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I. INTRODUCTION 

A portion of the low level radioactive liquid wastes originating 

from the Oak Ridge National Laboratory are dispersed into the Tennessee 

River System by way of White O a k  Creek and the Clinch River. 

are controlled so that the resulting average cOncentration of radio- 

activity in the Clinch River complies with permissible levels. 

Releases 

The 

amount of radioactivity leaving White O a k  Creek is measured and concen- 

tration values in the river are calculated on the basis of the dilution 

afforded by the river. 

selective adsorption on clays and by biological action of certain or- 

Radioactive materials are reconcentrated by 

ganisms. Such processes, while removing radioactivity directly from the 

water, tend to concentrate-the activity on bottom sediments. By measuring 

the accumulation of radioactive materials in the downstream bottom sedi- 

ments, information can be obtained relative to the dispersal of wastes 

and their subsequent reconcentration in the environment; 

Annual surveys have been made of the Clinch and Tennessee Rivers 

since 1951. The surveys for 1951, 1952, and 1953 were reported by.Garner 

and Kochtitzky.(1) . Beginning in 1954 and extending through 1958, the 

survey was performed by the Area Monitoring Group. 

Area Monitoring Group that is summarized in the following pages. 

It is the work of the 
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11. PISIEFOSE 

Survey objectives were as follows: 

1. Evaluate the radioactivity in the bottom sediment in terms of 

potential present and future hazard to humans. 

Predict the capacity of the Tennessee River system for storing 

radioactivity based on the present rate of accumulation. 

Recornend rates at which radioactive wastes may be dispersed safely. 

2.  

3. 

4. Determine the effect on future industry of an increase in the radio- 

active content of bottom sediments in the Tennessee River System. 
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111. INSTRUMENTATION AND PROCEDURE: 

The boat used i n  the surveys was a sixteen foot, f la t  bottomed, 

outboard hu l l  w i t h  a s i x  foot beam, permanently sheltered forward t o  

c 

-.. 

- -  

protect the electronic equipment, and provided d t h  a canvas, aft,  to.be 

used i f  needed. The hu l l  w a s  powered by a 25 HP motor w i t h  remote 

controls and a 5 HP motor f o r  a spare. 

A device called a Yflounder" (Fig. 1) measured the gamma radia- 

t i on  of the bottom sedimenta. 

operated GM tubes (I2 inch) connected i n  para l le l .  

GMtubes were prempl i f ied  and recorded on a bat tery operated decimal 

scaler,  the  average count being determined by timing w i t h  a stop watch, 

Samples of bottom sediment f o r  laboratory analysis were Qbtained w i t h  

aa Eckman Dredge. 

The "flounder" consisted of twelve bat tery 

Pulses from the 

Sampling points were located on TVA navigation  chart,^ and "cross 

sections" were taken across the r ive r  at these points. A "cross section'' 

consists of readings and sediment samples taken at pre-determined intervals  

along the traverse from one bank t o  the other. F i f t y  foot intervals were 

used i n  the Clinch River, but an average of ten  readirgs and samples w e r e  

taken per ;traverse i n  the Tennessee River and i n  the reservoirs. 

Cross'sections w e r e  taken every two miles i n  the Clinch and approxi- 
I 

mately every 10 miles i n  the Tennessee River aad i n  the deservoirs. 

Downstream from the dams the  action of the water has scoured the r iver  

bed of sediment; therefore, no readings were taken f o r  some distance. 

A 3/16'' cable laid across the Clinch River by means of a block and 

1 

,- 
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tackle w a s  used t o  anchor the boat. Tags at 50 foot  intervals  along 

the cable located the sampling points along the traverse. Fig. 2 shows 

the boat clamped t o  the cable and radiation detection instruments being 

lowered t o  the  bottom. The man i n  the bow i s  using an Eckman Dredge t o  

col lect  s i l t  samples. 

. -  

* 

In  the  Tennessee River the location along the traverse w a s  deter-  

mined as follows: . F i r s t ,  a complete traverse w a s  made a d  the time f o r  

the crossing w a s  noted, The time thus obtained w a s  divided by one more 

than the number of readings t o  be taken. Second, markers were thrown 

out at appropriate intervals  as the boat moved across the r ive r  again 

w i t h  ident ica l  motor control se t t ings  and load dis t r ibut ion.  Sealed one 

quart t i n  cans with a piece of lead attached by a f ishing cord served as 

markers. S i l t  range data were furnished by the TVA and, where possible, 

cross sections were taken along these ranges. The bottom contours shown 

by the  si l t  range data were used t o  check o r  t o  correct the locations 

determined by the above method. 

After the boat w a s  secured by three anchors, two abow, and one astern,  

the flounder was lowered t o  the  bottom of the r iver .  The depth w a s  re-  

corded a d  the count taken for f ive  minutes o r  u n t i l  3000 counts had been 

accumulated. While the  - count was i n  progress, a sample of bottom sediment 

was obtained w i t h  the  Eckman Dredge, the sample being collected on the 

opposith side of the boat 

s t i r r e d  up by the dredge, 

Background data were 

from the  flounder t o  prevent the sediment, 

from influencing the count of the flounder. 

taken i n  Norris and Fort Loudoun reservoirs. . 



7 

I 
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I 

Fig. 2. Boat and Equipment Used in River Survey. 
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Readings w e r e  taken i n  Norris from zero depth t o  a depth greater than 

100 fee t .  The readings i n  F o r t  Loudoun were confined mostly t o  bottom 

readings t o  provide "mud background" da ta  f o r  comparison with data ob- 

tained downstream from ORNL. A curve of counts per second versus depth 

w a s  plotted from the  morris data and this was ,used t o  correct the down- 

stream readings f o r  cosmic backgrouqd. 



IV. PIiESENTAlIlION OF DATA 

The wastes from OXNL enter  t'ne Clinch River via  White O a k  Creek at 

Clinch River m i l e  20.8. 

extends upstream t o  Clinch River nile 28, but at  minimum pool it extends 

only t o  the mouth of White O a k  Creek (CRM 20.8) 

A t  f u l l  pool, Watts Bar reservoir backwater 

Readings were taken i n  the  Clinch River from mile 27.5, 6.7 m i l e s  above 
I 

the  mcuth of White Oak Creek t o  the confluence of the  Clinch aad Tennessee 

Rivers, TRM 567.6 and i n  t he  Temessee River from TRM 570.8 t o  475-1. 

The 1957 and 1958 surveys extencld downstxam as far as TRM 354,k. 

Fl.g. 3 shows tJmt section of t'ile-Temessee River System over which 

the  surveys w e r e  made. The sam2ling locat!-ons and or igin o f  the  wastes 

aye shown with the river mile location of each indfcaked. 

The '!mud background" readipgs taken i n  Fort  Loudoun reservoir ranged 

from 7 c / s  i n  1954 t o  1.3 c / s  h-i.1958. 

period was approximately 10 c/s. 

The a-rerage over the f o u r  year 

m e  gammameasurrements mde os tLe bottuon sediment were corrected 

Plots of f o r  "cosmic background" a& avexged f o r  each 'cros;;-section, 

the  average count Versus river mile f o r  the Clinch and Tennessee Rivers 

a re  given i n  Figs. 4 and 5. 

All gapma counts ( c / s )  taken i n  the  Clinch River were t o t d i z e d  

and divided by the  numbers of readings t o  obtain an average gamma count 

f o r  t ha t  par t icu lar  year. 

likewise. 

River f o r  the period 1951'l) t o  1958 are  given i n  Fig. 6. 

- 
The dcta  f o r  the Tennessee R5verwere t rea ted  1t 

These data together with the  curies discharged t o  the  Clinch 



- 9 -  

UNCLASSIFIED 
ORNL-LR-DWG. 42601 

Not Classified F- 23675 

Fig. 3. 

P 



- 10 - 

A composite s i l t  sample was prepared f o r  each cross section. A l i -  

quots of the oomposite sample were counted f o r  gross beta a c t i v i t y  and 

analyzed radiochemically f o r  long l ived f i s s ion  products. 

beta ac t iv i ty ,  reported i n  terms of T1204*, is  shown versus r ive r  m i l e  

i n  Figs. 7 and 8. 

The gross 

The results of the  radiochemical assay of the r iver  s i l t  =e given 

These data, l i s t e d  accorQng t o  location where i n  Tables I through V I .  

samples were taken, cover the period 1954-58 and give the amount of each 

radionucliae found i n  uni t s  of 10 pc/gram of dried s i l t .  

nuclide content of the s i l t  w a s  averaged f o r  both the  Clinch and Tennessee 

-6 The radio- 

Rivers and is presented graphically i n  Fig. 9. The t o t a l  curies of each 

radionuclide discharged t o  the Clinch River during the corresponding year 

is given i n  the upper half of Fig. 9. 

A.comparison is  made i n  Table VI1 of the gross beta  a c t i v i t y  found 

i n  t h e  si l t  and the gamma ,count taken with the flounder at  the  surface 
w 

of the si l t .  

Bottom contours and a c t i v i t y  prof i les  were plotted f o r  each cross 

section f o r  the 1954 survey and are  given i n  Figs. 10 through 14. 

* 
The counting efficiency of the counters w a s  determined using T1 204 
as a standard. The values reported as pc of gro s beta a c t i v i t y  
would be t rue  only i f  all the a c t i v i t y  were T 1  20t , 
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TABLE I 

Cesium in River S i l t  1954-58* 
Activity in Units of 10-O pc/g of Dried Mud 

Sample Location 

Tenn. R. M. 604.1 
Ft, Loudoun Lake** 

i 

Clinch R. M. 21.5 
19.1 
16.3 
15.2 
14- 0 
11.0 
8.3 
597 
40 7 
2.6 
1,l 

Term. R.. M. 

I 

Cesium (as Cs-Ba137) 
54 55 56 ,57, 56 

2 2 5 - 2 

3 5 - 5 ,4 
12 7 116 528 

22 34 268 iig 

22 34 144 251 
22 38 244 178 

22 - - 235 

24 25 257 192 

27 22 208 177 

24 29 115 184 

24 29 266 299 

15 - 173 

Average 19.7 24.8 202.2 21311 159.3 

570 8 3 - 5 2 
73 55 51. - 57 36 

562 0 7 10 7 
552.7 12 0 

534.8 5 - - 47 22 
532 0 10 11 32 39 21 - - 20 10 

- 20 20 16 
509.5 3 
491.9 5 
475 1 5 2 14 16 13 

- 

Average 6,6 6.7 35 32:s 21.4 

.. - 

Tern. R. , M e  

1 

* All samples were taken during summer. 
to month changes. 

No data is available on month 

** Background 

_ _  
434.1 13 9 
3aJ-, 2 7 7 
354.‘5 7 4 

_. 

,,--. 
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TABLF: I1 

- .  Strontium i n  River - S i l t  1954-58* 
Activity i n  Units of 10-6 pc/g of- Dried Mud 

90 
54 55 56 57 58 
Strontium (as Sr  ) 

SamDle Location 

Tenn. R.M. 604.1 
F&/ Loudoun Lake** 2 1.4 1.3 - 1.1 

- 1 1 Clinch R.M. 21.5 1 - 

Tenn. R.M. 

Tenn. R.M. 

19 .i 
16.3 
15.2 
14.0 
11.0 
8.3 
5.7 
4*7 
2.6 
1.1 

5 
4 
4 
4 
3 
4 ,  

4 
7 
9 
4 
6 
6 
6 - - 
6 

3 2 
5 6 
5 6 
3 11 
5 13 
5 6 
7 1 
5 8 
3 5 
3 5 

Average 3 -6 3.8 6 4.1 5 -9 

570 8 
562.7 
552 -7 
543.8 
532 00 
509 5 
491.9 
475 01 

0.9 
3 0.8 
- 0.5 - 0.9 
3 0.6 

2 0.6 
2 1 . 3  

- 

1 

Average 2.4 0 - 3  2.5 0.76 1.41 

434.1 1.4 1.2 
381.2 0.8. 1 .9  
354.5 0.7 1.5 

* AL1 samples were taken during summer. No data i s  available on month 
t o  month changes. 

** Background 
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TABLE I11 

Cerium in River g i l t  1954-58* 
Activity i n  Units of 10" pc/g of Dried lhd 

Sample Locatfan 

Term. R.M. 604.1 
Ft .  Loudoun Lake= 

144 Cerium (as Ce-Pr 
54 55 56 57 58 

1 1.7 3 - 4.7 

2 

. -  

Clinch R.M. 21.5 
19.1 
16.3 
15.2 
llr.0 
l i . 0  
8.3 
5 07 
4 *9 
2.6 
1.1 

Average 6.1 24.2 40.8 12.1 22.2 

TeM. R.M, 570.8 1 - 1.3 5.7 
1 5  5.5 8.0 2 13 562 7 

552 97 2 
543 08 1 - - 3.0 7.2 

- 1.9 6.2 
532.0 2 1 5  

491 -9 2 - 6 1.8 4.6 
509 5 

475 1- 2 4 4 1.6 6.2 

- 4.3 9.6 

8 2.6 4.9 

- 

1 s 

5 4 - 
6 2& 33 

21 37 12 
32 56 9 
22 20 7 
_a-- 41 . 10 
32 4 4 4 3 . 3  10 
40 56 12 - 13 

9 
30 44 13 

- - - 

E.. 
7 

20 
22 
43 
40 
16 
24 
21 
17 
22 

Average 1.6 10.7 8 -3 2.7 6.6 

Term. R.M. 434.1 
381.2 
354.5 

3.4 7.2 
3.4 5.4 
1.6 4.7 

* All samples were taken during m e r .  No data is available on month 
t o  month changes. i 

* Background r_ 
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TAEILE” IV 

Tri-Valent R a r e  Earths i n  ~RiveP Silt 1954-58* 
Activity in Units of 10-6 uc/g of Dried.W. 

Tri-valent R.E, + Yttrium (as Y 90) 
Sample Location 54 55 56 57 58 

Tenn. R.M. 604.1 
Ft. Loudoun LakeH 2 1.7 3 -  - 4.8 

Clinch R.M. 21.5 1 3 2 3 - 
19.1 
16.3 
15.2 
14.0 
11.0 
8.3 
5 -7 
4 :9 
2.6 
1.1 

2 3 7 10 6 
4 5 11 5 - L3 

‘4 7 15  4 17 
4 7 4 21 
6 16 19 8 18 
4 24 19 - 6 14 
8 12 18 7 15 - 6 13 - - 5 10 
5 
5 
4 9 15  5 1 2  

, -  
Average 4.4 9.7 13.8 5.6 12.7 

Tenn. R.M. 

Tenn. R.M. 

- 1.1 5 *1 570.8 1 - 
6 6 1.9 5.5 - - 2 -7 6.1 

562 0 ’ 7  3 
552 *7 1 
543 *8 2 - - 1.3 5.5 
532 -0 4 7 4 1.5 5.5 - - 1.7 6.1 

- 3 1 . 3  5 -3  
509 5 3 
491.9 2 
475 -1 2 6 1.8 1.0 6.4 

Average 2 . 3  6,8  3.7. 1.6 5.7 

k34.1 1.8 8.1 
381.2 1.3 2.6 
354 5 1.4 4.7 

* All samples were t&qn dur ing summer. 
to month chmges. 

No data is available on month 

** Background 
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Ruthenium i n  River S i l t  1954-58* 
Activity i n  Units of 10'6 yc/g of Dried hhzd 

Ruthenium (as Ru-Rh 106 
54 55 56 57 58 Sample Location 

Term. R.'M. 604.1 
;Ft Loudoun Lake* 

Clinch R.M. 21.5 

Term. R.M. 

Term. R.M. 

19.1 

15.2 

8.3 
5 -7 
4.9 
2.6 
1.1 

16 -3 

14.0 
11.0 

1 0.5 3 - 4.6 

- 3 6 1 - 
8 
5 
5 
6 
2 
5 
5 .  
5 
5 
3 

- 

5 1L 3 
8 6 7 
11 3 6 
6 4 16 
7 6 12 

10 5 7 
8 6 11 - 5 10 - 4 6 

10 6 10 

Average 4.5 4.8 8.1 5.6 8.6 

570 -8 
562 a7 
552 87 
543 -8 
532.0 ' 

509 i 5 
491 9 
475.1 ' 

m 3 
2 3 
1 .__ 
2 - 
1 4 
1 - 
1 - 
1 1 

- 
1.3 2.6 
3.1 4 ,1  
3.4 5.4 
3.1 3.1 
2.0 2.0 
2*3 3.4 
1.8 3.7 
1.5 3.5 

434.1 
381.2 
354.5 

2.9 3.5 
0.9 2.5 
1.7 2-3 

* 

we Background 

All samples were taken during the summer. 
month t o  month changes. 

No data  is available on 

. . .  
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TABLE: VI 

. -  

. -  

Cobalt i n  River S i l t  19546583~ 
Activitv i n  Units of 10-b uc/a of Dried Mud 

Cobalt (as Co60) 
SRmple Location 54 55 56 57 58 

Term. R.M. 604.1 
Ft .  Loudoun Lake* 

Clinch R.M. a . 5  

16.3 

14.0 
11.0 

3.Q .1 

15.2 

8.3 e .  

. 5'r7 
4.9 
2.6 
1.1 

4 0.0 1.0 

- 
26 
39 
59 
29 
37 
50 
52 

46 

- 
- 

- 0.6 

Average 19.4 20.6 42.2 15.2 12.4 

Term. R.M. 570.8 
562 -7  
552 *7 
543 08 

0.8 
5 -7 
6 .1  
3 *6 
2 -9 
2.1 
3 -1 
1.7 

Average 5.8 8.0 7.0 3.6 3 - 3  

Term. R.M. 434.1 
381.2 
354 5 

2.0 1.7 
2..0 1.7 
0.3 2.5 

* All aamples were taken during summer. 
t o  month changes. 

No data is available on month 

~6 Background 
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TABL;E V I 1  

Gross Beta Count vs. Gamma Count 
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V, CALIBRATION OF INSTRUMENTS 

The flounder used i n  the surveys consisted of twelve glass  w a l l ,  

organic f i l l e d  GM tubes connected i n  para l le l .  It w a s  cal ibrated i n  terms 

of m r / h r  by the use of a water solution of 0.1 mg of radium sealed i n  a 

glass  ampule. This cal ibrat ion w a s  made t o  determine the s ,ensi t ivi ty  of 

the instrument and t o  permit d i rec t  comparison of the data  taken from year 

t o  year. The radium cal ibrat ion data f o r  the years 1954-58 are  given 

i n  Figure 15. 

A modified version of the  flounder was constructed i n  1957 using 

s t a in l e s s  steel w a l l ,  halogen f i l l e d  GM tubes. 

be more sensi t ive than the old flounder, both t o  radium and t o  the a c t i v i t y  

i n  the r ive r  s i l t .  

using the old and new flounders. 

This flounder proved t o  

During.,the 1957 survey, duplicate readings were taken 

These readings were compared point by 

point and the comparisnn r a t i o s  averaged f o r  both &he Clinch and Tennessee 

Rivers. 

higher than those taken w i t h  the old flounder, the  r a t i o  of modified t o  

The readings taken with the modified flounder w e r e  consistently 

. old  beipg 1.36 i n  the Clinch River and 1.24 i n  the Tennessee River. 

The data presented in this report  f o r  the period iL954-57WX taken 

w i t h  the old flounder. 

andhave been corrected for the  difference i n  sens i t i v i ty  between the two 

The 1958 data &x! taken w i t h  the modified flounder 

instruments i n  order that comparisons of the year t o  year data could be 

made. 

As  an aid i n  r e l a t ing  the gamma count as measured by the flounder 

t o  the radioactive content of the bottom sediment, mud from White O a k  

- .  ., 
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Lake, di luted w i t h  uncontaminated mud ,rom Douglas Reservoir w a s  use 

t o  cal ibrate  the flounder i n  terms of pc/g of radioactive si l t .  

gross beta count, a gamma count, and a radiochemical assay were r m  on 

White Oak Lake mud before it w a s  d i luted w i t h  the uncontaminated mud. 

Done i n  t h i s  manner, the leve l  of ac t iv i ty  w a s  high enough t o  give low 

s t a t i s t i c a l  e r rors  i n  conntirl'g and t o  give r e l i ab le  radiochemical 

analyses. 

A 

Calibration curves were run f o r  two different  thicknesses of mud, 

' four inches and 10-1/2 inches. 

second versus beta  a c t i v i t y  i n  pc/g of dry mud. 

cal ibrat ion curves indicates there  is considerable absorption of the 

gamma radiation by these thicknesses of mud. 

Figure 16 is  a plot  of gamma counts per 

A comparison of the two 

Since the observed gamma count was due t o  a mixture of radioactive 

substances having different  gamma energies, and since the composition of 

the mixture was not very accurately known, the absorption by the mud, 

could only be approximated. 

An approximation f o r  the absorption w a s  made by R. H. Ritchie 

using the expression as follows: 

Where p = absorption coefficient of the mud f o r  the gamma involved 

t = thickness of act ive mud depos-i€ 

I.= gamma counts observed 

u = specif ic  a c t i v i t y  of mud, and 



I 
w 
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E is given by 
I 2 

A plot '(Figure 1.7) w a s  m a d e  of p t  against I%/I-, I being the gamma. t 
f lux  at thickness t m d  1,being the f lux  from aa i n f in i t e ly  thick 

layer of mud. 

_- 

The quantity p w a s  evaluated emperically from t h i s  equation and 

from the  data observed on the The procedure 

w a s  t o  citlculate r a t io s  I (it2)/ I (ptl)  from the  graph using pt2 and ptl  

values which were i n  the  same r&io as the experimental thicknesses, 

4" and 10.5" layers of mud. 

10*5 pt2 = 7 ptl. The value of ptl  w a s  found which gave the sane 

I (p t2 ) / I  (pt,) value as tha t  observed experimentally. A value of .0506 
. .  

cm'' was found f o r  p. 

. -  Using values from t h i s  curve ;end the specif ic  ac t iv i ty  and flounder 

readings from the spiked mud, curves were prepared showing gamma ac t iv i ty  

i n  c/s versus specif ic  a c t i v i t y  isl pc/g and gamma a c t i v i t y  versus pc/ft  . t i  2 

These'curves are shown i n  F i g r e  18. 

I f  the depth of radioactive s i l t  on the bottom of the streams and 

reservoirs M e r e  known, the  t o t a l  amount of radioact ivi ty  per uni t  area 

of bottom surface could be estimated. 

ment, it i s  imppacticable t o  obtain this information with acceptable 

accuracy. 

However, with our present equip-$- 
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Fig. 17. Flounder Calibration. 
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V I .  DISCUSSION 

Gamma Count R a t e  

The gamma count r a t e  shows a gradual increase from the  point of 

entry of the  wastes in to  the Clinch River (CRM 20.8) downstream, peaking 

at mile 11.0 during 1954 and 1955 and a t  mile 8.0 during 1956, 1957 and 

1958. 

constant except f o r  the  low counts obtained at CRM 2.6 and CRM 4.7. 

Downstream from t h i s  point the  gamma count remains r e l a t ive ly  

A t  

these two points, the  s i l t  seems t o  have been scoured from the r i v e r  

bottom, thereby resul t ing i n  low counts. 

This increase i n  radiation leve l  downstream from the point of entry 

of the  wastes i s  probably due t o  the f a c t  t ha t  during the  f a l l  and winter 

months considerable current is  encountered i n  the Clinch River at the  

point of entry. The veloci ty  of the water prevents the  s i l t  from 

s e t t l i n g  at this  p o h t  and car r ies  it downstream t o  be deposited as the  

w a t e r  slows down. This phenomenon w a s  edcountered repeatedly during 

the  surveys. 

in veloci ty  and, consequently, a scouring of the sediments and a decrease 

i n  gamma count rate. 

extends f o r  &.distance of at l e a s t  20 miles dbwnstream. 

Any r e s t r i c t ion  i n  the r iver  channel caused an increase 

Immediately below the dams, the scouring action 

The l eve l  of a c t i v i t y  dropped off markedly upon entering the  

Tennessee River and continued t o  decrease downstream. This is  t o  be 

expected due t o  the  d i lu t ion  of the waters of the Clinch-by',the Tennessee 

and the  subsequent deposition of the  s i l t  over a much larger  area than 

i n  the  Clinch. .*This may be seen from Figure 4 and Figure 5 which show 

. .  

I .  

- .  
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the average gamma count rate versus r ive r  m i l e  f o r  the Clinch and 

Tennessee'.Rivers. 

since the time required f o r  the water t o  t r ave l  t o  the Tennessee is 

small compared t o  the half-l ives of t he  radionuclides measured. 

The decrease i n  a c t i v i t y  due t o  decay is  neglitgible 

The dis t r ibut ion of ac t iv i ty  along a t raverse  was ,  i n  general, 

prpportional t o  the depth of the  water. This w a s  especially true i n  

the reservoirs and i n  the lower reaches of the Clinch River where most 

of the a c t i v i t y  was found i n  the main channel. Farther up the Clinch, 

the picture  w a s  s o m e w h a t  complicated by the numerous sharp bends i n  

the r i v e r  course, and by the current i n  the r iver .  

of the a c t i v i t y  varied depending on whether the t raverse  was taken on a 

Here the location 

straight stqtfch or  on a bend i n  the r ive r  and whether the stream bed 

w a s  uniformly deep o r  deep on -one side and shallow on the  ahher. 

more detai led picture of a c t i v i t y  dis t r ibut ion may be gained by an 

examifm-tSon of the bottom contours and ac t iv i ty  prof i les  of the Clinch 

A 

B' 

and Tennessee Rivers from the  1954 survey shown i n  Figures 10 through 14. 

These prof i les  fram the 1954 survey are typical  of a l l  the surveys. 

The levels of a c t i v i t y  i n  both the Clinch and Tennessee Rivers 

have shown Qonsiderable increase from 1954 t o  1958. O f  par t icular  note 

i s  the increase i n  gama count rate on the si l t  at TRM 475.1, a f e w  

miles above t h e  c i t y  of Chattanooga. 

a near background count of 8 c/s i n  1954 t o  20 c/s i n  1956. 

s l i gh t ly  i n  1957 and increased again i n  1958 t o  a level comparable t o  

t h a t  of 1956, 

The count rate here increased from 

It< .dropped 



- 38 - 

The 1957 and 1958 surveys extended downstream from Chattanooga 

through the next two downstream reservoirs, Hales Bar and Guntersville. 

The last previous survey of these two reservoirs was done in 1952 by 

Garner. 

to 15 c/s in 1957 and 17 c/s in 1958, Guntersville, likewise, showed 

increases from 1952 to 1958, the readings going from 9 c/s in 1952 to 

12 c/s in 1957 and 15 c/s in 1958. 

extend is not known as the only survey to extend beyond Guntersville 

Reservoir was the 1952 survey which extended to the mouth of the Tennes- 

see River. The increased count in Hales Bar is felt to have its origin 

in artificial radioactivity introduced upstream. This is based on the 

The gamma count in Hales Bar has increased from 10 c/s in 1952 

How far downstream these increases 

fact that there are no major outcroppings of uranium bearing shale up- 

stream from this reservoir and on the fact that the radionuclide cesium 

was found in the silt to the extent of 4.5 times that found in back- 

ground silt from Loudoun Reservoir. The increases in Guntersville 

Reservoir, likewise appear to be the result of artifieSa1 radioactivity 

moving downstream. There is considerable outcropping of uranium bearing 

shale on the watershed of Guntersville Reservoir and thL6i might result in 

an increased gamma count in 1958 but would not result in an increase 

in the cesium content of the silt. The silt showed a cesium content 

two and one-Wf times that of background silt from Fort  Loudoun Reservoir. 
. -’ 

The overall increase in gamma,,count rate with time may best be seen 

from reference to Figure 6. Here the average count rates for both the 

Clinch and Tennessee Rivers are plotted by years for the period 1951 I,, 

. .  

I .  

- .  

* 
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t o  1958. 

Clinch River by years f o r  the 

may be noted thatt, while there a re  f l u c t h t i o n s  i n  levels  of ac t iv i ty ,  

the general trend &s;lup. 

I n  the s&ne f igure are given the curies discharged t o  the 

orresponding periods of the surveys. It 

The huge increase shown from 1955 t o  1956 w a s  due, i n  large par t ,  

t o  the draining of White O a k  Lake with the attendant scouring of con- 

taminated s i l t  from the bottom. A similar increase w a s  shown from 

1 9 5 1 t o  1952 except i n  t h i s  case the increase w a s  a t t r ibu ted  , at 

l eas t  i n  part ,  t o  large releases of re la t ive ly  short l ived material jus t  

pr ior  t o  the 1952 survey. 

had decayed t o  a point where the gamma count was  considerably less than 

tha t  i n  1952. 

the material i n  question. 

O a k  Lake bottom and discharged t o  the Clinch River during the fa l l  of 

1 

By 1953, i n  the Clinch River, t h i s  materisLJt 

This was t o  be expected due t o  the short half-life of 

€lowever, the ac t iv i ty  scoured from the White 

1955 was  long-lived material and should have shown very l i t t l e  decay' 

before the 1957 survey. 

a t t r ibuted,  then, t o  the re-location of the contaminated s i l t  or t o  t4e 

The decrease i n  count shown i n  1957 must be 

covering and oonsequent shielding of it by uncontaminated si l t .  

The readings obtained with the flounder rwged from an average 

of 4 t o  7 c/s at CRM 27.5 t o  an average of 181 c/s f o r  the  ciqoss 

section taken at  CRM 8.0. Thwreadings of 4 t o  7 c/s were taken i n  the 

upper reaches of the Clinch on rocky bottom and are  lowerztlhanIthec:"mud 

background" of uncontaminated streams i n  t h i s  area. In t e r a s  of the radium 



cal ibrat ion of the flounder,. 181 cks :corresponds t o  0.11 mr/hr asd 312 

c / s 9  the  maximum reading observed, corresponds . t o  0.2Q \ m r / h r .  

the  maximum permissible occupationEt1 exposure t o  the  t o t a l  bq& o r  

Based on 

3 gonads of 0.1 rem/wk 

mud, at the  point of maximum r e a i n g ,  would receive. Ob034 r/wk o r  34% 

a body i n  continuous contact with the bottom 

of the m a x i m u m  permissible occwat5aml. exposure. H o m e r ,  max imum 

permissible exposure t o  individuals i n  theaeighborhood.of the  con- 

t r o l l e d  areas should be one-tenth of that  f o r  occupational exposure. 

Based on t h i s  figure, 0.01 rem/wk, &?body i n  continuous contact with 

the  mud would receive more than three times the  maximum permissible 

dose. 

sediment 24 hours per day, seven days per week. 

b le  f o r  any extended period of time, there i s  very l i t t l e  likelihood 

2 

To receive t h i s  dose, a body would have t o  recl ine on the  b o t t m  

Since t h i s  is  impossi- 

0% a human receiving t h i s  dose. 

l o w  lake level,  o r  a person engaged,in dredging and handling s i l t  or  ' 

A fisherman s i t t i n g  on the bank a t  

sand. fmm the r i v e r  bottom m i g h t .  be presumed t o  be exposed t o  t h i s  

f i e l d  of radiation f o r  short  periodCs of t i m e .  

A person handling sand in  a normal 40 hour week would probably 

receive one-third the dose rate of a.persL%p lying on the  bottom sedi- 

ment o r  26% of the  MPD (0.01 r a / w k )  

Gro SEJ JBe t a  Activity 

Aliquots of the composite silt samples prepared f o r  each cross  

section were assayed f o r  gross beta  W t i v i t y  and were reported i n  

. .  

- .  
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terms of Tl2O4 .  While th i s  data does not give an accurate picture 

of the quantity of a c t i v i t y  present, it is useful f o r  comparative 

purposes. 

pc per gram of dried s i l t  vs ;Fiver mile. 

This data i s  presented i n  Figures 7 and 8 i n  uni t s  of 

Beta-Gamma Ratio 

In  an e f f o r t  t o  relate fihunder readings t o  radioactive content 

of the bottom mud, samples of the composites from the 1954 survey 

were counted f o r  both beta and gamma. If t h i s  ra t io-  constant, 

a fagr ly  re l iab le  value for the  amount of nadioactivity i n  the mud 

could be obtained from the gamma measurements made with the flounder. 

This ra t io ,  however, w a s  not constapt, as is  shown by Figure 18, 

which i s  a plot  of beta-gamma r a t i o  vs r ive r  m i l e  f o r  both the Clinch 

and Tennessee Rivers. An i n spec tbn  of these graphs shows the  beta- 

gamma r a t i o  t o  be l e s s  erratid in  the Tennessee than i n  the Clinch 

River. The range of both, however, appears t o  be approximately a 

fac tor  of 2. 

section t o  another i s  probably due t o  different compositions of radio- 

act ive wastes i n  the mud. "his could be due, i n  part, t o  select ive 

adsorption of isotopes on different  types of so i l s .  

The var ia t ion i n  the beta-- r a t i o  from one cross 

The average gross beta  values f o r  the Clinch and Tennessee Rivers 

a re  compared t o  the average gamma counts obtained with the flounder 

i n  Table V U .  The beta-gamma ratio,* not constant f o r  the  Clinch 

I .  
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. .  
‘r  

but varied only about l3$ in the Tennessee through 1957. 

considerably in 1958. 

It dropped 

Identification of Activitv 

Radiochemical analyses were nAn on the composite silt samples. 

The samples were assayed for cesium, strontium, cerium, tri-valent 

rare earths, ruthEnium,niobium, zirconium, and cobalt. These results, 

except nidbium and zfrconium, are given in Tables I through VI. The 

niobium and zirconium content of the silt wits- very low and for the 

sake of brevity are not included here. 

Silt from Fort Loudoun Reservoir, presumably containing no 

fission products from ORNL, was analyzed for the same elements as 

was the river silt and should represent background levels of 

activity due to Laboratory contamination, etc., 

The major radioactive consti-9;uents of the Clinch and Tennessee 

River silt are cesium, cerium, and cobalt with smaller amounts of 

strontium, yttrium, tri-valent rare earths, and ruthenium present. 

The concentration of most of the radionuclides have increased from 

1954 to 1956 with the greatest increases being shown by cesium, ceriqy, 

and cobat. The concentration of all radionuclides, with the exception 

of cesium, showed a decrease in 1957. The 1958 data shov. a decrease in 

the cesium and cobalt content of the silt while the ren\$3ning nuclides 

sh~w an increase from 1957. 

The average concentrationof each radionuclide in the silt of the 
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Clinch and Tesseesee Rivers for the pars  1954 through 1958 is shown 

in Figure 9. 

to the Clinch River for corresponding periods is presented for com- 

The total number of curies of each radionuclide discharged 

parison, 

nuclide concentration found is @horn by cesium. 

The best correlation of radionuclide discharged to radio- 

This is not too 

surprising when it is noted that ce6Iht!m.is readily removed from 

water by adsorption on soil particles. 

the amount of cesium discharged in 1956 is probably due to the drain- 

The very large increase in 

ing of White O a k  Lake during the fall of 1955. During a d  following 

this operation, considerable silt from the lake bottom was discharged 

to the Clinch River. This silt was highly contaminated with radio- 

active cesium. 

t 

I -  

- . -  
1. 
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V I 1  CONCLUSION 

On the basis  of the data observed t o  date, a body an continuous 
2 contact w i t h  the bottom sediment would receive 3 times the MF'D f o r  

non-occupational exposure i n  the neighborhood of a controlled areas. 

Since it is unlikely that a person would be i n  continuous contact with 

the bottom sediment f o r  any extended period of time, a more pract ical  

approach m i g h t  be t o  consider a fisherman s i t t i n g  on the bank at low 

lake level, or a ma.n engaged i n  dredging and handling sand o r  s i l t  from 

the lake bottom. A person engaged i n  such an operatdan so  that he 

would receive one-third as much radiation i n  a 40 hour week as i f  he 

were reclinibg on t h e  bottom, would receive only 26$ of MPD for such 
4 

' .  non-occupational exposure. . 
\ \  If the case of the fisherman s i t t i n g  on t h e  bank of the Clinch . -  I I h)( 

River at low lake l eve l  is  considered, it i s  f e l t  t ha t  the above 

figures would s t i l l  apply. While the MPD t o  the gonads3 i s  the  same 

as that t o  the t o t a l  body, the ganads, i n  th i s  case m i g h t  be exposed 

t o  three times the f ie ld  of radiation as the t o t a l  body of the worker. 

and hence, would receive the same t o t a l  dose i n  one-third the time. 

This would allow the fisherman t o  spend 13 hrs/week f ishing on the bank. 

This is  not an altogether unreasonable length of time. 
1 

If conditions were created such tha t  exposures greater than the 

MPD were possible then the r ive r  system would have reached maximum cap- 

. .  acity,  and any additional wastes would present speaP@l problems. 

d . .  
7. 
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Since most of the silt wou d be removed from the water by water 

treatment plants and since the concentration of radioactivity in solu- 

tion on the average does not exceed the MPC for continuous useg it is 

believed that no ingestion hazard exists due to the discharge of the 

present amount of radioactive wastes t o  the Clinch River. This will be 

discussed in a subsequeqt report 

It is concluded that no immediate hazard exists due to the re- 

concentration of radioactive materials in downstream bottom sediments. 

However, if the amount of radioactivity in the bottom sediment continues 

to increase for the next few years, it will be necessary to re-evaluate 

our present waste disposal policy in order to further restrict the 

release of radioactive wastes to the Clinch River. 

The most probable effect of the radioactive sediment on industry 

would be aa increased background counting rate if sand from the river 

bottom were used in making concreterfor the construction of counting 

rooms of instrument laboratories. 

solution in the river water wodd have to be considered before using the 

downstream water as process water in the manufacture of film emulsions 

The problem of the radioactivity in 

or other photographic materials. 

. .  
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