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FEATURES OF THE OVER-ALL PRGGRAM 

I n t rodu c t i on 

c 

As explained in  previous status reports, the Clinch River Study was 

organized in  1959 as a cooperative project i n  the Oak Ridge National Laboratory. 

Four Federal agencies (TVA, USAEC, USGS, and USPHS), two Tennessee state depart- 

ments (TDPH and TGFC), and the Laboratory (5RNL) were joint participants i n  the 

planning and administration of the study and in  the relevant investigations and reports. 

The Clinch River Study Steering Committee, comprised of nine representatives of the 

participating agencies (see page vii), has been responsible for pol icy decisions, liaison 

among the agencies, and general administrative direction of  the study program. The 

Steering Committee has also been responsible for releases of data and iournal articies, 

issuance of a number of status reports (of which this i s  the sixth and last of the series), 

and final reports on the conduct and results of the study. 

Active field and laboratory work on the Clinch River study was completed during 

the 5-year period from January 1960 through December 1964. During this time the 

Steering Committee held nine open meetings for progress reports, nine executive meet ngs 

for Committee discussions, decisions, and actions regarding conduct of the study, and hree 

special meetings for consideration of unusual problems that had arisen. The details of  

each meeting were reported i n  the minutes of the meeting, and progress reports on the 

various study projects were summarized i n  the status reports referred to above. 
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A great many of the analytical laboratory results and data from field measurements 

were summarized in Status Report No. 5, because i t  covered a longer period than did 

the other status reports (more than one and one-half years), and also because i t  ” 

included earlier data that had been delayed in  final revision and tabulation. 

Status Report No. 5 included the main body of the report (ORNL-3721), and three 

6 
supplements issued separately one with two parts, namely; ORNL-3721, Suppl. 1; 

ORNL-3721, Suppl. 2A; ORNL-3721, Suppl. 28; and ORNL-3721, Suppl. 3.9 The 

present report (Status Report No. 6), covering the period of  study from December 1, 1963 

to December 31, 1964, i s  based mainly on progress reports presented to the Steering 

Committee at i t s  meetings on December 15-1 6, 1964. Plans for completion o f  a1 I of 

the reports on the study are mentioned later in the discussion of executive meetings 

of  the Steering Committee. 

5 

7 8 

The objectives of the study, adopted by the Steering Committee, were outlined i n  . 
3 

Status Report No. 3 and i n  various other documents pertaining to the study. The 

reseurch aspects were concerned mainly with the radionuclides released through 

White Oak Creek, and with their dispersion, dilution, and distribution downstream in  the 

Clinch and Tennessee Rivers. Early i n  the 5-year period of  the study, the construction 

on Clinch River of Melton Hi l l  Dam, 2.3 miles upstream from the mouth of  White Oak 

Creek, was authorized and begun. I t  was realized that Melton Hi l l  Dam, when i n  operation 

as a peaking power project, would cause significant changes in  the dispersion and 

dilution of radioactive wastes released to the Clinch River. Therefore, the study 

comprised two phases: Phase I, studies of conditions before operation of  Melton Hi l l  Dam; 
. 
Y 
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and Phase 11, appaisai of conditions after Melton Hi l l  Dam has been completed and 

put into operation. 

The purpose was to define existing conditions in Phase 1, and to investigate 

the changes due to Melton Hi l l  operations sufficiently to predict the conditions that 

w i l l  prevail i n  the future. There were delays i n  construction of the Melton Hi l l  project 

and only a brief period was available for investigations after the dam was ready for 

operation. Several observations and tests of the changed Conditions were made, however, 

particularly dye tracer tests, and these are summarized in  Status Report No. 5 and the 

present report. The dye tracer tests, which simulated flow conditions when Melton H i l l  

i s  i n  full operation, indicated that future conditions of  dispersion and dilution can be 

predicted fairly closely by calculations based on data from earlier tests and the applica- 

tion of general hydraulic principles. I t  was apparent that with present discharges of 

wastes from the Laboratory the potential health hazards from radioactive releases are 

inconsequential. 
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Steering Committee Actions 

During the period covered by this report, January to December 1964, the 

10 
Steering Committee held a special open meeting on January 30, 1964, 

meeting i n  two sessions' December 15-16, 1964, 

an open I 

11 
and an executive meeting Decem- 

12 
ber 16, 1964. 

Special Meeting January 30, 1964.-Professor H. A. Thomas, Jr. of the Harvard 

Water Resources Group met with the Steering Committee and staff of the Clinch River 

Study for discussion of a systems analysis of Clinch River disposal of radioactive wastes. 

At  this meeting Thomas explained a report "Operations Research i n  Liquid Radioactive 

Waste Disposal,'' circulated earlier to members of  the Steering Committee, and also 

presented a preliminary model for investigation of the fate of  radioactive wastes i n  

streams. Professor Thomas discussed and answered a number of questions raised by 

members of the group. He believed, and the consensus of  the group was, that the data 

from the Clinch River Study were adoptable to the methods of systems analysis and that 

such a study of  data would be worth-while. 

Open Meeting December 15-1 6, 1964.- The open meeting held during one and 

one-half days at  ORNL was attended by a total of  40 persons. Most of the reports on 

the agenda were grouped i n  relation to the four subcommittees of the Steering Committee, 

namely, Water Sampling and Analysis, Aquatic Biology, Bottom Sedimen Sampling and 

Analysis, and Safety Evaluation. Also on the agenda were two papers by members of the 

Harvard Water Resources Group on Systems Analyses of Disposal of Radioactive Wastes 

i n  Streams, and a discussion by F. L. Parker presenting a critique of  the Clinch River 
1 
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Study and indicating several basic needs for a study of this kind.* 

The subjects presented at the open sessions may be summarized as follows: 

1. Progress Report No. 4 (Final), Subcommittee on Water Sampling and Analysis, 

Y 

December 15-16, 1964, by ha. A. Churchill, Chairman; 2. Winter Power Release Diffusion 

Study, by P. H. Carrigan, Jr.; 3. Report of Subcommittee on Aquatic Biblogy, by S. I. 

Auerbach, Chairman; 4. FIsh Sampling and Analysis, by D. J. Nelson; 5. Progress 

Report of Subcommittee on Bottom Sediment Sampling and Analysis, by R. M. Richardson, 

Chairman; 6. Radiochemistry and Geochemistry of Clinch River Sediments, by R. J. 

Pickering; 7. Inventory of  Radionuclides i n  Bottom Sediments of the Clinch River, by 

P. H. Carrigan, Jr.; 8. Systems Analyses Applied to River Systems, by Myron B. Fiering; 

9. Clinch River System Analyses, by H. A. Thomas, Jr.; 10. Progress Report of Sub- 

committee on Safety Evaluation, by C. P. McCammon, Chairman (presented by K. E. 

Cowser of the subcommittee staff); and 11, Evaluation of the Clinch River Study and 
4 

Recommendafions for Lomg-Term A4oni toring, by F. L. Parker, Study Coordinator. 

Several of the reports presented at the two open sessions are the basis for this 

report (Status Report No. 4); and some of these reports are summarized in  the three 

supplements to Status Report No. 5, pub1 ished separately. References to the supplements 

are cited i n  the introduction above, and the reports that are summarized in this report 

are indicated i n  the Table of Contents. 

Executive Meeting December 16, 1964.- This executive session at ORNL was 

attended by al l  members of the Steering Committee except one (J. J. Davis), by the 

*See pages 12 to 17 for a summary of  Parker's critique. 
m 
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chairmen of  the four subcommittees, and seven members of the study staff. I t  was under- 

stood that a l l  field work on the Clinch River Study was being completed by the end of  

the year 1964, and that this session was the last regularly scheduled meeting of the 

Steering Committee. It was essential that a number of Steering Committee actions be 

taken in order to complete arrangements for the remainder of the study and the reports 

on it. 

The Steering Committee approved the completion of Status Report No. 5 to 

include revisions suggested by reviewers and issuance and distribution of the report 

as revised. 

Acting on the suggestion of C. P. Straub, the Steering Committee instructed the 

secretary to remove Straub's name as a member of the Subcommittee on Water Sampling 

and Analysis and substitute the name of R. W. Andrew who has functioned as a member 

and has been responsible for much of  the PHS cooperation with this subcommittee. 

There was considerable discussion of  proposed recommendations for long-term 

monitoring of  radionuclides i n  the Clinch River and downstream. Suggestion of 

desirable monitoring programs was the fifth general objective adopted by the Steering 

Committee for this study. 

that had been outlined by some subcommittees would be costly and questions were raised as to 

i t s  justification. It was emphasized that, i n  addition to assurance of radiation safety, 

continuing surveillance programs are essential: (1) for legal and public relations 

value, (2) to provide records of radionuclide discharges for future reference, and 

(3) for useful research and development information. The details of  the discussion 

and the viewpoints expressed were summarized for the Steering Committee i n  the 

unpublished minutes of the meeting. 

3 A monitoring program of the scope and detailed coverage 
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A revised outline of desirable monitoring measures was developed and approved 

during the committee meeting, but the Steering Committee felt that further revision 

and editorial review were needed. An ad hoc committee of  four individuals was appointed 

to revise and edit the suggested outline of the monitoring program and also to draft a 

letter for transmittal of the suggested program to interested agencies, subject to final 

review and approval by the Steering Committee. O n  this committee, Chairman Struxness 

appointed: J. S. Cragwall, Jr., Chairman, F. E. GartreII, S. Leary Jones, and F. L. Parker. 

-- 

The Steering Committee took several actions on the matter of final reports on 

the Clinch River Study. In summary these were: 

1. The Committee voted unanimously to authorize supplements to Status Report 

No. 5 to be issued separately with the same report number (ORNL-3721). These 

supplements would cover the material i n  the final progress reports by the Subcommittee 

on Water Sampling and Analysis, Subcommittee on Bottom Sediment Sampling and 

Analysis, and Subcommittee on Safety Evaluation (see page 2). 

2. The Committee voted unanimously that Status Report No. 6 should be issued 

to cover any material presented at  the meetings i n  December 1964 that was not included 

in  the supplements previously authorized (see "1 above). 

3. The desirability of  a popular summary report was discussed. The development 

of such a report was authorized and arrangements for preparation, issue, and distribution 

were assigned to a publications committee as mentioned i n  "4" below. 

' w  
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4. A comprehensive technical report prepared as a final report on the Clinch 

River study was authorized. It was suggested that this report be published in a format 

that could be used by the agencies or groups that were concerned with the Clinch 

River study and would need copies for distribution. Possible means of publication in an 

attractive format and i n  sufficient numbers were discussed. A publications committee 

for the comprehensive final report was authorized to consider these questions, and on 

this committee Chairman Struxness appointed W. G. Belter, Chairman, Alfred Clebsch, 

R. J. Morton, C. S. Shoup, and C. P. Straub. 

By motion the Committee decided that the same publications committee should 

explore the form and the means of  publication and distribution of the popular 

summary report (see "3" above) and make recommendations to the Steering Committee 

about this report also. 

5. The Steering Committee authorized designation of eight individuals as a 

group to begin work immediately on the comprehensive technical report, and as i t  was 

drafted to work also on the popular summary report. To constitute this group the 

committee voted to appoint: E. G. Struxness, Chairman, R. W. Andrew (subsequently 

diverted to another assignment), P. H. Carrigan, Jr., M. A. Churchill, K. E. Cowser, 

R. J. Morton, D. J. Nelson, and F. L. Parker. 

A number of miscellaneous items of business were handled by the Steering 

Committee during the remainder of  the executve session. 

There was no objective to presentation of a paper by K. E. Cowser a t  the annual 

meeting of the Health Physics Society, based on the safety evaluation analysis which was 

a part of  the Clinch River study. 

V 
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With regard to future activities o f  the Steering Committee Struxness said that there 

had been some thought that the study might be completed by the time of  the December 1964 

meeting and the committee dissolved. Dissolution at that time was not considered advisable, 

and i t  was agreed that i f  a future meeting i s  necessary i t  w i l l  be held on call by the 

chairman of the committee. 

Following a suggestion by the Subcommittee on Water Sampling and Analysis, 

the Steering Committee decided that use of proportional composite samples from the 

ORGDP sampling station by the National Water Quality Network (of USPHS) was 

desirable, and was informed that the PHS officer i n  charge was agreeable to this 

suggestion. The Steering Committee agreed that i f  and when the ORGDP sampling station 

is operational, Chairman Sfruxness should contact the officer i n  charge of the network and 

arrange for his group to receive samples collected from the Clinch River at this station. 
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Resume of Conclusions and Recommendations 

Before the end of the Clinch River Study, each of  the four subcommittees was 
* 

requested to formulate and submit i t s  conclusions, including recommendations regarding 

long-term monitoring (page 6) and future studies of the Clinch and Tennessee Rivers. 

These recommendations, in subcommittee progress reports, presented during the 

Steering Committee meeting December 15-16, 1964, are summarized in  this status 

(See footnote, this 5 6 7 9  ‘ 
report (No. 6) or i n  supplements to Status Report No. 5. ’ 

The conclusions reached by the subcommittees and staff of the study have been 

developed in  the progress of  appraising the results obtained, planning for further work, and 

preparing progress reports for the Steering Committee. Interpretations of the results 

are given i n  the several status reports on the Clinch River Study, particularly 

p’ 

i n  Status Report No. 5 and i t s   supplement^.^'^'^'^'^ Brief accounts of the study with 

selected data and interpretations have been reported and summarized i n  the Health Physics 

Annual Progress Reports for the year ending July 31 in 1960, 1961, 1962, 1963, 1964, 

and 1965. In each of  these annual reports a summary, report of results, and pertinent 

references are given under the t i t le designation “Clinch River Studies”. (See second 

footnote on this page.**) 

*Specific references to available summaries of  the recommendations by the subcommittee 
are as follows: (1) Water Sampling and Analysis, Reference 6, pp. 69-71; (2) Bottom Sediment 
Sampling and Analysis, this report (Status Report No. 6), pp. 30-34, and Reference 7, 
pp. 59-61; (3) Aquatic Biology, this report, pp. 35-41; (4) Safety Evaluation, this report, 
pp. 59-62 and Reference 9, pp. 99-100. 

** 
References to these annual progress reports include: ORNL-2994 (1 960) pp. 45-57; 

ORNL-3189 (1 961) pp. 1 3-27; ORNL-3347 (1 962) pp. 20-27; ORNL-3492 (1 963) pp. 37-50; ‘I 

ORNL-3697 (1964) pp. 32-42; and ORNL-3849 (1965) pp. 18-23. 
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The conclusions and recommendations submitted by the subcommittees and staff 

of the study, as considered and accepted by the Steering Committee, are summarized in  

Chapter 8 ("Conclusions and Recommendations") of  the final comprehensive technical 

report.13 Chapter 1 of this final report (entitled "Summaryof the Clinch River Study") 

, 
I comprises a more concise compendium of the conduct and accomplishments of this study 

program. 
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Critique of  the Clinch River Study 

A t  thc open meeting of the Steering Committee on December 15-16, 1964, several 

of the discussions provided a summation of the recently completed field studies. The 

over-all evaluation by the Study Coordinator (mentioned earlier, pages 4 and 5) included 

a summary of strengths and weaknesses and of the successes achieved in  the study. 

Elements of  Strength and Notable Deficiencies 

The Clinch River Study as organized and conducted had many advantages and 

points of excellence that made i t  exceptional as a broad program of  environmental 

research. However, the crit ical review also disclosed some noteworthy inadequacies for 

which the causes were known and which could be avoided in the future. These conclusions 

resulted from a searching review after the outcome of the study was apparent. 

Elements of Strength 

Among the many sources of strength that could have been mentioned, seven 

important features of the study were highlighted. 

1. Long-Term Plan.--It was fortunate that the originators of the study (ORNL and AEC) 

had already developed a long-term plan and goal before beginning the investigation; and 

doubly fortunate that there were available the well-qualified staffs of the TVA, USGS, USPHS, 

TDPH, and other participating agencies who helped to study and perfect the plan. 

2. Multiagency 0rganization.--The conjunction of  six maior technical and 

professional agencies in the study, with actual contributions of personnel time and ability, 

and responsible representation on the vital and specifically organized Steering Committee, 

was an element o f  strength which was essential for efficient and successful performance. 

Y 
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3. Definitive Coordination--The designation of a responsible study coordinator 

to act as the executive officer to a group of  semi-autonomous subcommittees, maintaining 

the objectives and implementing the policies of the Steering Committee, proved to be a 

flexible yet efficient plan. It was conducive to freedom of investigation with a 

minimum of  conflict with the basic policies and interests o f  the participating agencies. 

4. Unified Headquarters and Convenient Conferences.--Operating headquarters 

of  the study were maintained at  the Oak Ridge National Laboratory and staffed by both 

regular and on-loan Laboratory personnel Fortunately, offices of the participating 

agencies were located fairly close so that consultations and conferences could be held 

without entailing two0 much travel and inconvenience. 

5. Full  Acceptance of Research Concept.--Remarkable cooperation and 

-F 

I 
unanimity o f  viewpoints among the agencies were achieved mainly because everyone concernec 

understood and agreed that the study was a scientific investigation, in  which the facts would 

be determined first and conclusions drawn from the facts rather than from preconceived 

opinions. 

6. Technical Accomplishments.--Throughout the study diff icult technical problems 

were encountered and the various available resources and abilities were concentrated 

upon these problems to find the solutions. By searching for available techniques that 

could be adapted, and by innovation when necessary, numerous problems were solved in  

an acceptable way. One example of  a strong technical feature was the mass-balance 

analyses of the data from the water sampling program. Over a period of  two years and 

covering more than 160 miles of river, the mass balance helped to even out 

the usual discrepancies that occur in  brief sampling periods and short study reaches. 

In addition, many discrepancies due to irregular rates of  water travel could be 

compensated for. 
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7. Equipment and Instruments.--Another example of  a strong technical feature 

was the adaptation and use of commercially available equipment wherever possible. 

The Swedish Foil Sampler, which was used to obtain undisturbed core samples of bottom 

sediments, and the use of commercial fluorometers to determine concentrations of  dyes 

in tracer tests of  dispersion in the river were only two of  numerous examples. 

Deficiencies 

Some of the reasons for failing to realize full success i n  the objectives of the 

study are indicated by the following outline of some specific shortcomings. 

1 .  Overlapping or iack of Responsibility.--A main source of strength in a 

multiagency effort i s  the advantage of constant cross-checks and various points of view. 

This may be offset by administrative inadvertances or by lack of clear definition of  the 

role of each agency. The latter was true i n  the Clinch River Study where important 

tasks were sometimes overlooked because responsibility was not fixed and defined, or 

because there were overlaps and some conflicts of  purpose. In  beginning the study, 

agreement was sought from each participating agency to l i m i t  itself to certain aspects 

and not to feel that i t  must participate i n  a l l  phases of the work; for special reasons, 

however, some agencies did not l i m i t  their activities and maintain adequate coordination. 

2. Neglect of  Cross-Checks.--It i s  well-known from past experience that 

frequent chemical and radiochemical comparisions of separate analyses of  

duplicate samples of water and fish are essential for accuracy and comparability 

of laboratory results. Cross-checks of laboratory analyses were planned (as were 

also the cross-checks of  responsibility mentioned in “’1 ” above) but, i n  the course of  

active work with l imi ted time, both administrative and technical cross-checks were 

c 

I 

I 

I 

I 

V 
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postponed and important discrepancies were later found to have occurred. Comparative 

c cross-checks were delayed because i t  was assumed that the analytical laboratories would 

have comparable systems for control of accuracy and reproducibility, and also because 

of delays in  completing analyses and reporting the results so as to allow prompt and 

.%i* 

con tinu ing comparisons. 

3. Underlying Mechanisms of Behavior.--The press of time and volume of work 

prevented adequate detailed investigations to explain the behavior o f  radionuclides 

in  the river, that is, the basic mechanisms involved. Such studies involved, of course, 

extremely complex relationships in  many instances, but the value of the study depended 

largely on the identification of controlling mechanisms and special efforts to define 

them. 

4. Delays in Preparation.--The critique pointed out several instances in which 

I limited results were obtained because of delays in  preparation of such things as counting 

equipment, computer codes for sediment analysis, and proportional water sampling 

installations. These were provided and adjusted eventually, but after losses of  time 

I and data which could have been avoided by foreseeing the needs and starting 

preparations earlier. 

I 5. Neglect of Long-Term Measurements.--Extending over a period of several 

I 

years this study provided a unique opportunity to make long-term measurements of 

I several parameters for which better definition i s  needed. One example among 

several was fa i I u re to obtain satisfactory tempera ture-depth measure men ts both upstream 

I -  and downstream from the "duck-under" point when the Clinch River was stratified. 

I 

Such data would be useful in  studies of thermal pollution elsewhere and in  tracing 
.I 
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the movement of specific radionuclides in the Clinch River. Another example 

mentioned was insufficient investigation of  reasons for the distribution, sorption, and 

detection of  the various radionuclides i n  the water, bottom sediments, and biota. 

Also, there was too l i t t le  time for study of the changed regime of the Clinch River 

after Melton H i l l  Dam was in full operation. 

6. Inadequate Public Information.--Another deficiency was lack of continuing 

educational publicity throughout the study, and too few scientific papers and journal 

articles published during the study period describing various aspects of the investigation 

and some of the results. There was a minimum of news releases, and relatively few talks 

and papers about the study during i t s  progress. 

0 ve r-A I I Su ccesses 

The critique summarized the successes, and i t  was felt that they outweighed 

many times the shortcomings mentioned above. 

1. Those responsible for the study and familiar with outstanding research i n  this 

field were confident that this was the first integrated comprehensive study of the 

dispersion and fate of  radionuclides i n  a complicated river system where cooperative 

agencies having such a variety o f  special competencies had jointly brought them to 

bear on these complex problems. Furthermore, the investigations were made with 

detectable levels of radioactivity and a variety of hydrologic conditions. These 

circumstances favored determinations o f  the maior phenomena involved in the dynamic 

behavior of  the stream. 

2. Mass-balance analyses were uti l ized to a greater extent than i s  usual in 

a river study. By this method i t  was shown without question that maior proportions 

of the radioactive materials discharged through White Oak Dam passed downstream 
. 
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relatively undiminished to Centers Ferry and to the Tennessee River beyond. 

3. In this study more undisturbed cores of bottom sediments on the river bed 

were taken than in previous studies and were analyzed to determine the sediment 

reservoir of radionuclides. Also a technique was devised by which outside l im i t s  of 

the amounts of radionuclides tied up in the biomass of the stream and stream bed were 

estimated. 

4. The study included a series of successful tracer tests to determine diffusion 

coefficients, times of travel, and mixing distances i n  the Clinch River with the Melton Hi l l  

Dam and power plant i n  operation, and from these tests there was developed and confirmed 

a theory of movement of radionuclides i n  a stream that i s  subject to pulsating power 

re I eases. 

5. A noteworthy administrative accomplishment was the coordination and conduct 

of the study in such a way that four federal agencies, a federal laboratory, and three 

state agencies worked together in a friendly cooperative manner and, through the 

deliberations of the Steering Committee, reached unanimous agreement upon al I 

scientific matters pertinent to the conduct and completion of this research. 

i n  the critique of the strong and weak points and the successes of the 

Clinch River Study, the Study Coordinator IF. L. Parker) mentioned several other 

details to illustrate his conclusions. These details have been included in  status 

reports and other releases of  the results obtained and w i l l  not be repeated here. 
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WATER SAMPLING AND ANALYSIS 

The essential purpose of water sampling and analysis in  the Clinch River Study 

was fo collect and interpret information concerning radionuclides suspended or dissolved 

in  the waters of the Clinch and Tennessee Rivers; and to determine the stable-chemical 

quality of the surface waters involved i n  the over-all study. The basic program was 

planned, guided, interpreted, and reported by the Subcommittee on Water Sampling and 

Analysis. It included the collection of water samples at a network of sampling stations 

on the Clinch and Tennessee Rivers throughout a two-year period, radiological and stable- 

chemical analyses of these samples, and the processing and reporting of the analytical 

data. The final subcommittee report on the results of this program i s  avai lat le in Supple- 

ment No. 1 to Status Report No.5. 6 

In addition to the basic program of the Subcommittee on Water Sampling and 

Analysis described above, studies by supplementary water sampling and speciul 

analyses of the data from the basic program were made by the staff at ORNL and by the 

PHS in  Cincinnati. These supplementary studies have been coordinated with the work of  

the Subcommittee on Water Sampling and Analysis and reported i n  the previous status 

reports. Two such studies, which were reported to the Steering Committee at its meetings 

December 15-1 6, 1964, are summarized below. 

Radionuclide Correlations in  Water Samples 

from the Clinch and Tennessee Rivers 

Data showing final results of the radiochemical anslyses of water 

samples collected over a period of approximately two years from White Oak Creek, the 



l e  
Clinch River, and the Tennessee River were examined for mutual correlations between 

* the radionuclides and for correlations of the radionuclides with stable-chemical con- 

stituents in  the water. 

various water sampling stations. The pertinent correlation coefficients are shown in  

~ 

I Stme of the correlations found are given below according to the 

I 

I parentheses. 
I 

Station at White Oak Dam 

90 
Strong correlation (0.82) of  the concentration of Sr with pH i n  weekry samples 

Sr may be associated to a large 
90 

of water passing through White Oak Dam suggests that 

extent with suspended calcium carbonate. A weak negative correlation (-0.68) with 

dissolved aluminum suggests that the formation of aluminum oxide may be a mechanism by 

. 90 14 
which Sr i s  removed from White Oak Creek water i n  the manner suggested by Tamura. 

* A strong mutual correlation (0.93) of lo6Ru and 6oCo suggests a common origin 

for the two radionuclides in  the basin of White Oak Lake, and their correlations 

with the nitrate content of the water (0.75 and 0.80, respectively) indicate that they 

probably originated in  high-ni trate seepage water from the intermediate-level waste 

disposal pits. 
15 

The strong correlation of cesium-137 with conductivity (0.81) and with several 

of the minor chemical constituents in  White Oak Creek water, and its lack of cor- 

relation with the content of '06Ru, 
60 Co, and nitrate, suggest that the origin of 137Cs 

i s  not the same as that of the other two radionuclides. The content of suspended solids 

in the water samples was not determined but, on the basis of the distribution of 137Cs 
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between suspended and dissolved solids i n  the samples,6 i t  can be assumed that there would 

be a strong correlation between the concentrations of 
137 Cs and suspended solids i n  the 

water at White Oak Dam. 

Station at CRM 14.4 

106 
At  Clinch River M i le  14.4 (CRM 14.4), 90Sr and Ru showed a mutual cor- 

relation (0.71) and also correlations with the concentration of iron i n  weekly water 

samples (0.65 and 0.75, respectively). Iron i s  believed to be present i n  the water mainly 

i n  the form of suspended ferric hydroxide, and the two radionuclides may be carried, in 

part, as adsorbed ions on ferric hydroxide particles. 

Station at CRM 5.5 

At CRM 5.5, 6oCo and lo6Ru showed a mutual correlation (0.74). This correlation 

was found also i n  samples collected at  White Oak Dam but was not present at CRM 14.4 

where samples were filtered before analyses were made. The observed relationship 

60 
suggests that '06Ru, and Co may be associated with filterable suspended sediment in 

137 
the water. The Cs i n  the samples showed weak correlations with the concentrations 

of suspended solids (0.63), iron (0.65), manganese (0.56), amount of  turbidity (0.62), 

and apparent color (0.517)~ components known to vary with the amount of suspended sedi- 

ment contributed to the river by rainfall runoff. 

Stations at Watts Bar Dam and Chickamauga Dam (TRM 529.9 and TRM 471 .O) 

N o  mutual correlations between the four most important radionuclides at TRM 529.9 

or TRM 471 .O were found. Correlations between radionuclide concentrations and some 

stable-chemical components i n  the water samples are given below. 
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* 
Background Sampl inn Stations 

In samples from the station at CRM 41.5 there was poor correlation between the 

content of 90Sr with 6oCo and '06Ru (0.42 and 0.37, respectively). Also there was poor 

correlation of 90Sr with the dissolved solids content (0.56) and with chloride concentra- 

tion (0.53). There was no correlation of 6oCo and lo6Ru with dissolved solids. In monthly 

samples from the background station at Loudon (TRM 591.8) there was fairly good cor- 

relation of  ' 06Ru with turbidity (0.66), apparent color (0.66), centrifuged color (0.60), 

iron (0.66), suspended solids (0.51), and discharge (0.58) indicating that rainfall runoff 

i s  an important contributor to the 
106 

Ru content in  Tennessee River water. 

Interstation Correlation of  Radionuclide Concentrations 

90 60 137 1 86 
The concentrations of Sr, Co, Cs, and Ru in  samples collected at 

White Oak Dam were correlated with the concentrations at downstream stations. Results 

o f  the correlations are shown in Table 1. The correlations shown are for calculated dis- 

charge-weighted mean monthly concentrations. The use of mean monthly concentrations 

minimizes the effect of time of water travel on the correlations. There was good correla- 

tion of  the 90Sr and 06Ru concentrations at  White Oak Dam and farther downstream. 

Cobalt-60 also showed good correlation in  the Clinch River downstream to CRM 5.5 but 

137 
farther downstream neither 6oCo nor Cs showed any correlation with the concentrations 

at White Oak Dam. I t  i s  believed that the poor correlations were due to low concentrations 

i n  the Tennessee River and consequent wide confidence limits, and to the sedimentation of 

* 
the radionuciides along with he;r  associated particles. 



Correlation coefficients were also calculated for selected station pairs for the 

four principal radionuclides as shown in  Table 2. Correlations between the two most 

90 
downstream stations in each of the two rivers i s  good for '06Ru and 

6oCo and ' 37Cs. There were poor correlations between cesium-137 and cobal t-60 

Sr but poor for 

concentrations i n  water samples from CRM 5.5 with these two radionuclides i n  samples 

from TRM 529.9 (Watts Bar Dam). This i s  probably dueto low concentrations of  '37Cs 

60 
and Co in  the Tennessee River water as has been suggested above. 
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Table 1 . Correlation Coefficients for Comparisons of Radionuclide 
Concentrations at Downstream Stations with Radionuclide 

Concentrations at  White Oak Dam 

Downstream 
Station 

9 0 ~ r  - 
1 37c 

S 6oco - 06Ru 

CRM 14.4* 0.64 0.69 0.80 

CRM 5.5 0.65 -0.08 0.55 

TRM 529.9 0.85 -0.26 0.02 

TRM 471 .O 0.62 -0.42 4 . 1  3 

*Analyses performed on supernatant after centrifugation of samples. 

0.58 

0.66 

0.51 

0.49 

Table 2. Correlation Coefficients for Comparisons of Radionuclide 
Concentrations at  Selected Pairs of  Water Sampling Stations 

Radionuclide CRM 14.4; CRM 5.5 CRM 5.5; TRM 529.9 TRM 529.9; TRt.4 471 .O 

'Os, 0.79 0.64 0.83 

37cs -0.06 0.23 

6oco 0.56 -0.05 

06Ru 0.92 0.65 

0.59 

0.48 

0.92 
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Automatic Water Sampling Stations for Use in 

Monitoring of Radionuclides i n  the Clinch River 

The results of dye tracer tests conducted i n  1963 and i n  1964 (discussed later, 

see page 42 ) showed that power releases at Melton H i l l  Dam w i l l  affect the 

distribution of radioactive wastes in the lower Clinch River. For short periods 

of time, dilution i n  the river may be 10 to 30 times less than median values observed 

before the construction of Melton Hi l l  Dam. 

Before power generation at Melton H i l l  Dam was begun there were only fourfold to 

fivefold variations i n  the concentration of radionuclides at  the mouth of  White Oak Creek. 

Farther downstream i n  the river these variations in concentration were almost completely 

attenuated. Because of the small fluctuations i n  concentration with time, a very simple 
16 

17 
method of collecting representative samples of the river water was used. Several samples I"* 

were collected automatically each day at each station. From these, weekly composites 

were prepared so that the volumes of the daily subsamples composited were i n  proportion 

to the daily flows i n  the river. 

With the change i n  flow conditions i n  the Clinch River, due to hydroelectric 

operations at Melton Hi l l  Dam, a more sophisticated system of collecting water samples 

was recommended. In this recommendation, i t  was suggested that the sampling 

equipment be fully automated so that water samples would be continuously collected in 

volumes proportional to the flow. 

Two automatic water sampling stations have been designed and fabricated for 

use at a section in the tailrace at Melton H i l l  Dam and a section near the former site of  
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Gallaher Bridge. The sampling equipment has been installed and put into service 

at the site near Melton H i l l  Dam. 

In Fig. 1, a block diagram schematically indicates the main features of the 

sampling stations. The pump i s  operated continuously in  order to avoid freezing i n  the 

water lines and to prevent deposition of sediment particles. The pumping rate i s  such that 

particles smaller than 1 mm wi l l  be transported through the sampling lines. A t  a point in  

the discharge line from the pump, in  the sampling station, a portion of the flow in  the 

line i s  withdrawn by means of a solenoid valve. This solenoid valve i s  actuated at 

regular intervals such that a continuous sampling action i s  approximated, the duration of 

the valve opening being controlled so that the duration of the open time i s  proportional 

to the flow. The instrument that controls the duration of time that the valve i s  open i s  

the Minneapolis Honeywell Circular Chart Recorder indicated in  Fig. 1. This  recorder 

w i l l  actuate the solenoid as frequently as every 15 seconds, but such frequent sampling would 

result in  the collection of  extraordinarily large samples for normal flow conditions. There- 

fore, a sampling rate selector (see Fig. 1 )  was included in  this system to allow the frequency 

of sampling to be varied from 15 seconds to 100 minutes. The normal sampling frequency 

w i l l  be 15 minutes which w i l l  result i n  the collection of about 5 gallons of sample per 

week. 

A photograph of the sampling station near Melton Hi l l  Dam i s  

shown in Fig. 2. A t  this station, the electrical signal necessary to actuate the 

recorder i s  obtained from the output signal for the turbine flow meters in  the powerhouse. 

This signal i s  directly proportional to the flow, 
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ORNL-DWG 64-108948 

FLOW SIGNAL 
0-100 mv 

MINN. HONEYWELL CIRCULAR 
CHART RECORDER WITH 
DUR-O-PULSE TELMETERING 
ATTACHMENT AND RECORDER 

INTEGRATING CAM -CONTACT CLOSURE 
PROPORTIONAL TO SAMPLING 

SELECTOR 

SAMPLE 
CONTAINER 

Fig. 1 .  Diagram of Principal Features of Automatic 

Water Sampling Stations 

Fig. 2. Sampling Station installed near Melton Hill Dam 
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For the station near Gallaher Bridge, a vane deflection meter w i l l  be used 

to measure the discharge. Actually, the meter measures a velocity, but the stage vari- 

ations during fairly long periods of time at  this site are negligible so that the measurement 

can be considered to represent the discharge. A schematic sketch of the vane deflection 

meter i s  shown in  Fig. 3. 

Unfortunately, the deflection of the vane i s  not a linear function of velocity. 

I t  was therefore necessary to design a special subsystem to generate a voltage directly 

proportional to flow. The components of this subsystem are schematically presented in  

Fig. 4. In this system the curvature of the cam, i t  should be noted, i s  adjustable. This  

feature was incorporated i n  the design to allow adjustments for changes in the relation 

between discharge and deflection. The curvature of the cam i s  such that the nonlinear 

response of the vane i s  converted into a linear response for the lever arm resting against 

the cam. The movement of the arm i s  transmitted mechanically by means of a chain and 

sprocket to a linearly wound variable potentiometer. By means of this potentiometer, a 

voltage signal which i s  proportional to the flow i s  developed to actuate the recorder in  

the main sampling station. 
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Fig. 3. Schematic Sketch of Vane Deflection Meter 
for Use Near Gallaher Bridge 

ORNL-DWG 64-10895 

LINEAR POTENTIOMETER 
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ADJUSTABLE CAM BAND 

Fig. 4. Components of Cam-Linear Potentiometer Subsystem 
for Monitoring Station near Gal  laher Bridge 
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RADIONUCLIDES IN BOTTOM SEDIMENTS 

Extensive investigations of river bottom sediments were included in the 

Clinch River Study. The purpose was to obtain information on the distribution and 

behavior of radionuclides i n  the river system, and also to answer questions and 

provide reassurance regarding the possibility that large and hazardous amounts of  

radioactive materials might be accumulated and retained at the river bottom. 

The sediment studies comprised surveys for measurements -- in situ of radiation 

emitted by the river bed, sampling and laboratory analyses of bottom-sediment core 

and dredge samples, and analyses of suspended sediments obtained by 

separation of the solid constituents in water samples. Also included were laboratory 

studies of the physicochemical characteristics of sediment materials and the 

behavior of  the radionuclides associated with them. These studies involved 

determinations of various factors, such as particle size, mineralogy, physical and 

chemical properties, and desorption5f8 of radionuclides from sediment materials by 

different liquids. 

Specific aims of the sediment studies were: 1) to accumulate data needed to 

3 
satisfy the five general objectives of the Clinch River Study, and 2) to provide 

information which the Safety Evaluation Subcommittee could use i n  its assessment 

of hazards, i f  any, from radionuclides i n  the river system. The studies were also 

designed to determine the horizontal distribution of the radioactive materials within 

the sediments, develop a f irm estimate of  the quantities of  fission products deposited 
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in the bed of Clinch River, describe the vertical distribution of radionuclides 

i n  the river-bottom deposits, and investigate the geochemical factors which 

influenced this distribution. 

Results of the studies of radionuclides i n  sediments, mentioned above, have 

been made available i n  publications issued by the Clinch River Study Steering 

Committee. A summary of  the entire program of sediment studies was given in 

Status Report No. 5 issued in  October 1965; and further details and specific 
5 

data concerning this program were given in two supplements to Status Report No. 5, 

recently issued or i n  process of publication. 788 

As stated i n  previous reports, this work has been planned and guided by the 

Subcommittee on Sediment Sampling and Analysis. Accounts of the several sediment 

study projects have been given i n  progress reports of the Subcommittee which have 

been presented periodically at Steering Committee meetings. One other responsibility 

assigned to this subcommittee was to develop and submit advisory opinions and its 

recommendations regarding desirable measures for future monitoring of radioactive 

sediments in the Clinch and Tennessee Rivers. This final aspect of the subcommittee’s 

work is included in this report as summarized below. 

Monitoring of  Radionuclides i n  Bottom Sediments o f  

the Clinch and Tennessee Rivers 

Early recognition of the needs and problems of  monitoring radioactive materials 

i n  river bottom sediments, and continued responsible action by personnel o f  the 

ORNL Applied Health Physics Section have been of much value i n  the Clinch River 

Study. They have provided suitable data for defining the variations of  the fission- 

product content in upper portions of  sediments i n  the Clinch and Tennessee Rivers. 
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From review o f  available monitoring data and the results from the Clinch River 

Study the Subcommittee on Bottom Sediment Sampling and Analysis recognized 

that radionuclide concentrations i n  sediments vary widely. Based primarily on its 

technical information, and as requested by the Steering Committee, the subcommittee 

formulated its conclusions and recommendations about sediment monitoring needs. 

These recommendations, submitted to the Steering Committee on December 15, 1964 

6 

as a considered group opinion, are outlined below. Some brief explanations are also 

included to clarify the intent and scope of a desirable monitoring program as visualized by 

the subcommittee . 

1. Monitoring of the radionuclides i n  bottom sediments i n  the Clinch and 

Tennessee Rivers should be continued on a reduced scale as long as radioactive 

materials are released i n  wastes discharged to the Clinch River and for a limited 

t i  me thereafter. 

In studies by the ORNL Applied Health Physics Section, radioactivity of 

bottom sediments above background levels has been observed i n  sections of the 

Tennessee River progressively farther downstream from the mouth of White Oak 

Creek. For ethical, legal, and scientific reasons, some information on radionuclides 

i n  bottom sediments should be collected as long as releases of radioactive materials 

to the Clinch River from White Oak Lake or other sources at ORNL can be shown 

to have a significant influence upon accumulations of  radioactive river-bottom 

deposits. 

It i s  recognized that i n  the future relecmes of radioactive wastes directly to 

White Oak Creek or to waste disposal facilities that might contaminate the river 
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below ORNL may be discontinued. However, some amounts of radionuclides 

w i l l  remain stored i n  the soil and other parts of  the ORNL area and therefore 

i t  i s  suggested that monitoring programs should continue after releases have 

been stopped unti l such time as the level of  radioactivity i n  White Oak 

Creek has dropped below a prescribed l imit of  concentration. 

For more than 13 years annual observations have been made during 

sediment surveys by the Health Physics Division at selected sections i n  the two 

rivers. Results of the survey i n  1961 indicated that the contamination of bottom 

sediments by radionuclide releases from White Oak Lake had extended in  

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

2. I t  i s  suggested that primary stations i n  the river monitoring network 

should be the water sampling station at White Oak Dam (or other control works 

near the mouth of White Oak Creek) and at  the tailrace of  Melton H i l l  Dam (or 

other upstream station between White Oak Creek and Melton Hi l l  Dam). 

Recent sediment studies by personnel of the Clinch River Study indicate 

that changes i n  the gamma radioactivity of  the bottom sediments are directly 

related to changes in  the quantities of radionuclides released from White Oak Lake. 

The contribution to the total load of  radionuclides in the Clinch River 

from sources upstream from the mouth of  White Oak Creek i s  appreciable. I f  the 

radionuclide releases from White Oak Lake continue to decrease, the proportion 

of  the natural and fallout radionuclide contributions from upstream as compared to 

P 
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the total load i n  the river w i l l  become more significant. Therefore, the river 

monitoring system should be designed to differentiate contamination from 

White Oak Creek and from upstream sources. 

3. In the opinion of the subcommittee, present procedures for the 

monitoring of radionuclides i n  the bottom sediments as used by the ORNL 

Applied Health Physics Section are satisfactory. After operations at 

Melton Hi l l  Dam are established and there has been time for changes in the pattern 

of longitudinal distribution of radionuclides i n  sediments to occur, surveys should 

be made to determine the new pattern of longitudinal distribution. I f  power 

releases from Melton Hi l l  Reservoir are affecting the distribution of radionuclides, 

the Applied Health Physics Section should be responsible for necessary modifications 

of its procedures i n  order to define their effects. 

4. The methods now i n  use, such as flounder surveys and sediment sampling 

and analysis procedures, should not be considered standard but should 

to include newer techniques that may be developed for determination 

levels i n  situ and of radionuclide concentrations in sediment samples. -- 

be updated 

of radiation 

Also, as 

outlined below, modifications in the frequency of sediment surveys downstream and 

i n  the selection of cross sections for such surveys were suggested: 

a. For annual surveys during the summer months i t  was recommended that 

the sections at CRM 21.5 (background), 16.3, 14.0, 11 .O, 8.0, 5.8, 4.7, and 1.1 

i n  the Clinch River, and in  the Tennessee River at T R M  570.8 (background), 

562.7, 552.7, 543.8, and 532.0 (Watts Bar Reservoir) should be considered. 
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Background determinations in Fort Loudoun and Norris Reservoirs should be 

continued. Higher concentrations of  radionuclides have been found in  bottom 

sediments from about CRM 16.3 to Watts Bar Dam (TRM 529.9) than elsewhere 

i n  the Tennessee River Basin. I f  hydroelectric operations at Melton Hi l l  Dam 

should cause movement of the radioactive sediments, practically a l l  such movement 

i s  expected to occur within this reach. 

b. It i s  suggested that surveys be made at  5-year intervals during the 

summer months in the Tennessee River at TRM 24.6, 207.3, 261.3, 280.0, 354.4, 

and 491.9. Most of these sections are located at the Applied Health Physics survey 

site (used in  previous years) nearest to the dam in  Kentucky, Pickwick Landing, 

Wilson, Wheeler, Guntersville, and Chickamauga Reservoirs. Results of  such 

surveys would indicate whether movement of radionuclides i n  the Tennessee River i s  

continuing to occur downstream to the Ohio River. So long as such movement can be 

detected these river surveys should be continued at 5-year intervals. Surveys 

should not include reservoirs i n  which major changes are underway as for example, 

current construction of Nickajack Dam below Chattanooga. I f  feasible, the 

determination of bed profiles at monitored sections i s  suggested. This information 

w i l l  help i n  the interpretation of observed radiation levels and radionuclide 

concentrations. 

5. The above recommendations should be considered in  the l ight of  

current programs and policies as they affect production and control of radioactive 

wastes and their potential consequences. The necessity and feasibility of  the 

various surveil lance activities should be reviewed periodically and the sediment 

monitoring program readjusted as necessary. 

* 
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BIOLOGICAL PHASES 

1 -  

8 . I  

Collection and analysis of fish and other aquatic organisms were included from the 

beginning of the Clinch River study i n  1960. The data obtained on the biological 

phases of the study were summarized in  the series of  status reports, the last o f  the 

5 
available data being included in Status Report No. 5. 

to radiation exposures were turned over to the Subcommittee on Safety Evaluation for use 

i n  the preparation of Supplement No. 3 to Status Report No. 5. 

The biological data relevant 

9 

At the meetings of  the Steering Committee December 15-1 6, 1964 the report of  the 

Subcommittee on Aquatic Biology was devoted to recommendations submitted to the 

Steering C0mrnittee.1~ The subcommittee gave its opinions regarding (1) desirable 

activities for a continuing program of biological monitoring i n  the creek and river system; 

and (2) the need for additional research studies by sampling and analysis of biota in 

surface waters. It was the consensus that periodic monitoring of fish i s  advisable; and 

also that investigations should be continued as feasible for further insight regarding 

biological effects of radioactive contaminants i n  the river system. These 

were suggested as a group opinion for consideration by the Steering Committee. 

Conclusions of the Subcommittee 

Fish Sampling and Analysis 

The subcommittee recommended a moderate program of sampling and analysis of 

fish. This would provide a more dependable bask for estimates of human 

radiation exposures through the river system and also serve as a means of monitoring and 
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surveillance of  releases of radionuclides to the Clinch River. The specific conclusions 

of  the subcommittee are outlined below. 

1. Sampling of Game Fish.- The Laboratory should be responsible for collecting , I 

~ and analyzing white crappies from the vicinity of  CRNI 14.0 once each year. The ~ 

sample for analysis should consist of the flesh of 10 fish specimens composited and 

analyzed for radionuclide content. 

2. Commercial Food Fish.-The Laboratory should collect smallmouth buffalo 

from the vicinity of CRM 14.0 once a year for assay to determine radionuclide 

concentrations. The sample should be a composite of  10 fish specimens prepared in  

a manner to approximate use of fish by humans as food. 

3. Fish By-Products.-Gizzard shad should be sampled and analyzed as the need 

arises. The subcommittee indicated that samples of this fish either w i l l  be collected by 

the State Game and Fish Commission and analyzed by the TVA or collected and analyzed 

by the TVA. 

From i t s  observations the subcommittee concluded that the food chain to man i s  

a maior mechanism by which radionuclides dispersed from the aquatic environment 

may cause human radiation exposures. 

The subcommittee suggested that the Steering Committee consider how much 

of  the assimilative capacity of a stream should be used for radioactive waste disposal. 

The workers responsible for waste management need to know the relationship between the 

maximum permissible intake (MPI) by humans and the dosage humans get from the 

river; and the fraction of this dosage that may be permitted i n  the water and s t i l l  al low 

for a safety factor. For the river water the workers need to know the allowable 

percentage of MPI from river food chains, the allowable percentage from drinking water, 
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l 

and the percentages allowable from other dietary items. Such guidelines also 

would be very helpful i n  analyzing the safety of radiation exposures through the 

river system. 

By way of explanation of the recommendations regarding fish sampling and 

analyses, the subcommittee report included comments, and references to pertinent 

information. The subcommittee considered the results of the biological studies 

in relation to the objectives of  the Clinch River Study. Of particular interest to 

the subcommittee were: the fate of radionuclides i n  the Clinch and Tennessee Rivers, 

the possible role of  aquatic food chains in the movement of  radionuclides from the 

environment to man, and the effects of radiation in the environment on fish and other 

organisms. Comments of the subcommittee about sampling of biota other than fish are 

included later urider a separate heading. 

The available evidence suggested that predatory fish are not higher in radionuclide 

content than the primary consumer species. Thus i t  appears that not a l l  the radionuclides 

are concentrated as they move up the food chain. The concentration of radionuclides 

and the resultant levels of radioactivity i n  organisms depend on the concentration 

and specific activity of the radionuclides i n  the water, and the metabolic 

requirements of the organisms for each particular element and i t s  isotopes. 

The subcommittee did not consider i t  necessary to continue to sample fish for 

safety evaluation, because current levels of  radionuclides i n  fish are far below the 

quantities that would cause concern. However, fish should be sampled periodically 
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from the viewpoint of information to the public. One purpose would be to provide a 

factual basis for answering questions regarding possible radiation exposures 

from game fish, i n  which there i s  great public interest. Also periodic sampling would 

reassure the public about commercial food fish, which are mainly bottom feeders 

and, therefore, are generally suspected of being contaminated. 

The subcommittee recommended (see "1 " above) that the white crappies be 

sampled once a year to ascertain levels of radionuclides i n  this species. The 

white crappie was suggested because: (1) the population i s  resident i n  the river 

throughout the year; (2) the species i s  abundant i n  the river; and (3) large numbers 

are caught by sport fishermen. 

A greater percentage of  the MPI i s  contained in bottom-feeding fish than in  

any other group. This i s  probably due to the inclusion of bone i n  minor amounts 

(small myosepta1 bones between the muscles) in  the samples prepared for analysis 

which contributes a significant portion of the 90Sr found i n  samples of fish flesh. Because 

the smallmouth buffalo i s  abundant and i s  used as food by a large number of  people 

i t  i s  recommended that this species be sampled annually i n  order to provide continuing 

information on radionuclide concentrations i n  rough fish. Also, this basis for determining 

trends in  radioactivity patterns could be useful i n  relating future levels to past hisbory, 

and as public relations information. 

I 

Future plans o f  the TVA include promotion of additional use of fish for 

commercial products. Such industrial use would involve fish oils, pet food, fish meal, 

fertilizers, and livestock feeds. About a l l  that these developments await i s  a more 
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efficient means of  harvesting the fish needed. I f  fish by-products become important 

in  the future uti l ization of aquatic resources, appropriate fish should be sampled 

and analyzed so as to ascertain radionuclide concentrations and potential 

radiation exposures. Any small rough fish might be used in  such industrial operations, 

but the gizzard shad i s  recommended as the fish to sample. This species i s  abundant 

and i s  l ikely to be used in  large quantities in a fish by-products industry. 

Studies of  Biota other than Fish 

In its efforts to obtain definitive information during the Clinch River Study 

the Subcommittee on Aquatic Biology organized sampling studies of  various aquatic 

organisms and other materials i n  the rivzr system. To help in  planning for any future 

Clinch River studies that might be conducted, the reports o f  the subcommittee, 

December 15-16, 1964, outlined materials other than fish that might be sampled and 

analyzed. The comments about these materials under eight subhzadings are summarized 

below. In most cases the opinions of  the subcommittee regarding the relative importance 

of  the various matzrials are indicated. 

The recommendations and discussion regarding the various kinds of  river 

fish have been summarized in the preceding subsection. The subcommittee made no 

recommendations regarding irrigation of  crops with river water because no experimental 

studies of  this problem had been made. It was suggested that this potential pathway 

of radiation exposure should be considered by the Subcommittee on Safety Evaluation. 

1. Organic Detritus- Organic detritus incorporated i n  river bottom 

sediments comprise 1 to 2% by weight of the surficial sediment layers. Since 

the radioactivity of  this organic material is 2 to 3 times that of an equal quantity 
f 
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of inorganic material, and since detritus i s  uti l ized for food by some aquatic 

organisms, i t  appears to be an important source of entry of radionuclides into the 

food chain. The role of  organic detritus i n  the food chain seems important and i s  . 
s t i l l  being studied as part of the continuing program of ecology research. 

2. Clam Shells.- No  advantage would be gained by continued sampling 

of these tissues. 

3. Clam Flesh.- Experimental data are not available concerning the 

metabolic turnover of radionuclides i n  clam flesh and, therefore, data from analyses 

of clam flesh obtained in  the river would be dif f icult  to interpret. However, with the 

introduction of  the Asiatic clam, Corbicula, a potential food species i s  now l iving 

i n  the river. I f  these clams should become available as a commercial food item, they 

should be sampled for their radionuclide contents and laboratory experiments 

should be conducted to determine turnover rates. 

4. Plankton.- The operation of the Bull Run Steam Plant and Melton Hi l l  

Dam may change the plankton populations downstream from White Oak Creek. 

Plankton populations would not affect the inventory of radioactivity i n  the river 

but they might alter the radionuclide distribution between dissolved and particulate 

phases i n  water samples. Water sampling and analyses would detect these changes. 

5. Other Invertebrates.- Other invertebrates are not considered to 

be of  any concern. 

6. Birds and Mammals.- Birds and mammals l iving on the river are not 

thought to be of  any concern because of small populations and limited human use of 

this resource. However, these organisms have not been sampled as part of  the 

Clinch River Study. 
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7. Importance of Biota i n  the River System.- The concentrations of 

radionuclides i n  several organisms such as clams and aquatic diptera along with 

estimates of their abundance and biomass suggest that the biota are not significant 

either as vectors or as reservoirs of radionuclides. 

8. Radiation Effects.- ORNL ecological studies of  radiation effects on the 

20 
natural population of Chironomus tenfans to date suggest that there are no permanent 

radiation-induced changes in the the population. New mutations do arise in this 

species, but these are eliminated by natural selection and are not passed on to future 

generations. The same genetic mechanisms may be operative i n  other species 

inhabiting the river. 

t 
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HYDROLOGIC MEASUREMENTS AND ANALYSES 

The basic purpose of the Clinch River Study was to obtain and interpret information 

about the behavior of radionuclides in the various phases of the river environment. Although 

research on hydrologic conditions was not a primary objective of this study, interpretation of  

the data obtained concerning radioactive materials in the river required both conventional 

and special evaluations of hydrologic factors. The U. S. Geological Survey (USGS) obtained 

the necessary data concerning these factors by routine observations and various special studies. 

Each of the five status reports previously issued has included summaries of USGS 
1 /2,3,4,5 

activities and of  newly-acquired data relative to hydrologic conditions. 

During the period covered by this status report, December I, 1963 to December 31, 1964, 
c 

the USGS continued to provide data for the Clinch River Study. However, this program was 

on a diminishing scale i n  the latter part of 1964 and the routine cooperative activities of the 

USGS are not covered in this report. 

diffusion study of  the effects of Melton Hi l l  Dam under winter conditions, made in 1964for 

comparison with similar dye diffusion studies under summer conditions in August 1963. This 

study, made jointly by the USGS and ORNL, i s  summarized below. 

One special investigation i s  included, namely, a 

Power Release Diffusion Study - Early Spring of 1964 

Introduction 

Appreciable changes in  the flow regime of  Clinch River when Melton Hi l l  Dam i s  i n  ful l  

operation as a peaking hydroelectric power plant have been expected. 

releases from Melton Hi l l  Reservoir cause rapid increases from no flow, or some intermediate 

Intermittent water 



43 

P 

flow rate, to the maximum discharge of 18,000 cfs and, later, sudden decreases or cessation 

of flow in the river at the mouth of  White Oak Creek. Such increases in discharge cause a 

rapid rise of water level in the river which acts as a control at White Oak Creek, stopping 

the creek flow into the river and causing upstream flow in the creek to White Oak Dam. A 

decrease or cutoff of a power releaserapidly lowers the river level resulting in immediate and 

large discharges of  radioactive waters from the creek into the river. 

i 

21 

I f  the release at Melton H i l l  Dam i s  completely stopped (no flow), waters released to 

the river from White Oak Creek stagnate and accumulate in the vicinity of the creekmouth. 

After the beginning of the next Melton Hi l l  release, the accumulated contaminants are swept 

downstream as a discrete but gradually diffusing mass, and the upstream flow in White Oak 

Creek again occurs. These vagaries of the flow pattern below Melton Hi l l  Dam affect the 

dispersion, travel, and concentrations of radionuclides in the creek and river and make more 

diff icult the prediction of downstream conditions in the river system. 

As reported previously5 the effects of operation of Melton H i l l  Dam under summer 

conditions were studied by means of dye tracer tests in August 1963. The winter diffusion study 

in 1964, summarized below, was described in a special progress report to the Steering Committee 

December 15, 1964.2’ A paper in preparation w i l l  describe both the summer and the winter 

dye diffusion studies. 

in Fig. 5. 

* 
The estimated pattern of winter releases at Melton Hi l l  Dam i s  shown 

The dye tracer studies were designed to determine specifically the hydraulic effects of 

power releases from Melton Hi l l  Dam in the Clinch River. With the advantage of this informatio 

* 
Paper being prepared for publication by F. L. Parker, B. J. Frederick, and P. H. Carrigan, Jr. 
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ORNL-DWG 64-9474 I 
I 
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Fig. 5 .  Estimated Winter Discharge Pattern from Melton Hi l l  Reservoir. 
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the purpose was to develop and verify general methods for predicting diffusion characteristics 

and downstream concentrations of contaminants in other streams affected by power releases as 

well as in the Clinch River. The immediate concern was to measure conditions in the Clinch 

River under winter conditions and compare the results with the findings of the summer studies. 

However, the most lasting and important outcome of the tests might well be further verification 

of methods used to predict the dye concentrations in the river at selected stations downstream 

from White Oak Creek. 

in 1963. 

Such methods were firsf 

The week-long dye tracer study in August 

developed as a part of the dye diffusion studies 

963 included 5 days of typical power releases 

at Melton Hi l l  dam and a weekend shutdown near the middle of  the 7-day period with no power 

releases for 55 hours? The methods of study and the results observed under summer conditions 

were of general as well as local interest. Some of these results for which comparative data 

from winter studies were desirable are out1 ined below. 

I. Results of the summer study clearly indicated that the highest peak concentrations 

of contaminants throughout the lower CI inch River resulted from accumulation of 

contaminants during the prolonged shutdown of power releases during the weekend period. This 

was expected to be true under other conditions but i t  needed to be confirmed generally. 

2. With Melton Hi l l  power releases in summer the effective dilution of  White Oak 

Creek effluents in Clinch River at CRM 14.4 was reduced by a factor of about IO as compared 

3 
with a median dilution factor of 570 for the period 1950-1960. The investigators believed 

that the dilution factors would be further reduced with power releases under winter flow 

conditions but needed data to verify this opinion. 
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3. The velocities of flow in Clinch River below Melton Hi l l  Dam when subject to 

power releases were much higher in the summer study than before the dam was in  operation. 

Under the conditions of  TVA reservoir operat ion in winter, water levels in the Clinch River 

embayment a.re lower and cross-sectional areas are less than in summer. Therefore, the winter 

study was expected to show even higher velocities and shorter times of mass travel of contaminants 

(tracers) than were found in the summer study. 

4. In the 1963 summer studies,predictions were made by using a tidal flow analogy 

in order to calculate the discharges from White Oak Creek, and the arrival times and peak 

concentrations of the dye tracer at several downstream points in the river. A comparison of  

the predicted concentrations with the observed values showed that the predictions were 

reasonably accurate. However, the method of prediction depended largely on empirical data. 

The winter study was expected to determine whether the methods of prediction were applicable * 

under the different conditions, and to improve knowledge of the dispersion characteristics so 

that calculated predictions might depend less on empirical data and be more accurate and 

analytical. 

Ex Der imen ta I Test Procedures 

Test Period. - In the week-long summer diffusion studies of 1963 the highest peak concentration 

of dye occurred on Monday following the weekend shutdown of power releases. It was decided that a 

five-day release of dye would be sufficient for the winter tracer test since this injection period 

would permit observations of diffusion of the dye during weekdays as well as on the weekend, but 

would avoid repetitious observations on five analagous weekdays. 

In order to define the behavior of dye releases in the river on weekdays as compared to the 
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weekend, the injection was planned to begin on a typical Thursday and stop on a Monday. - 
Actually, however, for a more convenient work week, the equivalent of weekdays and 

a weekend was obtained by preparing for the test period on a Monday (March 30, 1964), 

beginning power releuses and dye injection on Tuesday, simulating a 55-hour weekend 

shutdown of Melton Hi l i  releases on April 2 and 3 (Thursday and Friday), and continuing 

the power releases and the observations and sampling to determine dye concentrations at 

downstream stations through Saturday and Sunday, April 4 and 5. 
21 

(See Fig. 6 and Fig. 7). 

ORNL-DWG 64-9476 
I I I I I 

CONTINUOUS INJECTION OF DYE AT 
50 117.4 g /  rnin INTO WHITE OAK LAKE 

- AVERAGE OUTFLOW OF 11.8 ft3/sec CONCENTRAT 
51.3 ppb (RESULTANT DYE CONCENTRATION 

863 ppb) FROM 0600 hr MARCH 31 
TO 2315 hr  APRIL 4, 1964 z 

3N 

Fig. 6. Variation i n  Rhodamine-B Concentration with Time During Period 
March 31 to April 5, 1964 at Clinch River M i l e  14.4 

ORNL-DWG 64-9475 

17.4 g/rnin INTO WHITE OAK LAKE.  

(RESULTANT DYE CONCENTRATION 
863 ppb) FROM 0600 hr MARCH 31 

1 APR 1 1 APR 2 1 APR 3 1 APR 4 1 APR 5 1 APR 6 1 

Fig. 7. Variation i n  Rhodamine-B Concentration with Time During Period 
April 1 to April 6, 1964 at Clinch River Mi le  5.5. 
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Dye Releases.. A t  the time the winter tracer study 

hydroelectric turbines at Melton Hi l l  Dam had not begun. 

was conducted, operation of the 

Information on the typical winter. 

flow pattern and arrangements for the controlled releases from Melton Hi l l  Reservoir 

were obtained through cooperation of the Division of Water Control Planning and the Division 

of Health and Safety of  the Tennessee Valley Authority. The pattern of power releases shown 

in Fig. 5 was simulated through controlled releases over the spillway at the Dam. 

Continuous injection of the tracer, the fluorescent dye Rhodamine-B, into the 

outflow at  White Oak Dam began at 6 a.m. on Tuesday, March 31 and continued for 

113.25 hours unti l 11:15 p.m. on Saturday April 4, 1964. The flow rate of  the dye into 

White Oak Creek waters was practically steady during this 5-day period, being monitored 

at 2-hour intervals throughout the period and adjusted by means of  the injection-control valve 

from time to time as necessary. The average flow rate of dye was 17.4 grams per minute. 

During the test period the mean flow rate i n  White Oak Creek at White Oak Dam was 

11.8 cfs, and the mean daily flow ranged from 10 to 14 cfs. 

The total weight of the 40% solution released during the 5-day period was 650 Ibs 

which contained 260 Ibs of  dye. This was equivalent to a mean concentration in the White 

Oak Creek waters of 863 parts per bi l l ion (ppb) o f  the Rhodamine-B dye. 

Observations and Measurements. Continuous measurements of  dye concentration were 

made at two observation stations located at CRM 14.4 and CRM 5.5. These measurements 

were made by Turner Model 11 1 Fluorometers, each equipped with a high sensitivity flow- 

through door and a recorder. The Fluorometer i s  capable of reliable detection of dye 

concentrations of  from less than 0.1 ppb to 30 ppb on full scale. When the concentrations 

. 
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exceed full-scale capacity o f  the instrument, the range o f  sensitivity may be extended 

upward by factors of  10, 100, or 1000 by the insertion of  optical neutral-density filters. 

On April 4, 1964 the concentrations at CRM 14.4 exceeded the full-scale reading of  the 

instruments without filters, and neutral-density filters were inserted i n  the fluorometers at the 

two observation stations for periods of 2 hours or less on that day. The only filters available 

increased the range of the fluorometers by a factor of 1,000 and, although not as 

quantitative as full-scale measurements, use of the filters provided a qualitative picture 

of the variation of dye concentration with time. Grab samples of the water passing through 

each fluorometer were collected at 5-minute intervals during the periods when full-scale 

capacity was exceeded, and after completion of the test the determinations of dye in  these 

grab samples helped to fil l in  missing values in the recorded concentrations. As a further 

check on the accuracy of the time-concentration curves for the crit ical periods of 

April 4, the mass of dye passing each of the observation stations was computed from the 

curves and i t  was found that the computed masses were i n  agreement with the quantities 

K 

of dye released from White Oak Creek. 

Water samples for radiological analyses were collected throughout the test period 

at 2-hour intervals from the overflow at White Oak Dam and during the time of dye passage 

at the two observation stations on the Clinch River. These samples were analyzed to 

determine the variation i n  radionuclide concentrations. 

Water stage recorders were operated continuously on the tailwater at White Oak Dam, 

and in the Clinch River at the mouth of White Oak Creek, at CRM 19.1, and at CRM 14.5 

Water stages were observed at regular intervals at CRM 5.5, providing an essentially 

continuous record of water elevations at this location throughout the test period. 
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Temperatures of  the river water were measured a t  frequent intervals at the sections 

where fluorometers were i n  operation. The vertical distribution of  temperature was 

determined in  the section at CRM 5.5 several times each day during the test period. & 

Operation of the fluorometers was begun on March 31 at CRM 14.4 and on April 1 at 

CRM 5.5. Due to operational problems with the pumping system at CRM 14.4 on March 31, 

complete definition of the passage of the f i rs t  dye cloud was not obtained. Operation of  the 

instruments was stopped on April 5 at CRM 14.4 and April 6 at CRM 5.5. 

Resu I ts 

Dilution of Tracer Cloud.- The variations i n  dye concentrations throughout the full 

period of operation at the two observation stations, CRM 14.4 and CRM 5.5, are shown i n  

Fig. 6 and 7. In  Fig. 6 i s  also plotted the predicted concentration corresponding with 

each observed concentration peak as shown in  the figure. As mentioned earlier, the maximum 

concentrations of dye occurred during the passage of the large dye cloud that formed during 

the simulated weekend shutdown at MeIton H i l l  Dam on April 2 and 3. The times and 

concentrations of  these peak occurrences are indicated i n  the two figures. 

A t  each station the minimum dilution factor occurred at the time of  the peak 

on April 4, 1964. The minimum factor at CRM 14.4 was 16.8 and at CRM 5.5 was 36.9. 

This factor i s  the simple ratio of the mean concentration of dye released at White Oak Dam 

to the peak concentration at the observation section. The dilution factors for a l l  peaks 

occurring at each station are listed i n  Table 3. 

Between CRM 14.4 and CRM 5.5 the reduction i n  the maximum peak concentrations 

was about 2.2 to 1 (See Fig. 6 and 7.); and the reduction i n  concentrations for other peaks 

averaged about 3 to 1. (See Table 3.). 
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The effects of complete stoppage of  discharge at Melton Hi l l  Dam for more than two 

I -  days are of  particular interest. Close comparison of the time-concentration patterns given 

in  Fig. 6 and Fig. 7 w i l l  show that the peak observed late i n  the evening on April 1 at 

CRM 14.4 did not reach the vicinity of CRM 5.5 unti l  midafternoon on April 3. The mass 

was "stagnated" for much of the weekend somewhat upstream from CRM 5.5. Apparently 

the fairly coherent mass that passed CRM 14.4 on April 1 was greatly dispersed during 

weekend shutdown. This dispersed mass appears to have slowly drifted downstream, due 

perhaps to minor flow i n  the river, to the effects of  river control operations at Fort Loudoun 

and Watts Bar Dams on the Tennessee River, or to the development of  thermal stratification. 

In the process.of this slow movement, the dye mass became more dispersed and the peak 

concentration was reduced. The mean values of  the maximum concentrations that occurred 

on April 4 at  the two observation stations, CRM 14.4 and CRM 5.5, were 8.54 ppb and 

6.64 ppb, respectively. The corresponding mean dilution factors were 1,010 and 

1 , 300, respectively . 
22 

Prediction of  Time of Travel .- In a special report, prepared from TVA data i n  1952, 

the variation of time of travel with both discharge and water level i n  the Clinch River was 

given for reaches extending from the mouth of White Oak Creek to the mouth of the 

Emory River. Later i n  1961 and 1962, Frederick and Carrigan verified the data i n  this TVA 

report by conducting radiotracer tests. 23f24 From knowledge of  the discharges and levels 

occurring during the dye-test period i t  was possible to compute the predicted time of  travel 

of the dye masses using the information given i n  the TVA report. A comparison of 

the predicted and observed times of  travel and the peak concentrations at  CRM 14.4 i s  

given i n  Table 4. 
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Table 3. Minimum Dilution Factors for Peak Concentrations Observed at CRM 14.4 
and CRM 5.5 and the Ratios of Peak Concentrations at these Two Stations. 

M i l e  14.4 Mi le  5.5 

Radios o f  Minimum 
D i I u tion Date Peak Concentration Minimum 

Di  Iu tion 
Date 

CRM 14.4: CRM 5.5 
Peak' 
Number 

Observed Factor Observed Factor 

1 Mar. 31 - Apr. 1 31 0 - 
2 Apr. 1 33.3 Apr. 1 95.8 2.87 

3 Apr. 1 88.2 Apr. 4 608 6.89 

4 Apr. 4 16.8 Apr. 4 36.9 2.1 9 

5 Apr. 4 62.5 Apr. 5 192 3.08 

6 Apr. 5 37.7 Apr. 5 130 3.45 

a 
Peaks are listed in  chronological order (see Figs. 6 and 7 ) .  

Table 4. Comparison o f  Predicted and Observed Times of Arrival and Peak 
Concentrations at CRM 14.4 

Time o f  Arrival Peak Concentration 
(how r) (PPb) a 

Peak 
Number Predicted 0 bserved Predicted Observed 

2 1055 1045 26.9 25.9 

3 21 00 2056 8.5 9.8 

4 1055 1 044 53.0 51.3 

5 21 00 2049 11.4 13.8 

6 1055 1 049 15.9 22.9 

a 

bPeak occurred before 21 30 hours. 
Peaks are listed in chronological order (see Fig. 6). 
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Prediction of Peak Concentrations. - The procedure for calculating predicted 
s 

peak concentrations at CRM 14.4 may be considered as two distinct computational steps. 

First, the mass of  dye injected from White Oak Creek into the Clinch River following each 
% 

decrease in  power release from Melton H i l l  Reservoir was determined. Second, the mass 

of dye injected into the river was routed downstream as a discrete pulse. 

The computational operation used to determine the mass of dye injected into the 

river from the creek was somewhat similar to the method of analysis used to predict 

concentrations in  the 1963 summer tests. This  method of analysis was adapted from one 

used by Ketchum for tidal estuary mixing problems. 
25 

I 

A flow routing analysis, in  this instance based on a tidal flow analogy, was 

necessary to determine the mass of dye released to the river because White Oak Creek 

embayment was never completely dewatered when there was a decrease in  power release 

from Melton H i l l  Reservoir. (See basic data in Table 5.) 

Table 5. Basic Data for Flow Routing Showing Water Levels 
and Storage Volumes in  White Oak Creek Embayment. 

Power Release Water Levela Storage i n  Embayment 

(cfs) ( f t 1 Gal Ions Acre-ft 

20.3 

10.7 

6 

6 

6 

17,600 739.8 6.6 x 10 

7,950 737.2 3.5 x 10 

1.53 0 735.0 0.5 x 10 

c 

a 
Elevation above mean sea level of the water surface of the Clinch River at the mouth . of White Oak Creek; these are nominal figures for the entire test period. 



54 

The principal difference in the routing procedure used in the winter dye-tracer 

tests and that used in the summer of 1963 was in the method of subdividing the volume of 

water in the embayment. In calculations for applying the tidal flow analogy under summer 

test conditions, the embayment was divided by vertical planes into subreaches of  equal volume. 
5 

Alsotit was assumed that: the dye was uniformly mixed with the water in each equal-volume 

subreach immediately prior to a decrease in  power release; that there was no outflow from the 

creek into the river at this crit ical time; and that the mass of dye within each equal- 

volume subreach was a function of the injection rate o f  the dye, antecedent changes in storage 

in the embayment, and the rate of longitudinal movement of the water in these reaches. 

rate of movement, horizontally, of these volumes was computed; and the number of equal- 

volume units flowing into the river was determined. 

The 

For the analysis of  winter test conditions the method using vertical subdivision 

solely was found to be inapplicable. Therefore, the volume of  water in the embayment was 

also divided into equal-volume, horizontal ly-lying strata. The rate of vertical movement of 

water level was computed, and then the number of  equal-volume horizontally-lying units 

flowing into the river determined. This method of  vertical-horizontal subdivision proved 

3 

to be as accurate for the winter study as the vertical method of analysis was for summer flow 

conditions. 

The method of  routing the dye pulses downstream in the river to predict the peak 

concentrations at CRM 14.4 for winter flow conditions was an improved model of the method 

reported by Frederick, Parker, and Carrigan in 1963 for use under summer flow conditions. 

Both methods employed computational procedures. The method reported in 1963 related the 

observed peak concentration at CRM 14.4 to the mass o f  dye injected into the river for one 

21 

I 
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such pulse, and then the other peak concentrations at  CRM 14.4 were computed, 

using this relationship and the masses of dye injected. An exception to this procedure 

was found necessary, however, for the prolonged weekend shutdowns. 

During the weekend shutdown there was a considerably longer time available 

for "reservoir-type" diffusion to take place than during weekday shutdowns. Such 

diffusion substantially reduced the effective mass of dye that moved to produce peak 

concentrations at  particular points i n  the river. It was necessary to adjust the mass of  

dye for this diffusion effect i n  calculations that included weekend shutdowns, using 

techniques described by Parker in 1961 .26 Reservoir-type diffusion was not considered 

i n  predicting concentrations from weekday shutdowns. However, i t  was found that the 

prediction of weekday peak concentrations at CRM 14.4 could be considerably 

improved i f  the estimation of  concentration were related both to the dye mass and the 

effects of reservoir-type diffusion for a l l  dye pulses. Such relationships were 

developed from results of the tests conducted i n  August 1963. In substance, the summer tests 

provided the computational information required to predict more accurately the power- 

release diffusion characteristics of the Clinch River. The results of  the application 

of this information to predict concentrations under winter flow conditions are given 

in  the fourth column of  Table 4. 
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Summary Critique of the Dye Test Studies.- This test completed the experimental f ield 

studied of eddy diffusion as part of the Clinch River Study. The results of  this test and 

several earlier tracer tests have provided answers to several practical problems that involve 

diffusion characteristics of  the lower Clinch River. For example: (1) the time of travel of a 

cloud of  contaminants can be computed; (2) the maximum concentrations of  contaminants 

at crit ical points of  use were less than the permissible concentrations when river flows were 

affected by representative power-release operations a t  Melton H i l l  Dam; and (3) a 

computational method has been developed by which peak concentrations for other power 

release patterns can be estimated. 

Aside from the computation of time of travel in the river, the calculation of other 

diffusion characteristics relies heavily on the empirical definition of many parameters. For 

problems of  diffusion i n  the Clinch River this poses no practical difficulties. However, the 

investigators would l ike to study the experimental data further with the hope that reliance 

on empirical definition of  these parameters may be reduced. Such study would center 

about development of methods for predicting the diffusion coefficients. The abi l i ty to predict 

diffusion coefficients through analytical means would permit use of  the power-wave 

diffusion mathematical model to be applied to such problems i n  other streams. 

Conc I usions 

The investigators who conducted the 1963 summer dye-tracer studies recommended that 

further field studies of diffusion in the Clinch River should be made, "particularly studies 

5 
under winter conditions and with unsteady and nonuniform flows." Their prediction that the 

minimum dilution factor at CRM 14.4 for power release patterns i s  much less i n  winter than in  

summer was confirmed by the "winter" dye tests i n  1964 (Table 6). 

. 
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Table 6. Seasonal Minimum Dilution Factors and the Seasonal Ratio (Summer/Winter) 
of these Factors at CRM 14.4 and at CRM 5.5 B 

CRM 14.4 CRM 5.5 

Season Factor Ratio Factor Ratio 

Summer 54.8 122 

3.26 

Winter 16.8 36.9 

3.31 

The three-fold reduction i n  minimum dilution under winter conditions as compared 

with summer i s  due to the combined effects o f  greater velocities i n  the Clinch River, slightly 

increased power releases, greater fluctuations of  storage in White Oak Creek embayment, 

slightly increased flow through White Oak Dam, substantially greater velocities i n  

White Oak Creek embayment at times of decreased power releases, and less diffusion of 

the moving mass of dye. 
I 

Results of the 1964 tests indicate that the time of arrival of peak concentrations 

at CRM 14.4 may be reasonably predicted using analytical techniques developed 

especially for the Clinch River by the TVA. 22 

As shown by the data i n  Table 4 an extremely reliable method of predicting peak 

concentrations at CRM 14.4 has been developed. This  method of prediction requires that 

information be available on: (1) the channel geometry of  White Oak Creek embayment; 

(2) the rate of  discharge of  solutes and of  water over White Oak Dam; (3) the relationship 

between discharge and water level for various elevations of  the water surface i n  Watts Bar 

embayment at the mouth of  White Oak Creek; and (4) the empirically defined diffusion 

characteristics of a solute mass transported i n  the river from the mouth of  White Oak Creek 
1 

to CRM 14.4. 
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Difficulties have been encountered in predicting peak concentrations at CRM 5.5. . 
These difficulties stem from conditions at Watts Bar Dam and Reservoir, the effects of  changes 

b 

o f  discharge in this study reach upon the diffusion characteristics, and lack of knowledge 

concerning the effects of  stagnation of  a dye mass between CRM 14.4 and CRM 5.5. However, 

the reduction in maximum peak concentrations between CRM 14.4 and CRM 5.5 for the summer 

tests of 1963 and the winter tests of 1964 are practically the same, the reduction factor ranging from 

2.19 to 2.23. Study of the data obtained for other peak concentrations indicates that the 
I 

reduction in the peaks resulting from the release of dye during weekday shutdowns has averaged 

&out 3.17 for both summer and winter conditions. In  some cases the reduction i n  concentration 

between CRM 14.4 and CRM 5.5 has been greater than 3.17 but these greater reductions 

-esulted from extended stagnation or incomplete release of  the tracer solution at the startup 

>f a test. Based on these comparisons of  the reduction of  concentrations between CRM 14.4 

2nd CRM 5.5 it was concluded that pear< concentrations at CRM 5.5 can be predicted closely 

For the ranges of flow that were included in the dye tracer studies of  1963 and 1964. 
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SAFETY EVALUATION STUDIES 
* 

Data obtained dy various groups i n  the Clinch River Study were analyzed and used 

by the Subcommittee on Safety Evaluation i n  i t s  estimates of  potential radiation exposures 

from the Clinch and Tennessee Rivers. The bases and preliminary results of the safety 

evaluation studies were reviewed i n  the two preceding status rep0rts.4'~ Status Report 

No. 4 described in  considerable detail the appointment and responsibility of this 

subcommittee, objectives and methods of the safety analysis, sources and aquatic pathways 

of  radiation exposures to people and preliminary estimates of  dose rates that might 

be expected from various uses o f  the rivers. 

The final section of Status Report No. 5 described the later revisions of the 

safety analysis and commented on the subcommittee's general conclusions. It was 

explained that the final report by the Subcommittee on Safety Evaluation would be 

published separately as a supplement to Status Report No. 5. 
9 

Opinions and Conclusions of the Subcommittee 

Prior to i t s  meetings on December 15 and 16, 1964 the Steering Committee requested 

each of  i t s  four subcommittees to submit i t s  conclusions regarding long-term monitoring 

of  the river system, and additional research studies that should be considered. At  

the open meeting on December 16 the Subcommittee on Safety Evaluation 

submitted i t s  group opinions, which are summarized below. 

Monitoring Program 

9 

1. Routine environmental monitoring should be devoted mainly to surveillance 

t 
of the current and crit ical pathways of  exposure. For man these pathways are the 

ingestion of river water and fish. 
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2. Although contaminated water and bottom sediments are relatively minor sources 

of external radiation exposure to man, direct measurements of their radiation intensity 

are desirable. Such measurements are needed init ial ly to confirm dose-rate 

calculations, and occasionally thereafter to reconfirm the potential of these 

sources. 

3. I t  i s  desirable to investigate current and possible future use of the 

Clinch River and Tennessee River as sources of water for supplemental crop 

irrigation. This information can be used to determine the need for sampling soils or 

crops i n  the affected areas. 

4. Periodic review and evaluation i s  needed to confirm the adequacy of the 

monitoring program and to reestablish the indentity o f  the critical nuclides and critical 

exposure pathways. Such review should be concerned not only with radionuclides of  

long physical half life, but also with those of  short half l i fe  which may otherwise be 

overlooked by the routine monitoring procedures. 

5. The routine monitoring program should include comparison of gross beta 

analyses of daily samples and of monthly composite samples. The differences i n  gross 

beta results would indicate the significance of the contribution by short-lived 

radionuclides i n  the effluent. 

Additional Research 

There i s  need for additional research to reduce the uncertainties regarding fish 

and irrigated crops as potential causes of radiation exposure. Examples of information 

that would be most helpful i n  radiation safety analyses of  the river system are outlined 

below. 
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1. Fish.- information that would help to estimate the potential dose to man, 

and to optimize a fish-monitoring program, for example: 

90 
a. Rate of transfer and quantity of Sr and stable strontium fran water and 

other river materials to the flesh and bone o f  important food-fish species. 

b. Influence of fish age and season of the year on rates of transfer of  

strontium in  food fish. 

c. Whether 90Sr i s  transferred from bone to flesh of fish by 

cooking, the extent of transfer, and the factors involved. 

d. Feasibility and methods of preventing fish i n  White Oak Creek or 

White Oak Lake from entering the Clinch River, thus eliminating an important 

potential source of  90Sr i n  the human food chain. 

2. Crop Irrigation.- Analysis of this crit ical exposure pathway requires knowledge 

of  the behavior of  fission products in soils and plants (in the East Tennessee environs 

for pertinence to the Clinch River Study). 

a. Accumulation of  fission products with time in  irrigated soils under 

various conditions of  irrigation, cultivation, and radioactive constituents i n  the 

irrigation water. 

b. The transfer of fission products from soils to plants. 

c. Foliar retention of fission products by the plants. 

The subcommittee's analysis of present conditions i n  the rivers showed a large 

factor of safety despite the necessity for conservative assumptions regarding pathways 

of exposure for which actual information was lacking. Discussion i n  the Steering Committee 

meeting 
11 

+ emphasized the importance of  making the safety evaluation as realistic 
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and reliable as possible. Estimation of  potential dosages should be conservative 

but not exaggerated. This w i l l  avoid extreme interpretations (out of context) and 

resultant unjustified concern about radiation exposures. 
Y 

Possible exposures from radionuclides i n  the river system at present are insignificant. 

However, the additional research recommended by the subcommittee i s  amply justifiable: 

(1) to allow safety evaluations to be based on factual data and, therefore, more accurate 

and reassuring; and (2) to allow advance appraisal of the potential effects of  postulated 

accidental or emergency releases of  radionuclides to the river and preparation for 

countermeasures. 

t 
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I COMPUTER SIMULATION OF THE FATE OF RADIOACTIVE WASTES IN 

STREAMS 

The primary effort i n  simulation studies of  stream systems i s  to represent i n  

every important respect the behavior of  the system under study i n  mathematical models 

I 
of the stream that are easier to manipulate and that can be subject to various decisions more 

I 
quickly and cheaply than the stream itself. Such models are a necessity because of the many 

interdependencies between the hydrologic parameters and the design variables. 

At the meeting of the Steering Committee on December 15, 1964 (pages 4-9, 

Professors Myron B. Fiering and Harold A. Thomas, Jr., presented generalized discussions 

of digital computer simulation models of river systems, 

of the discharge of radioactive wastes into the Clinch River system, respectively. The 

summary that follows i s  based upon the discussions presented at that meeting and upon 

27 and the results of computer simulation 

28 

I 

the report to the U.S. Atomic Energy Commission. Operations Research i n  Disposal of  
I 

Liquid Radioactive Wastes i n  Streams NYO-10447 (December 1965), Harold A. Thomas, Jr. : 

Part V, "A Model for Computer Simulation of the Fate of Radioactive Wastes in Streams," 

29 
Harold A. Thomas, Jr. and Myron B. Fiering). 

In the studya digital computer was chosen instead of an analog computer, because 

the expressions of relationships between the hydrologic and design inputs can be 

varied without requiring a change in the simulation components, as would be required 

for an analog simulation. 

- Simulation, extends the range of  experimentally obtained data by varying 

the important parameters i n  the model. These parameters have been established from the 
I 
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experimental data. This mathematical model was developed as a stochastic process (process 

i n  which at least one o f  the variables i n  the system is a random variable or has an element 

of randomness) and simulates theephysical processes and interactions of stream flow, dilution, 

mixing, nuclear decay, uptake and release from benthal deposits, water withdrawal at use 

points, and water treatment. Based upon the data developed during the Clinch River Study, 

the flow diagram,shown in Fig. 8, for the mathematical model was formulated, i n  which 

At = characteristic time interval for the model; 

x1 
= flow rate i n  stream 1 ,  either Clinch River or Tennessee River; 

= flow rate i n  stream 2, zero i n  this study; 

= draft or withdrawal rate at K-25 or Chattanooga; 

= antecedent pollutant flux or fallout; 

= pollutant flux introduced at waste outfall; 

= amount of  activity transferred during each time interval A t  

to the biomass or benthal deposit; 

x2 

x3 

yo 

y1 

y2 

y3 
= amount of activity removed during each time interval At from 

the biomass or ben thal deposit; 

Y 

y4 

= total amount of  activity in storage ; 

= amount of  activity lost by nuclear decay during time-of-travel 

to use -poin t; 

h 

y5 

y6 

= decay constant for radioisotope; 

= amount of  radioactivity diverted to use-point before treatment; 

= amount of activity removed in treatment or processing; and 

= amount of  activity diverted to use-point after treatment or 

pro ce ssi n g . 
y7 

I 
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The flow in  the river, x 

chain. Markov chains are the simplest generalization of a scheme of independent trials. 

It i s  a process characterized by progression from state "i" to state I'i + 1 '' with a specified 

set of  probabilities which are independent of how the process arrived at state ''i'1. The 

i s  generated by sampling from a population defined by a Markov 1' 

additional input data, such as inflow, x 

assumed to be dependent only on x 

formula. With this input data and an absolute value for the decay constant, h, the 

outflow, x and pollutant loads, y and y,, are 2' 3' 0 

the river flow, and are generated from a recursion 1' 

variables of interest--the average, maximum and minimum curie loads and concentrations at the 

use-points and i n  the benthal deposits--can be computed. Relationships for deposition, scour 

or leaching, decay enroute, and for the treatment plant, as shown in  Fig. 9, are required for 

the computation. The program was run on the computer for a four-season model (;.e., 

treating each successive three months as a season) for the Clinch and Tennessee Rivers. 

The standard deviation of  the flow in and withdrawals from the rivers was set at 0 

(the deterministic model) and 100% of the computed deviation. The pollutant input 

standard deviation was set a t  0 (deterministic model), 50%, loo%, and 200%; the standard 

deviation of benthal deposition was set at  100% and at  0%; of fi l ter plant removal at  

25%, at 50% of the loading; and o f  fallout a t  0 and 100% o f  the values listed in 

Table 7. The average flows and withdrawals i n  the Clinch and Tennessee Rivers and the 

contaminant inputs were derived for a 200-year period with results as shown i n  Table 7. 

Table 8 l is ts  the pertinent parameters from Fig. 9. For the annual model of 

the Tennessee River with the functional values shown in  Fig. 9 and i n  Table 8, the 

concentration at  the use-point ranged from 0.17 to 0.28 pCi/l with a mean 

of 0.22 pCi/l .* The maximum annual mean concentration was 0.63 pCi/l. 

"pCi/l means picocuries per liter. 
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Table 7. Input Data for Four Season Model of Clinch and Tennessee Rivers 

Flow Withdrawal Contaminant Input Fallout Input 
( c fs) (4 (curies) ( cu r i e s) 

Standard Standard Standard Standard 
Deviation Mean Deviation Season Mean Deviation Mean Deviation Season Mean 

Clinch River 

1 1,488 750 0.1 9 0.06 1 4.28 3.94 

2 783 324 0.22 0.07 2 2.25 2.07 

3 1,052 246 0.28 0.08 3 i .97 1.81 

4 1,309 392 0.1 9 0.06 4 1.50 1.38 

Annual 4,632 1,119 0.88 10.00 

Tennessee River 

1 12,508 3,334 14.66 4.36 1 4.28 3.94 7.94 3.92 

2 6,825 1,197 16.56 4.92 2 2.25 2.07 10.20 5.81 

3 6,925 1,074 20.59 6.04 3 1.97 1.81 9.03 4.52 

4 8,827 2,741 14.66 4.36 4 'I S O  1.38 8.64 3.97 

Annual 35,085 5,572 66.46 10.00 35.8 1 

0. 
W 

, e 

~ 
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This value being three times the over-all mean indicates the imprecision of  the data 

or the inherent instability of the system analyzed on an annual basis. The mean and 
I 

range of the 10-year storage in  the benthal deposits were 0.92, and 0 - 4,46 curies 

respectively. 

Y 

The effect of  variation i n  the input parameters upon the intake concentrations 

are shown in Table 9. I t  should be noted that the effect of  drastically decreasing the 

standard deviation of the pollutant input, while s t i l l  maintaining the same mean input, 

i s  quite small. The effect on the range of the values, however, i s  marked. For the 

Clinch River (run lo), where 200% of the standard deviation of  the pollutant input i s  

used, the mean activity loading i s  1.17 mCi and the maximum i s  5.33 mCi; and at  0% 

standard deviation (run 12), the mean i s  1.51 mCi and the maximum loading is 1.81 mCi. 

The mean and maximum loadings for the Tennessee River as shown i n  Run 2 for 200% standard 

deviation of pollutant input are 11.34 mCi, and 53.42 mCi, and in  Run 4 for 0% 

standard deviation, 13.9 mCi, and 15.5 mCi, respectively. Such great variability in 

the pollutant input when the mean input remains the same has a quite minor effect upon the 

mean intake of pollutant. This i s  further illustrated in values shown in  Table 9 for 

Runs 1 through 4, and Runs 9 through 12. 

Runs 5 and 13 are the deterministic models (Standard deviations of  a l l  input 

variables are set to zero.) and, as shown i n  Table 9, the effect on the mean values is 

small. In systems where the contaminant input differs greatly i n  time from the flow input 

and the contaminant removal, the range of  the means could be greater. 

The effect of  the elimination o f  the benthal deposits and the fi l ter plant are shown 

in  Run 6. I f  25% reduction i s  allowed in  the expected load due to the treatment plant, 

there i s  st i l l  a slight increase in the intake loading. This i s  due to the amount taken up 

* I 
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Table 9. Intake Concentrations Due to Variation of Parameters 

Contaminant Benthal Filter Plant Fallout Expected Maximum Expected Maximum Be ntha I 
Run Y1 Input Removal Removal I npu t Load/yr Load/season Conc./yr Conc./season Deposits 

(curies) (“w (“w (“/I (mCi) (PC i/l 
YO of btandard 
Deviation Number 

Tennessee River 

1 1 00 100 100 1 00 0 12.1 2 21.65 0.21 51 1.5780 1.668 

2 200 100 100 1 00 0 11.34 53.42 4.661 0 1.398 0.2085 

3 50 100 1 00 1 00 0 1 2.79 14.72 0.2207 0.7805 1.897 

4 0 100 1 00 100 0 13.87 15.52 0.2306 0.5284 2.220 

5 0 0 1 00 1 00 0 13.61 4.04 0.2306 0.3081 1.381 

6 100 100 0 0 0 1 7.48 40.06 2.1 49 0.000 0.3056 

7 1 00 100 100 Twice Removal 0 8.03 17.83 0.1 385 
u 
A 

1.6682 0.81 56 
shown in Fig. 12 

8 100 100 1 00 100 100 59.79 53.03 1.0563 3.698 9.662 

Clinch River 

9 1 00 100 1 00 1 00 0 1.28 2.232 1.6929 1 2.050 2.064 

10 200 100 1 00 1 00 0 1 .17 5.325 1.6082 32.020 1.71 5 

11 50 1 00 1 00 100 0 1.38 2.1 89 1.7648 7.570 2.398 

12 0 1 00 1 00 1 00 0 1.51 1.807 1.881 3 5.476 2.945 

13 0 0 1 00 1 00 0 1.37 0.432 1.7794 2.569 1.368 

14 100 1 00 100 Twice Removal 0 0.85 1.812 1.0902 8.036 2.064 
shown in Fig. 12 
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and decayed i n  the benthal deposits, as well as the part that may be due to stochastic 

components of the input variables. 

The effect of the treatment plant that was twice as efficient as the one shown 

in  Fig. 12 in  the removal o f  pollutants i s  shown in  Runs 7 and 14. The mean flux and 

concentrations are reduced by about one-third from the standard values as was to be 

expected (50/75 = 2/3 passing). 

The effect of high fallout pollutant input (shown i n  Run 8) was equivalent to 

increasing the pollutant intake by approximately the same ratio as the fallout pollutant 

was to the waste pollutant. 

The most important information derived from the simulation of  the CI inch-Tennessee 

River system was that the mean concentrations at the crit ical points are only slightly 

affected by a wide range of  pollutant inputs and flows, provided the mean inputs are 

constant. 

The simulation program as developed could be used with additional economic 

input to determine the optimum place and time of  treating the wastes discharged from the 

Oak Ridge National Laboratory. 
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