"to evaluate direct and indirect hazards of 

Highest levels of radiation and highest concentration of 

radionuclides are found to occur in bottom sediments of the Clinch 

River rather in reaches of the Tennessee River. Higher concentrations 

of radionuclides are found to occur in the reach between CRM 5 and 15 
than elsewhere in the Clinch River. 

. 
t 
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The dominant radionuclide i n  these  sediments i s  '37Cs; very 

l i t t l e  9Osr i s  present .  

Although there  have been exceptions, contamination of t h e  

bottom sediments, due t o  re lease  of r ad ioac t iv i ty  from White Oak 

Lake, i s  negl ig ib le  upstream from the  mouth of White Oak Creek i n  the  

Clinch River and upstream from the  mouth of t he  Clinch River i n  the  

Tennessee River. Contamination of bed deposi ts  i n  the  Tennessee River 

has been found as f a r  downstream as the  Ohio River (Kentucky D a m ) .  

From information obtained i n  1961, contamination t o  the  mouth of t he  

Tennessee River was l imited t o  '06Ru. However, re leases  of 137Cs, 

'OS,, Co, and 

years .  Considering t h a t  concentration of radionuclides i n  bottom 

sediment i s  r e l a t e d  t o  load of radionuclides re leased  through White Oak 

Da,  it appears possible  t h a t  higher r e l eases  i n  years p r io r  t o  1961 
could have produced contamination of sediments i n  reaches much f a r t h e r  

downstream than those observed i n  1961, possibly t o  the  mouth of the  

Tennessee River f o r  radionuclides other than Ru. 

60 144 Ce were considerably l e s s  i n  1961 than i n  previous 

106 

Radiation l eve l s  of  bottom sediments i n  sloughs of t h e  Clinch 

River a r e  not  as high as those f o r  sediments on t h e  bed of t he  main 

stream. I n  addi t ion,  rad ia t ion  l eve l s  of sediments deposited on p a r t s  

o f  t he  slough o r  riverbed t h a t  a r e  above 'w in te r '  water l eve l s  a r e  

considerably l e s s  than l eve l s  measured a t  other  locat ions which a r e  

continuously inundated. 

Most r ad ia t ion  de tec t ing  devices used t o  measure d i s t r i b u t i o n  

of  r a d i o a c t i v i t y  i n  bottom sediments i n  s i t u  have performed wel l  i n  t he  

Clinch River. 

l eve ls  of na tu ra l  r ad ia t ion  and r ad ia t ion  from f a l l o u t  r e l a t i v e  t o  

rad ia t ion  from f iss ion-product  contamination or ig ina t ing  from OWL 

tend t o  l i m i t  t he  usefulness of these de tec tors .  One l imi t a t ion  of 

detectors  used i s  t h a t  the  instruments do not have the  c a p a b i l i t y  

t o  discr iminate  r ad ia t ion  emitted from one radionuclide from t h a t  

emitted by another .  

-- 
Farther  downstream i n  the  Tennessee River the  higher 

An attempt a t  t h i s  time t o  evaluate the  usefulness of t h i s  
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r i v e r  system for t h e  d isposa l  of rad ioac t ive  materials, t h e  fou r th  ob- 

j e c t i v e  of t h e  Study, would seem t o  be premature in so fa r  as bottom 

sediments are concerned. Lack of an inventory, an incomplete p i c t u r e  

of t h e  r e l a t i v e  importance of var ious physical  and chemical f a c t o r s  

which lead t o  t h e  a s soc ia t ion  of f i s s i o n  products with sediments i n  

channel beds, and only t h e  beginnings of work on desorption mechanisms 

have l e d  t o  t h i s  conclusion of prematurity.  

Technologically, r e s u l t s  of inves t iga t ions  reported i n  t h i s  

paper may be he lp fu l  i n  making suggestions towards long-term monitoring 

procedures, t h e  f i f t h  and f i n a l  ob jec t ive  of t h e  Study. 

committee on Bottom Sediment Sampling and Analyses made recommendations 

as out l ined  i n  t h e  following sec t ion  of t h i s  r epor t  t o  t h e  Clinch 

River Study S tee r ing  Committee on December 11, 1964. Many of t h e  

suggestions stem from i n t e r p r e t a t i o n  i n  t h i s  r epor t  of work by personnel 

of t h e  Applied Health Physics Section, ORNL. 

The Sub- 

Ear ly  recogni t ion of problems involved i n  monitoring rad io-  

a c t i v i t y  and continued responsible  a c t i o n  by personnel of t h e  Applied 

Health Physics Sect ion provided abundant data with which t o  make 

assessments of f iss ion-product  content of bottom sediments i n  Tennessee 

River r e se rvo i r s .  

1.: Monitoring of t h e  r a d i o a c t i v i t y  i n  t h e  bottom sediments i n  

t h e  Clinch and Tennessee Rivers should be continued as long as radio-  

a c t i v e  materials are released t o  t h e  Clinch River, and f o r  a l imited 

time t h e r e a f t e r .  The present  bottom sediment monitoring program ex- 

tending from t h e  mouth of White Oak Creek on t h e  Clinch River t o  t h e  

mouth of t h e  Tennessee River should be maintained. 

S tudies  by t h e  Applied Health Physics Section, ORNL i nd ica t e  

t h a t  r a d i o a c t i v i t y  i n  bottom sediments above background l e v e l s  has 

moved t o  sec t ions  i n  the  Tennessee River progressively f a r t h e r  

downstream from t h e  mouth of White Oak Creek. Some information on 

r ad ioac t iv i ty  i n  bottom sediments should be co l l ec t ed  as long as 

releases of rad ioac t ive  materials t o  t h e  Clinch River from White Oak 

Lake, or o the r  sources a t  ORNL, are continued. Radioac t iv i ty  s tored  

i n  t h e  seepage p i t s  and trenches,  i n  t h e  b u r i a l  grounds, and i n  t h e  

sediments and s o i l s  of White Oak Creek Basin may continue t o  be 
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re leased  from White Oak Lake f o r  a per iod o f  time a f t e r  cessa t ion  of 

a l l  cont ro l led  r e l eases  t o  the  bas in .  It i s  suggested t h a t  t h e  

monitoring continue a f t e r  such cessa t ion  u n t i l  such time as t h e  l e v e l  

of r ad ioac t iv i ty  i n  re leases  from White Oak Creek has dropped below a 

prescr ibed l i m i t  of concentration. 

2 . :  The primary s t a t i o n s  i n  a monitoring network should be  t h e  

water sampling s t a t i o n s  a t  White Oak Dam (or other  cont ro l  works near 

t h e  mouth of White Oak Creek) and a t  t h e  t a i l r a c e  of Melton H i l l  Dam 

(or other  upstream s t a t i o n s  below Melton H i l l  D a m ) .  

Studies  by personnel of t h i s  subcommittee ind ica t e  t h a t  

changes i n  t h e  gamma rad ioac t iv i ty  of t h e  bottom sediments a r e  d i r e c t l y  

r e l ea t ed  t o  changes i n  the  load of radionuclides re leased  from White 

Oak Lake. The contr ibut ion t o  t h e  t o t a l  load of some radionucl ides  

i n  t h e  study reaches, e spec ia l ly  strontium-90, upstream of t h e  mouth 

of White Oak Creek i s  appreciable .  If t h e  radionucl ide r e l eases  from 

White Oak Lake continue t o  decrease, t h e  proport ion of t h i s  upstream 

contr ibut ion t o  t h e  t o t a l  load w i l l  become more s i g n i f i c a n t .  

3 . :  
t h e  bottom sediments used by t h e  Applied Health Physics Section, ORNL, 

a r e  s a t i s f a c t o r y .  A general  p a t t e r n  of longi tudina l  d i s t r i b u t i o n  of 

r ad ioac t iv i ty  has been found i n  t h e  pas t  severa l  years .  

a t  Melton H i l l  Dam a r e  begun, a new p a t t e r n  may develop. 

should be made t o  determine when t h i s  new p a t t e r n  of longi tudina l  d i s -  

t r i b u t i o n  has been es tab l i shed .  I f  power r e l eases  from Melton H i l l  

Reservoir a r e  a f f e c t i n g  t h e  d i s t r i b u t i o n  of r ad ioac t iv i ty ,  it should 

be t h e  r e s p o n s i b i l i t y  of t he  Applied Health Physics Sect ion t o  make 

appropriate  modifications i n  t h e  procedures t o  document the  e f f e c t s  

of t hese  power r e l eases .  

Present  procedures f o r  t h e  monitoring of r a d i o a c t i v i t y  i n  

Af t e r  operat ions 

Surveys 

A t  present  t h e  procedures include t h e  determination of t h e  

l e v e l  of r ad ia t ion  a t  t h e  surface of t h e  sediment and t h e  determina- 

t i o n  of t h e  concentration of radionuclides i n  composite samples of 

sediments a t  t h e  sur face  of t h e  deposi ts .  These methods should not  

be  considered standard because newer techniques i n  determination of 

r ad ia t ion  l e v e l s  and of radionuclide concentration may ind ica t e  t h a t  

* 
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t h e  procedures should be up-dated. 

Modifications i n  t h e  frequency of surveying r a d i o a c t i v i t y  

i n  bottom sediments and t h e  se l ec t ion  of sec t ions  f o r  such surveys 

may be  suggested by information presented i n  t h i s  r epor t .  

The determination of bed p r o f i l e s  a t  sec t ions  which are 

monitored i s  suggested so  as t o  provide add i t iona l  information for 

i n t e r p r e t a t i o n  of r ad ia t ion  and radionucl ide concentration data. 
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APPENDIX 

Tables 8 through 20 

Toble 8. Concentration o f  Cesium-137 in  Upper Portion of Bottom Sediments o f  C l inch  River, 1954-61e 

Location Concentration (pc/g) 

(CRM) 1954 1955 1956 1957 1958 1959 1960 1961 

21.5 
19.1 

16.3 

15.2 
14.0 

11.0 

8.36 

5.7= 

4.7 
2.6 

1.1 

3 

12 

27 
22 

24 

22 

22 

24 

22 

15 

24 

5 

7 

22 
34 

29 
34 

38 

29 

25 

116 

208 

268 
115 

144 

244 

266 

257 

5 4 

528 44 

177 223 

119 146 

184 2 98 

251 236 

178 170 

299 223 

236 151 

173 92 

192 67 

4.5 1.5 1.3 
527 64 41 

464 175 71 
391 374 64 

464 257 127 

229 240 98 

236 194 81  

207 177 115 

169 176 112 

171 93 82 

259 141 100 

eData from annual monitoring surveys of Applied Health Phys ics  Section. ORNL. 

bCRM 8.0 beginning in 1959. 

'CRM 5.8 beginning in 1959. 

Toble 9. Concentrotion of Cesium-137 in  Upper Portion of Bottom Sediments of Tennessee River, 1954-61e 

Concentration (pc/g) Location 

(TRM) 1954 1955 1956 1957 1958 1959 1960 1961 

604.1 

570.8 

562.7 

552.7 

534.8 
532.0 

509.5 
491.9 

475.1' 

434.1 

381.2 
354.5c 

337.6 

320.9 

280.0 

267.4 

261.3 

227.4 

207.3 

97.2 

75.7 

67.0 

45.8 
24.6 

Fort Loudoun Reservoir 

2 2 5 2 

3 

10 12 

5 

10 

3 

5 

5 

Watts Bar Reservoir 

5 2 

7 73 55 51 

57 36 

47 22 

11 32 39 21 

Chickomougo Reservoir 

20 10 
20 20 16 

2 14 16 13 

Hales Bar Reservoir 

13 9 

Guntersvi I le  Reservoi I 

7 7 

7 4 

Wheeler Reservoir 

1.2 
0.99 

1.8 1.5 1.1 
41 46 34 

41 32 42 

23 28 15 

26 24 25 

6.8 1.1 
14 18 14 

11 11 11 

13 10 4.5 

3.2 6.3 3.5 

3.6 4.0 4.6 

0.45 

2.5 
4.6 

Wilson Reservoir 

4.8 
6.9 

Pickwick  Landing Reservoir 

2.0 

2.6 

Kentucky Reservoir 

1.1 
0.99 

0.90 
0.99 

1.2 

aData from annual monitoring surveys of Applied Health Phys ics  Section, ORNL. 
bTRM 471.7 beginning in  1960. 

'TRM 354.4 beginning in  1959. 
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T a b l e  10. Concentration of Strontium-90 i n  Upper Port ion of Bottom Sediments of  C l inch  River,  1954-61a 

Locatio" Concentration (oc/d 

(CRM) 1954 1955 1956 1957 1958 1959 1960 1961 

21.5 1 1 1 0.5 0.26 
19.1 5 4 3 2 9.5 0.7 1.0 
16.3 5 4 7 5 6 9.0 2.3 2.0 
15.2 5 9 5 6 7.2 4.4 0.77 
14.0 5 4 4 3 11 8.6 2.7 1.1 

11.0 5 4 6 5 13 5.4 3.7 1.0 
8.3b 4 4 6 5 6 5.9 3.5 1.4 
5.7c 4 4 6 7 1 4.5 2.6 1.0 
4.7 4 5 8 4.5 1.4 1.3 
2.6 3 3 5 1.4 1.0 0.90 

1.1 4 3 6 3 5 2.7 1.4 0.41 

eData from annual monitonng surveys of Applied Health Physics Section. ORNL. 
b~~~ 8.0 beginning m 1959. 
'CRM 5.8 beginning m 1959. 

T a b l e  11. Concentration of Strontium-90 in  Upper Port ion of Bottom Sediments of Tennessee River, 1954-61a 

Locatio" Concentration (pc/g) 

(TRM) 1954 1955 1956 1957 1958 1959 1960 1961 

604.1 2 1.4 

Fort Loudoun Reservoir 

1.3 1.1 0.14 
0.18 

570.8 2 
562.7 2 0.3 
552.7 2 
534.8 2 
532.0 4 0.4 

509.5 3 
491.9 2 
475.1b 2 0.3 

434.1 

381.2 
354.5c 

337.6 
320.9 
280.0 

267.4 
261.3 

227.4 
207.3 

97.2 
75.7 
67.0 
45.8 
24.6 

Watts Bar Reservoir 

0.9 1.0 
3 0.8 2.0 

0.5 1.5 
0.9 1.7 

3 0.6 1.7 

Chickarnaugo Reservoir 

1 1.6 
2 0.6 0.1 

2 1.3 1.3 

Holes Bar Reservoir 

1.4 1.2 

Guntersville Reservoir 

0.8 1.9 
0.7 1.5 

Wheeler Reservoir 

Wilson Reservoir 

Pickwick Londing Reservoir 

0.5 0.2 0.14 
0.9 0.5 0.49 
1.4 0.5 0.59 
0.9 0.5 0.27 
1.4 0.7 0.63 

0.5 0.27 
0.9 0.9 0.36 
0.9 0.4 0.36 

0.9 0.5 0.36 

0.5 0.5 0.72 
0.5 0.5 0.36 

0.32 
0.09 
0.36 

0.54 
0.45 

0.31 
0.23 

Kentucky Reservoir 

0.45 
0.18 
0.23 
0.18 
0.41 

"Data from annual monitoring surveys of Applied Health Physics Section, ORNL. 
bTRM 471.7 beginning in 1960. 
'TRM 354.4 beginning in 1959. 
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T a b l e  12. Concentration of Cerium-144 in Upper Portion of Bottom Sediments of Cl inch River, 1954-61a 

Location Concentratlon (pc/g) 

(cRM) 1954 1955 1956 1957 1958 1959 1960 1961 

21.5 
19.1 
16.3 
15.2 
14.0 
11.0 
8.3' 
5.7c 
4.7 
2.6 
1.1 

2 
5 
8 
7 
8 
8 
5 
8 
7 
4 
5 

4 
6 
21 
32 
22 
31 
32 
40 

30 

24 
37 
56 
20 
41 
48 
56 

44 

5 12 
33 7 
12 20 
9 22 
7 43 
10 40 

16 10 
24 12 

13 21 
9 17 
13 22 

6.8 
92 
71 
54 
65 
27 
30 
20 
18 
9 

20 

0.8 
9.0 
23 
39 
25 
34 
25 
22 
18 
11 
11 

0.44 
2.7 
5.6 
4.4 
8.2 
9.4 
9.4 
9.9 
9.9 
7.0 
8.6 

=Data from annual monitoring surveys of Applied Health Physics Section, ORNL. 
'CRM 8.0 beginning in 1959. 
=CRM 5.8 beginning in 1959. 

T a b l e  13. Concentration o f  Cerium-144 in Upper Portion of Bottom Sediments of  Tennessee River, 1954-61a 

Location Concentration (pc/g) 

(TRM) 1954 1955 1956 1957 1958 1959 1960 1961 

604.1 

570.8 
562.7 
552.7 
534.8 
532.0 

509.5 
491.9 
475.1' 

434.1 

381.2 
354.55 

337.6 
320.9 
280.0 

267.4 
261.3 

227.4 
207.3 

97.2 
75.7 
67.0 
45.8 
24.6 

Fort Loudoun Reservoir 

1 1.7 3 4.7 

1 
2 13 
2 
1 
2 1s 

1 
2 
2 4 

Watts Bar Reservoir 

1.3 5.7 
15 5.5 8.0 

4.3 9.6 
3.0 7.2 

8 2.6 4.9 

Chickamaugo Reservoir 

1.9 6.2 
6 1.8 4.6 
4 1.6 6.2 

Haler Bar Reservoir 

3.4 7.2 

Guntersville Reservoir 

3.4 5.4 
1.6 4.7 

Wheeler Reservoir 

Wilson Reservoir 

Pickwick Landing Reservoir 

Kentucky Reservoir 

6.8 
92 
71 
54 
65 

27 
30 
20 

18 

9.0 

20 

0.9 
3.1 
1.8 
2.3 
1.8 

1.8 
1.0 

1.6 

1.3 
0.6 

0.77 
0.99 

0.72 
2.9 
2.9 
1.1 
2.3 

0.23 
1.8 
1.5 

1.1 

0.76 
0.95 

0.27 
0.77 
1.5 

1.8 
2.4 

0.90 
0.99 

0.54 
0.68 
0.50 
0.86 
0.86 

-Data from annual monitoring surveys of Applied Health Physics Section, ORNL. 
'TRM 471.7 beginning in 1960. 
'TRY 354.4 beginning in 1959. 
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T a b l e  14. Concentration of Tr iva lent  Rare Earthsa in  Upper Portion o f  

Bottom Sediments of  Cl inch River, 1954-61b 
~ _ _ _  

L O C i 3 h O "  Concentrahon (p&) 

1954 1955 1956 1957 1958 1959 1960 1961 (CRM) 

21.5 1 3 2 3 5 1.4 0.7 
19.1 2 3 7 10 6 251 23 7.8 
16.3 4 5 11 5 13 151 74 16 
15.2 4 7 15 4 17 142 144 16 
14.0 4 8 7 4 21 31 149 132 
11.0 6 16 19 8 18 58 177 29 
8.3' 4 24 19 6 14 71 144 26 
5.7d 8 12 18 7 15 57 69 28 
4.7 5 6 13 33 38 20 
2.6 5 5 10 19 72 23 
1.1 4 9 15 5 12 41 48 35 

=Analysis includes "Y as a constituent but excludes 144Ce. 

bData from annual monitoring surveys of Applied Health Physics Section, OWL. 
'CRM 8.0 beginning in 1959. 
dCRM 5.8 beginning m 1959. 

T a b l e  15. Concentration o f  Tr iva lent  Rare Earthsa in Upper Portion o f  

Bottom Sediments of Tennessee River, 1954-61 

Locahon Concentration ( p d g )  

1954 1955 1956 1957 1958 (TRM) 

Fort Loudaun Reservoir 

604.1 

570.8 
562.7 
552.7 
534.8 
532.0 

509.5 

491.9 
475.1' 

434.1 

382.1 
354.56 

337.6 
320.9 
280.0 

267.4 
261.3 

227.4 
207.3 

97.2 
75.7 
67.0 
45.8 
24.6 

1.7 3 4.8 

Watts Bar Reservoii 

1.1 5.1 
6 6 1.9 5.5 

2.7 6.1 
1.3 5.5 

7 4 1.5 5.5 

Chickamougo Reservoir 

1.7 6.1 
3 1.3 5.3 

6 1.8 1.0 6.4 

Hales Bmr Reservoir 

1.8 8.1 

Guntersville Reservoir 

1.3 2.6 
1.4 4.7 

Wheeler Reservoir 

Wi I son Reservoi I 

Pickwick Landing Reservoir 

Kentucky Reservoir 

1959 1960 

1.7 
8.3 
7.0 
5.4 
6.6 

2.9 
5.5 

7.0 

0.2 
2.5 

0.5 
21 
12 
8.6 
5.1 

5.0 
3.1 

3.0 

0.9 
2.0 

~ 

1961 

0.86 
1.4 

1.1 
8.2 
5.7 
3.1 
4.0 

1.2 
3.2 
3.4 

1.5 

1.4 
1.9 

0.54 
0.86 
0.68 

1.6 
1.8 

0.72 
1.0 

0.86 
0.32 
1.1 
0.77 
0.54 

'Analysis includes "Y as a constituent but excludes 144Ce. 
*Data from annual monitoring surveys of Applied Health Physics Section. ORNL. 
'TRM 471.7 beginning in 1960. 
dTRM 354.4 beginning in 1959. 
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Table  16. Concentration of Ruthenium-106 in  Upper Portion of Bottom Sediments of  Cl inch River, 1954-61a 

T a b l e  17. 

Location Concentration (oc/e) 

(CRM) 1954 1955 1956 1957 1958 1959 1960 1961 

21.5 
19.1 
16.3 
15.2 
14.0 
11.0 
8.3’ 
5.7c 
4.7 
2.6 
1.1 

1 
8 
5 4 
5 
6 4 
2 5 
5 4 .  
5 8 
5 
5 
3 4 10 

3 
14 
6 
3 
4 
6 
5 
6 
5 
4 
6 

6 5.0 1.8 2.7 
3 18 27 95 
7 17 80 159 
6 18 83 148 

16 17 99 153 
12 9.9 99 144 

7 11 85 152 
11 7.7 90 157 
10 7.2 79 148 
6 6.3 72 103 
10 9.9 55 141 

eData from annual monitoring surveys of Applied Health Physics Section. ORNL. 
‘CRM 8.0 beginning in 1959. 
‘CRM 5.8 beginning in 1959. 

Concentration of Ruthenium-106 in Upper Portion of Bottom Sediments of Tennessee River, 1954-61a 

Locatlo” Concentration (pc/g) 

1954 1955 1956 1957 1958 1959 1960 1961 (TRM) 

604.1 

570.8 
562.7 
552.7 
534.8 
532.0 

509.5 
491.9 
475.1’ 

434.1 

381.2 
354.56 

337.6 
320.9 
280.0 

267.4 
261.3 

227.4 
207.3 

97.2 
75.7 
67.0 
45.8 
24.6 

Fort Lovdoun Reservoir 

1 0.5 3 

Watts Bar Reservoir 

3 1.3 
2 3 4 3.1 
1 3.4 
2 3.1 
1 4 3 2.0 

4.6 

2.6 
4.1 
5.4 
3.1 
2.0 

Chickomouga Reservoir 

1 2.3 3.4 
1 2 1.8 3.7 
1 1 3 1.5 3.5 

Holes Bar Reservoir 

2.9 3.5 

Guntersvi l le  Revervoir 

0.9 2.5 
1.7 2.3 

Wheeler Reservoir 

Wilson Reservoir 

Pickwick Landing Reservoir 

Kentucky Reservoir 

3.6 
6.3 
5.0 
3.6 
3.2 

3.6 
5.4 

8.6 

2.7 
4.1 

2.7 
19 
17 
14 
13 

27 
10 

32 

12 
6.9 

1.9 
2.3 

2.7 
34 
39 
22 
31 

8.6 
30 
26 

28 

14 
13 

4.1 
11 
16 

18 
25 

8.7 
12 

7.2 
6.4 
5.0 
5.3 
4.4 

*Data from annual monitoring surveys of Applied Health Physics Sectlon. ORNL. 
bTRM 471.7 begxnnlng m 1960. 
‘TRM 354.4 beginning m 1959. 
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Table 18. Concentration of Cobalt-60 in Upper Portion of Bottom Sediments of Clinch River, 1954-61a 

L O W t l O "  Concentration (pq'g) 

(CRM) 1954 1955 1956 1957 1958 1959 1960 1961 

21.5 
19.1 
16.3 
15.2 
14.0 
11.0 
8.3' 
5.7c 
4.7 
2.6 
1.1 

3 
11 
19 
19 
19 19 

23 
31 
27 19 

23 

2 
26 
39 
59 
29 23 

25 37 
29 50 
26 52 

18 

21 46 

3 
30 4 
15 21 
14 15 15 9 

16 17 

17 15 
17 18 

15 14 
13 9 
16 13 

0.9 
69 
53 
41 
53 
26 
28 
29 
26 
18 
20 

0.5 0.32 
8.2 5.9 
19 11 
35 10 
27 14 
25 14 
22 11 
22 14 
21 15 
12 11 
16 12 

-Data from annual monitoring surveys of Applied Health Phys ics  Section. ORNL. 
'CRM 8.0 beginning in 1959. 
'CRM 5.8 beginning in 1959. 

Table 19. Concentration of Cobalt-60 in Upper Portion of Bottom Sediments of Tennessee River, 1954-61a 

~ 

Locabon Concentratton (pc/g) 

(TRM) 1954 1955 1956 1957 1958 1959 1960 1961 

604.1 

570.8 
562.7 
552.7 
534.8 
532.0 

509.5 
491.9 
475.1b 

434.1 

381.2 
354.5" 

337.6 
320.9 
280.0 

267.4 
261.3 

227.4 

207.3 

97.2 
75.7 
67.0 
45.8 
24.6 

Fort Loudoun Reservoir 

0 1.0 0.6 

W o t t r  Bar Reservoir 

1 0.8 

7 11 6 5.7 
6 6.1 
5 3.6 

13 7 3 2.9 

Chickornaugo Reservoir 

2 2.1 
4 3 3.1 

4 6 3 1.7 

Hales Bar Reservoir 

2.0 1.7 

Guntersvi I I e Rerervoi I 

2.0 1.7 
0.3 2.5 

Wheeler Reservoir 

Wilson Reservoir 

Pickwick Landing Reservoir 

Kentucky Reservoir 

0.9 
6.8 
8.1 
5.0 
3.6 

3.6 
2.7 

2.7 

1.4 
1.8 

0.3 
6.0 
5.0 
4.7 
4.1 

3.6 
2.3 

2.7 

1.4 
1.4 

0.36 
0.32 

0.3 
4.5 
5.3 
2.5 
3.9 

0.6 
3.0 
2.4 

1.3 

1.0 
1.1 

0.23 
0.41 
0.90 

0.90 
1.2 

0.72 

0.81 

0.45 
0.41 
0.32 
0.41 
0.41 

"Data from annual monitoring surveys of Applied Health Physics Section, ORNL. 

'TRM 471.7 beginning in 1960. 
'TRM 354.4 beginning in 1959. 
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Table 20. Porticle-Size Distribution in  Bottom Sediments from Clinch River 

(percent) 

Location Clay (<2 p) Silt (2-62 p) Sand (>62 p) 

(CRM) Lab. A Lab. B Average Lab. A Lab. B Average Lab. A Lab. B Average 

4.7 13a 18.1 16 55'3 49.4 52 32a 31.3 32 
7.6 13.5a 17.9 16 58 a 59.0 58 28.5a 21.8 25 
11.9 14 18.4 16 55 62.4 59 31 19.2 25 
15.3 16 20.9 18 46 50.4 48 38 28.7 33 
19.2 12 16.9 14 48 49.4 49 40 33.8 37 

aAverage of duplicate samples. 
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