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LEGAL NOTICE 

T h i s  report was prepared as  an account of Government sponsored work. Neither the United States, 

nor the Commission, nor any person act ing on behalf o f  the Commission: 

A. Makes ony warranty or representation, expressed or implied, w i th  respect t o  the occurocy, 

completeness, or usefulness of the information contained in th i s  report, or that  the use o f  

m y  information. opporotus, method, or process d isc losed in  th i s  report may not infr inge 

pr ivate ly  owned rights; or 

Assumes any l i a b i l i t i e s  w i th  respect to  the use of, or for damages resul t ing from the use of  

any information, opporotus, method, or process d isc losed in th i s  report. 

6. 

As used in the above, "person acting on beholf o f  the Commission" inc ludes any employee or 
contractor of the Commission, or employee of such controctor, t o  the extent that such employee 

or controctor o f  the Commission, or employee of such controctor prepares, disseminates, or 

provides access to, any information pursuant t o  h i s  employment or contract w i th  the Commission, 

or h i s  employment w i t h  such controctor. 
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ORNL-3409 
Errata 

STATUS REPORT NO. 4 ON 

CLINCH RIVER STUDY 

Page 85, Table 13, Line 3 (Kingston Steam P lan t )  .- 
I n  Column 2 change t o  Emory R .  i n s t ead  of Clinch R . ;  
and i n  Column 3 change t o  Near CRM 4.4 ins tead  of 
cm 3. 

v' 

,Page  86, Paragraph 3, Lines 5 and 6 . -  I n  l i n e  5 of 
b' t h e  Paragraph add " ( 3 ) "  - af te r  "Steam Plant;",  and i n  

l i n e  6 add "(  4)" af te r  f i r s t  word so as t o  read: 
"and (4)  T R M T 5 . 5 - - . "  

Page 86, Paragraph 4, Lines 1 and 2 .  - 
"Water suppl ies  taken from t h e  Clinch River a t  CRM 14.5 

used by ORGDP and ------." 

Change t o  read: 

' /'and from Emory River i n  t h e  v i c i n i t y  of CRM 4 .4  are 

Page 99, Equation ( 3 ) . -  
t o  "+" ins tead  of "=" s o  t h a t  equation reads: 

I n  second parentheses change 
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FEATURES OF TKE OVER-ALL PROGRAM 

I n  t h r e e  previous s t a t u s  repor t s ,  progress r epor t s  covering t h e  

'j2>3 This study program through October 1961 were summarized. 

fou r th  status r epor t  i s  based pr imar i ly  on progress r epor t s  f o r  t h e  

per iod November 1961 to Apr i l  1962, submitted a t  meetings of t h e  

Clinch River Study Steer ing  Committee Apr i l  25-26, 1962: 

A s  descr ibed i n  t h e  e a r l i e r  s t a t u s  t h e  Clinch 

River Study i s  a cooperative research program i n  which seve ra l  

agencies are a c t i v e  p a r t i c i p a n t s  ( see  pages x and x i ) .  

i s  t o  improve knowledge of p reva i l i ng  conditions,  re levant  phenomena, 

and p o t e n t i a l  hea l th  hazards i n  t h e  Clinch and Tennessee r i v e r  systems 

with respec t  t o  r ad ioac t ive  contamination. 

f o r  t h e  program r e s t s  with t h e  S teer ing  Committee ( s e e  page v i i i )  . 
This committee has developed b a s i c  plans and p o l i c i e s  and exerc ises  

general  supervis ion over a l l  phases of t h e  s tudy.  Spec i f i c  study 

p ro jec t s  a r e  ca r r i ed  out by members of t h e  study staff with p r i n c i p a l  

headquarters and f a c i l i t i e s  a t  t h e  Oak Ridge National Laboratory ( ORrJL) . 

The purpose 

Over-all  r e s p o n s i b i l i t y  

The b a s i c  objec t ives  of t h e  study are: "(1) t o  determine t h e  

f a t e  of rad ioac t ive  materials cu r ren t ly  being discharged to t h e  Clinch 

River, ( 2 )  t o  determine and understand t h e  mechanisms of d i spers ion  

of radionucl ides  re leased  t o  the r ive r ,  (3) to evaluate  the d i r e c t  

and i n d i r e c t  hazards of current  d i sposa l  p rac t i ces  i n  t h e  r i v e r ,  

(4) to evaluate  t h e  over -a l l  usefulness  of t h i s  r i v e r  f o r  rad ioac t ive  

waste d isposa l  purposes, and (5 )  t o  recommend long-term monitoring 

procedures. it3 
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Steering Committee Actions 

The steering committee held an open meeting at ORPJL April 25-26, 

and an executive meeting on April 26, 1962. The open sessions were 

conducted as an information meeting for members of the committee, 

subcommittees, and study staff, at which progress reports were presented 

and discussed. The purpose of the executive meeting was for the 

steering committee and group leaders to consider and to make decisions 

concerning specific questions and proposals. 

The open sessions, April 25-26, were attended by a total of 

36 persons. Twelve summaries of the results of particular work 

projects and four progress reports by subcommittees were presented 

and discussed briefly as  follow^:^ (1) "Area Monitoring of Clinch 

River" by H. H. Abee (ORNL); (2) "Management and Control of Liquid 

Waste at ORIS&" by E. J. Witkowski (ORPSL-Operations Division) ; 

(3) "Study of White Oak Creek Drainage Basin" by T. F. Lomenick (ORNL); 

(4) "Hydrologic Measurements and Analyses" by three speakers: (a) "Effect 

of Power Releases from Norris Reservoir on Flow and Radioactivity Levels 

in Clinch River," "Effect of Power Releases from Melton Hill Reservoir 

on White Oak Lake Levels," and "Proposed Investigation in Bear Creek 

Basin" by P. H. Carrigan (USGS-ORNL); (b) "Data Collection and Analysis 

Program" by J. P. Monis (USGS); and (e) "Radiotracer Study in the 

Clinch River, February 1, 1962" by B. J. Frederick (USGS); (5) "Study of 

Density Gradient Separation of Particulate Matter from River Water'' by 

W. T. Lammers (TVA-Davidson College); (6) "Data from Public Health 

Service (USPHS) Environmental Surveys--Sediment Samples Collected in 

May 1961" by A. G. Friend (USPHS) ; (7) "Progress Report of Subcommittee 
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on Water Sampling and Analysis" by M. A. Churchill (TVA), chairman; 

(8) ttProgress Report of Subcommittee on Bottom Sediment Sampling and 

Analysis" by P. H. Carrigan (USGS), chairman; (9) "Progress Report No. 1, 

Subcommittee on Aquatic Biology" by S. I. Auerbach (ORNL), chairman; 

(10) "Data from USPHS Environmental Surveys--Fish Samples Collected in 

May and December 1961 and March 1962" by D. B. Porcella (USPHS); 

(11) three progress reports on Studies in Aquatic Biology: 

Data on Strontium in Clams,'' "Biological Half-Life of Cesium in Fish," 

and "Radioactive Strontium in Fish used for Human Food" by D. J. Nelson 

(ORNL) ; (12) "Progress Report of Subcommittee on Safety Evaluation" 

presented by R. L. Hervin (AEC) in the absence of C. P. McCammon (TDPH), 

chairman. 

who suggested an outline of further work needed f o r  consideration by 

the steering committee. 

"Additional 

Finally, a discussion on "Future Plans" was led by F. L. Parker, 

At the executive meeting April 26, 1962,5 criteria for release 

of talks, papers, and publications based on data from the Clinch River 

study that have not been previously released in a publication by the 

steering committee were considered. The following restatement of 

the committee's policy was adopted: 

1. Presentation of a paper or talk containing data from the 

Clinch River study not previously published in a status report must 

have the approval of the chairman of the steering committee before 

presentation. 

2. Publication of a paper or report containing data from the 

Clinch River study not previously published in a status report must 

be approved by a majority vote of the steering committee members 

prior to publication. 
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Releases of two proposed papers were authorized, namely: 

"Proportional Sampling for Radionuclides in the River System below 

Oak Ridge" by M. A. Churchill for presentation at the annual meeting 

of the American Geophysical Union in Washington, D. C. on April 27, 1962, 

and f o r  publication in the proceedings of the meeting; and "Studies on 

the Distribution of Radionuclides in the Clinch and Tennessee Rivers 

below Oak Ridge" by A. G. Friend and D. B. Porcella f o r  presentation 

at the 1962 Nuclear Congress in New York, N. Y. on June 6, 1962. 

The steering committee authorized preparation and issue of 

Status Report No. 4 (the present report), 

staff investigators were requested to cooperate in the preparation of 

text, tables, and figures. It was agreed that most of the progress 

reports submitted during the open meeting were suitable and should 

be condensed and included in Status Report No. 4. 

Subcommittee chairman and 

The role and working procedures of the four subcommittees were 

considered carefully. It was the consensus that current information 

about the program is necessary as a basis for steering committee 

functions, and that to be of most value such information should be 

provided while the data are being assembled and progress reports being 

prepared by the several subcommittees. It was requested that each 

subcommittee should develop a consolidated summary of available data 

pertinent to its area of study as soon as feasible, and assist in 

bringing these summaries together so as to provide a clear and 

comprehensive picture of the over-all status of the program. The 

committee recognized the large amount of time required for a subcommittee 

to assemble, condense, and evaluate information, particularly the 

. 
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Subcommittee on Safety Evaluation, and agreed that every possible effort 

should be made to provide staff assistance to the subcommittees. 

The committee voted to appoint a "study coordinator" with 

broad responsibility to work with the subcommittees and the staff 

of the study. His function will be to coordinate and guide the various 

phases of the work program so as to achieve the essential objectives 

of the study by the time the program is completed. F. L. Parker was 

designated to serve as Study Coordinator. 

The committee considered the need to expand the study program 

by accelerating studies already in progress or initiating work on 

other problems. 

be available from time to time in one or more of the participating 

agencies could be used advantageously for this purpose. It was the 

consensus that additional manpower would be helpful on: 

sorption studies to accelerate work on river sediments and radionuclide 

retention; (2) a fish collection and analysis project which would 

require intensive work in order to provide data needed by the 

Subcommittee on Safety Evaluation; and (3) extension of water sampling 

and analyses,for example, on small streams, which might help to explain 

high ruthenium activity upstream from the Laboratory. The committee 

invited the assignment of suitably competent personnel for work on 

these problems. 

It was agreed that additional manpower which might 

(1) mineral- 

It was agreed that the safety of the river system as now operating 

must be appraised as adequately as possible since this is one of the five 

basic objectives of the study. To obtain information on undefined 

aspects it ms suggested that the present staff might make some limited 
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but specific investigations. For example, additional survey data and 

sampling are needed to indicate the importance and potential hazards, 

if any, of irrigation of crops with river water. 

counting of a sample of workers at ORGDP was recommended to determine 

whether body burdens of radionuclides in these users of Clinch River 

water are measurable and significant. 

Also, whole-body 

The committee discussed but left for later consideration the 

value of data which might be obtained by analysis of samples of raw 

and finished water from the water plant of the Oak Ridge Gaseous 

Diffusion Plant (ORGDP), and also from existing shallow wells 

downstream near the Clinch o r  Tennessee Rivers. The Subcommittee 

on Safety Evaluation desired further data on contaminants in drinking 

water to aid in its evaluation of potential exposures through this 

medium, but there was doubt whether data obtained from sampling of 

existing wells o r  the ORGDP water supply would be definitive. 

Arrangements were authorized for the next regular meeting of 

the steering committee to be held at the USPHS Sanitary Engineering 

Center at Cincinnati, Ohio. A meeting at this center would enable 

committee members to become more familiar with analytical methods 

employed and correlative research being conducted by the USPHS. 
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ASSESSMENT AND CONTROL OF WASTE DISCHARGES 

I .  

I n  order  t o  def ine  and evaluate  rad ioac t ive  contamination i n  t he  

Clinch River and f a r t h e r  downstream, s p e c i f i c  knowledge of the  sources, 

quan t i t i e s ,  cha rac t e r i s t i c s ,  and v a r i a b i l i t y  of wastes released t o  

t h e  r i v e r  i s  essent ia l .  Conclusions regarding p o t e n t i a l  hazards 

from radionuclides i n  t h e  r i v e r  system and recommendation of long- 

term monitoring procedures are two of t h e  b a s i c  objec t ives  of t h e  

Clinch River study. To be  r e a l i s t i c  the bases f o r  these conclusions 

and recommendations must include quan t i t a t ive  data on waste releases, 

and judgment as t o  t h e  e f fec t iveness  of measures f o r  t h e i r  cont ro l  

a t  t h e  source.  

A t  ORNL t h e  management of rad ioac t ive  wastes and t h e  provis ion 

of waste d isposa l  f a c i l i t i e s  are  r e s p o n s i b i l i t i e s  of t h e  Operations 

Division. Environmental s tud ie s  of waste discharges from indiv idua l  

sources t o  t h e  White Oak Creek drainage system and through t h e  creek 

system t o  Clinch River are conducted by the  Radioactive Waste Disposal 

Research Sect ion of t h e  Health Physics Division. 

t hese  two groups, presented Apr i l  25, 1962 f o r  information t o  t he  

s t e e r i n g  committee, are summarized below. 

Reports by 

* Management of Liquid Wastes a t  ORNL 

In t roduct ion  

The primary r e s p o n s i b i l i t y  for rad ioac t ive  releases from ORNL 

i n t o  t h e  environment l i e s  with t h e  many people who handle rad ioac t ive  
__ * 

Based on a discussion by E .  J .  Witkowski, Operations Division, 
ORNL a t  open meeting of the  s t e e r i n g  committee, Apr i l  25, 1962. 
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materials i n  labora tory  and processing areas. Two l i q u i d  and two 

gaseous waste d isposa l  systems are provided and t h e  amounts of radio-  

a c t i v i t y  t h a t  escape i n t o  t h e  environment depend mainly on how t h e  

people a t  t h e  source use these  systems. The func t ion  of t h e  Operations 

Division group i s  t o  operate  t h e  waste co l l ec t ion  and t r a n s f e r  

equipment, maintain t h e  systems i n  good operat ing condition, educate t h e  

many users  of t h e  sytems, and po l i ce  them t o  be sure  t h a t  t h e  systems 

are properly used. The g rea t e s t  cont r ibu t ion  of t h i s  group i s  i n  

educating and pol ic ing  users  of t h e  systems. The f a c i l i t i e s  provided 

and t h e  work done i n  disposing of l i q u i d  wastes w i l l  be reviewed 

b r i e f l y .  A d e t a i l e d  descr ip t ion  of t h e  h i s t o r y  of waste management 

a t  OR?& and of t h e  f a c i l i t i e s  and methods f o r  l i q u i d  waste d isposa l  

through 1958 was included i n  a repor t  by Browder e t  al, i n  1959. 6 

Intermediate Level Waste 

A s impl i f ied  flow diagram of t h e  two l i q u i d  waste systems i s  

shown i n  F ig .  1. It may be  noted t h a t  no high-level  waste i s  shown. 

The term high-level  is reserved for f u t u r e  wastes t h a t  w i l l  run i n  

excess of 10 cu r i e s  per  gal lon;  and t h e r e  are no such wastes i n  

t h e  Laboratory a t  t h e  present  time. 

P r a c t i c a l l y  a l l  of t h e  r a d i o a c t i v i t y  i n  l i q u i d  wastes generated a t  

t h e  Laboratory-allb but a f r a c t i o n  of 1 per  cent of  t h e  t o t a l - - i s  

handled through t h e  intermediate  l e v e l  system. The process-waste 

system under i d e a l  condi t ions would ca r ry  no a c t i v i t y .  I t s  main 

purpose i s  t o  c o l l e c t  process water t h a t  may become contaminated 

i n  t h e  event of equipment or human fa i lure .  

Operations Divis ion group i s  t o  ge t  people t o  keep down t h e  volumes 

One of t h e  main jobs of t h e  
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I INTERMEDIATE L E V E L  WASTE I 

J E T  OR PUMP I 
( 3 )  170,000-gal  

CONCRETE SURGE TANKS 

11.1.' 
SOIL DISPOSAL S O I L  D I S P O S A L  I N  
I N  OPEN P I T S  SEEPAGE TRENCHES 

SEEPAGE 

UNCLASSIFIED 
ORNL-LR-DWG 55947R 

L I QUI D WASTES 

. 

I PROCESS WASTE I 
3 5 0 , 0 0 0  - 500,00Ogal/day 

COOLING WATER FROM C H E M I C A L  
PROCESS VESSELS, FLOOR D R A I N S ,  

LABORATORY "COLD" S I N K S  

GRAVITY FLOW 
THROUGH T I L E  PIPES I 

MONITORING IN MANHOLES FOR 
A C T I V I T Y  AND VOLUME FROM 

SPECIFIC AREAS OR B U I L D I N G S  . 
EQUALIZATION BASIN - 

PROCESS WASTE 
TREATMENT P L A N T  

L IME-SODA ASH-CLAY 
REMOVES 7 5 - 8 0 7 0  

OF A C T I V I T Y  
CAPACITY 500,000 gol/day 

Fig. 1. Flow Diagram of Laboratory's Liquid Waste Systems. 
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of t h e i r  rad ioac t ive  l i q u i d  wastes t o  the  lowest poss ib le  l e v e l  and t o  

discharge them i n t o  the  intermediate- level  system. 

The intermediate- level  waste i s  co l lec ted  i n  17 underground 

monitoring tanks.  These tanks are used f o r  c o l l e c t i o n  and temporary 

storage,  f o r  n e u t r a l i z i n g  a c i d  wastes with caust ic ,  and f o r  separat ing 

the  wastes according t o  the  various people who generate them. It has 

been learned over t he  years t h a t  the  "customers" cannot be depended 

upon t o  n e u t r a l i z e  t h e i r  own wastes. Two tanks were l o s t  through 

corrosion before  it was decided t h a t  t he  Operations Division group 

should add i t s  own caus t ic .  It has a l s o  been learned t h a t  unless 

the  wastes from the  various research groups a r e  separated s o  t h a t  t he  

discharges can be i d e n t i f i e d  with the  responsible individuals ,  people 

become care less  and al low excessive d i l u t i o n  of t h e i r  wastes. 

The volume of l i q u i d  i s  continuously measured and the  information 

telemetered t o  the  Waste Control Center where a l l  of t he  Operations 

Divis ion 's  waste d isposa l  data a r e  recorded. 

can de tec t  any abnormal r i s e  of t he  l e v e l  i n  the  mopitoring tanks 

and he ge t s  i n  touch with the  customers, Most f requent ly  the  

t rouble  may be tha t  the  user of the  system forgot  t o  c lose a water 

faucet  i n  a hot  sink and i s  not aware of t ha t  f a c t .  The 

opera tor ' s  contact induces him t o  shut of f  t he  water before  the  

waste system becomes overloaded. 

An operator  t he re  

The waste i s  pumped from the  monitoring tanks through a number 

of s t a i n l e s s  s t e e l  l i n e s  t o  th ree  l a rge  underground concrete tanks; 

and from the re  it i s  pumped through an underground c a s t - i r o n  
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pipel ine,  2-in.  d ia  and 1 1/2 m i  long, t o  the  waste-disposal open p i t s  

and covered t renches.  A t  t h e  present  time, approximately one-half of 

t h e  waste goes t o  t h e  p i t s  and one-half t o  t h e  t renches.  The details 

of t h e  operat ion of t h e  p i t s  and t renches w i l l  not be discussed here .  

Another covered t rench  i s  now being designed which w i l l  e l iminate  t h e  

use of t h e  open p i t s .  

trenches a r e  considered t h e  lesser of two e v i l s .  

e l iminate  both by t h e  end of 1963 when t h e  waste evaporator now 

being designed i s  put i n t o  operat ion.  

I n  choosing between p i t s  and t renches t h e  

It i s  hoped t o  

Pro ces s Wastes 

A s  mentioned previously,  process wastes are mainly water that 

may become contaminated i n  t h e  event of a n  accident ,  and, under i d e a l  

conditions, should car ry  no r ad ioac t iv i ty .  The f a c t  is ,  however, 

t h a t  more than f i v e  cur ies  of a c t i v i t y  per  month a r e  discharged i n t o  

t h i s  system of which l e s s  than two curies  per month a r e  re leased i n t o  

t h e  creek. 

of a c t i v i t y  i n t o  t h i s  system i s  r e l a t i v e l y  new and many users  

have not ye t  a l t e r e d  t h e i r  operations t o  conform t o  t h i s  r u l e .  

g rea t  deal of progress has been made, however. A t  one time the 

Laboratory discharge t o  t h e  creek averaged f i v e  cur ies  per  day. 

Now it averages less than two cur ies  per  month, and about 75 per  cent 

of t he  t o t a l  re lease  comes from two sources which it i s  hoped w i l l  be 

eliminated before  the  end of t h i s  year .  

This i s  because t h e  ru l e  prohib i t ing  normal discharges 

A 

The process waste system resembles a s a n i t a r y  sewer system. 

The waste from t h e  l a b o r a t o r i e s  and operating bui ldings i s  co l lec ted  

and t r a n s f e r r e d  t o  a common point  by means of underground 
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t i l e  p ipe l ines .  

s t a t i o n  a t  which t h e  a c t i v i t y  and flow a r e  measured and samples 

proport ional  t o  t h e  flow a r e  co l lec ted .  The flow and a c t i v i t y  

measurements a r e  telemetered t o  t h e  Waste Control Center so t h a t  t h e  

operator may immediately ge t  i n  touch with those who produce t h e  wastes 

when he not ices  abnormal a c t i v i t y  or flow i n  t h e  waste streams. A t  t h e  

divers ion box, t h e  junct ion of a l l  t h e  streams, t h e  combined flow and 

a c t i v i t y  a r e  a l s o  measured and t h i s  information i s  telemetered t o  t h e  

Waste Control Center. 

analyzed every 4 hours t o  be sure  t h a t  t h e  instruments a r e  i n  good opera- 

Each of t h e  e ight  main t r i b u t a r i e s  has a monitoring 

A proport ional  sample taken a t  t h e  divers ion box i s  

t i n g  condition. 

l e s s  t h e  a n a l y t i c a l  r e s u l t s  w i l l  help i n  l o c a t i n g  the  source of a n  

unusual discharge.  

Samples from t h e  t r i b u t a r y  streams a r e  not analyzed un- 

The cont ro ls  a t  t h e  divers ion box can be s e t  so  t h a t ,  i n  case the  

waste volume exceeds the  capacity of t h e  plant ,  any wastes t h a t  a r e  below 

a predetermined l e v e l  of a c t i v i t y  w i l l  be automatical ly  bypassed 

without t reatment .  

a ha l f ,  s ince  t h e  volumes have been reduced below -the p l a n t  capaci ty  

and a l l  of t h e  waste can now be processed. The equal iza t ion  bas in  

provides reserve s torage  f o r  emergency handling of excess volume and high 

a c t i v i t y  which might conceivably occur a t  t h e  same time. 

This has not been necessary f o r  almost a year and 

The process waste treatment p l a n t  removes only 75-80 per  cent 

of t h e  a c t i v i t y .  

range goal of reducing t h e  a c t i v i t y  of discharges i n t o  Clinch River t o  

MPC l e v e l s .  

and some development work on r e s i n  columns f o r  use  i n  t h e  process 

waste system i s  now i n  progress.  The Operations Division workers 

a r e  hopeful t h a t  t h e  Laboratory's goal can be a t t a i n e d  by b e t t e r  

This i s  not s u f f i c i e n t  t o  meet t h e  Laboratory's  long- 

It may be necessary to add more waste processing equipment, 



con t ro l l i ng  and reducing t h e  discharges i n t o  t h e  system; and be l i eve  

t h a t  t h i s  approach should be given a thorough t r i a l  before  a l a r g e  

expenditure of money f o r  more equipment i s  made. 

Monitoring of Creek 

Besides t h e  intermediate- level  waste p i t s  and t h e  process waste 

system which rou t ine ly  release a c t i v i t y  i n t o  t h e  creek, t h e r e  are 

severa l  o the r  p o t e n t i a l  sources.  

acc iden ta l ly  ge t  i n t o  t h e  creek through t h e  s a n i t a r y  sewer system, 

through t h e  storm sewer system, and from t h e  s o l i d  waste b u r i a l  

grounds. 

monitors have been se t  up along White Oak Creek ( see  Figure 2 ) .  

monitoring s t a t i o n s  are numbered 1 through 5 .  

i n t eg ra t e s  t h e  flow and takes  a proport ional  sample f o r  a c t i v i t y -  

inventory purposes. S t a t ions  4 and 5 sample t h e  a c t i v i t y  seeping 

out of t h e  open waste p i t s .  

homogeneous r e a c t o r  s i t e  (HRT) and b u r i a l  ground no. 5. 

samples White Oak Creek below b u r i a l  ground no. 4 and a l l  discharges 

from the main Laboratory area, including e f f luen t  from the  process 

waste system. S t a t i o n  1 samples t h e  discharges from t h e  process 

waste system. The a c t i v i t y  discharged from t h e  storm sewers, b u r i a l  

ground, and san i t a ry  sewers i s  ind ica ted  by t h e  d i f fe rences  between 

s t a t i o n s  2 and 1. This method of determining t h e  a c t i v i t y  from t h e  

miscellaneous sources i s  not s a t i s f a c t o r y  because small r e l eases  from 

t h e  sources would be  below t h e  l i m i t s  of a n a l y t i c a l  accuracy. It 

i s  hoped t o  cor rec t  t h i s  i n  t h e  f u t u r e  by i n s t a l l i n g  another  

monitoring s t a t i o n  i n  t h e  creek e a s t  of t h e  s e t t l i n g  bas in .  

Radioactive materials may 

To keep up with these  p o t e n t i a l  r e l eases  a number of 

The 

Each measures and 

S ta t ion  3 samples t h e  stream below t h e  

S t a t i o n  2 
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The t o t a l  discharge through White Oak Creek t o  Clinch River i s  sampled 

and measured by t h e  Health Physics Division a t  White Oak Dam ( s t a t i o n  6) 

I n  a d d i t i o n  t o  t h e s e  sampling s t a t ions ,  d i r e c t  r a d i a t i o n  monitors 

have been i n s t a l l e d  i n  <he sewage d isposa l  p l a n t  e f f luen t  l i n e  and i n  

t h e  creek a t  t h e  7500 a r e a  br idge.  The information from t h e  monitors 

i s  telemetered t o  t h e  Waste Control Center s o  t h a t  any s i g n i f i c a n t  

a c t i v i t y  discharged from t h e  sewage d isposa l  p l a n t  o r  storm sewers w i l l  

be immediately not iced by t h e  operator .  The d i r e c t  r a d i a t i o n  monitor 

i n  t h e  sewage d isposa l  p l a n t  e f f luen t  i s  adequate s ince normally t h i s  

stream i s  completely f r e e  of a c t i v i t y .  

however, measures t h e  discharge from t h e  process waste system along with 

any small discharges from t h e  storm sewers so  t h a t  very small re leases  

could not be detected.  To cor rec t  t h i s  it i s  planned t o  put a d i r e c t  

r a d i a t i o n  monitor, along with t h e  a d d i t i o n a l  sampling s t a t ion ,  i n  t h e  

creek e a s t  of t h e  process waste treatment p l a n t  discharge, and two 

d i r e c t  r a d i a t i o n  monitors on two small waste streams i n  t h e  e a s t  end 

of t h e  Laboratory area. 

The monitor a t  t h e  br idge 

Accumulation and Movement of Radionuclides 
i n  White Oak Creek Basin* 

Introduct ion 

For t h e  pas t  20 years  rad ioac t ive  materials have been discharged 

i n t o  t h e  surface streams, s o i l s  and rocks, and t h e  atmosphere a t  t h e  

Oak Ridge National Laboratory. A l a rge  p a r t  of t h e  a c t i v i t y  has 

remained a t  d isposa l  si tes;  some has moved from one p a r t  of t h e  d isposa l  

complex t o  another;  and, f i n a l l y ,  s i g n i f i c a n t  quan t i t i e s  of f i s s i o n  

products have moved from t h e  control led environment of t h e  Laboratory 

by T .  F .  Lomenick, Radioactive Waste Disposal Research Section, ORNL 
a t  open meeting of t h e  S teer ing  Committee, A p r i l  25, 1962. 

*Based on a discussion of "Study of White Oak Creek Drainage Basin" 
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i n t o  t h e  Clinch River .  

Current ly  t h e  Laboratory releases low-level waste water, most of 

which i s  p re t r ea t ed ,  d i r e c t l y  t o  sur face  streams. In te rmedia te - leve l  

l i q u i d  waste i s  pumped t o  seepage p i t s  excavated i n  t h e  s o i l ;  s o l i d  

waste i s  bur ied  i n  unlined ear then t renches;  and gaseous waste, a f t e r  

treatment,  i s  discharged through t a l l  s tacks  t o  t h e  atmosphere. The 

fate of t h e  radionucl ides  i n  these  wastes i s  of v i t a l  concern, s ince  

t h e  ove r -a l l  usefulness  of t h e  environment f o r  planned discharges,  as 

w e l l  as an  assessment of the hazards t o  man from acc iden ta l  r e l e a s e s  

of rad ioac t ive  wastes, depends on t h e  d i s t r i b u t i o n ,  re ten t ion ,  and 

r a t e s  of movement of radionucl ides  i n  and through the system. 

The White Oak Creek Drainage Basin includes a l l  OR?& f a c i l i t i e s  

t h a t  cont r ibu te  s i g n i f i c a n t  q u a n t i t i e s  of rad ioac t ive  waste t o  the  

environment. 

t o  i d e n t i f y  and def ine  t h e  var ious contamination sources wi th in  the  

bas in  and t o  examine geohydrological f a c t o r s  t h a t  a f f e c t  t h e  t r anspor t  

of radionucl ides  through t h e  s o i l  and i n  sur face  streams. 

Inves t iga t ions  a r e  now under way a t  t h e  Laboratory 

Sources of Contamination 

General.--There are 23 known sources of rad ioac t ive  contamination 

i n  t h e  White Oak Creek drainage bas in  ( s e e  Fig.  3 ) .  

d i r e c t l y  t h e  discharges of p a r t i a l l y - t r e a t e d  process  waste water, laundry 

water, s a n i t a r y  sewage, and r eac to r  r e t e n t i o n  pond e f f luen t s ,  and, 

eventually,  seepage from s i x  in te rmedia te - leve l  waste seepage p i t s  and 

f i v e  s o l i d  waste b u r i a l  grounds. Runoff from land surfaces ,  which are 

subjected t o  local f a l l o u t  from four  t a l l  s tacks  and t o  general  f a l l o u t ,  

a h 0  cont r ibu tes  some a c t i v i t y  t o  t h e  creek. I n  add i t ion  some rad io-  

nuclides e n t e r  t h e  creek from the beds of former White Oak Lake and 

intermediate  pond 

The creek rece ives  
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Fig. 3. Map of White Oak Creek Basin Showing Sources of Radioactive Contamination and Location 
of Stream Monitoring Stations. 
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Techniques and Equipment Employed i n  Assessing Sources.-- 

Permanent water sampling s t a t i o n s  now e x i s t  on White Oak Creek a t  

White Oak Dam and a t  m i l e  (WOCM) 1.8, on each of t h e  two streams t h a t  

d ra in  t he  intermediate- level  waste seepage p i t  area, on Melton 

Branch j u s t  upstream from i t s  confluence with White Oak Creek, and 

on t h e  e f f luent  from t h e  Process Waste Water Treatment P lan t  (PWWTP) 

(see Fig .  3 )  . 
devices, provide information pr imar i ly  on t h e  amount and type of 

a c t i v i t y  t h a t  i s  discharged t o  t h e  Clinch River and t h a t  which 

leaves t h e  major contamination sources a t  ORXL. Three temporary water 

sampling s t a t i o n s  were es tab l i shed  on White Oak Creek a t  WOCM 2.6 

and 3.9 and on t h e  t r i b u t a r y  stream t h a t  dra ins  t h e  northwest por t ion  

of t h e  area (see Fig .  3) . 
amount and type of a c t i v i t y  contr ibuted to t h e  system from f a l l o u t ,  

b u r i a l  grounds, and o ther  sources i n  Bethe l  Val ley t h a t  could not be 

monitored d i r e c t l y .  I n  addi t ion,  t hese  s t a t i o n s  have provided 

information on the chemical composition of t he  creek water, t r anspor t  

of sediments, and volume of flow i n  t h e  creek. Representat ive samples 

of t h e  e f f luen t  from the  laundry and the  sewage t reatment  p l an t  were 

a l s o  taken, and a contaminated storm sewer t h a t  discharges i n t o  

White Oak Creek downstream from t h e  s t a t i o n  a t  WOCM 2.6 i n  Bethel  

Val ley w a s  monitored. 

These s t a t ions ,  which employ proport ional  sampling 

These s t a t i o n s  he lp  t o  determine t h e  

Because of t h e  r e l a t i v e l y  high degree of contamination i n  

White Oak Creek below t h e  PWWTP, it i s  extremely d i f f i c u l t  t o  de t ec t  

small quan t i t i e s  of waste t h a t  may seep d i r e c t l y  i n t o  the creek 

from B u r i a l  Ground 4 and t h e  beds of former White Oak Lake and 

intermediate  pond. A previous study of B u r i a l  Ground 4 has shown t h a t  



radionucl ides  a r e  leached from t h e  b u r i a l  waste and t ranspor ted  by 

ground water through t h e  s o i l  t o  po in ts  of discharge i n  or near surface 

streams.' However, t h e  amount of a c t i v i t y  t h a t  reaches White Oak Creek 

from t h i s  source i s  so small i n  comparison t o  t h e  amount a l ready i n  t h e  

creek t h a t  it i s  undetectable.  Detai led geologic and hydrologic 

s tudies  i n  the  beds of former White Oak Lake and intermediate pond 

a r e  incomplete, b u t  preliminary data i n d i c a t e  l i t t l e  movement of 

radionuclides assoc ia ted  with sediments a t  these  sources.  

The water sampling instruments a t  t h e  creek s t a t i o n s  and sewage 

treatment p l a n t  cons is t  of bat tery-operated devices with r o t a t i n g  

scoops t h a t  c o l l e c t  a sample once every 15 minutes. 

sample taken i s  d i r e c t l y  proport ional  t o  t h e  flow over a weir or 

through a P a r s h a l l  flume. By use of water- level  recorders,  a 

continuous record of t h e  discharge a t  each s t a t i o n  i s  obtained. 

The sampling s t a t i o n s  a t  t h e  northwest t r i b u t a r y  and a t  WOCM 3.9 

a r e  shown i n  F igs .  4 and 5, respec t ive ly .  

The amount of 

Creek Contamination 

A summary of r a d i o a c t i v i t y  re leased  t o  t h e  creek from t h e  

various sources of contamination f o r  t h e  per iod May-December 1961 

i s  shown i n  Table 1. It may be noted t h a t  t h e  PmTP i s  t h e  l a r g e s t  

s ing le  contr ibutor  of SrgO and Cs l3 '  t o  t h e  creek, bu t  seepage from 

the  waste p i t s  accounts f o r  p r a c t i c a l l y  a l l  of t h e  Co60 and Ru 106 

i n  t h e  system. 

During t h e  8-month sampling period t h e  sewage treatment p l a n t  

contr ibuted approximately 197 mc of SrgO t o  t h e  creek. 

t h i s  amount i s  small i n  comparison t o  t h a t  re leased  from t h e  PWWTP, 

it i s  r a t h e r  l a r g e  for a f a c i l i t y  t h a t  should be free from 

Although 



Fig.  4 .  V-Notch Weir, S t a f f  Gage and S t i l l i n g  Well, Scoop Sampler, and Collect ing B o t t l e s  a t  
Northwest T r ibu ta ry  Sampling Sta t ion .  

* 
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Table 1. Radionuclides Released t o  White Oak Creek 
May-December 1961 

106 Ru 60 co Sr 90 cs 137 
me % me $ me % me $ 

Process Waste Water 4200 63.93 1120 50.82 443 67 416 < .01 
Treatment P l a n t  (PWWTP) 

S a n i t a r y  Sewage 197 3 .oo 37 1.68 7 .01 7 < .01 

Laundry 11 17 22 1.00 8 .01 3 < .01 

Watershed above Northwest 61 93 31- 1.41 1 <.01 11 < .01 

Watershed above S t a t i o n  170 2.59 187 8.48 94 .14 43 < .01 

Tr ibu ta ry  S t a t i o n  
Iu 
Iu 

a t  WOCM 2.6 

Stoma Sewer below PWWTP 1135 17-27 127 5 -76 208 31 68 < .01 
i n  Be the l  V a l l e p  

Watershed above Melton 
Branch S t a t i o n  

Waste P i t s b )  

Tota ls  

782 11.90 205 9-30 289 * 43 5207 

14 -21 I 475 21.55 65,000 98.42 6,838, 000 99.92 

6570 100.00 2204 .100.00 66,050 loo .oo 6,843,755 100 .oo 
~- - ~ 

v a l u e s  based on q u a n t i t i e s  de tec ted  April-October 1962. 

bValues represent  q u a n t i t i e s  re leased  from p i t s .  

‘Values from Operations Division, ORNL 
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contamination. 

p l an t  e f f l u e n t  

25 

The mean concentration 

pc/cc or -6 was 1.7 x 10 

occupational exposures. 

of SrgO i n  t h e  sewage t reatment  

about 40% of MpCw f o r  40 hr/wk 

About 3000 l b  of contaminated clothing i s  washed and 

decontaminated each week a t  t h e  laundry. 

laundry dra ins  i n t o  a storm sewer which i n  t u r n  discharges i n t o  

White Oak Creek. A s  seen i n  Table 1, t h e  amount of a c t i v i t y  

re leased  from t h i s  f a c i l i t y  i s  small. 

A l l  wash water from t h e  

Included i n  t h e  drainage area of t h e  northwest t r i b u t a r y  stream, 

which comprises approximately 16% of t h e  t o t a l  area of t h e  White Oak 

Creek drainage basin,  are Bur i a l  Ground 3 and t h e  extreme northwest 

por t ion  of t h e  ORNL p l an t  s i t e .  Approximately 34% of the  White Oak 

Creek watershed i s  loca ted  above t h e  sampling s t a t i o n  a t  WOCM 2.6. 

B u r i a l  Ground 2 and t h e  r e t en t ion  pond of t h e  Low-Intensity T e s t  

Reactor (LITR) and Oak Ridge Research Reactor (ORR) are wi th in  t h i s  

area. The drainage area of t h e  sampling s t a t i o n  a t  WOCM 3.9, which 

comprises about 13% of t h e  White Oak Creek watershed, does not contain 

any ORNL f a c i l i t i e s  o r  waste d isposa l  areas. Thus, t h e  a c t i v i t y  

detected a t  t h i s  s t a t i o n  i s  t h e  r e s u l t  of r a i n f a l l  and surface runoff 

which leach  and t r anspor t  s o i l s  contaminated by Laboratory and general  

f a l l o u t  (approximately 3 cu r i e s l sq  mi/year) . 
amount of SrgO t h a t  reaches White Oak Creek from the watershed above 

t h e  stream sampling s t a t i o n  a t  WOCM 3.9 i s  representa t ive  of t h e  

e n t i r e  drainage system, it i s  ca lcu la ted  tha t  about 1-5 m i l l i c u r i e s  of 

SrgO o r  less than 0.5% of t h e  t o t a l  en te r ing  t h e  creek f o r  t h e  per iod 

May-December 1961 i s  due t o  f a l l o u t .  

o ther  stream-sampling s t a t i o n s  includes t h a t  assoc ia ted  with f a l l o u t ,  

By assuming t h a t  the  

Contamination detected a t  t h e  
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discharges o r  seepage from known sources wi th in  t h e  drainage area 

and sources t h a t  are as ye t  unknown or undefined. 

Re la t ive ly  l a r g e  quan t i t i e s  of Srgo were de tec ted  i n  t h e  

drainage from a storm sewer t h a t  empties i n t o  White Oak Creek be l  

t h e  PWWTP i n  Bethel  Val ley.  

i n  t h e  v i c i n i t y  of t h e  equal iza t ion  bas in  of t h e  FWWTP, bu t  a t  p r  

t h e  a c t u a l  source i s  not  known. 

The a c t i v i t y  en te r s  t h e  storm sewer 

U n t i l  J u l y  1961 t h e  Homogeneous Reactor Test (HRT) f a c i l i t y  

rou t ine ly  released l i q u i d s  containing f i s s i o n  products t o  Melton 

Branch, a t r i b u t a r y  t o  White Oak Creek, and gaseous waste through 

a t a l l  s tack  t o  t h e  atmosphere. 

now en te r  t h e  environment d i r e c t l y  from these  sources, p a s t  relea 

have contaminated t h e  stream bed below t h e  f a c i l i t y  and, conseque 

leaching and scouring of t h e  creek bed cause a c t i v i t y  t o  continue 

move from t h e  area. 

Currently,  s eve ra l  thousand cur ies  pe r  year  of ruthenium f l o .  

A s  thl 

Although waste products do not 

onto t h e  bed of former White Oak Lake from t h e  waste p i t s .  

water t r ave r ses  the  lake  bed, more than half  of t h e  ruthenium i s  

removed from so lu t ion .  A recent  i nves t iga t ion  has shown t h a t  mos- 

of t h e  movement of ruthenium across  t h e  l ake  bed i s  due t o  surfac< 

and only a small f r a c t i o n  of t h e  ruthenium t h a t  en te r s  White Oak ( 

from t h e  l a k e  bed i s  t ranspor ted  by ground water through t h e  l ake ,  

s o i l  i n t o  t h e  creek.8 The ruthenium t h a t  i s  not  sorbed moves a t  

such a slow rate through t h e  soil t h a t  rad ioac t ive  decay reduces 1 

concentration reaching t h e  creek t o  i n s i g n i f i c a n t  proport ions.  TI 

amount of surface flow and consequently t h e  quan t i ty  of ruthenium 

3rit 

3 

LY, 

3 

Taste 
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?ek 

?d 
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t h a t  reaches t h e  creek from the  lake  bed v a r i e s  seasonal ly .  During 

t h e  dry  summer months, drainage from t h e  waste p i t s  recharges t he  

ground water i n  t h e  l ake  bed. Thus, t h e r e  i s  l i t t l e  sur face  flow 

and consequently l i t t l e  ruthenium i s  t ranspor ted  i n t o  White Oak 

Creek. However, i n  t h e  w e t  win ter  season sur face  runoff from 

t h e  lake  bed i s  high and l a r g e r  amounts of ruthenium e n t e r  t h e  

creek. 

Movement of Radionuclides i n  Creek Water 

The amounts of Srgo detected a t  t h e  temporary stream-sampling 

s t a t i o n s  appears t o  vary w i t h  stream discharges (see Fig .  6 ) .  

an increase  i n  t h e  load  of suspended s o l i d s  i n  t h e  streams i s  

Also, 

genera l ly  followed by  a corresponding increase  i n  cesium t r anspor t  

(see F ig .  7 ) .  

a heavy suspended s o l i d  load, t h e  t r anspor t  of strontium and/or 

cesium i s  unusually high. 

Thus, during periods of high stream discharge and/or 

A sampling t r a i n  t h a t  separa tes  suspended s o l i d s  d i r e c t l y  from 

creek water was used t o  study t h e  t r anspor t  of suspended s o l i d s  

and t h e i r  assoc ia ted  a c t i v i t y  i n  White Oak Creek. The uni t ,  

developed by Dorr-Oliver, Incorporated s p e c i f i c a l l y  t o  c l a s s i f y  

t h e  s o l i d s  i n  t h e  ORNL low-level waste stream, cons is t s  of a Merco 

Bantam S t r a i n e r  and fou r  separa te  hydrochlones. The median diameters 

of t h e  s o l i d s  removed from the  hydroclones are 29 p, 19 p, 12 p, 

and 9 p.  

To date e igh t  operat ing runs, ranging from 1-hr  t o  4-hr 

duration, have been made i n  White Oak Creek a t  WOCM 1.8. 

flow i n  t h e  creek f o r  t h e  sampling per iods var ied  from 5 c f s  

The 
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(one half the average of 10 cfs) to 57 cfs, and the concentration c 

suspended solids in the water varied from 0.004 g per liter to 

3.26 g per liter. 

has resulted in the removal of soil cover, may account in part for 

Construction work in and around the creek, whick 

the extremely high concentrations of suspended solids in some of tl. 

runs. 

A summary of the percentages of cesium and strontium in creek 

water associated with the liquid phase* and with several particle- 

size ranges of suspended solids for the eight runs is presented in 

Tables 2 and 3. The highest values of sorbed cesium and strontium 

occurred in runs 2, 7, and 8, which were the runs made during high 

suspended-solids load and high stream flow. 

strontium was approximately 25% (run 7), while as much as 96% 

of the cesium in the creek water was found to be associated with 

The maximum of sorbed 

suspended solids in runs 7 and 8. 

flow rates and/or low suspended solids loads most of the strontium 

This suggests that during low 

and cesium in White Oak Creek is associated with the liquid phase, 

but during high stream flows and/or heavy suspended-solids loads 

practically all of the cesium and a significant part of the 

strontium is transported downstream by suspended solids. 

Tables 2 and 3 also indicate that there was considerably more 

activity associated with suspended solids smaller than 9 p in size 

Liquid phases includes materials not retained by 0.45-micron * 
Millipore filter . 

f 

L 
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Table 2. Percentages of Cs137 i n  Liquid and S o l i d  Phase of White Oak Creek Water 

Flow i n  Suspended S o l i d  Liquid Median Diameter Pa t i d e  S ize  ($) 
Run Creek Concentrations Phase 

Number ( c f s )  ( g / l i t e r )  ($4 < 9 P  911. 1211. 1911. 2911. > 250 11. 

14.4 

57.2 
595 
6 .1 
5.0 
5 -3 
7.8 

43.5 

0 . o n  
0 .Ob4 
0.004 
0.012 

0.010 

o -006 
3.261 

0.692 

71.3 25.7 0.2 1.0 1.3 0.5 

50.7 39.9 0.5 1.8 3.5 2.6 

58.7 37.7 0.9 1.2 0 03 1.2 

79.6 18.8 0.5 0.5 0.5 0.1 

77.1 15.9 2.2 1.9 2.2 0.6 

4.3 85.3 4.0 2.4 2.9 1.1 

3.9 65.4 7.8 5.6 8.7 8.3 

79.5 19.3 0.4 0.4 0.1 0.3 

< 0.1 
1 .o 

< 0.1 
< 0.1 
< 0.1 
0.1 

< 0.1 
0 - 3  



Table 3 .  Percentages of SrgO i n  Liquid and S o l i d  Phase of White Oak Creek Water 

Flow i n  Suspended S o l i d  Liquid Median Diameter P a r t i c l e  S ize  (5) 
Run Creek Con centra  t i ons Phase 

Number ( cf s) ( g / l i t e r )  (%) < 9 w  911 12c1 1-9 P 29 c1 > 250 c1 

< 0.01 1 14.4 0.011 99 26 0.61 0.03 0.03 0.04 0.03 
2 57.2 0.044 98 09 1.01 0.08 0.17 0.47 0.17 0.01 2 

4 6.1 0 .Ol2 99.63 0.33 0.02 0.01 < 0.01 0.01 < 0.01 

5 5.0 0.010 99 -43 0.52 0.02 0.02 0.01 < 0.01 < 0.01 

6 5 -3  o .006 99 50 0.40 0.04 0.03 0.02 0.01 < 0.01 

7 7.8 3.261 75 52 18.07 3.36 1.68 1.10 0.27 < 0.01 

8 43.5 0.692 92 *92 3.94 0.87 0.69 1.06 0.50 0.02 

< 0.01 3 5.5 0.004 99 30 0.55 0.04 0.06 0.01 0.04 

e I I 



than w i t h  t h e  l a r g e r  p a r t i c l e  s i z e s .  

9 p, considerable v a r i a t i o n  was found i n  t h e  amounts of a c t i v i t y  

assoc ia ted  with t h e  var ious separated f r a c t i o n s  wi th in  each t e s t  run 

and between t e s t  runs.  It may be noted t h a t ,  i n  general ,  t h e  maximum 

concentrations of a c t i v i t y  were not found i n  any p a r t i c u l a r  p a r t i c l e -  

For suspended s o l i d s  g rea t e r  than 

s i z e  group f o r  a l l  t h e  t e s t s .  

Summary and Conclusions 

Approximately 65% of the  strontium-90 and 50% of the cesium-137 

i n  White Oak Creek i s  due t o  release from t h e  PWWTP, while seepage 

from the  waste p i t s  accounts f o r  p r a c t i c a l l y  a l l  of t h e  ruthenium-106 

and cobalt-60 i n  t h e  system. 

During per iods of high stream flow and/or suspended s o l i d s  load  

i n  White Oak Creek, t h e r e  are s u b s t a n t i a l  increases  i n  t h e  quan t i t i e s  

of cesium and strontium t ranspor ted  downstream. 

of t h e  add i t iona l  a c t i v i t y  i s  not  known. 

The exact source 

It i s  l i k e l y  t h a t  much of 

t h e  increase  i s  due t o  scouring i n  t h e  stream bed; however, some 

may be due t o  sur face  runoff from contaminated s o i l s  and ground- 

water leaching of bur ied  sources.  

The amount of a c t i v i t y  t ranspor ted  downstream by suspended s o l i d s  

i s  r e l a t i v e l y  small during low creek-flow rates and/or low suspended- 

s o l i d s  loads,  but  during high stream flows and/or high suspended- 

s o l i d s  loads, s i g n i f i c a n t  quan t i t i e s  of strontium, and p r a c t i c a l l y  

a l l  of t h e  cesium, i s  assoc ia ted  with suspended sediments. 

Several  thousand cur ies  per  year  of ruthenium flow onto t h e  

bed of former White Oak Lake from t h e  waste p i t s ,  bu t  l e s s  than 

half of t h i s  material f inds  i t s  way i n t o  White Oak Creek. 



During the  dry summer months t h e  streams t h a t  d ra in  t h e  waste p i t  a 

recharge t h e  ground water i n  t h e  lake  bed. Therefore, only a small 

amount of waste so lu t ion  containing ruthenium t r a v e l s  over t h e  land 

surface t o  t h e  creek. However i n  t h e  w e t  winter  months more of the 

waste water flows over t he  surface of the  lake  bed and as a 

consequence l a r g e r  amounts of ruthenium e n t e r  t h e  creek. 
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BIOLOGICAL PHASES 

Bio log ica l  inves t iga t ions  pe r t inen t  t o  t h e  Clinch River study 

are  conducted by seve ra l  p a r t i c i p a t i n g  agencies with a c t i v e  leadersh ip  

from t h e  Ecology Sect ion of t h e  OR'NL Health Physics Division. 

o ther  p a r t i c i p a n t s  are t h e  U .  S .  Publ ic  Health Service, Tennessee 

Val ley Authority, and Tennessee F i sh  and Game Commission. The 

Subcommittee on Aquatic Biology, composed of representa t ives  of 

ORNL, USPHS, TVA, and TFGC, i s  responsible  for guidance of t h e  

ecologica l  and b io log ica l  phases of t h e  Clinch River study. This  

includes planning, coordination, i n t e rp re t a t ion ,  and repor t ing  of 

r e s u l t s .  Each of t h e  p a r t i c i p a t i n g  agencies mentioned above i s  engaged 

i n  i t s  own programs of broader scope than t h e  present  Clinch River study, 

buh wi th in  these  programs data can be co l lec ted  and reported i n  such a 

way as t o  be usefu l  t o  t h e  s t e e r i n g  committee and p a r t i c u l a r l y  t o  t h e  

Subcommittee on Safe ty  Evaluation. 

The 

The Subcommittee on Aquatic Biology has developed statements 

of t h e  objec t ives  and scope of b io log ica l  s tud ie s  re levant  t o  t h e  

Clinch River  study, the areas of investigations and surveys necessary 

t o  achieve t h e  object ives ,  and an  ou t l ine  of s p e c i f i c  s tud ie s  

cur ren t ly  i n  progress and t h e  agencies involved. 

phases of t h i s  study requi re  work on t h e  Tennessee River as w e l l  as 

more in t ens ive  work on t h e  Clinch River, t h e  statement of scope and 

o u t l i n e  of s tud ie s  refer  genera l ly  t o  both  t h e  Clinch River and t h e  

Tennessee River  systems. 

in te r im repor t s  on fou r  spec i f i c  s tud ie s  are summarized below. 

Since c e r t a i n  

These statements of  t h e  subcommittee and 

a 
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Purpose and Scope of Inves t iga t ions  

The objec t ives  of t h e  b io log ica l  phases of the  Clinch River 

are t o :  (1) develop information on t h e  ex ten t  t o  which r ad ioac t iv  

contamination of t h e  r i v e r  b i o t a  may be an  immediate and/or long-t  

hazard t o  human populations, (2 )  develop data which w i l l  provide a 

basis f o r  es t imat ing t h e  capaci ty  of t h e  r i v e r  f o r  continuous inpu 

of rad ioac t ive  wastes, and (3) evaluate  t h e  poss ib le  long-term eff 

of ionizing r ad ia t ion  on t h e  b i o t i c  communities i n  t h i s  environmen 

Areas of i nves t iga t ions  and surveys t o  achieve these  o b j e c t i  

include : 

1 . 0  Bio logica l  Relat ionships .  - Studies  on t h e  kinds, quant 

movement, and turnover of biomass i n  t h e  Clinch River .  

2.0 Radionuclide Accumulation.- Determination of rad ionucl i  

content i n  t h e  Clinch River biomass as related t o  locat ion,  p o s i t i  

i n  t h e  ecologica l  food chain, season, and use as human food. 

3.0 Chemical Relat ionships . -  Inves t iga t ion  of t h e  rates of 

uptake and turnover of radionucl ides  by f i s h  and o ther  b i o t a  i n  

r e l a t i o n  t o  chemical and o ther  environmental f a c t o r s .  

4.0 Radiat ion Ef fec t s . -  Inves t iga t ions  concerning t h e  effe  

chronic, low-level r ad ia t ion  on se l ec t ed  r i v e r  populations.  

An inves t iga t ion  of f i s h e r y  and o ther  ecologica l  conditions 

Clinch River area t o  be impounded by Melton H i l l  Dam w a s  i n i t i a t e d  

1960. Purposes are t o  determine: (1) t h e  e x i s t i n g  composition an 

abundance of r i v e r  f i s h e s  f o r  poss ib le  management recommendations 

tudy 

rm 

e t  

3s 

t Y ,  

e 

n 

t s  of 

s tud ie s  

n t h e  

i n  
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p r i o r  t o  and immediately following impoundment; (2)  t h e  present  

q u a l i t y  and value of f i s h i n g  

with f u t u r e  l ake  values;  (3) t h e  seasonal  movement of var ious f i shes ,  

such as sauger and white bass  as w e l l  as rough fishes,  from Watts B a r  

Reservoir upstream i n t o  t h e  Melton H i l l  Area; and (4) t h e  q u a l i t y  of 

t h e  water f o r  poss ib le  extended t r o u t  h a b i t a t  downstream from Norr is  

Dam tailwater. 

determining t h e  e f f e c t s  of t h e  B u l l  Run Steam Plant  t o  be erec ted  

wi th in  t h e  Melton H i l l  Reservoir area. 

and assoc ia ted  r ec rea t ion  f o r  comparison 

Preliminary data w i l l  a l s o  be co l lec ted  f o r  use i n  

Melton H i l l  Dam i s  loca ted  a t  CRM 23.1 near t h e  head of Watts 

Bar Reservoir.  A t  maximum pool l e v e l  of 795 feet  M.S.L., t h i s  p ro j ec t  

w i l l  back water upstream 44 miles (8 miles above Clinton) ,  w i l l  provide 

one lock 75 by 400 f t  a t  t h e  d a m  and a 9-ft  navigation channel 

extending upstream to t h e  Eagle Bend area above Clinton, and w i l l  have 

140 miles of shore l i n e  and a water-surface area of 5,720 ac res .  

w i l l  b e  regula ted  almost completely by Norris Dam 57 miles upstream. 

Melton H i l l  Dam i s  scheduled f o r  completion i n  t h e  spr ing  or e a r l y  

summer of 1963. 

Inflow 

During the  period J u l y  1960 t o  June 1961 prel iminary information 

was obtained from two rotenone samples of f i s h  i n  t h e  main r i v e r  and 

a f e w  i n  t r i b u t a r y  pools and from seasonal  g i l l -  and hoop-net co l lec t ions  

a t  regular  es tab l i shed  s t a t i o n s .  An in te r im repor t  giving details of 

t h e  methods and conditions of t hese  co l lec t ions  w a s  submitted t o  t h e  

s t ee r ing  committee.’ 

fou r  s t a t i o n s  i s  given i n  Table 4.  

repor t  are mentioned below. 

A summary of data from t h e  ne t  co l lec t ions  a t  

Selected excerpts  from t h e  in te r im 
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Table 4. Summary of N e t  Co l e c t i o n  Data from Four S ta t ions  i n  t h e  
Melton H i l l  Reservoir Area of Clinch River, 1960-61. 

Tota l  F i sh  Collected 
Game Fish Kough F i sh  Ave. per Nei 

No. Net No, W t  W t  
Ob) (lb) Days Dates 

ABOVE MELTON HILL DAM SITE. CRM 23-24 

Nov. 14-15, 1960 2 1.3 
Feb. 9-10, 1961 1 1.2 
June 22-23, 1961 - 4 3 
Tota l  7 5 00 

NEXR EGCR REACTOR SITE, CRM 33-34 

Nov. 9-11, 1960 5 5 -9 
Feb. 9-10, 1961 1 1.6 
June 22-23, 1961 - 
Tota l  7 8.9 

1.4 - 1 

EDGEMOOR BRIDGE, CRM 47-48 

Nov. 7-9, 1960 4 6 .o 
Jan.  6-7, 1961 2 2.6 
June 22-23, 1961 - 6 2 A  
Tota l  12 11.3 

BELOW HIGHWAY 61 BRIDGE, CRM 66 

Feb. 10-11, 1961 1 0.5 
23 11.1 June 22-23, 1961 - 

Tota l  24 11.6 

272 
6 

120 

398 
- 

81 
13 

141 
- 47 

174 
68 
46 
288 
I_ 

7 
114 
121 

283.4 7 
4.9 8 

202.0 8 
490.3 23 
-- 

136.9 14 
21.0 8 
83.0 8 -- 
240.9 30 

264.6 12 
108.4 7 
88.9 8 
461.9 27 
- -  

3.8 5 
- -  173.9 8 
177.7 13 

39 -2 
0 -9 
15.5 
17.6 

6.2 
1.7 
6 .o 
4 -9 

14.8 
10 .o 
6.5 
11.1 

1.6 
17.1 
11.3 
- 

Grand Tota ls  50 36.8 948 1,370.8 93 10.7 

40.7 
0.8 
25 *3 
21.5 

10.2 
2.6 
10.6 
8.3 

22.5 
15 -9 
11.5 

20.5 

0 -9 
23.1 
14.6 

15.1 
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Rough f ishes  have dominated t h e  ne t  catches a t  a l l  s t a t ions ,  

which i s  not  considered unusual. O f  t h e  grand t o t a l  of near ly  1,000 

f i s h  weighing over 1,400 pounds ne t t ed  during t h e  period, only 54 

of t h e  number and 2.54 of t h e  weight were game f i s h .  

included sauger, white bass, white crappie, spot ted  bass, b l u e g i l l ,  

rock bass, warmouth, and rainbow t r o u t .  Twenty-one species  of rough 

f i s h  were ne t t ed  i n  these  preimpoundment co l l ec t ions .  A t  least  

12  of these species  have some commercial value and it can be expected 

t h a t  Melton H i l l  Reservoir  w i l l  support s izeable  commercial 

f i s h e r y  operat ions.  

Game species  

Considerable seasonable movement of var ious species  from Watts 

O f  t h e  game f i shes ,  B a r  Reservoir maybe expected a f te r  impoundment. 

sauger, white bass, and crappie w i l l  move i n t o  t h e  area below the  

d a m  and through t h e  locks .  

w i l l  migrate t o  t h e  headwaters i n  spr ing .  

Various suckers and o ther  rough species  

Human Use of Aquatic Natural  Resources --Harvest by Commercial 

Fishermen 

Estimates of commercial f i s h  harvested from Watts B a r  

Reservoir during t h e  four-year per iod 1958-1961 are summarized i n  

Table 5 .  O f  the  ca tegor ies  l i s t ed ,  quil lback, buffalo,  and carp 

are shipped t o  northern market cen ters  (New York, Chicago, and 

S t .  Louis) where they are  used s t r i c t l y  f o r  human consumption. 

Paddlef ish and c a t f i s h  are s o l d  l o c a l l y  wi th in  t h e  state of 

Tennessee, a l s o  for human food. 

The da ta  i n  Table 5 provided some idea of the  magnitude of 

the  cur ren t  commercial f i s h e r y  business  on Watts Bar Reservoir.  



Table 5. Commercial Fish Harvest--Watts Bar Reservoir--1958-61 

Total  Wholesale 
Weight Value 

Weight by Species ( l b )  
Year 

($) Paddlefish Catfish Drum Quillback Buffalo Carp Sturgeon G a r  Turt les  ( l b )  

1.958 12,175 54,333 3,935 8,240 15,687 8,058 - - - 102, 430 $20, 931.18 

1959 27,450 83,065 5,995 539 990 54,035 20, 595 15 - - 245,145 39,771 -70 

1961 38,910 50,367 1,476 17,068 59,328 13,149 - - 232 180,530 24, 900.31 

- - - 1960 25,430 66,080 5,460 30,660 63,705 22, 170 2139 505 33,971 -10 

I t I 
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I n  so  far as i s  known these  f i s h  are used only f o r  human food. 

I -  

i 

I 

Inasmuch as a reduct ion i n  t h e  abundance of such species  i s  considered 

sound p rac t i ce  i n  modern f i s h  management, it i s  an t i c ipa t ed  t h a t  t h e  

harves t  of t hese  f i s h  w i l l  be  encouraged and w i l l  increase .  

Chemical Relationshi-m 

Chemical (S tab le)  Analyses of Organisms --Strontium i n  White Crappie 

Flesh and Bone 

When the  d i s t r i b u t i o n  of S r  (stable) between f i s h  and water i s  

known, it should be poss ib le  t o  p red ic t  t h e  l e v e l s  of Srgo t o  be  

found i n  f i s h  l i v i n g  i n  water receiving a constant release of S r  90 

Therefore, t h e  r e l a t ionsh ip  

S r  i n  f i s h  t i s s u e  

S r  i n  water 

SrgO i n  f i s h  t i s s u e  

may be used t o  ca l cu la t e  t h e  

of Srgo. The f l e s h  and bone 

SrgO i n  f i s h  t i s s u e  

sr9O i n  water 
or, 

S r  i n  f i s h  t i s s u e  x Srgo i n  water 

S r  i n  water 

expected burden f o r  a constant release 

of white crappies are being analyzed f o r  

S r  i n  order  t o  make these  pred ic t ions .  

The concentration of S r  i n  f l e s h  of 9 white crappies were: 

-8 6.6, 10.3, 8.6, 9.6, 5.4, 4.6, 6.8, 6.4, and 6.5 x 10 

per  gram of f l e sh ,  w e t  weight (average 6.6 x 

Strontium concentrations i n  Clinch River water averaged 5.9 x 10 

grams S r  pe r  gram of water (S ta tus  Report No. 2 on Clinch River 

Study ) .  For convenience, t h e  expected body burden of 

SrgO i n  f i s h  may be ca lcu la ted  by using the above data on S r  

grams S r  

g Sr /g  f l e s h ) .  

-8 

10 
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i n  f i s h  and water and assuming a SrgO concentration i n  water equal 

t o  t h e  MPC 

water. 

f l e s h  (1120 ppc/kg) . 
these f ish,  the a c t u a l  body burden may be expressed as a f r a c t i o n  

expected body burden a t  MPCw. 

f o r  continuous occupational exposure, i . e . ,  1 ppc Sr 90 

The body burden ca lcu la ted  on t h i s  b a s i s  i s  1.12 ppc Sr 90 / 
W 

When the  Srgo determinations are completed o 

The Sr and SrgO concentrations i n  t h e  same samples of white-c 

bone have been determined (Table 6) and it i s  poss ib le  t o  compare 

t h e o r e t i c a l  SrgO concentrations i n  bone with those values observed 

ana lys i s .  The ca lcu la ted  o r  t h e o r e t i c a l  SrgO burden i n  f i s h  bone 

3.85 x 10 3 ppc S r  90 /g bone, dry weight, based on t h e  MPC f o r  cont 

occupational exposure. The average SrgO burden determined by a n a l  

w a s  1.20 x 10 ppc SrgO g/bone, dry w e i g h t ,  which was 3.1 per  cent 

t h e  t h e o r e t i c a l  a c t i v i t y .  Laboratory re leases  of SrgO vary from 11 

30 per  cent of t h e  MPC values f o r  water i n  t h e  neighborhood of nuc. 

energy i n s t a l l a t i o n s  which i n  t u r n  are 10 per  cent of t h e  occupatil 

values .  Therefore, t h e s e  preliminary observations on bone are i n  

good agreement w i t h  the expected bone concentrations.  

W 

2 

The hazard t o  humans from t h e  consumption of Clinch River fisl 

may be estimated from the t h e o r e t i c a l  burden i n  f i s h .  The human bc 

burden of Srgo r e s u l t i n g  from t h e  consumption of white crappie was 

calculated on t h e  following assumptions and c r i t e r i a :  

1. The Srgo concentration i n  f i sh  f l e s h  i s  1.12 ppc/g 

(based on t h e  expected concentration i n  f i s h  l i v i n g  

i n  water which continuously receives  releases of S r  90 

equal to t h e  MPC f o r  continuous occupational exposures).  

cc 
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Table 6. Resul ts  of Analyses for Sr and SrgO i n  White Crappie Bone 

217 

250 
218 

204 

189 
234 

251 

230 
244 

233 

36 -7 
24.5 

10  .o 
277 0 
12.6 

295 -0 

3.0 

9.4 
297 -0 

232 .o 
- 

Average 227 120 .o 

Table 7. Dis t r ibu t ion  of Cs134 i n  B l u e g i l l  Tissues 

Tissue C S ~ ’ ~ ( ~ ~ C  x 10m3/g dry wt.) 

Scale  146 
Skin 726 

Muscle 415 
Liver and d iges t ive  t r a c t  849 
Ovary 1285 

Gills 663 
Bone 11 

Fins 1 5 1  
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2*  One-half pound of f i s h  i s  eaten each week (average 

of 32.4 g/day) . 
Data pe r t a in ing  t o  SrgO are from t h e  Report of 

Committee I1 ICRP. 

a .  Bone i s  t h e  c r i t i c a l  organ. 

b. 

3. 
11 

The e f f e c t i v e  h a l f - l i f e  of Srgo i n  bone i s  

6.4 103 days. 

e .  O f  t h e  ingested Srgo 9 per  cent i s  deposited i n  

bone. 

SI-'' reaches 86 per  cent of i t s  equliibrium value 

i n  humans i n  50 years .  

The maximum permissible  body burden i n  bone f o r  

occupational exposure i s  2 pc. 

d. 

e .  

4. The ca lcu la t ion  of t h e  equilibrium value ( qf2) i s  based I 

t h e  exponential  model f o r  c r i t i c a l  organs o ther  than t h e  

G I  t r a c t .  

i n  which 

P i s  t h e  r a t e  of inges t ion  of Srgo i n  pc/day. 

For long per iods of time 1-e becomes one. 

h i s  t h e  e f f e c t i v e  decay constant 0.693/T, where T i s  

t h e  e f f e c t i v e  h a l f - l i f e  of SrgO i n  bone. 

-h t 

32.4 x 1.12 x l o m 6  x 0.09 
qf2 = 0.693/6.4 x 103 Therefore, 

-6 
- - 3.26 x io 

o ,108 x 10-3 

= 3.02 x 10 -2 YC 

1 
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Under the above assumptions and criteria, the 50-year burden 

is 86 per cent of this which is 2.6 x 

the occupational burden. 

burden for individuals living in the neighborhood of nuclear energy 

installations. 

large is 1/30 of that for occupational exposure o r  6.67 x 

A member of the population at large eating white crappies in the 

manner stated would accumulate 39 per cent of his maximum permissible 

body burden. 

maximize the potential exposure from this source; and that the eating 

of smaller quantities o r  less contaminated fish, even part of the 

pc SrgO o r  1.3 per cent of 

This would be 13 per cent of the permissible 

The permissible body burden for the population at 

pc. 

-- 

It must be appreciated that the above assumptions 

time, would reduce the estimated exposure. 

Uptake and Elimination of Radionuclides in Organisms--Biological 

Half -Life of Cs134 in Bluegills 

The biological half-life of fission-product elements in fish is 

being determined because this parameter has a direct bearing on the 

dispersal of radionuclides by fish as they move from contaminated to 

uncontaminated areas of the river. The initial experiments are with 

bluegills (Lepomis macrochirus), a common panfish. 

Fish are fed contaminated worms to build up a body burden of 

They are then placed in aquaria through which uncontaminated 

water circulates and with uncontaminated worms used for further feeding. 

These fish are counted periodically with gamma scintillation equipment, 

and the decrease in radioactivity is a measure of the excretion of Cs 

from the tissues. 
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The experiments a r e  s t i l l  i n  progress b u t  data from t h e  f i r s t  

3 f i s h  (Figure 8) suggests a b i o l o g i c a l  h a l f - l i f e  of about 40 days 

f o r  Cs134. B l u e g i l l  "A" was acc identa l ly  k i l l e d .  

dissected and t h e  ind iv idua l  body components were counted (Table 7, 

p .  41). 

ovary, d iges t ive  t r a c t ,  and sk in  and lowest i n  hard t i s s u e s  (bone, 

scales ,  and f i n s ) .  

whether t h e  d i s t r i b u t i o n  of i s  similar i n  t h e  ind iv idua l  t i s s u e s .  

This f i s h  w a s  

Concentrations of Csl" were highest  i n  t h e  soft t issues  such a s  

Additional f i s h  w i l l  be s tudied t o  determine 
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HYDROLOGIC MEASUREJKEXPS AND ANALYSES 

The U .  S .  Geological Survey has continued i t s  cooperative 

program of rou t ine  measurements and s p e c i a l  observations r e l a t i v e  

t o  surface water hydrology i n  t h e  Oak Ridge area. 

measurements are made and t h e  data furnished as requested f o r  spec 

use i n  t h e  Clinch River study. Other p a r t s  of t h e  program are t o  

provide b a s i c  information and over -a l l  a p p r a i s a l  of t h e  hydrology 

t h e  area f o r  var ious purposes, b u t  they prove h ighly  usefu l  i n  t h e  

ana lys i s  of t r anspor t  of radionucl ides  by  streams and i n  t h e  

i n t e r p r e t a t i o n  of a n a l y t i c a l  r e s u l t s  i n  t h e  Clinch River study. 

Many of t h e  

I n  add i t ion  t o  t h e  aforementioned a c t i v i t i e s  data have been 

co l l ec t ed  on t h e  Clinch River f o r  s p e c i f i c  s tud ies ,  such as time o 

water t r a v e l ,  sediment t ranspor t ,  ve loc i ty  and temperature p r o f i l e  

e f f e c t s  of power waves, d i l u t i o n  f ac to r s ,  and d ispers ion  of materi 

i n  t h e  r i v e r  system. Programmatic cooperation by t h e  USGS and fou 

s p e c i a l  s tud ie s  by j o i n t  e f f o r t s  of t h e  USGS and t h e  Laboratory a r  

summarized below. 

Summary of the  USGS Program 

The operat ion of a network of e igh t  stream-gaging s t a t i o n s  

on t h e  Clinch River and t r i b u t a r y  streams i n  and immediately 

adjacent  to t h e  ORNL area has been continued. 

co l l ec t ed  a t  t hese  s i t e s  va r i e s  somewhat bu t  genera l ly  includes 

a continuous record of stage,  discharge, and temperature as shown 

i n  Table 8. 

s t a t i o n  a t  CRM 5 .5  operated by ORPJL and USGS personnel of  t h e  Clinc 

Study to obta in  data on water temperatures a t  several depths i n  t h (  

The information 

Also included i n  Table 8 i s  a temperature recording 

i f  i c  

I f  

I ,  

LlS 

? 

h River 

r i v e r .  



Table 8. B a s i c  Network of Gaging S t a t i o n s  Operated and Data Provided by U S G s 2  

Records 
Available Data Provided (Continuous) S t a t i o n  

Number Name Stage Discharge Tem-oerature" 

3 -5355 

3 -5370 

3 -5375 

3 -5380 

3 -5382 -75 

3 -5382 5 

Clinch River near Scarboro 

White Oak Creek below ORNL 
near Oak Ridge 

Melton Branch near Oak Ridge 

White Oak Creek a t  White Oak Dam 
near Oak Ridge 

Bear Creek near Oak Ridge 

E a s t  Fork Poplar Creek 
near Oak Ridge 

Poplar Creek near Oak Ridge 

Clinch River a t  CRM 19.1 
near Oak Ridge 

Clinch River above Centers 
Fe r ry  a t  C M  5.5 

1941 - 

1950 -53 
1955 - 

1955 

1953-55 
1960 - 

1960 - 

1960 - 

1960 - 

1960 - 

1961 - 

X 

X 

X 

X 

b 
X 

~ ~ - p  ~ 

Temperature data a v a i l a b l e  for only p a r t  of t h e  1961 water year .  a 

bS ta t ion  i n s t a l l e d  and operated by ORNL and USGS personnel for determining and recording water 
temperatures a t  various depths. 
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I n  add i t ion  t o  t h e  8 - s t a t ion  stream-gaging network an a u x i l i a i  

network of 24 pa r t i a l - r eco rd  s t a t i o n s  provides background data for 

f lood frequency and low-flow ana lyses .  Water samples are col lectec 

a t  a l l  s i tes  i n  order  t o  provide background data on sediment t rans]  

and chemical q u a l i t y .  

During t h e  six-month per iod s ince  t h e  las t  progress repor t  t o  

s t e e r i n g  committee t h e  USGS has:  

1. Provided provis iona l  mean d a i l y  gage he ights  and discharge 

( v i t a l  t o  waste-disposal operat ions a t  ORNL) t o  t h e  Radioactive Wa: 

Disposal Research Sec t ion  of t h e  Health Physics Division on a montl. 

b a s i s  f o r  Clinch River near  Scarboro, White Oak Creek below ORNL, 

White Oak Creek a t  White Oak Dam, Melton Branch, and t h e  ORKL Se t t :  

Basin e f f l u e n t .  

2. Published 1961 water year  records i n  t h e  basic-data  

r e l e a s e  f o r  Tennessee.12 This repor t  includes stream flow and otht 

hydrologic data from t h e  regular  gaging s t a t i o n s  and t h e  par t ia l - r6  

gaging-stat ion network. 

3. Furnished weekly discharges t o  t h e  chairman of t h e  

Subcommittee on Water Sampling and Analysis f o r  t h e  per iod 

August 6, 1961 t o  February 3, 1962 f o r  White Oak Dam, Clinch River 

a t  Scarboro, and Clinch River a t  Centers Ferry; and a l s o  monthly 

discharges during t h e  same per iod for t h e  Tennessee River a t  Loudoi 

Run a d ispers ion  t e s t  on t h e  Clinch River February 1, 196: 4. 

as reported below ( s e e  page 61).  

5. Col lected sediment samples and v e l o c i t y  data f o r  a reach 

of t h e  Clinch River below White Oak Creek on March 15, 1962 during 

a per iod of s teady  r e l e a s e  of 18,000 c f s  from Norr is  r e se rvo i r .  
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These data were furnished t o  t h e  chairman of t h e  Subcommittee on 

\ -  

Bottom Sediment Sampling and Analysis.  

6 .  Made a round of medium base-flow measurements and co l l ec t ed  

water samples for determination of major and minor chemical cons t i t uen t s  

a t  a l l  pa r t i a l - r eco rd  s t a t i o n s  on September 18-19, 1961. The r e s u l t s  

of t h e  analyses  when completed can be furnished t o  members of t h e  

s t e e r i n g  committee. 

7. Obtained high water measurements a t  r egu la r  and pa r t i a l - r eco rd  

gaging s t a t i o n s  during t h e  f loods of December 1961 and February 1962. 

8. 

Plans for t h e  f u t u r e  program of t h e  USGS i n  support of t h e  

Provided a s s i s t a n c e  on s p e c i a l  problems as requested.  

Clinch River s tudy include continued operat ion of t h e  regular  and 

pa r t i a l - r eco rd  gaging-stat ion networks and provis ion of a s s i s t a n c e  

I -  
I 

and da ta  on s p e c i f i c  problems as requested.  A s  an add i t ion  t o  t h e  

program t h e  USGS plans t o :  

1. I n s t a l l  t ipping-bucket r a i n  gages a t  t h e  gaging s t a t i o n s  

on White Oak Creek below ORNL, Melton Branch, Bear Creek, and 

E a s t  Fork of Poplar Creek i n  order  t o  study t h e  l a g  time between 

centers  of mass of p r e c i p i t a t i o n  and runoff .  
* 

2.  Determine t h e  p r a c t i c a b i l i t y  of using t h e  reach of 

Clinch River from Melton H i l l  Dam t o  CRM 19.1 i n  a slope-discharge 

r e l a t i o n s h i p  i n  order  t o  determine discharges on t h e  Clinch River 

from t h e  time t h e  Scarboro gaging s t a t i o n  i s  inundated by backwater 

from Melton H i l l  Dam u n t i l  flow records based on tu rb ine  r e l eases  

become rou t ine ly  ava i l ab le .  
* 

* 
Subsequent t o  Apr i l  25, 1962, Item "1" was completed, and 

Item "2" i s  i n  progress .  



50 

Studies  of Time of Travel  i n  White Oak Creek 

I n  order  t o  add t o  t h e  knowledge of time required f o r  water 

poss ib le  assoc ia ted  contaminants t o  t r a v e l  from t h e  ORNL area t o  tl. 

uncontrolled environment, 3 t ime-of- t ravel  s tud ie s  were made i n  

White Oak Creek i n  1962. 

The f i rs t  study, made May 1-3, 1962, consis ted simply of 

introducing f luo resce in  dye i n t o  t h e  stream a t  t h e  Laboratory and, 

following i t s  t r a v e l  v i sua l ly ,  not ing i t s  time of a r r i v a l  a t  landma 

near t h e  channel. This method measured minimum time of t r a v e l  on12 

The general  r e s u l t s  of t h i s  study are shown i n  column 1 of Table 9. 

The second study, made on May 16, 1962, was done using Gold- 

as t h e  t r a c e r  which w a s  introduced i n t o  t h e  stream a t  Haw Ridge w a t  

The passage of t h e  t r a c e r  a t  var ious poin ts  w a s  observed with subme 

s c i n t i l l a t i o n  de tec to r s .  The success of t h i s  study was l imi ted  by 

high r ad ia t ion  background reading and by t h e  f a i l u r e  of two of t h e  

instruments.  Consequently, passage of t h e  t r a c e r  was measured only 

below t h e  o ld  intermediate  pond and a t  t h e  gaging s t a t i o n  "White O a  

Creek below ORNL." General r e s u l t s  of t h i s  s tudy are shown i n  colu 

of Table 9 .  

The t h i r d  study, made on October 31, 1962, w a s  aga in  done w i  

Samples f luorescein,  introduced i n t o  t h e  stream a t  t h e  Laboratory. 

were co l l ec t ed  a t  seve ra l  s t a t i o n s  a t  ?-minute intervals  during 

passage of t h e  dyed water and l a t e r  measured f o r  f luorescence.  

r e s u l t s  of t h e  s tudy are shown i n  column 3 of Table 9. 

Gen 

Because of t h e  complex water temperature-density r e l a t i o n s h i  

i n  White Oak Creek t h e  second and t h i r d  s tud ie s  €a i l ed  t o  follow t h  

t r a v e l  of t h e  t r a c e r  t o  White Oak d a m .  Resul t s  of t h e  f i rs t  study, 

nd 

IS 
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r gap. 
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1 2  

1 

?a1 

: 

iowever, 



Table 9 .  Summary of Resu l t s  of Time-of-Travel 
Studies  i n  White Oak Creek, 1962 

(1) ( 2 )  (3) Column Number 
Date of Study May l-3a May 16b October 31' 

Discharge a t  gaging 5.5 4.7 4 .5  
s t a t i o n  ' v h i t e  Oak 
Creek below ORNL" ( c f s )  

Length of channel i o ,  185 3,650 io, 185 
s tudied  ( f t )  

Mean ve loc i ty  
( f t / s e c )  

Maximum ve loc i ty  
( f t / s e c )  

Veloc i ty  of peak 
con cent rat ion 
( f t / s e c )  

Minimum time of 
t r a v e l  (hr:min) 

Mean time of t r a v e l  
( h r  :min) 

not  known 0.45 0.56 

0.62 0.72 0.67 

not  known 0.50 0.58 

4:35 1:33 5 :30 

not  known 2:11 6:20 

Notes ( see  column numbers). 

a Study made May 1-3, from Building 

bStudy made May 16, from Haw Ridge 
White Oak Creek below ORNL 

Study made October 31, from Build C 

4500 t o  o ld  boat  -dock br idge .  

water gap t o  gaging s t a t i o n  

ng 4500 t o  o ld  boat-dock br idge .  

showed t h a t  under t h e  conditions t h a t  p reva i led  a t  t h a t  time, about 

2 hours were required for t r a v e l  from t h e  o ld  boat-dock br idge t o  

White Oak Dam. 

computed f o r  t h e  channel from bui ld ing  4500 t o  t h e  boat-dock br idge 

for comparison t o  la ter  tests, and do not include t h e  t r a v e l  time through 

White Oak Lake. 

The r e s u l t s  shown for t h e  f i r s t  study (column 1) were 
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The times of t r a v e l  shown i n  Table 9 a r e  representa t ive  of b 

flow conditions f o r  t h e  lengths  of channel s tud ied .  Future tes ts  w 

be made t o  charac te r ize  time of t r a v e l  i n  White Oak Creek throughou 

t h e  range of flow condi t ions.  

Estimated Ef fec t s  of Power Releases from Melton H i l l  

Reservoir  on Water Levels i n  White Oak Lake 

I n  t h e  f irst  quar te r  of 1964 generat ion of hydroe lec t r i c  pow 

i s  scheduled t o  begin a t  Melton H i l l  Dam.  The r e l ease  of water use 

i n  t h e  generation of power w i l l  cause d a i l y  v a r i a t i o n s  i n  t h e  water 

l e v e l  of Clinch River .  A s  a r e s u l t ,  immediately downstream from 

White Oak Dam t h e  backwater from Clinch River w i l l  normally produce 

a d a i l y  r i s e  i n  water l e v e l  from E l .  740.0 f t  t o  El. 744.5 f t  betwe 

l a t e  spr ing  and e a r l y  fa l l ,  and from E l .  735.0 f t  t o  El. 742.7 f t  i 

winter  f o r  a maximum re l ease  of 23,000 c f s  through t h e  hydroe lec t r i  

t u rb ines .  13 

A s  a consequence of t h e  increase  of backwater above normal I 

l e v e l s  of Watts Bar Reservoir a t  White Oak Dam some increase  i n  t h e  

area of White Oak Lake w i l l  occur. The c r e s t  of t h e  lower ga t e  i n  

White Oak Dam i s  p re sen t ly  s e t  a t  E l .  741.3 f t .  The increase  i n  a r  

w i l l  depend on t h e  water l e v e l  and dura t ion  of backwater from Clinc 

River, t h e  e leva t ion  of t h e  s l i d e  ga te  i n  White Oak Dam, and t h e  i r  

from White Oak Creek t o  t h e  l a k e .  

A s  a basis f o r  p ro j ec t  planning for t h e  Melton H i l l  P ro j ec t  

poss ib le  pa t t e rns  of  weekly power r e l e a s e  operat ions during t h e  w i r  

months have been descr ibed and shown i n  a f i g u r e  by t h e  Tennessee V 

A ~ t h 0 r i t y . l ~  These pa t te rns ,  adapted as shown i n  F ig .  9, have beer 

used as a guide t o  i nd ica t e  t h e  dura t ion  of  t h e  high backwater a t  t 
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UNCLASSIFIED 
ORNL-LR-DWG 65384  
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NOTE: THE AVERAGE WEEKLY INFLOWS OF 2900, 6000, AND 8000 c f s  ARE 
THOSE EXPECTED TO BE EQUALED OR EXCEEDED ABOUT 90%. 50% 
AND 30% OF THE TIME, RESPECTIVELY DURING THE WINTER MONTHS. 

AVERAGE INFLOW, 2900 c f s  

AVERAGE INFLOW. 6000 C f S  

AVERAGE INFLOW, 8000 CfS 
25 

0 20  
+ V 
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E! 45 

g f0 
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SUNDAY SATURDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY 

Possible Schedule of, Releases f rom Mel ton ,pill Reservoir for Various Average Weekly Inf lows t o  t h e  
The Mel ton Hill Project , Report No. 36-100-1, Proj.  Planning Branch,  Div. of Reservoir. (Adop ted  from 

Water Control Planning, T V A ,  Sept .  1957) 

Fig. 9. Possible Schedule of Releases from Melton Hill Reservoir for 
Various Average Weekly Inflows to the Reservoir During Winter Months .14 



downstream s i d e  of White Oak Dam. I n  t h e  similar f i g u r e  i n  t h e  r e  

by TVA t h e  v a r i a t i o n  of e l e c t r i c  power in s t ead  of discharge i s  shc 

It has been assumed t h a t  discharge i s  d i r e c t l y  propor t iona l  t o  pow 

production i n  order  t o  prepare F ig .  9. 

maximum backwater due t o  r e l eases  of 23,000 c f s  may occur f requent  

each week of winter ,  with a dura t ion  of from 4 t o  6 hours.  The ma 

durat ion of t h e  water - leve l  r i s e  due t o  power r e l eases  may be abou 

t o  13 hours. 

It w i l l  be noted that t h e  

For t h e  purpose of es t imat ing an extreme condi t ion of increas  

sur face  area i n  White Oak Lake, it has been assumed t h a t  t h e  maxim 

re l ease  occurr ing between t h e  l a t e  spr ing  and e a r l y  f a l l  may apprc 

t h e  maximum winter  release--23,000 c f s .  The maximum backwater l ev  

f o r  t hese  assumptions i s  E l .  744.5 f t .  

Three poss ib le  pos i t i ons  of  t h e  s l i d e  ga t e  which cont ro ls  

t h e  flow from White Oak Lake have been considered (cases  1, 2, and 

below; see  Figure 10) : 

1. The ga te  i s  set permanently a t  E l .  745.0, 0.5 f t  above 

maximum backwater. 

2. For a per iod  of 12 hours, a poss ib le  dura t ion  of  power 

r e l eases  from Melton H i l l  Reservoir,  t h e  s l i d e  ga te  i s  closed; 

a f t e r  t h e  backwater has receded t o  t h e  normal pool l e v e l  of Watts 

Reservoir,  t h e  ga te  i s  returned t o  E l .  741.3 f t .  

3. The ga te  i s  s e t  permanently a t  i t s  present  l eve l ,  E l .  741 

f t .  

For a l l  computations t h e  inflow from White Oak Creek t o  t h e  

lake  has been assumed t o  be 10  c f s .  

o r t  
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 WHITE OAK DAM 

CASE 4 :  
SLIDE GATE SET AT EL. 745 0 f l ,  0 5 f l  ABOVE MAXIMUM 
BACKWATER LEVEL FROM CLINCH RIVER. FOR A FLOW OF 
I O  cfs OVER THE GATE THE RESULTANT LAKE LEVEL IS 
EL. 745 .85  fl. 

Fig. 10. Possible Limits of Inundation in White Oak Lake. 
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I n  ease 1 t h e  outflow from t h e  l ake  a t  White Oak Dam w i l l  be 

of t h e  present  ga te  s e t t i n g  ( E l .  741.3 ft) f o r  an outflow of 10  c f s .  

Assuming t h a t  t h e  discharge r a t i n g  w i l l  apply s i m i l a r l y  t o  a higher  

ga te  s e t t i n g  of E l .  745.0, t h e  l ake  l e v e l  w i l l  reach E l .  745.85 f o r  

I n  case 2 t h e  increase  i n  l ake  l e v e l  i s  due only t o  inflow 'do t h e  

lake  upstream from t h e  dam. For an  inflow of 10 c f s  f o r  12 hours tihe 

t h e  

capaci ty  curves and tables i n  a memorandum repor t  by A .  S .  Fry15 t 

volume s to red  i n  t h e  l ake  w i l l  increase  432,000 cu f t .  From area- 

through t h e  darn. The inflow from t h e  creek, i s  assumed t o ' b e  10 c f s .  

r i s e  i n  l ake  l e v e l  due t o  t h i s  a d d i t i o n a l  s torage  has been computed 

t o  be about 0.9 f e e t ,  1.7 f e e t  above t h e  l e v e l  of t h e  present  ga t e  

s e t t i n g .  Work by T .  F. Lomenick'' has ind ica ted  t h a t  t h e  capac i ty  ~ 

table, dated June 1953, (see Table 10) prepared by Fry w i l l  approximate 

~ 

capaci ty  condi t ions i n  1960. 

I n  case 3 t h e  l a k e  l e v e l  w i l l  increase  because of inflows fdom 

The backwater l e v e l  downstream from White Oak Dam i s  assumed t o  be 1 
constant a t  E l .  

continuously decrease because t h e  water - leve l  d i f f e rence  between t 

744.5 f o r  s i x  hours. The inflow due t o  backwater 

I 
backwater and l ake  l e v e l  i s  decreasing. 

~ 

ds an approximation of 

The change of l ake  l e v e l  with time has been computed by 

coinibining t h e  cont inui ty  equation, 1-0 = - dt' 

r e l a t i o n  between volume and l ake  l e v e l  (values  l i s t e d  i n  Table 10) 
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15 Table 10 .  Capacity of White Oak Lake i n  June 1953 

Water 
Elevat ion 

(ft) 

750 

749 

748 

747 

746 

745 

744 

743 

742 

741 

740 

739 

Water 
Volume 
(ft3) 

9,496,010 

7,675,949 

6,049,587 

4,611,108 

3,334,558 

2,249,135 

1,438 , 741 
814,047 

341,784 

82,588 

1,959 

0 

i -  
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4 2* s = 8.26 (10 ) h2 

i n  which 

I = inflow i n  c f s  

0 = outflow i n  c f s  

S = volume i n  f t  3 

t = time i n  seconds 

h2 = r i s e  i n  l ake  leve l ,  above 
E l .  740 f t ,  i n  f t  

and an  approximate discharge r e l a t i o n  f o r  t h e  inflows t o  White Oak 

3/2< 1-4 
I = 10 + 12.6 [Ah] [hl - h 2 r n l 2  

i n  which 

I = inflow i n  c f s  

Ah = head on ga te  without 
submergence, 3.2 f t  

(hl-h2) = di f fe rence  i n  l e v e l s  between 
backwater and t h e  lake,  i n  f t ;  
hl = 4.5  ft 

n = an  exponent varying i n  value from 
2/8 t o  2/10. 

The r e s u l t i n g  d i f f e r e n t i a l  equation, 

16.5(10 4 )h2 

t =  dk 

was in t eg ra t ed  numerically, using Simpson's r u l e .  l7 Resul ts  of 

t h i s  i n t eg ra t ion  are shown i n  F ig .  11. I f  n i s  2/10 t h e  lake  leve l  

w i l l  r i se  t o  E l .  744.4 f t  i n  s i x  hours.  If n i s  2/8 t h e  l ake  leve l  

r i se  t o  7b4.3 f t  i n  s i x  hours.  

"06 might be used. 2 *For a more p rec i se  estimate t h e  f a c t o r  h 

,ake 

w i l l  
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The area of White Oak Lake which w i l l  be inundated i n  each 

case i s  shown i n  F ig .  10, and approximate percentages of f looding 

are given below. 

Implicat ions 

I f  it were poss ib le  t o  exclude a l l  discharges of rad ioac t iv  

l i q u i d  wastes from White Oak Creek t h e  flow of t h e  creek would be 

decreased by 0.2-0.4 c f s .  This decrease i n  t h e  inflow t o  White Oa 

Lake would not s i g n i f i c a n t l y  a f f e c t  t h e  pred ic ted  l ake  l e v e l s .  It 

a p r a c t i c a l  necess i ty  t o  release these  contaminated l i q u i d  wastes. 

For cases 2 and 3 t h e  water l e v e l s  may be as much as 3 feet  

higher on t h e  downstream s ide  of White Oak Dam, t han  on t h e  upstre  

s ide .  The a b i l i t y  of t h e  d a m ,  s t r u c t u r a l l y ,  t o  withstand t h i s  

d i f f e r e n t i a l  fo rce  has been questioned. 

For case 3, t h e  concentration of r a d i o a c t i v i t y  of waters i r  

White Oak Lake may be decreased because inflow from Clinch River h 

provide add i t iona l  d i l u t i o n .  For cases 1 and 2 no change i n  

concentration may be expected because no change i n  t he  inflow of 

contaminants and of water w i l l  occur. 

The rate of change i n  ove r -a l l  concentration of r ad ioac t iv i  

en te r ing  White Oak Lake w i l l  be very gradual.  For t h i s  reason the 

dispers ion of r a d i o a c t i v i t y  i n  t h e  l ake  should be f a i r l y  uniform 

f o r  a l l  t h r e e  cases .  

A considerable por t ion  of  t h e  Ecology Study area w i l l  be  f l  

For case 3, approximately 70% of t h e  area w i l l  be flooded; case 2, 

40 $; and case 1, 80%. 

For a l l  t h r e e  cases t h e  flow of White Oak Creek downstream 

i s  

m 

11 

Y 

oded. 

from White Oak D a m  i n t o  Clinch River w i l l  be cycl ic ,  varying during 
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the  day from no flow t o  flows t h a t  are equal t o  or a f e w  times g r e a t e r  

than 10 c f s .  For case 1, t h e  durat ion of no flow w i l l  b e  very s h o r t .  

The maximum flows from t h e  creek i n t o  t h e  r i v e r  w i l l  occur when t h e r e  

i s  no flow i n  t h e  r i v e r .  Radioactive contaminants w i l l  then accumulate 

i n  a s t i l l  pool, 

r ad ioac t iv i ty  w i l l  be swept downstream. 

18 and when power releases are made t h i s  accumulated 

Information p resen t ly  ava i l ab le  i s  not s u f f i c i e n t  t o  p red ic t  

t h e  e f f e c t s  of t h e  power releases on r a d i o a c t i v i t y  l e v e l s  i n  Clinch 

River downstream from t h e  mouth of White Oak Creek. 

Radiotracer  Study of Dispersion and Di lu t ion  

Februarv 1. 1962 

I -  

, -  

Sta tus  Report No. 3 on t h e  Clinch River Study included a r epor t  

19 of a r ad io t r ace r  study i n  Clinch River conducted on August 30-31, 1961. 

The stated purpose w a s  t o :  (1) inves t iga t e  the  areal ex ten t  of la teral  

dispers ion;  (2 )  f i n d  t h e  poin t  of r e l a t i v e l y  uniform stream-wide 

d i s t r i b u t i o n  of r ad ioac t iv i ty ;  (3)  determine the  rate of reduction of 

maximum concentration of a c t i v i t y  as the  t r a c e r  moved downstream; and 

(4) i nves t iga t e  time of t r a v e l  of t h e  main body of a c t i v i t y  from t h e  

poin t  of i n j e c t i o n  t o  var ious poin ts  along t h e  stream. The study was 

made during a per iod when the  discharge i n  Clinch River w a s  7,990 c f s  

and water surface e leva t ion  i n  Watts B a r  r e se rvo i r  was 740.6 rt: 0.2  f t .  

The repor t  s ta ted t h a t  ' ' future s tud ie s  are contemplated a t  extreme 

conditions of Clinch River discharge and Watts B a r  reservoi r  

e leva t ion .  I '  

On February 1, 1962, discharge i n  t h e  Clinch River was 

maintained a t  20,200 c f s  and t h e  e leva t ion  of Watts B a r  r e se rvo i r  was 735.4 



0.2 f t .  A t  9:09 a . m . ,  9.7 cur ies  of i n  t h e  form of gc 

chlor ide i n  a so lu t ion  of hydrochloric and n i t r i c  ac ids  was in j ec t  

i n  a l i n e  across  White Oak Creek a t  i t s  mouth (CRM 20.8) .  The vol 

of t r a c e r  so lu t ion  (obtained from ORKL) was 7.6 m l  which was d i lu t  

w i t h  about 3000 m l  of r i v e r  water. The i n j e c t i o n  was made from a 

boat by r e l eas ing  t h e  t r a c e r  through a tube j u s t  below t h e  water 

surface as t h e  boat  w a s  moved across  White Oak Creek, and was corn1 

80 seconds a f t e r  t h e  s ta r t .  The discharge of White Oak Creek w a s  

17 c f s .  

Var ia t ion  of rad ioac t ive  concentration i n  the  r i v e r  water 

with time was determined with submerged s c i n t i l l a t i o n  de tec tors  

a t  severa l  sec t ions  i n  t h e  Clinch River downstream from t h e  mouth 

of White Oak Creek (CRM 20.8) .  

observations were made are l i s t e d  i n  Table 11. The va r i a t ions  of 

r ad ioac t iv i ty  with time i n  each sec t ion  are shown i n  F igs .  12-17. 

The s tudy w a s  planned t o  include observations of t h e  

The sec t ions  a t  which these 

v a r i a t i o n  of r a d i o a c t i v i t y  with time a t  a considerable number of 

sec t ions  and a t  seve ra l  po in ts  i n  each sec t ion  as was done i n  t h e  

study on August 30-31, 1961. However t h r e e  of t h e  f i v e  de t ec to r s  

prepared f o r  the  tes t  became inoperat ive.  The impact of the  fas t -  

moving water loosened t h e  waterproof housing of t h e  de tec tors  and 

t h e  c i r c u i t r y  was shorted.  Therefore it was not poss ib le  t o  obtaj  

as much data  f o r  t h i s  s tudy as during t h e  previous one. It w a s  pc 

-d 

?d 

me 

?d 

ieted 

1 

:sible 

a t  CRM 14.5 and CRM 4.4 t o  observe t h e  degree of development of full 
I 

v e r t i c a l  d i spers ion  (see Figs .  14  and 17). i 
I 7 From t h e  curves shown i n  F igs .  12-17 t h e  maximum and averag 

concentrations of t h e  t r ace r ,  t h e  time of t r a v e l  of t h e  maximum 1 



Table 11. A c t i v i t y  Levels and Travel  Times i n  Tracer Study, February 1, 1962 
(Probe 5 Feet  below Water Surface, Except as Noteda) 

Time of Travel  from 
Cross Sect ion  Radioact ivi ty  (Corrected I n j e c t i o n  Point  (hrs) Duration of 

Lo c a t  ion  f o r  Decay) (ppc/ml) Maximum Center of A c t i v i t y  > 1 ppc/ml 
(cm) Maximum Average A c t i v i t y  Mass of %lug" (h r s )  

20 -2 94.5 

17.5 17.4 

14.5 12.9 

12 .o 8.1 

9.0 6.6 

4.4 4.4 

b 0.4 -- b -- 

6.1 1.4 1.5 

4.9 2.8 3 -0 

3 -2 4.1 4.1 

2.8' 6 .o 6 .le 

1.8 9.3 9.6 

0.8 

1 .o 
1.2c 

1.4 

At CRM 20.2, depth of probe w a s  3 f t ;  a t  CRM 14.5 and CRM. 4.4, a d d i t i o n a l  probe measurements 
a t  g r e a t e r  depths were a l s o  made (see Figs. 12, 14, and 17). 

a 

%ndica tes  no data ava i l ab le .  

C Estimated-- insuff ic ient  data f o r  p o s i t i v e  determination. 
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concentrat ion and of t h e  cen te r  of mass of t h e  t r a c e r ,  and t h e  du ra t ion  

of t h e  t r a c e r  were determined f o r  each sec t ion .  These va lues  are l i s t e d  

i n  Table 11. 

The r e l a t i o n s h i p  of maximum concentrat ion to t r a v e l  d i s t ance  i s  

shown i n  F ig .  18. 

between CRM 20 and CRM 17 suggests  t h a t  t he  d i spe r s ion  of t h e  t r a c e r  

over t h e  e n t i r e  c ros s - sec t iona l  area of the  stream occurred somewhere 

between t h e s e  sec t ions .  It i s  unfortunate  t h a t  f i e l d  data were not  

The very  d e f i n i t e  change i n  s lope  of t h e  curve 

co l l ec t ed  e i t h e r  i n  t h e  v e r t i c a l  or a t  d i f f e r e n t  cross-stream po in t s  

a t  CRM 17.5 t o  s u b s t a n t i a t e  t h i s  s ta tement .  However i n  t h e  s tudy  of 

August 30-31, 1961 a similar change i n  s lope  of t h e  curve of maximum 

concentrat ion versus  d i s t ance  was noted and data c o l l e c t e d  during t h e  

s tudy  ind ica t ed  stream-wide d i spe r s ion  of t h e  t r a c e r  i n  t h e  v i c i n i t y  

of t h i s  change i n  s lope .  

wi th  l o c a t i o n  of c ross  section for t h e  August 1961 and February 1962 

studies,  as shown i n  F ig .  19, a l s o  suggests  t h a t  d i spe r s ion  of t h e  

t r a c e r  over t he  e n t i r e  c ros s - sec t iona l  area occurred between CRM 18 

and CRM 1 5  i n  each s tudy.  

A p l o t  of t h e  reduct ion  i n  peak concent ra t ion  

A comparison of the  maximum concentrat ion of r ad ioac t ive  t r a c e r  

wi th  t r a v e l  d i s t ance  f o r  each s tudy  i s  shown i n  F ig .  20. For t h i s  

comparison t h e  r a t i o  of peak concent ra t ion  a t  each observed cross  

sec t ion  t o  t h e  peak concentrat ion a t  CRM 4.4 was p l o t t e d .  

i nd ica t ed  very  similar v a r i a t i o n s  f o r  t h e  two s t u d i e s .  

The p l o t s  

Fu r the r  Study of V a r i a b i l i t y  of D i lu t ion  Fac tors  

I n  S t a t u s  Report No. 3 on Clinch River  Study’’ t h e  v a r i a t i o n  

of monthly d i l u t i o n  f a c t o r s  wi th  time, t h e  du ra t ion  curve for d a i l y  
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d i l u t i o n  f a c t o r s ,  and frequency curves f o r  t h e  minimum monthly and 

minimum d a i l y  d i l u t i o n  f a c t o r s  were repor ted .  The d i l u t i o n  f a c t o r  

has been def ined  as t h e  r a t i o  of t h e  discharge i n  Clinch River near  

Scarboro, Tennessee, t o  t h e  discharge i n  White Oak Creek a t  White Oak 

Dam, near  Oak Ridge, Tennessee f o r  concurrent per iods .  The base pe r iod  

which w a s  s e l e c t e d  f o r  s tudy i s  October 1, 1950 t o  September 30, 1960. 

I n  f u r t h e r  s tudy of t h e  v a r i a b i l i t y  of d i l u t i o n  f a c t o r s  during 

t h e  10-year per iod,  t h e  dura t ion  of d a i l y  d i l u t i o n  f a c t o r s  by  f ive-day 

per iods was determined. The r e s u l t s  were p l o t t e d  t o  show t h e  va lues  

of d a i l y  d i l u t i o n  f a c t o r s  t h a t  had been exceeded 1/10, 1/4, 1/2, 3/4, 

and 9/10 of t h e  time f o r  each of t h e  73 f ive-day per iods  i n  t h e  

January-December time s c a l e .  Again, t h i s  a n a l y s i s  showed seasonal  

t rends ,  wi th  d a i l y  d i l u t i o n  f a c t o r s  lower i n  t h e  win ter  and e a r l y  

spr ing  than  i n  t h e  summer and e a r l y  f a l l .  For example, t h e  d a i l y  

d i l u t i o n  f a c t o r s  f o r  t h e  "median" curve ( equa l l ed  or exceeded 

1/2 of t h e  time) ranged from 150 t o  1050. I n  February, March, and 

A p r i l  t h e  median value was less than  500; from June through October, 

it w a s  equal  t o  or g r e a t e r  than  500. I n  t he  dura t ion  curve for 

d a i l y  d i l u t i o n  f a c t o r s  shown i n  S t a t u s  Report No. 3" t h e  median 

d i l u t i o n  f a c t o r  w a s  570. 

Frequency s t u d i e s  of minimum d i l u t i o n  f a c t o r s  of s p e c i f i e d  

dura t ion  which occur annual ly  have been made. 

are 1, 3 ,  7, 15, and 30 days. Resul t s  of t h e s e  s t u d i e s  are shown 

i n  F ig .  21. The recurrence i n t e r v a l  i s  t h e  average i n t e r v a l  of time 

wi th in  which a d i l u t i o n  f a c t o r  w i l l  be less than  o r  equal  t o  a 

given magnitude once. 

These dura t ions  
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I n  Fig.  21J t h e  dotted curve i s  t h a t  reported i n  Status  Report 

No. 3,19 for t he  minimum monthly d i lu t ion  fac tors .  

t ha t  t h i s  curve i s  below that  f o r  a 30-day duration. 

r e su l t s  from methods of computation used t o  develop the  curves. 

It w i l l  be noted 

This difference 

The 

curve f o r  t he  minimum-30-day d i lu t ion  f ac to r  i s  based on t h e  r a t i o  of t he  

mean da i ly  flows occurring i n  Clinch River and White Oak Creek. 

curve f o r  t he  minimum monthly d i lu t ion  factor ,  l abe l led  "monthly means, " 

i s  based on the  r a t i o s  of mean monthly flows occurring i n  the  two streams. 

A s  described i n  Status  Report No. 3,19 records of flows for White Oak 

Creek a t  White Oak Dam were not avai lable  f o r  t h e  e n t i r e  base period. 

Flows f o r  t h e  missing periods were determined from records f o r  the  

gaging s t a t ion  White Oak Creek below ORNL near Oak Ridge ( see  Table 8), 

by means of correlat ion curves. 

Creek a t  White Oak Dam are, i n  many instances, t h e  cor re la t ive  product 

of t he  mean monthly flow f o r  White Oak Creek below ORKL. 

The 

The mean monthly flows f o r  White Oak 
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SAFETY EVALUATION STUDIES 

I -  
I 

I -  
I 

I 

I 
I 

' .  i 

In t roduc t ion  

The Subcommittee on Sa fe ty  Evaluat ion was e s t ab l i shed  by t h e  

S tee r ing  Committee October 27, 196iY1' t o  s tudy a v a i l a b l e  information 

and a d d i t i o n a l  data t h a t  may be obtained and eva lua te  t h e  p o t e n t i a l  

hazards of discharges of r ad ioac t ive  wastes from Oak Ridge i n s t a l l a t i o n s  

i n  t h e  Clinch and Tennessee Rivers .  "*' 
subcommittee, one j o i n t l y  wi th  t h e  S t e e r i n g  Committee, t h e  scope of 

s a f e t y  eva lua t ion  expected was defined, exposure pathways of 

released rad ioac t ive  wastes t o  be considered were out l ined,  and 

prel iminary information on var ious  uses of Clinch and Tennessee River  

water t h a t  might cause r a d i a t i o n  exposures w a s  assembled. The r e s u l t s  

of t h e s e  earlier e f f o r t s  by t h e  subcommittee were summarized i n  Progress  

Report No. 1, submitted t o  t h e  S tee r ing  Committee a t  i t s  meeting on 

A p r i l  26, 1962. 

I n  subsequent meetings of t h e  

21 

During the  per iod  May 1962 t o  January 1963, the  subcommittee, 

wi th  staff a s s i s t a n c e  by  K .  E .  Cowser of the O m  waste research  

group, has undertaken detai led ana lyses  of a v a i l a b l e  data. This  work 

has included ca l cu la t ions  of estimated r a d i a t i o n  doses t h a t  might 

be a t t a i n e d  from human exposures t o  r ad ioac t ive  materials i n  t h e  r i v e r  

system through t h e  var ious  exposure pathways. A prel iminary r e p o r t  on 

t h e  r e s u l t s  of t h e s e  ana lyses  t o  date, and a n  o u t l i n e  of a d d i t i o n a l  

information needed by t h e  subcommittee, were given i n  Progress  Report 

No. 2 which was submitted a t  a meeting of t h e  S tee r ing  Committee 

February 6-7, 1963. 22 
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This sect ion of t h e  present report  (S ta tus  Report N o .  4 )  i s  

based on t h e  two progress reports  mentioned above. From Progress 

Report No. 2, which i s  s t i l l  incomplete, t h e  preliminary estimates 

of p o t e n t i a l  dosages from drinking water, immersion i n  t h e  water, 

and contaminated bottom sediments a r e  summarized. 

Bases of Evaluation 

When radioact ive mater ia l  i s  released t o  a body of water, there  

i s  a complex network of mechanisms by which t h e  material i s  t ransmit ted 

from one component, animate or inanimate, t o  another.  A t  each point  

i n  t h e  network o r  chain of transmission, human or  other  l i f e  forms may 

be subject t o  some degree of rad ia t ion  exposure. 

The probabi l i ty  t h a t  exposure w i l l  occur and t h e  degree of 

exposure depend upon many complex and i n t e r r e l a t e d  f a c t o r s .  The 

approach adopted by t h e  subcommittee i s  t o  assemble as much s p e c i f i c  

information as possible  about each of t h e  avenues of human exposure 

t o  be considered ( s e e  pp. 87 and 91) ; and then, with conservative 

assumptions, t o  make quant i ta t ive  estimates of t h e  rad ia t ion  dosages 

t h a t  might be received by various population groups. 

To be r e a l i s t i c ,  these  estimates of dosages must be based 

upon f a c t u a l  data or trustworthy assumptions regarding relevant  

conditions i n  t h e  stream and surrounding areas. 

f o r  example, about t h e  population area t h a t  may be affected,  t h e  

numbers of people and t h e i r  habi t s  which may a f f e c t  t h e  nature of 

exposure, t h e  sources, types, and quant i t ies  of radionuclides 

released t o  t h e  r i v e r  system, and t h e  concentrations of t h e  p r i n c i p a l  

radionuclides i n  t h e  media of human exposure, e.g., water, sediments, 

Information i s  needed, 
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f i s h ,  i r r i g a t e d  food crops, and ope ra t iona l  processes  t h a t  may 

concentrate  t h e  rad ionucl ides .  Furthermore, i n t e r p r e t a t i o n  of t h e  

a v a i l a b l e  da ta  and eva lua t ion  of t h e  ove r -a l l  s i t u a t i o n  i n  terms of 

s a f e t y  r equ i r e s  d e t a i l e d  data regarding many o the r  environmental 

f a c t o r s .  I n  genera l  t h i s  information i s  provided by f i e l d  and 

l abora to ry  s t u d i e s  of hydrologic,  physical ,  chemical, and b i o l o g i c a l  

parameters.  

I n  t h e  Clinch River  Study t h e  Subcommittee on Sa fe ty  Evaluat ion 

depends p r imar i ly  upon o t h e r  groups and subcommittees t o  provide 

t h e  d e s c r i p t i v e  and a n a l y t i c a l  da t a  needed t o  de f ine  exposure f a c t o r s .  

Criteria of permiss ib le  r a d i a t i o n  exposures, 

and i n t e r n a t i o n a l  agencies,  are accepted as guides .  On these  bases  

t h e  subcommittee i s  making conservat ive estimates of t h e  human 

exposures t h a t  may r e s u l t  from t h e  Clinch-Tennessee River contamination, 

and reaching conclusions regarding t h e i r  importance. 

adopted by n a t i o n a l  

I n  i t s  work t o  date t h e  subcommittee has summarized t h e  

a v a i l a b l e  data on q u a n t i t i e s  of radionucl ides  released t o  Clinch River,  

and has reviewed t h e  methods of es t imat ing  dosages of r a d i a t i o n  and 

t h e  permiss ib le  l i m i t s  of exposure. Prel iminary estimates have been 

made of exposures t h a t  might be caused by rad ionucl ides  i n  t h e  Clinch- 

Tennessee River  system through dr inking  water, immersion i n  contaminated 

water, and contaminated bottom sediments.  The r e s u l t s  of t h i s  p a r t  

of t h e  subcommittee's work are summarized i n  t h i s  s ec t ion  of t h e  

present  r e p o r t .  

Objectives 

The immediate ob jec t ive  of t h e  subcommittee i s  t o  eva lua te  t h e  

p o t e n t i a l  e f f e c t  of each r e l evan t  pathway i n  causing r a d i a t i o n  exposure 
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t o  man. The most d i r e c t  means of eva lua t ing  i n t e r n a l  exposures i s  

t o  determine t h e  amounts of r ad ioac t ive  material i n  the  bodies  of 

exposed members of populat ion groups, f o r  example, by whole-body 

counting o r  body-f luid ana lyses .  

exposures are being ca l cu la t ed  from measurements of the  amounts of 

r ad ioac t ive  material i n  t h e  var ious  environmental media, and 

assumptions as t o  t h e  f r a c t i o n  of t h i s  material tha t  may a f f e c t  t h e  

exposed populat ion.  

Lacking such data a t  present ,  

The long-range ob jec t ives  of t h e  subcommittee i s  eva lua t ion  of 

t h e  t o t a l  p o t e n t i a l  e f f e c t  of r a d i o a c t i v i t y  i n  the  environment i n  

causing exposures through t h e  r i v e r  system, and de l inea t ion  of exposure 

pathways so  as t o  understand t h e  p reva i l i ng  l e v e l s  of s a f e t y  f o r  

animal and p l a n t  l i f e .  I n  t h i s  respec t ,  t h e  subcommittee hopes t o  

establish parameters of downstream s a f e t y  which w i l l  be app l i cab le  

t o  t h e  environment as w e l l  as t o  man and under many combinations of 

condi t ions .  

Fu r the r  ' Information Needed 

The values  obtained and presented  i n  t h i s  r epor t  are be l i eved  t o  

be conservat ive.  It i s  emphasized, however, t ha t  t h e  ca l cu la t ed  

estimates of p o t e n t i a l  exposures are t e n t a t i v e  because, l ack ing  data 

from a c t u a l  measurements, a number of assumptions were necessary i n  

order  t o  complete t h e  ca l cu la t ions .  For  example, data from analyses  

i n  progress  which are not  y e t  a v a i l a b l e  include:  water samples 

co l l ec t ed  during t h e  p a s t  year, ex tens ive  core-sampling of bottom 

sediments i n  Clinch River during 1962, a l a r g e  sampling of d i f f e r e n t  

spec ies  of f i s h  f o r  which data are e s s e n t i a l ,  and samples t o  determine 
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t h e  bui ld-up of f i s s i o n  products  i n  t h r e e  water t reatment  p l a n t s  and 

d i s t r i b u t i o n  systems on Clinch River,  one upstream and two downstream 

from Oak Ridge. No da ta  on measured r a d i a t i o n  l e v e l s  o r  ana lyses  ar? 

a v a i l a b l e  t o  i n d i c a t e  p o t e n t i a l  dosages from food crops o r  milk 

produced where l and  i s  i r r i g a t e d  with r i v e r  water. When ava i l ab le ,  

r e s u l t s  from t h e  whole-body counting s tudy of a small number of 

workers a t  t he  Oak Ridge Gaseous Dif fus ion  P l a n t  (ORGDP) may be h e l p f u l  

i n  eva lua t ing  exposures through dr inking  water. Also, e x t e r n a l  r a d i a t i o n  

measurements, where poss ib le ,  t o  confirm ca l cu la t ions  of dose rates from 

t h e  measured concentrat ions of radionucl ides ,  as i n  water o r  sediments, 

would s t rengthen  confidence i n  t h e  estimated exposure values .  

Addit ional  Data Col lec t ion  Recommended 

The subcommittee s t a t e d  t h a t  t h e  data ou t l ined  below are needed 

t o  provide more re l iable  observed va lues  and/or t o  s u b s t a n t i a t e  

assumptions upon which t h e  t e n t a t i v e  estimates of exposure are based. 

It w a s  recommended t h a t ,  i n  so far as i s  feasible, these data should 

be obtained and made a v a i l a b l e .  

1. Data from analyses  i n  progress  (mentioned above) .  - 
r i v e r  water, sediments, f ish,  water supply systems, and whole-body 

counting of ORGDP employees. 

2 .  Measurements r e l a t i v e  t o  crop i r r i g a t i o n .  - f o r  example, 

r ad io log ica l  ana lyses  of i r r i g a t i o n  water, s o i l ,  food crops, and 

milk from i r r i g a t e d  farms and un i r r iga t ed  areas ( c o n t r o l s )  ; and 

related information about i r r i g a t e d  crops and methods of 

i r r i g a t i o n  used. 
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3. Measurements r e l a t i v e  t o  water immersion. - r a d i a t i o n  

l e v e l s  i n  t h e  r i v e r  water, e s p e c i a l l y  i n  swimming and r e c r e a t i o n  

areas of t h e  r i v e r s .  

4 .  Contaminated sediments. - measurements of r a d i a t i o n  

emitted from submerged sediments and from exposed shore l ine  banks 

where people may be exposed while  swimming, f i sh ing ,  e t c .  

Radionuclides Released and Concentrations i n  t h e  Rivers  

V i r t u a l l y  a l l  t h e  r a d i o a c t i v i t y  emanating from t h e  Laboratory 

and reaching t h e  Clinch River passes  through White Oak Creek. The 

f i n a l  con t ro l  po in t  f o r  wastes released t o  t h e  r i v e r  (CRM 20.8) i s  

a t  White Oak Dam. 

The flow of water through White Oak Dam has been determined 

by two methods. 23y24 During t h e  per iod  1953-1955, while  White Oak 

Lake w a s  s t i l l  impounded, a gaging s t a t i o n  a t  t h e  dam was used. 

After 1955, when t h e  l ake  w a s  drained and t h e  gaging s t a t i o n  

inac t iva ted ,  flow w a s  ca l cu la t ed  by summing the sepa ra t e  measurements 

of flow i n  White Oak Creek upstream from Melton Branch and i n  Melton 

Branch which are the  p r i n c i p a l  con t r ibu to r s  of su r f ace  dra inage .  

The gaging s t a t i o n  a t  t h e  dam w a s  r e a c t i v a t e d  i n  1960 and s ince  t h a t  

time has been used f o r  flow measurements. 

U n t i l  1947, d a i l y  r a d i a t i o n  measurements were made and p e r i o d i c  

samples were c o l l e c t e d  a t  White Oak Dam.  The gross-beta  a c t i v i t y  

was determined, and, coupled wi th  estimated d a i l y  flow, t h e  number 

of beta c u r i e s  released each day was ca l cu la t ed .  

ca l cu la t ions  are i n  progress  t o  estimate a t  least t h e  gross  a c t i v i t y  

released during t h e  period, 1943-1947. 

Current ly ,  

Beginning i n  1949, monthly 
. 
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composite samples were a l s o  analyzed radiochemically for cesium, 

ruthenium, strontium, cobal t ,  t r i v a l e n t  rare earths (TRE) , cerium, 

zirconium, niobium, and iodine;  and t h e  cu r i e s  of each rad ionucl ide  

released each year  w a s  ca l cu la t ed  (Table 1 2 ) .  

quan t i ty  of Cs137 released i n  1955 w a s  a t t r i b u t e d  t o  t h e  dra in ing  of 

White Oak Lake. 

SrgO r e s u l t e d  from t rea tment  of process  waste water. 

i n  Ru106 released w a s  caused by opera t ion  of t h e  w'aste p i t s .  

The inc rease  i n  t h e  

Subsequent reduct ions i n  releases of Cs137 and of 

The inc rease  

Estimates of t h e  mean annual  concentrat ions of  rad ionucl ides  

i n  t h e  Clinch and Tennessee Rivers  are based on d i l u t i o n  r a t i o s  and 

t h e  f a c t  t h a t  t h e  e f f l u e n t  of White Oak Creek i s  completely mixed 

with t h e  r i v e r  a f t e r  about 3-5 miles of flow downstream from t h e  

mouth of t h e  creek.  This  was shown by t h r e e  t r a c e r  t e s t s  i n  t h e  

Clinch River  i n  1958, 1961, and 1962. 25y 26' " The concentrat ion 

values  der ived  i n  t h i s  way are consdrvative s ince  no allowance i s  

made for decreases  of t h e  r a d i o a c t i v i t y  i n  t h e  water, f o r  example, 

removal and depos i t  i n  bottom sediments.  

assessment of t he  t o t a l  r a d i o a c t i v i t y  i n  Clinch River sediments it i s  

be l ieved  that ,  of releases s ince  1943, approximately 300 cur i e s  of 

t h e  long- l ived  SrgO, C S ~ ' ~ ,  and Ru106 are incorporated i n  t h e s e  

sediments .28 

sediments should be poss ib l e  when t h e  r e s u l t s  of ana lyses  of t h e  

1962 core samples, now i n  progress ,  are a v a i l a b l e .  

From a prel iminary 

More re l iable  estimates of t o t a l  a c t i v i t y  i n  bottom 

Avai lb le  information concerning r i v e r  water usage downstream 

from OWL was assembled by t h e  subcommittee i n  i t s  f i r s t  progress  

r e p o r t  .21 

systems i n  Tennessee i s  summarized i n  Table 13, which shows that  

Use of r i v e r  water f o r  downstream community water-supply 



Table 12. Yearly Discharges of Radionuclides to Clinch River (curies)a 

Year 
60 

c o  
95 Nb95 1131 cs 137 Ru lo6 S?' Tre(-Ce) Ce 144 Zr 

Gross 
Beta 

1949 
1950 
195 1 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
196 1 

718 
191 
101 
2 14 
304 
384 
437 
5 82 
397 
544 
937 

2190 
2230 

77 110 
19 23 
20 18 
9.9 15 
6.4 26 

22 1 1  
63 31 

1 70 29 
89 60 
55 42 
76 520 
31 1900 
15 2000 

150 
38 
29 
72 

130 
140 
93 

100 
83 

150 
60 
28 
22 

77 
30 
1 1  
26 

110 
160 
150 
140 
110 
240 
94 
48 
24 

18 

23 

24 
85 
59 
13 
30 
48 
27 

6.7 

4.2 

180 
15 
4.5 

19 
7.6 

14 
5.2 

12 
23 
6.0 

27 
38 
20 

22 77 
42 19 

2.2 18 
18 20 
3.6 2.1 
9.2 3.5 
5.7 7.0 6.6 

7.1 1.2 4.8 
6.0 8.2 8.7 

15 3.5 46 

30 0.5 77 
45 5 .3  72 
70 3.7 31 

a Values calculated from data supplied by Applied Health Physics Section, ORNL. 



Table 13. Community Water Systems i n  Tennessee Downstream from 
ORNL Supplied by Intakes on Clinch and Tennessee Rivers or 
Tributaries That May Be Affected by Main Stream Conditions 

Community Remarks Number of Population Quantity Intake Source 

Stream Location Services Served (MGD) 

ORGDP K-25 Clinch R. CRM 14.5 3,015 4 Industrial plant potable 
water system. 

Harriman 

Kingston Steam 
Plant 

Kingston 

Watts Bar Dam 
and Resort 

Soddy-Daisy-Fa1 ling- 
Walden's Ridge 

Harrison Bay State Park 

Booker T. Washington 
State Park 

Chattanooga 

Rockwood 

Spring City 

South Pittsburg 

Emory R. ERM 12 - 2,858 12,000 1.15 May at times draw 

Clinch R. ' C W  600 .05 Potable water system. 

Clinch R.  water. 

w & " J A p  

Tenn. R. TRM570 

Tenn. R. TRM530 

Tenn. R. TRM488 

Tenn. R. TRM478 

Tenn. R. TRM474 

Tenn. R. TRM465 

Tenn. R.  TRM555 

Piney R.  PRM 6.4 

Tenn. R. TRM435 

1 , 265 6,500 

25 150 

2,545 8,000 

50 

50,000 225,000 

2,000 7,000 

61 1 1 , 850 

1 , 300 4,000 

.29 

.03 

.14 

.4 

.05 

.05 

38.0 

1 .o 

.15 

.4  

River supplements spring 

Summer population 
highly variable. 

Supply approximately 
3/4 from river, 1/4 
from well. 

Population highly 
variable. Swimming 
pool separate. 

Supplies swimming 
pool only. 

Includes Signal 
Moun to i n 

River supplements 
spring supply. 

Piney R. supplements 
spring supply. 

supply * 
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more than  a quar te r -mi l l ion  people obta in  domestic water supp l i e s  

from r i v e r  sources .  

A resume of a g r i c u l t u r a l  usage of water on t h e  Clinch River  

between ORNL and Kingston stated t h a t  t h e r e  are 27 farms border ing  

t h e  Clinch River, wi th  a n  average of 5 persons p e r  farm, a t o t a l  of 
1 

about 5000 ac res ,  a l l  using t h e  r i v e r  f o r  water ing about  500 head of 

l ives tock ,  bu t  ob ta in ing  potab le  water from wells, spr ings ,  and 

c i s t e r n s .  Regarding i r r i g a t i o n ,  t h e r e  was no use of water from 

Clinch River  f o r  i r r i g a t i n g  crops.  O f  two farms i n  t h e  v i c i n i t y  of 

Kingston i r r i g a t i n g  about 1 5  a c r e s  of corn and watermelons, one took 

water from t h e  Emory River  and the  o the r  from t h e  Tennessee River 

downstream from t h e  mouth of Clinch River .  

Four downstream loca t ions  were s e l e c t e d  f o r  t he  eva lua t ion  

analyses ,  namely: (1) Clinch River  Mile (CRM) 14.5 (which i s  

6.3 miles downstream from t h e  White Oak Creek discharge a t  CRM 20.8); 

(2) CRM 2.6 (downstream from mouth of Emory River  and near  Kingston 

Steam Plant?;  Tennessee River Mile (TRM) 529.9 (Watts B a r  D a m ) ;  

and TRM 465.5 ( a t  Chattanooga water supply in t ake  and 5.5 miles 

4 ' 1  

c 42 

downstream from Chickamauga D a m ) .  

mtcr Si- es 

t a k e n 2 x c G e  r i v e r M r e  used by ORGDPuand t h e  Kingston Steam 

Plant ,  respec t ive ly ,  for s a n i t a r y  and i n d u s t r i a l  purposes.  There 

are downstream r e c r e a t i o n a l  areas a t  t h e  Kingston water f ront ,  a t  

Watts B a r  Dam, and a t  numerous p laces  a long  Watts B a r  r e s e r v o i r .  

There are l a r g e  r e c r e a t i o n a l  areas along Chickamauga Reservoir,  no tab ly  

j u s t  above Chickamauga Dam (CRM 471.0). The f i r s t  l a r g e  populat ion 
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cen te r  (Chattanooga, Tennessee) i s  loca ted  a f e w  miles downstream 

from Chickamauga Dam (TRM 471.0) and i s  served by a pub l i c  water 

supply taken from t h e  Tennessee River  a t  TRM 465.5. 

CRM 14.5, TRM 529.9, and TRM 471.0 a r e  s t a t i o n s  i n  t h e  b a s i c  water- 

I n  addi t ion ,  

sampling network of t h e  Clinch River Study, which w i l l  a l low t h e  

determinat ion of a c t u a l  concentrat ions of rad ionucl ides  a t  these 

loca t ions  t o  be made. 

The quan t i ty  of water pass ing  each l o c a t i o n  annual ly  was 

ca l cu la t ed  from average flow values  (Table 14) . 
concentrat ions of radionucl ides  a t  each l o c a t i o n  was determined 

from t h e  cu r i e s  released and t h e  t o t a l  f l o w  f o r  each year .  I n  

t h i s  r e p o r t  t h e  ca l cu la t ed  concentrat ion values  f o r  two of t h e  

loca t ions  a r e  given; namely, CRM 14.5 and TRM 465.5 (Tables 1 5  and 1 6 ) .  

The average 

Avenues of Human Exposure 

The p o t e n t i a l  avenues of human exposure r e s u l t i n g  from release 

of r a d i o a c t i v i t y  t o  t h e  environment are many and complex. 

has conceived of a number of exposure pathways and has ind ica t ed  those  

which he be l i eves  t o  be of major c o n s e q ~ e n c e . ~ ~  From rad ioac t ive  

wastes i n  r i v e r s ,  streams, lakes ,  o r  r e s e r v o i r s  he emphasizes the  

hazards re la ted t o  use as dr inking  water, immersion i n  t he  water, 

c lose  approach t o  the  water ( inc lud ing  contaminated mud and 

vegeta t ion)  , use of water f o r  i r r i g a t i o n ,  uptake by b i o l o g i c a l  

chains, i n d u s t r i a l  processes,  sewage d isposa l ,  and atmospheric 

discharges.  

H .  M .  Parker  

The l i s t  i s  w e l l  conceived, but ,  unfortunately,  includes many 

avenues f o r  which data are not  c u r r e n t l y  a v a i l a b l e .  A complete 



Table 14. Mean Annual Flow i n  Clinch and Tennessee Rivers 
(cubic feet per second) 

YEAR CRM 14.5a CRM 2.6a TRM 529.9' TRM 471 .Ob 

1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
195 1 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
196 1 

5310 
4800 
4940 
5 150 
4420 
4290 
5460 
6630 
6170 
4570 
4340 
2990 
4850 
5040 
6350 
5560 
3490 
4460 
4780 

6620 
6870 
7020 
6880 
5 720 
6480 
7560 
9360 
8760 
5770 
5710 
4730 
6610 
7340 
9300 
6880 
5 260 
6200 
71 10 

26 130 
25690 
26490 
29 100 
24040 
26370 
33300 
34240 
28070 
22470 
22 160 
20480 
23790 
24750 
36310 
27780 
23760 
25 150 
29520 

32330 
32290 
32270 
38540 
31 190 
34360 
43630 
44030 
36560 
29770 
28 130 
26050 
30530 
30990 
45250 
34330 
29000 
31010 
37430 

a~~~~~~ FURNISHED BY THE UNITED STATES GEOLOGICAL 
SURVEY - ESTIMATED ON BASIS OF DISCHARGE RECORDS FOR 
THE G A G I N G  STATION ON CLINCH RIVER NEAR SCARBORO 
AND INTERVENING INFLOW. 

b~~~~~~ FURNISHED BY THE TENNESSEE VALLEY AUTHORITY. 
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Year 

Table 15. Calculated Mean Annual Concentration of Radionuclides 

at Clinch River Mi. 14.5 (Units of lom9 pc/ml or ppc/liter) 

Gross 
Beta 

137 cs 106 Ru 90 Sr Y9 144 Ce 95 Zr N b95 ,131 60 c o  

i 

1949 150 16 22 30 0 3.7 36 4.6 16 
1950 32 3.2 3.9 6.5 0 2.5 7.2 3.2 
1951 18 3.6 3.2 5.2 0 0.82 0.40 3.2 
1952 53 2.4 3.6 18 0 5.6 4.7 4.4 4.8 
1953 78 1.7 6.8 35 0 1.7 2.0 0.93 0.54 
1954 140 8.2 4.2 51 1 1  8.9 5.2 3.5 1.3 
1955 100 15 7.1 22 13 20 1.2 1.2 1.6 1.5 
1956 130 38 6.5 23 7.6 13 2.6 3.4 0.78 10 
1957 70 16 1 1  15 5.5 2.2 4.0 1.3 0.21 0.85 
1958 110 1 1  8.4 30 18 6.0 1.2 1.2 1.7 1.8 
1959 300 25 1 70 19 1 1  16 8.7 9.5 0.16 24 
1960 550 7.7 480 6.9 5.1 6 .7  9.3 1 1  1.3 18 
1961 520 3.5 480 5.2 0.35 0.98 4.6 17 0.87 7.3 
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Table 16. Calculated Mean Annual Concentration of Radionuclides 

at Tennessee River Mi. 465.5 (Units of lom9 pc/ml or ppc/liter) 

95 Nb95 1131 c0 60 144 Zr 106 sr90 y91 Ce Cs137 Ru Gross 
Beta 

Year 

1949 18 2.0 2.7 3.7 0 0.46 4.5 0.57 2.0 
1950 4.9 0.49 0.60 0.98 0 0.38 0.11 0.49 
1951 3.1 0.61 0.54 0.87 0 0.14 0.068 0.54 
1952 8.1 0.37 0.56 2.7 0 0.86 0.72 0.68 0.74 
1953 12 0.26 1.1 5.4 0 0.27 0.30 0.14 0.083 
1954 17 0.94 0.48 5.8 1.2 1.0 0.59 0.40 0.15 
1955 16 2.3 1.1 3.4 2.0 3.1 0.19 0.21 0.26 0.24 
1956 21 6.2 1.1 3.8 1.2 2.1 0.42 0.55 0.13 1.7 
1957 9.8 2.2 1.5 2.1 0.78 0.31 0.56 0.18 0.030 0.12 
1958 18 1.8 1.4 4.8 3.0 0.97 0.20 0.20 0.32 0.28 
1959 36 2.9 20 2.3 1.3 1.9 1 . 1  1.1 0.02 2.8 

0.19 2.6 1960 79 1.1 67 1 .o 0.73 0.96 1.3 1.6 
1961 67 0.47 61 0.67 0.05 0.13 0.59 2.1 0.11 0.93 
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exposures, and the type of 

estimates it is apparent that 

those contributing to internal 

the organs selected for analyszs 

thyroid, gonads, and total body. 

selections when SrgO and Cs137 

in contaminated fluids is 
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individual under consideration. From previous 

the more important exposure pathways are 

sources. Based upon these considerations, 

include bone, gastrointestinal tract, 

The bone and total body are reasonable 

are released and when dose by immersion 

106 possible. The increased quantity of Ru , 

1 -  
I .  
I 

i 
I I  

estimate of human exposure is not available now, and probably will 

not be f o r  many years to come. However, based on present experience, 

the avenues of human exposure considered in this report are believed 

to include all significant or potentially significant mechanisms of 

exposure resulting from radionuclide discharge to the Clinch River. 

Critical Organs Considered 

In a detailed analysis it is often necessary to calculate the 

dose for many organs for which the dose may reasonably be expected to 

be a maximum or to be in exces$ of the prescribed limits. To reduce 

the number of calculations, an1 insight concerning the potentially 



The f r a c t i o n  of (MPC)w a t t a i n e d  for t h e  case of  i n t e r n a l  dose 

11 
was ca l cu la t ed  according t o  t h e  recommendation of t h e  ICRP. 

For a mixture of i n v a r i a n t  composition a:nd based on a p a r t i c u l a r  

organ, x, t h e  f r a c t i o n  o f  (MPC) t h a t  i s  a t t a i n e d  i s  given by: 
W 

'wi 

(MWwi X 
c 
1 

where 

P = t h e  concentrat ion of -the p a r t i c u l a r  
radTonucU.de i n  water, and w i  

(MPC)zi = t h e  maximum permiss ib le  concentrat ion of t h e  
p a r t i c u l a r  rad ionucl ide  i n  water f o r  t h e  
organ and ind iv idua l  of i n t e r e s t  and f o r  
continuous exposure. 

When t h e  value of expression (1) i s  less  than  o r  equal  t o  1, t h e  

exposure i s  not  i n  excess of permiss ib le  l i m i t s .  This  formulation 

neglec ts  t h e  dose due t o  e x t e r n a l  source:;, bu t  t h e  e x t e r n a l  dose w i l l  

be estimated sepa ra t e ly  i n  t h i s  r e p o r t .  

The values  of P are  average values ,  t h e  per iod  of averaging w i  
being 1 year  according t o  t h e  recommendations of ICRP, NCRP, and 

FRC. All MPC values  used f o r  data r e l a t i n g  t o  t h e  Clinch River  are 

taken as one-tenth t h e  occupat ional  MFC values  f o r  continuous 

exposure. To ob ta in  MPC values  r e l a t i n g  t o  the  Tennessee River,  

t h e  MPC f o r  continuous occupat ional  exposure has been reduced by a 

f a c t o r  of one-hundredth f o r  whole body as t h e  c r i t i ca l  organ and by 

o n e - t h i r t i e t h  with thyroid,  bone, and G I  t r a c t  as t h e  c r i t i c a l  

W 

W 

W 

w 

organs.  
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If the  f r a c t i o n  of MPCw ca lcu la t ed  from equat ion (1) i s  

mul t ip l i ed  by the  appropr i a t e  annual  dose rate permit ted i n  t h e  

p a r t i c u l a r  organ of i n t e r e s t ,  an  annual  dose rate i s  obtained.  

A ca re fu l  i n t e r p r e t a t i o n  of such values  i s  necessary,  s ince  t h e  

ca l cu la t ed  dose only a p p l i e s  t o  a long-term and s t a b l e  s i t u a t i o n .  

The MPCw values  are set by t h e  requirement t h a t  t h e  dose ra te  

(rems/week) a f t e r  50 years  of exposure s h a l l  not  exceed a recommended 

l i m i t .  During a 50-year exposure period, equi l ibr ium i s  reached by 

most of t h e  radionucl ides ,  because t h e i r  e f f e c t i v e  half l i f e  i s  

s h o r t  compared t o  50 yea r s .  

a l lowable annual dose rate i s  reached only a f te r  50 years  of continuous 

exposure t o  t h e  M P C .  For t h i s  reason, ca l cu la t ion  of a c t u a l  dose 

received by inges t ion  of known concentrat ions of radionucl ides  i s  

d e s i r a b l e .  

However, i n  t h e  case of Srgo, t h e  

A s  a second i n t e r p r e t a t i o n ,  t h e  ca l cu la t ed  dose rate may be 

considered as a "dose commitment" meaning t h e  dose t h a t  w i l l  be  

received during t h e  next 50 years  due t o  a n  exposure ot one week 

with Pwi determined f o r  t h a t  per iod .  

a f t e r  var ious  times fol lowing the  in t ake  per iod depends upon the  

e f f e c t i v e  half l i f e  of t h e  i so tope  involved. 

Actual ly ,  the  dose de l ivered  

Because the  MPC's which e n t e r  i n t o  the ca l cu la t ions  have been 

estimated on t h e  b a s i s  of so-ca l led  "s tandard man," t h e  dose r e a l l y  

represents  only t h a t  which would be  received by a person of phys ica l  

c h a r a c t e r i s t i c s  and h a b i t s  resembling s tandard man. Thus, t h e  doses 

estimated should be considered as average va lues  f o r  t y p i c a l  a d u l t  

i nd iv idua l s .  Very l i t t l e  i s  known a t  t h e  present  time concerning 

d i f f e rences  i n  metabolic rates or processes  of ch i ld ren  and a d u l t s  
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as they  relate t o  important rad ionucl ides .  Dose co r rec t ion  f a c t o r s  

t h a t  t a k e  i n t o  account d i f f e rences  due t o  i n t a k e  and organ s i z e  can 

be estimated, 22’30y31’32 bu t  i n  t h i s  r e p o r t  it i s  not  poss ib l e  t o  

make any adjustment on t h i s  basis. 

I n  t h e  case of t h e  g a s t r o i n t e s t i n a l  t r a c t ,  t h e  c a l c u l a t i o n  of 

t h e  MPC i s  based on t h e  assumption t h a t  t h e  w a l l  of t h e  t r a c t  w i l l  

r ece ive  h a l f  t h e  dose de l ive red  t o  t h e  contents  of t h e  t r a c t .  To a 

very l a r g e  extent t h i s  dose w i l l  be  p ropor t iona l  t o  t h e  concent ra t ion  

of t h e  rad ionucl ide  i n  the  contents  of t he  t r a c t ,  b u t  it w i l l  no t  

vary g r e a t l y  wi th  t h e  mass of t h e  contents  o r  wi th  t h e  diameter of 

t h e  t r a c t .  Thus no very s i g n i f i c a n t  co r rec t ion  i s  necessary so  

far as t h e  masses of t h e  organ or contents  are concerned. Assuming 

t h e  t r a c t  i s  always f u l l  and t h a t  t h e  res idence  time i s  s h o r t  

compared t o  t h e  h a l f - l i f e  of t h e  rad ionucl ides  of i n t e r e s t ,  t h e  

dose received w i l l  no t  be changed s i g n i f i c a n t l y  as res idence  t i m e  

v a r i e s .  This  leaves  t h e  concentrat ion of t h e  rad ionucl ide  i n  t h e  

contents  of t h e  t r a c t ,  and, hence, t he  d i e t a r y  composition as the  

only v a r i a b l e  of s ign i f i cance .  

The r a t i o  

s tandard  
man 

In t ake  of Water I n t a k e  of Water 
of Contents of G I  T rac t  )ag/(Gght of Contents of G I  T rac t  

would seem t o  be  appropr i a t e  c o r r e l a t i o n  f a c t o r  t o  apply  h e r e .  No 

data have been found on t h e  v a r i a t i o n  of t h e  weight of t h e  contents  

of t h e  G I  t r a c t  wi th  age .  It i s  hoped t h a t  t h e s e  da t a  w i l l  be 

found before  completion of t h e  r e p o r t .  
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Rad ioac t iv i ty  of River  Water i n  Terms of MF'Cw 

Table 17 gives  t h e  f r a c t i o n  of MPCw of t h e  r i v e r  water ca l cu la t ed  

by using t h e  average concentrat ion of the  var ious  radionucl ides  f o r  

each year  where such data were a v a i l a b l e .  A s  explained previous ly  

(page 92), a l l M P C w  va lues  used for data r e l a t i n g  t o  t h e  Clinch River  

are taken as 1/10 of t h e  occupat ional  MPCw values  for exposure during 

t h e  en t i r e  week (168 hours ) .  

Tennessee River,  t h e  MPC f o r  continuous occupat ional  exposure 

(168 hours/week) has been reduced by a f a c t o r  of 1/100 f o r  whole body 

as c r i t i c a l  organ and by 1/30 f o r  thyro id ,  bone, and G I  t r a c t  as t h e  

c r i t i c a l  organs.  These values  are suggested by ICRP f o r  a p p l i c a t i o n  

To obta in  M E  values  r e l a t i n g  t o  t h e  
W 

W 

t o  exposure of people l i v i n g  i n  t h e  neighborhood of a nuc lear  energy 

p l an t ,  and for t h e  average exposure of t h e  populat ion-at- large,  

r e spec t ive ly .  

by t h e  appropr i a t e  maximum permissible dose rate an  annual  dose rate 

i s  obtained.  

the rad ionucl ides  of long  e f f e c t i v e  h a l f - l i f e ,  t h i s  annual  dose rate 

w i l l  be a t t a i n e d  only i f  occupancy continues f o r  many yea r s .  

If t h e  f r a c t i o n  of MPCw given i n  Table 17 i s  mul t ip l i ed  

However, it must be borne i n  mind t h a t  i n  t h e  case of 

A s  mentioned above, one can i n t e r p r e t  t h e  annual  dose rates 

obtained by t h e  use of Table 17 as a dose commitment f o r  the fu tu re ,  i . e . ,  

dose t h a t  w i l l  be de l ive red  sometime during t h e  next  50 years i f  

l i f e  extends t h a t  long.  

t h e  next 50 years  per  yea r  of occupancy, no t  rem/year. Since 

t h e  MPC values  are based on data f o r  a "standard man," e i t h e r  

i n t e r p r e t a t i o n  should be considered t o  represent  t h e  exposure of 

an "average" or t y p i c a l  a d u l t .  

a value of 3 times t h e  average dose as a p r a c t i c a l  maximum t o  

The u n i t  i s  then  rem t o  be de l ivered  during 

Both t h e  FRC and t h e  ICRP al low 
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Table 17. Fraction of MPC in Water from Clinch and Tennessee Rivers 

Clinch River Mi 14.5 Tennessee River Mi 465.5 

Bone G.I.  Tract Total Body Thyroid Bone G.1. Tract Total Body Thyroid 
Year 

1949 0.30 
1950 0.065 
1951 0.052 
1952 0.18 
1953 0.35 
1954 0.51 
1955 0.22 
1956 0.23 
1957 0.15 
1958 0.30 
1959 0.20 
1960 0.070 
1961 0.053 

0.0043 
0.0022 
0.0017 
0.0015 
0.0018 
0.0032 
0.0037 
0.0042 
0.0024 
0.0031 
0.021 
0.050 
0.048 

0.076 
0.016 
0.013 
0.044 
0.087 
0.13 
0.055 
0.060 
0,037 
0.075 
0.050 
0.018 
0.014 

0.021 
0.0043 
0.0038 
0,0098 
0.015 
0.022 
0.0099 
0.010 
0.0063 
0.013 
0.0084 
0.0037 
0.0027 

0.11 
0.029 
0.026 
0.081 
0.16 
0.17 
0.10 
0.11 
0.062 
0.14 
0.070 
0.030 
0.020 

0.0016 
0.0010 
0.00087 
0.00069 
0.00053 
0.001 1 
0.0019 
0,0020 
0.00099 
0.0015 
0.0075 
0.021 
0.019 

0.094 
0.025 
0.022 
0.068 
0.13 
0.15 
0.086 
0.097 
0.052 
0.12 
0.060 
0.026 
0.017 

0.0077 
0.0021 
0.0019 
0.0045 
0.0053 
0.0074 
0.0047 
0.0051 
0.0027 
0.0077 
0.0030 
0.0016 
0.0010 
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provide f o r  t h e  v a r i a t i o n  of dose i n  a homogeneous populat ion group. 

This  i s  t o  say t h a t  among a d u l t s  o r  chi ldren,  of l i k e  age and exposed 

t o  t h e  same environmental s i t u a t i o n ,  t h e r e  w i l l  be a considerable  

spread of doses a c t u a l l y  received, b u t  it i s  assumed t h a t  only a 

small f r a c t i o n  of t h e  group w i l l  r ece ive  more than  3 times t h e  

average va lue .  

Estimated Radiat ion Dosages 

Drinking Water 

Estimates of t h e  f r a c t i o n  of maximum permiss ib le  dosages 

received from dr inking  Clinch River and Tennessee River  water are 

based on ca l cu la t ed  concentrat ions of radionucl ides  i n  t h e  r a w  water. 

This  approach i s  conservat ive because it assumes t h a t  t h e r e  w i l l  be no 

reduct ion  of rad ionucl ides  i n  t h e  water by water t reatment  before  

dr inking;  and it makes no allowance f o r  t h e  small po r t ions  of t he  

rad ionucl ides  released t h a t  are i n  t h e  bottom sediments and would not  be 

expected t o  e n t e r  raw-water in t akes .  

rad ionucl ide  removals by water p l a n t s  and bottom sediments, bu t  

t h e  data now a v a i l a b l e  do not  warrant  t h i s  ref inement .  

Future  ca l cu la t ions  may consider  

To represent  estimated dosages f o r  the  Clinch and for the  

Tennessee Rivers,  two re ference  s t a t i o n s  were se lec ted ,  v i z . ,  CRM 14.5 

and TRM 465.5. 

Clinch River  water and Tennessee River water from these two l o c a t i o n s  

i s  given i n  Table 17. Values a t  CRM 14 .5  represent  t h e  f r a c t i o n  of 

t h e  continuous nonoccupational WCW for persons l i v i n g  i n  t h e  p l a n t  

v i c i n i t y  t h a t  would be at ta ined,  and values  a t  TRM 465.5 represent  

t h e  a t t a i n e d  f r a c t i o n  of MPCw f o r  t h e  average populat ion a t  l a r g e .  

The f r a c t i o n  of  MPCw t h a t  would be a t t a i n e d  by dr inking  
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Inherent  i n  t h e  ca l cu la t ion  of these f r a c t i o n a l  values  i s  t h e  

assumption t h a t  exposure i s  continuous f o r  a per iod  of 50 years  t o  

t h e  mixture of rad ionucl ides  t h a t  i s  p resen t  during t h e  p a r t i c u l a r  

year .  

exposure t o  t h e  bone c o n s t i t u t e s  a g r e a t e r  f r a c t i o n  of t h e  maximum 

permiss ib le  l i m i t  than  does t h e  ca l cu la t ed  exposure t o  t h e  o the r  

body organs.  This  i s  a t t r i b u t a b l e  t o  t h e  SrgO t h a t  i s  r e l eased .  

The l a r g e s t  f r a c t i o n  of bone dose a t t a i n e d  w a s  0 .51 (51%) for t h e  

1954 concentrat ions,  assuming t h a t  t he  same concentrat ions continued 

f o r  50 yea r s .  

dose ( f o r  t h e  average c h i l d  of t h e  populat ion a t  l a r g e  which i s  one 

six-hundredth of t h e  continuous occupat ional  exposure),  t h e  

f r a c t i o n  of MPCw t h a t  would be a t t a i n e d  a t  C M  14.5 i s  less than  

0.04 o r  4%. 

and 1961 i s  due t o  t he  increased  release of Ru 

For t h e  mixtures  of rad ionucl ides  i n  t h e  r a w  water, estimated 

Applying t h e  most r e s t r i c t i v e  FRC l i m i t  of t hy ro id  

The inc rease  i n  i n t e r n a l  dose t o  t h e  G I  t r a c t  f o r  1960 

106 . 

Immersion i n  Contaminated Water 

Due t o  t h e  presence of radionucl ides ,  t h e  r i v e r  w i l l  a c t  as a 

source of r a d i a t i o n  t o  persons engaged i n  swimming, boat ing,  f i s h i n g  

and water s k i i n g .  Since d i r e c t  measurements of immersion dose rate 

are unavai lable ,  it i s  necessary t o  c a l c u l a t e  t h e  dose rate by 

consider ing t h e  rad ionucl ide  composition of t h e  water. 

The immersion dose c a l c u l a t i o n  assumes t h e  body i s  i n  t h e  

cen te r  of a sphere and rece ives  equal  q u a n t i t i e s  of r a d i a t i o n  from 

a l l  d i r e c t i o n s .  The e x t e r n a l  exposure from beta r a d i a t i o n  may be 

ca l cu la t ed  by means of a n  equat ion recommended by Morgan. 33 

With c e r t a i n  reasonable  assumptions t h i s  expression i n  u n i t s  

of rad p e r  day i s  s impl i f i ed  t o :  
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Beta Dose Rate = 51.2 &Ei 

where 

Q = pc/g of water, and 

Ei = e f f e c t i v e  absorbed energy p e r  
d i  s i n t e g r a t i o n  

An empir ica l  formula w a s  used t o  estimate t h e  average e f f e c t i v e  

30 absorbed energy of a beta d i s i n t e g r a t i o n .  

where 

Em = maximum energy of type considered 

f = f r a c t i o n  of d i s i n t e g r a t i o n s  a t  a 
p a r t i c u l a r  energy, 

z = atomic number 

The pene t r a t ion  d i s t ance  i n  water or t i s s u e  of t h e  most ene rge t i c  

beta p a r t i c l e  from t h e  rad ionucl ides  involved i s  about  one cent imeter .  

Therefore, t h e  beta r a d i a t i o n  dose t o  t h e  sur face  of a l a r g e  body 

immersed i n  t h e  contaminated water i s  partially excluded, and i s  

e f f e c t i v e l y  one-half of t h a t  ca l cu la t ed  by equat ion ( 2 ) .  

The e x t e r n a l  exposure from gamma r a d i a t i o n  may be ca l cu la t ed  

by means of a similar formula,33 f o r  which t h e  s impl i f i ed  expression 

i n  u n i t s  of rad per  day i s  : 

Gamma Dose Rate = 51.2 Q Em f (4) 

i n  which t h e  terms Q, Em and f are t h e  same as i n  equat ions (2 )  and ( 3 ) .  

I n  each in s t ance  where some l a t i t u d e  i s  allowed i n  t h e  assumptions, 

a conservat ive approach i s  taken .  Therefore  t h e  computed dose 



rates would be expected t o  be  overest imated.  

Where t h e  water contains  a mixture of radionucl ides ,  it i s  

necessary t o  c a l c u l a t e  t h e  dose ra te  a s soc ia t ed  wi th  each r ad io -  

nuc l ide .  The t o t a l  dose rate i s  simply t h e  sum of t h e  ind iv idua l  dose 

rates.  

ca l cu la t ions  .j4 

Decay schemes presented  by Blomeke and Todd are used i n  t h e  

The dose-rate  va lues  f o r  beta and gamma r e s p e c t i v e l y  are 

one-half (50 pe r  cent )  of t h e  beta dose rate (equat ion  ( 2 ) ) ,  and 

100 per  cent  of t h e  ca l cu la t ed  gamma dose rate (equat ion  ( 4 ) ) .  

The immersion dose rates due t o  beta and gamma r a d i a t i o n  a t  t h e  

two re ference  s t a t i o n s  are l i s t e d  i n  Table 18. A maximum dose rate 

of 0.027 mrad per  day of exposure a t  CF3l 14.5 (1960) i s  ca l cu la t ed .  

The dose rate i s  a func t ion  of rad ionucl ide  type  and concent ra t ion .  

U n t i l  1958, t h e  l a r g e s t  f r a c t i o n  of beta dose was as soc ia t ed  wi th  Sr 

and t h e  l a r g e s t  gamma dose w a s  gene ra l ly  due t o  Cs137. 

Ru106 has accounted f o r  about 75% of the  t o t a l  immersion dose.  

90 

Since then, 

Contaminated Bottom Sediments 

Radionuclides a s soc ia t ed  wi th  s o l i d s  t h a t  have se t t led  t o  

t h e  bottom of t h e  r i v e r  can be expected t o  con t r ibu te  t o  the t o t a l  

r a d i a t i o n  dose received by man. Although ear l ier  ca l cu la t ions  

assumed complete d i l u t i o n  of f i s s i o n  products  i n  t h e  r i v e r ,  annual  

surveys made by t h e  ORNL Applied Heal th  Physics Sec t ion  have shown 

t h a t  some of t h e  radionucl ides  are r e t a i n e d  by t h e  bottom 

35 sediments. 

Measurements were made a t  c ross  sec t ions  2 miles a p a r t  i n  t h e  

Clinch River and approximately 10 miles a p a r t  i n  t h e  Tennessee River .  

Measurements cons is ted  of gamma counts obtained wi th  a multiple-GM-tube 
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Table 18. Immersion Dose Rates i n  Clinch and Tennessee Rivers 
-4 

(Units of 10 mrad/24-hr Exposure) 

CLINCH RIVER Mi 14.5 TENNESSEE RIVER Mi 465.5 

YEAR BETA GAMMA TOTAL BETA GAMMA TOTAL 

1949 
1950 
195 1 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
196 1 

19 
3.4 
2.7 
8 

13 
20 
18 
16 
10 
16 
71 

1 70 
160 

16 
5.2 
2.1 
5 .O 
2.7 
7.2 
9.9 

9.9 
8.4 

18 

67 
95 
79 

35 
8.6 
4.8 

13 
16 
27 
28 
34 
20 
24 

140 
270 
240 

2.4 
0.5 
0.46 
1.3 
2.0 
2.3 
2.8 
2.6 
1.4 
3.1 
8.5 

25 
21 

2.0 
0.79 
0.35 
0.77 
0.41 
0.82 
1.6 
2.9 
1.4 
1.6 
8.0 

14 
10 

4.4 
1.3 
0.81 
2.1 
2.4 
3.1 
4.4 
5.5 
2.8 
4.7 

17 
39 
31 
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d e t e c t o r  ("Flounder"), lowered t o  t h e  su r face  of t h e  bottom sediments 

35 and ana lyses  of mud. samples taken a t  each measurement p o i n t .  

Average concent ra t ions  of s p e c i f i c  rad ionucl ides  i n  bottom sediments 

were ca l cu la t ed  by averaging a11 va lues  for t h e  e n t i r e  s tudy  reach of 

t h e  Clinch River  and of t h e  Tennessee River .  Cesium-137, C e  , Co , 
and more r e c e n t l y  Ru106, were found t o  be t h e  p r i n c i p a l  rad ionucl ides  

144 60 

assoc ia t ed  wi th  t h e s e  sediments. Reasons f o r  such s e l e c t i v i t y  are 

enumerated elsewhere .36 Major changes i n  t h e  r a d i o a c t i v i t y  of t h e  

. 

bottom depos i t s  were found, b u t  t h e  detai ls  of sediment t r a n s p o r t  

must be de l inea ted  before  conclusions can be drawn about observed 

changes i n  rad ionucl ide  concent ra t ions .  

The "Flounder" i s  used p r i n c i p a l l y  t o  f u r n i s h  q u a l i t a t i v e  

information on t h e  bui ld-up of gamma emi t t ing  rad ionucl ides  i n  

sediments. Construct ion of t h e  device makes it i n s e n s i t i v e  t o  beta 

r a d i a t i o n .  Although t h e  "Flounder" i s  c a l i b r a t e d  r o u t i n e l y  w i t h  a 

sea l ed  radium source (as a s t a b i l i t y  o r  s e n s i t i v i t y  check), t h e  complex 

spectrum of gamma rays  from both  t h e  contaminated sediments and t h e  

radium source prevents  a d i r e c t  determinat ion of exposure dose by 

use of t h i s  instrument .  Estimates of exposure dose can be made, b u t  

t h e  l i m i t a t i o n s  of such h t a  must be recognized (Tables 19 and 20).  

I n  a genera l  way, t h e  measurements i n  t h e  Clinch River  re f lec t  

t h e  quan t i ty  of  Cs137 and Co60 r e l eased  each year .  Maximum readings i n  

t h e  Clinch River  (gene ra l ly  a t  CRM 8.3) were l a r g e r  t han  t h e  average 

readings by a f a c t o r  of 1.9 k 0.09; s imi l a r ly ,  t h e  r a t i o  i n  t h e  

Tennessee River  was 1.8 +_ 0.2. For  t h e  purpose of es t imat ing  t h e  

r a d i a t i o n  dose t o  man, ca l cu la t ions  of dose were made by using t h e  

average rad ionucl ide  composition of t h e  sediments. It was assumed 

. 
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Year Average Maximum 

195 1 39 
1952 88 
1953 53 
1954 57  110 
1955 60 110 
1956 130 260 
1957 96 180 
1958 100 200 
1959 160 280 
1960 150 280 
196 1 95 1 70 

I 

, .  

C Beta 1/2 Gamma Total 

90d 320d 
160 

60 160 220 
130 180 3 10 
300 630 930 
180 460 640 
2 10 360 5 70 
450 710 1160 
5 10 460 9 70 
530 290 820 

4 

Table 19. Estimated Radiation Dose Rates from Contaminated 
Sediments in Clinch River 

Measu reda 

( lom2 mr/24-hr) 

Ca I cula ted 

( mrad/24-hr exposure) 

b Attenuated 
1/2 Gamma 

C 

9.5 
1 1  
35 
24 
19 
39 
25 
15 

a 

b 

In units of  

Attenuation through 3 f t  of water. 

Qne-half of total gamma dose from infinite source. 

Estimated from correlation relationship. 

mr/24-hr exposure as measured by the "Flounder. I '  

C 

d 

c 
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Year Average Maximum 

. 

C b 

1/2 Gamma 
Beta 1/2 Gamma Total Attenuated C 

Table 20, Estimated Radiation Dose Rates from Contaminated 
Sediments in  Tennessee River 

Measu reda 

( mr/24-hr) 

Ca I cu I at  ed 

( mrad/24-hr exposure) 

195 1 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
196 1 

13 
22 
23 
19 
26 
36 
33 
35 
30 
33 
26 

30 
43 
69 
58 
63 
63 
49 
48 

22 50 
60 68 
65 110 
37 80 
55 62 
48 56 
75 61 
95 54 

72 3.0 
128 4.2 
1 75 6.1 
117 4.2 
117 3.5 
104 3.1 
136 3.3 
149 2.8 

a -2 In units of  10 

Attenuation through 3 ft  of water. 
b 

One-half of  total gamma dose from infinite source. 

mr/24-hr exposure as measured by the "Flounder. I '  

C 
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t h a t  t h i s  average composition was d i s t r i b u t e d  uniformly i n  an  i n f i n i t e  

source.  To assume a n  i n f i n i t e  source containing t h e  maximum concentrat ion 

of rad ionucl ides  observed seems over ly  conservat ive.  Further ,  it w a s  

assumed t h a t  t h e  ind iv idua l  would be exposed t o  one-half t h e  

immersion dose of beta p a r t i c l e s  and t o  one-half t h e  immersion dose 

of gamma emissions ( i . e . ,  from one-half a sphere) .  

i s  reasonable  since t h e  ind iv idua l  r ece iv ing  t h e  dose i s  l i k e l y  t o  

be s tanding  on or f l o a t i n g  above t h e  contaminated sediments. Normally, 

only t h e  f ee t  would be subjec ted  t o  t h e  t o t a l  beta and gamma dose rate.  

Such a n  assumption 

Calculated dose rates from bottom sediments i n  t h e  Clinch River  

and Tennessee River  are l i s t e d  i n  Tables 19 and 20. The b e t a  dose 

rate w a s  taken as one-half t h e  value determined by use of equat ion ( 2 )  

and t h e  gamma dose rate as one-half t h e  ca l cu la t ed  value by 

equat ion ( 4 ) .  

ca l cu la t ed  va lues  g ive  a l a r g e r  es t imated dose rate than  t h a t  a c t u a l l y  

a v a i l a b l e .  

12 mrad p e r  day of exposure (1160 x loe2) would have occurred i n  1959, 

Since t h e  source i s  not  i n f i n i t e  i n  extent, t h e  

Accordingly t h e  l a r g e s t  bottom sediment dose rate of 

and was divided as 0.4 beta and 0.6 gamma r a d i a t i o n .  

con t r ibu t ion  of s p e c i f i c  rad ionucl ides  t o  t h e  beta and gamma dose rates 

The percentage 

106 shows t h a t  t h e  t o t a l  rare earths, C S ~ ' ~ ,  and more r e c e n t l y  Ru , are 

137 t h e  p r i n c i p a l  con t r ibu to r s  t o  beta dose rates, and Go6' and C s  

account for t h e  l a r g e s t  f r a c t i o n  of gamma dose rates. 

Since bottom sediments are gene ra l ly  covered by water, t h e  

gamma dose rate t o  t h e  gonads of a n  ind iv idua l  s tanding on t h e  r i v e r  

bottom would be  reduced by a t t e n u a t i o n .  

c o e f f i c i e n t  f o r  water w a s  ca l cu la t ed  by weighing both  t h e  f r a c t i o n  of 

time a photon of a given energy w a s  emi t ted  by a p a r t i c u l a r  rad ionucl ide  

An average a t t e n u a t i o n  



106 

and the f r ac t ion  each radionuclide contributed t o  t h e  t o t a l  loading 

of t h e  bottom sediments. The f r ac t ion  of dose remaining i s  graphed 

as a function of t h e  depth of water shielding (Fig.  22) .  

gamma dose rates a f t e r  a t tenuat ion through 3 f e e t  of water a r e  l i s t e d  i n  

Tables 19 and 20. 

The estimated 
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