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INTRODUCTION

This is the first of a series of status reports on the study of the
Clinch River initiated in February 1960. Although preliminary data are
included, the main purpose of this report is to outline the objectives and
the plans for this co-operative Study. The Study is carried out under the
technical co-ordination of the Steering Committee; and, as more information
becomes available, subsequent status reports will be issued by the Steering

Committee.

Objectives

The purpose of the study of the Clinch River below ORNL is to obtain
fundamental information on the physical, chemical, and biological dynamics
of the fresh-water stream which receives large volumes of low-level radio-
active wastes. This program has four general objectives, namely: (1) to
determine the fate of radiocactive materials currently being discharged to
the Clinch River, (2) to determine and understand the mechanisms of disper-
sion of radionuclides released to the river, (3) to evaluate the direct and
indirect hagzards of current disposal practices in the river, and (&) to
evaluate the over-all usefulness of this river for radioactive waste dis-
posal purposes. .

Information from a broadly conceived fundamental and applied program
of study will havg important implications for two world-wide problems in-
volving large-scale environmental contamination: First, what is the over-all

diluent capacity of fresh-water enviromments for the continuous input of
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large volumes of low-level radioactive wastes? Second, what is the long-term

indirect impact of radiocactive contamination on such an enviromment.

Description of the Clinch and Tennessee Rivers

. The Clinch River, a tributarj of the Tennessee River, rises near Taze-
well, Virginia, and flows soﬁthwest to join~the Tennessee River near Kingston,
Tennessee. It is over 350\miles long and drains an area of 4413 square miles.
The portion of the Clinch River from Norris Dam at Cliﬁch River Mile (CRM)
79.8 to its confluence with the Tennessee River, CRM 0.0, is shown on the
accompanying.map (see Fig. 1). This map shows the relative locations of
major feétures, such as nuclear energy installations, highways, towns, and
water and power plants which are of interest in the Clinch River Study.

Below Norris Dam, the river is highly regulated by varying releases

Nosing

from the resefvoir and by changes in water level of Watis Bar Reservoir.
White Oek Creek, which drains the site of the Oak Ridge National Laboratory,
flows into the north side (right bank) of the Clinch River at CRM 20.8. Back-
water from Watts Bar'Dam extends upstream past White Oak Creek to about CRM 28
during the nonflooding season, May to September, and to White Oak Creek,
CRM 20.8, during minimum pool elevation. The 1936-1960 average flow in the
river above the mbuth of White Ok Creek (at Scarboro gage, CRM 39.0) is
56k cfs with a maximum of 42,900 cfs and a minimum daily of 130 cfs since
impoundment at Norris Reservoir began.

The time for a power-release wave to move from Norris Dam to CRM 20.8 is
variable, depending upon conditions in the river. The velocity of the wave

depends, in part, upon the depth of water in the river and upon the rate of

change of discharge with respect to water level. The time of water travel
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“he

from Norris Dam to CRM 20.8 is about twice the time of wave travel. This
assumes unstratified flow in the river which is not always the case as dis-
cussed below.

In the summer, backwaters from Watts Bar Dam are warmer than the Clinch
River water released from Norris Dam, Which causes the Norris water to flow
under the pooled water. The flov in Watts Bar Reservoir downstream from White
Ozk Creek during the period, May - Septembér, is profoundly modified by dif-
ferences in water temperature of the Clinch River and-Watts Bar Reservoir.
When Clinch River water is signifibantly cooler, stratified flow conditions
due to density differences may exist. The section at which stratification
begins varies, depending upon cénditions in the river, but commonly occurs
at about CRM 12.6. This phenomenon markedly affects the travel time of water
through the reservoir and complicatés the analysis of flow. 1In ad&ition,
during the period of stratified flow, some Clinch River water may flow up
'tﬁe Emory River as far as Harriman. It is evident that the Clinch River is
a highly complex hydraulic system.

The Tennessee River Basin extends from the mouth at- Chio River near
Paducah, Kentucky, té headwater tributaries in Virginia, North Carolina, and
Georgia. The river system drains a large part of eastern and western Ten-
nessee, a large area in northern Alasbama, and areas in Kentucky, Mississippi,
Georgia, Virginia, and North Carolina (see Figs. 2 and 3). The drainage area
of the Tennessee River is 40,910 square miles. The mean annual discharge of
the Tennessee River for the period of record, ¢nding in 1960, at Knoxville,
Tennessee, is 12,810 cfs (61 years); at Chattanooga, Tennessee, 37,030 cfs
(86 years); at Florence, Alabama, 50,620 cfs (66 years); and at Paducah,

Kentucky, 63,790 efs (71 years). Many multipurpose dams are located on the
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main stem of the Tennessee River and several principal tributaries; the
Tennessee River, alone, is affected by nine main-stream reservoirs from
Knoxville, Tennessee, to the mouth.

The Clinch and Tennessee Rivers downstream below_ORNL are used for

drinking water, irrigation, industrial cooling, and recreational activities,

_ such as fishing, swimming, boating, and water skiing. Two large existing

steam plants on the Clinch River are the TVA Kingston Steam Plant at CRM 3

and the steam plant of the Oak Ridge Gaseous Diffusion Plant (X-25) at CRM 13.

Another TVA steam plant is authorized for construction near Oak Ridge at ap-
proximately CRM 50. The Clinch River is also used for navigation, primarily
coal barges, up to the K-25 Steam Plant. The use of the river will be mate-
rially increased when Melton Hill Dam, which includes navigation locks, is
constructed at CRM 23.1, possibly including navigation as far upstream as
Clinton at CRM 60. If completed as tentatively planned, this project will
entall important channel changes and increased velocities and lower tempera-
tures in the river for some distance below the Melton Hill Dam.
Contamination of community drinking-water supplies is the most serious
potential hazard that may result from discharges of radioactive materials
to the Clinch River system. Thé seriousness of the hazard depends on the
population potentially eﬁposed, as well as on the intensity and duration of

contamination in the water-supply systems. Information regarding community

water systems on or near the Clinch and Tennessee Rivers downstream from ORNL

to South Pittsburgh, Tennessee, is given in Table 1.
The estimated total population of communities downstream from ORNL and
served by surface-water sources on or adjacent to the Clinch and Tennessee

Rivers is about 200,000 (Table 1). More than 80% of this population is in

v e o
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the municipality and suburbs of Chattanooga, 125 miles downstream from
ORNL, which must use the Tennessee River water to supply the large require-
ments for domestic and industrial uses. In addition to potential health
hazards, the possibility must be considered that radiocactive contamination
in the water supply might make it unsuitable for use in certain industrial
processes.

The pumping and use of water from the Watts Bar and Chickamaugas Reser-
voirs for irrigation of agricultural crops is increasing very rapidly. One
estimate in 1955 indicated that there were then more than 1000 such irri-

N

gation installations in Tennessee, that they had increased in number more
than tenfold in a [-year period, and that ;aw river waters were used for
supplementary spray ir;igation on various cultivated crops and pastures for
cattle. Radiocactive contamination in water used for irrigation of human

or animal food crops is a potential hazard of human exposure through food

or milk.

Use of the Clinch River for Radioactive Waste Disposal

The Oak Ridge National Laboratory releases some radioactive wastes to
White Oak Creek from the waste water treatment plant, waste seepage pits,
drainage from various reactor facilities, cooling water from the reactors,
and seepage from the bed of White Oak ILake.

White Oak Lake from 1943 to 1955 was used as an impoundment for the
wastes released from the Laboratory. This lake covered an area of 35 to
Ll acres and had an average depth of 6 £t. Some of the wastes flowing from
the Laboratory were sorbed on the muds and silts and settled in White Oak

Lake. Eventually, equilibrium was reached in the lake between inflow and
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outflow of radioactive materials, and the lake was drained in October 1955.
Now the wastes flow into White Ozk Creek and through part of the bed of

White Oak Iske. The gates of White Osk Dam have been reworked and are
maintained at a sufficient elevation above Watts Bar Reservoir so that a
standing pool-of spproximately 5 acres exists back of the dam. By this

means a one-way flow of water through the gates is assured even during
periods of high elevétion of Watts Bar Reservoir. Proportional water sam-
ples are now taken continuocusly at fﬁe dam-control voint and provide a more
accurate measure of radionuclide content in the water than was possible prior
to remodeling.

During the 10 years, 1948 to 1957, approximately 3600 curies were dis-

charged from White Ozk Creek into the Clinch River. The major radioactive

constituents in these wastes were the rare earths, Sr89, Sr9o, 05137, and
Ru;06. In addition, White Oak Creek discharged substantial quantities of

nonradioactive chemicals, particularly nitrates. This chemical discharge
and the slowing down and warming up of Clinch River waters below White Oak
Creek result in periodic dense growths of algae in the nutrient-rich waters.

The Ozk Ridge Gaseous Diffusion Plant (K-25) and the Y-12 Plant also
discharge wastes to the Clinch River. These wastes consist of uranium and
uranivm-derived elements and are a by-product of uranium processing at these
plants. Although of low activity, these effluents do increase the contami-
nant load of the river. The wastes from the K-25 and Y-12 plants flow into
the river through Poplar Creek downstream from the K-25 potable water-supply
intake.

The Clinch river below ORNL is not used as a source for community

drinking-water supplies. However, due to the fact that cold Clinch River
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water flows upstream in the Emory River during the summer months, Clinch
River water is at times drawn into the Har?iman municipal water intake.
During the summer months, Clinch River watef is used for the domestic sup-
ply by personnel of the TVA Kingston Steam Plant. In addition, the water
inéake in the Tennessee River used by Kingston, along with springs, for the
municipal supply is so located that during the summer months some Clinch
River water could possibly be drawn into the municipal system, but the
probability is slight and the expected frequency rare (see Fig. 1).

The continuous discharge of radioactive material, by definition, will
allow the physical, chemical, and biological environments to approach
sﬁeady—state conditions., The absorption and adsorption of the radioactive
materials by the suspended solids and biota will tend to decrease the con-
centration of dissolved radioactive material in the water. The physical
processes of diffusion apply principally at the beginning and end of waste
flows. The rest of the time simple dilution is the primary physical factor,
provided‘the contaminant is uﬁiformly mixed with the water by the time it.
reaches the cross sections of interest. The monitoring of continuous dis-
charges of radioactive materials must include measurements of concentrations
in the biota, mud, and water to ensure that the exposure from water used
for drinking, irrigation, and recreation does not exceed acceptable dosages

to downstream users (see page U43).

Past and Present Water Monitoring Program

The primary emphasis of normal ORNL monitoring of releases to the Clinch
River is to ensure that the concentrations of radioactive materials in the

river are below the maximum permissible concentrations (MPCW) for drinking
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water recommended by the NCRP¥. To ensure this, the‘liquid wastes from
ORNL are continuously sampled in White Ozk Creek at White Oak Dam and are
semplied daily in the Clinch River at the Ozk Ridge Gaseous Diffusion Plant
(K-25). The U. S. Geological Survey (USGS)‘measures the amount of flow in
White Oak Creek and in the Clinch River so that the concentration of wastes
in the river, assuming complete dilution, can be determinéd. The daily sam-
~ )
ples at-White O2k Dam are compositea and counted for gross beta and gamma
activity. A portion of the flow is brought past a beta monitor, consisting
of a detector head employing a five-G-M-tube cluster, a count-rate meter,
and a continuous sampling system. The count rate is telemetered back to
the area-control laboratory. If the count should exceed a certain limit,
an alarm will sound, and White Oak Dam can be closed manually until such
time as the activity has decayed or some remedial action has been taken.
Weekly composite samples are analyzed radiochemically for plutonium

90; Monthly composite sampies are. analyzed radiochemically for the

" and Sr
radioisotopes of strontium, cerium, praseodynium, ruthenium, rhodium, iodine,
zirconium, trivalent rare earths, niobium, barium, and cobalt. Once the
radiocactive materials pass out of White Ozk éreek they then flow into the
Clinch River and-eventually into the Ténnessee River.

Each year since 1951 the Laboratory has conducted a survey of the
amount of radiocactive materials in the Clinch and Tennessee River sedimenﬁs.
The gamme radiation of the bottom sediments in place is measured by twelve

battery-operated G-M tubes connected in parallel. Bottom sediments are also

collected and analyzed for their radiochemical constituents (see page 25).

*¥National Committee on Radiation Protection and Measurements.
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Water samples are collected daily from the Clinch River at Centers Ferry

near Kingston, Tennessee, by the Applied Health Physics Section, ORNL, and

composited for 3-month periods. The composite is filtered and concentrated

by evaporation. The residue of suspended solids and the concentrate are
analyzed for Tission products to determine the %evel and composition of the
radionuclides existing in the Clinch River waters at this point.

' The highest concentration of radiocactivity in the river bottom sedi-
ments, except near the mouth of White Cak Creek, is about eighteen times
background and is located zbout 12 miles below the outfall of White Oak
Creek. The qbncentration of radiocactive materials in the river sediments
falls off very quickly after the first 20 piles and is only about twice
background at 100 miles and approaches background beyond Chattanooga at
150 miles downstream, though fission products are still detected by sedi-
ment analysis. At this level it is difficult, if not impossible, to dis-
tinguish between fall-out and waste-disposal contaminants. The level of
radioactive contamination in the bottom sediments drops off rapidly below
each dam in the Tennessee River and increases again as the next dam is ap-

proached. This occurs because the water velocity and turbulence decrease

as the water approaches the dam and are increased in the channel immediately

below the dam.

Participating Agencies

At the invitation of the U. S. Atomic Energy Commission, representa-
tives of two Tennessee State agencies and three other Federal agencies met
with representatives of the AEC-Washington, AEC-ORO, and ORNL in Oak Ridge

on Deceﬂber'lB, 1959. The purpose of this meeting was exploratory, to
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consider the need for and scope of a proposed river study and to determine
the extent to which these agencies would be willing to participate in the
investigations indicated in the proposal. The agencies represeﬁted at this
meeting were: Tennessee State Game and Fish Commission (SGFC), Tennessee
Staté Department of Public Health‘and Stream Pollution Control Board (SDPH),
U. S. Public Health Service (PHS), U. S. Geological Survey (USGS), Tennessee
Valley Authority (TVA), U. S. Atomic Energy Commission (AEC), and Oak Ridge
National Laboratory (ORNL). '

Detailed reports of waste releases to the river and of the Applied
Health Physics Section's monitoring program in the river were presented by
representatives of the ORNL Health Physics Division. The scope of the pro-
posed study and its objectives were also considered, and general agreement
was reached that the study should be undertaken. It was impossible for the
representatives of the outside agencies to state at that time what their
réspective roles in this co-operative §tudy would be.

At the meeting, it was decided to organize a Technical Steering Com-
mittee made up of representatives of each agency. E. G. Struxmess, ORNL
Health Physics Division, was asked to serve as Chairman of the Steering
Committee, and the membership was made up as follows: F. V. Durand (SGFC),
A. G. Friend (PHS), F. E. Gartrell (TVA), R. G. Godfrey (USGS), S. leery
Jones (SDPH), J. A. Lieberman (AEC-WASH, ex officio), I. E. Wallen (AEC-WASH,

ex officio), and A. A. Schoen (AEC-ORO, ex officio).*

*Based on minutes of the exploratory meeting, December 18, 1959. Dis-
tributed to the Steering Committee and members of the staff of the Study.
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Meetings of the Steering Committee¥*

On December 18, 1959, immediately following the exploratory meeting,
the newly-organized Steering Committee held a brief meeting. General pro-
cedures for the work of the committee were considered; and the dates for
the next meeting, viz., January 21-22, 1960, were selected.

The second Steering Committee meeting was ﬁeld at Oak Ridge on Janu-
ary 21, 1960. The decisions of the committee made at this meeting were as
follows:

(1) That the exploratory phase of this Study, requiring a period of
approximately 6 to 9 months, would deal with the sampling and analysis of
river‘water,'suspended soli@s, bottom sediments, bottom fauna, and fish
populations at mutually agreed upon collecﬁing stations.

(2) That the ORNL Ecology Section would assume primary responsibility
for the bottom faunma.

(3) That the ORNL Waste Research Section would assume primery responsi-
bility for river water, suspended solids, and bottom sediments.

(4) That the PHS group at the Sanitary Engineering Center in Cincin~
nati would assume primary responsibility for a study of fish populations.

It was later pointed out that the activities to be carried out by PHS
would require justification from the viewpoint of public health interest.
The PHS group at Cincinnati was oriented toward and equipped %o handle work
of public health interest, and this philosophy governed the types of sam-

ples to be taken and analyses to be made. They were at that time conducting

) *Summarized from minutes of all meetings of the Steering Committee
which were distributed to members of the Steering Committee and the staff
of the Study.
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stream-pollution surveys in the Mohawk River and in the Savannah River,

and it was their feeling that they should conduct a similar survey in con-~
nection with the Clinch River Study; that is, they preferred to take samples
of everything and to take them back to Cincinnati for preparation and analy-
sis. While there were some conflicting viewpoints on sampling techniques
and in respect to responsibilities, there seemed to be general agreement
between the ORNL and PHS groups as to ?he over-all objectives. At this
meeting, Dr. I. E. Wallen, AEC-WASH, requested that Dr. Vincent Schultz
serve as an ex-officio member of the.Steering Committee in his stead.

The third meeting of the Steering Commitfee.was held in Oak.Ridge on
April 21, i960. By this time the ORNL groups and the PHS group had begun
thelr respective investigations in the river, and detailed progress reports
were distributed and discussed at the meeting. Preliminary discussions
indicated that there were some differences of understanding by workeré in
the several agencies and insufficient or ineffective liaison regarding spe-
cific work assignments and procedures. The purpose of this meeting was to
eliminate these misunderstandings, and discussions covered the following
points: (1) specific clarification of the immediate objectivés, (2) more
exact definition of work to be done by each agency, (3) discussion of each
major phase of thenérogram by those directly in charge of the work, (4) re-
view of the relationships of the different types of data to variousiparts
of the work program, (5) agreement as to what should be done by the several
working groups during the next 3 to 6 months, and (6) information to the
Steering Committee regarding procedures agreed upon and progress in the field
program. It was finally agreed that each agency would use its own analytical

procedures with enough cross checks of duplicate samples to be sure that the
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results were comparable. It was also agreed that, operationally, the two
groups (ORNL and PHS) could move independently toward the common objective.
The fourth meeting of the Steering Committee was held in Ozk Ridge on
September 22 and 23, 1960. Two changes in committee membership were made
at this meéting; namely, J. S. Cragwall to replace R. G Godfrey of the Sur-
face Water Branch (USGS) and Glenn Gentry to replace F. V. Durand of the
SGFC. A Subcommittee on Water Sampling and Analysis was appointed to plan

and implement all water sampling and analysis for the Clinch River Study.
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SAMPLING AND ANATYSIS

Quantitative information necessary to define and gain an understand-
ing of physical, chemical, and_biological conditions in the river must be
obtained primarily by collection and agalysis of various types of samples.
In an effort to make the analytical results most meaningful in relation to
radioactivity in the river and also to minimize the work load and cost of
collecting and analyzing samples, a great deal of time in the early stages
of the Study has been devoted to the selection of sampling points and in
deciding on tﬁe frequency of.sampling, types of samples, and analytical
procedures. As mentioned earlier the Steering Committee considered these
problems in detail during its meetings and set up.a special committee to
design and implement a suitable program and distribution of effort by the
various agencies in sample collection and analysis.

In quarterly envirommental surveys the Public Health Service has in-
cluded collection of samples of water, bottom muds, fish, miscellaneous
aquatic fauna, plankton, and filter sand from a water plant wﬁich uses the
Tennessee River as a source of raw water for a municipal supply. The loca-
tions of the sampling stations and the number and types of samples collected
in the quarterly survey by the Public Health Service, February 9-15, 1960,
are summarized in Table 1 and described in more detail in Appendix A.

On the Clinch River more intensive sampling is being done by ORNL, and
the results, as they become available, are correlated with hydraulic data

and with information about the releases of radioactivity through White 02k

-18-
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Table 2. Type and Quantity of Samples from Each Station (1)

Station Number (see footnotes)

Sample - Type

Type 1 2 3 L 5 6 7 X Totals
Al gae bags 5 10 15
Clam (shells) 1 1 2
Crayfish 1 1
Filamentous algae 1 1
Pilter sand 2 2
Fish 18 6 40 38 9 16 127
Mud 1 3 L 2 1 1 2 y 19
Plankton tow 1 1 1 1 3
Rock 1 1
Sand Wash H20 3 3
Sludge 1 1
Spinach bags 5 6 11
Snails 1 1
Tea bags 11 13 2L
Turtle 1 1
Water 1 6 5 1 1 1 2 17

1 - Clinch River at Norris Dam (CRM 79.8)

2 - Clinch River at White Oak Creek (CRM 20.8)

3 - Clinch River at Gallzher Bridge (CRM 14.5)

4 - Clinch River at Centers Ferry (CRM L.6)

5 - Tennessee River at Fort Loudoun Dam (TRM 602.L)

6 - Tennessee River at Watts Bar Dam (TRM 529.9)

7 - Tennessee River at Chattanocoga, Tenn. (TRM 465)

X - Three different locations on Bear Creek

"t
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Creek to the Clinch River. Of primary interest in this Study are data
from the sampling of water, bottom sediments, and biological organisms
in the water or sediments.

A composite tabulation of information conéerning éampling sites, types
of analyses, and agencies responsible for collection and analysis for all )

phases of the Study is given in Appendix A.

Water

A budget of radioactive materials in the Clinch River is an essential
prerequisite to the achievement of the objectives.of the Study outlined on
page 1. The establishment of such a budget requires a determination of what
. is already in the river. If the bﬁdget is to be dynamic rather than statie,
then, data are needed on dispersal and dilution of radioactive contaminants,
the proportions of radiocactivity associated with the liquid phase and with
suspended matter in the water, the accumulation of particular radionuclides
through settling and deposition of bottom sediments, and resuspension or
redissolution of radiocactive materials from bottom sediments back into the
water phase. Water sambles are taken to determine the radioactive and chemi-
cal constituents both in the water phase and in the suspended matter. The
cross—secpional distribution of radioactive materials in the water phase is
determined to indicate the pattern of dispersal and dilution under various
conditions of temperature, stream flow, and reservoir elevation.

.During the first 7 months of 1960, routine water sampling stations were
established at the Oak Ridge Water Treatment Plant, CRM 41.5; at the 0Oak
Ridge Gaseous Diffusion Plant's water treatment plant, CRM 14.5; and at the

Kingston Steam Plant, CRM 3.8. During this period, the ORNL Applied Health
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Physics Section's monitoring data indicated that at the mouth of the Clinch
River over ho%,of the total activity carried downstream was Sr9o; and that
the percentages of Ru106, Celhh, 05137, 0060, and Zr-Nb95 were 23, 135, 13,
T, and 3% respectively. Also, these data indicated that spproximately 70%
of the cesium was associated with the suspended sediments, while only 5, 1k,
22, 25, and 29% of Sr90, Ru106, Celnh, Co6o, and Zr—Nb95, respectively, were

associated with sediments. Based on the average suspended sediment load of

27 ppm at the Oak Ridge Water Plant, CRM 41.5 (upstream from White Osk Creek),

the percentage of each isotope associated with suspended silt agreed quite
well with the values predicted from laboratory studies of sorption by sus-
pended and deposited sediments.

From the recently-established continuous-sampling stations at the Oak
Ridge water plant, the Gaseous Diffusion Plant water plant, and the Kingston
Steam Plant, samples are composited for weekly analyses. The sampling sta-
tion at the Steam Plant (CRM 4.5) was discontinued on October 31, 1960, and
a replacement station was established at CRM 5.5, one mile upstreaﬁ from
Centers Ferry, November 1, 1960. A fourth continuous sampling station is
to be established at CRM 19.1, which is 1.7 miles downstream from the mouth
of White Ozk Creek (2)(3). At each of these stations samples are composited
for weekly analyses. For practical reasons it has been necessary to limit
the number of water samples taken routinely and to take the samples at a
fixed point or in a small area within the cross section of the stream.

In order to evaluate the relationship of these point-integrated sam-
ples to the water in the entire cross section, data from a special series of
samples representing various river conditions are being studied by at least

two methods. The homogeneity of water masses in the river cross sections
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selected for water-quality sampling is being tested statistically by
response-surface analysis of a central composite sampling design. The
depth~-integration method is being used té determine the mean concentrations
of chemical constituents and sediments flowing through the cross sections.
A depth-integrated sample is obtained at several verticals in the section,
each represenﬁing an equal portion of the flow. Concentrations in sémples
collected by point-integrated methods are then compared to the mean values.
The Subcommittee on Water Sampling and Analysis prepared a long-term
plan for collection of water samples during the Study (4). Their proposal
specified the location of stations and frequency of sample collection and
analysis, and suggested methods for obtaining samples which would be pro-
vportional to the volume of flow in the river. Under tﬁis plan water sam-
pling stations will be at (1) the Clinch River at the Osk Ridge water plant;
(2) the Clinch River near Centers Ferry above the mouth of the Emory River;
(3) the Tennessee River at Loudon, Tennessee; (4) the Tennessee River at
Watts Bar Dam; and (5) the Tennessee River at Chickamaugs Dam. Subsamples
will be collected daily and composited into weekly samples (Sunday through
Saturday) for analysis. The daily subsamples collected from each of the two
Clinch River stations and from the two Tennessee River stations at Watts
Bar Dam and Chickamaugzs Dam will be proportioned at each station so that the
weekly compoéite sample will represent proportionally the river flow during
that week. Wéter samples from the station at Loudon, Tennessee, which is
upstream from the mouth of the Clinch River, will not be made proportional
to river flow. The Subcommittee also proposed that the weekly composite
from each station be split into two portions; namely, a 5-gal portion for

radioactivity determinations and a l-gal portion for chemical analysis. In
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addition to the'basic sampling scheme outlined above, the Committee recom-
mended that the collection of special water samples from selected locations,
particularly from White Oak Creek, be established if necessary for better
interpretation of the water analyses.

From time to time active participants in the survey have discussed
the handling and analysis of water samples, and a co-ordinated system has
been developed. In the qqarterlyasurvey sampling and analysis by the Public
Health Service, all water samples were stored and shipped in 2-gal polyeth-
ylene bottles. These were composited into 10-gal samples for each station,
reduced by evaporation to 3.5 liters, and gounted on the gamma spectrometers
in the standard 3.5-liter milk beakers. After gemme scanning the samples

20 by radiochemical methods (1). At a meeting in May

were analyzed for Sr
1960, PHS and ORNL agreed that water samples should be treated comparably.
Sediments have been separated from the dissolved matter, and both have been
counted. Duplicate samples have been counted at both Cincinnati and Qsk
Ridge.

The Steering Committee agreed that the analyses of water samples would
include = Sr9o determination and gamma scan. A more complete radionuclide
analysis wili be made on samples from stations in the basic sampling scheme
proposed by the Subcommittee on Sampling and Analysis (see above). In addi-
tion, chemical analyses will be provided by the State of Tennessee. The
extent and frequency of analyses for various minerals will depend. upon the
concentration and importance of the particular mineral and the frequency of
change in concentration.

As to results, analytical data from ORNL groups have not yet been tabu-

-

lated and made available. Tentative data on the gamma spectra of water
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collected by tﬁe Public Health Service from White Osk Creek and from the
-Clinch River at Kingston, Tennessee, have been made available in graphic
and tabular form in a preliminary report which is in process of comple-
tion (1). This preliminary report has been made available for use by the
Steering Committeé and staff of the Clinch River Study, but requires fur-

ther checking and revision before it can be released generally.

Bottom Sediments

In its preliminary quarterly surveys, the Public Health Service col-
lected mud samples with either an Eckman or Petersen dredge, depending on
the composition of the botﬁom. In general, the Petersen dredge was used
only where the bottom deposits contained pebbles or hard clayey matefials.
Mud samples were put into pint-sized plastic containers for storage, trans-
portation, and subsequent gamma countiﬁg. No preservatives were used for
mud samples, and no special preparation was given to them before analysis.
They were weighed in the containgr and plaéed directly onto the crystal for
gamms, scanning. Some samples with high radioactivity were counted on a
stainless steel planchet~after air drying and weighing out spproximately
5 g more or less, depending upon the activity of the sample. TFor all mud
samples corrections were made for self-absorption. As to results in the
quarterly surveys, gamma spectra of mud samples from White Ozk Creek and
the Clinch Riveér at Kingston and the Sr9o content in certain samples, deter-
mined by radiochemical analysis, are shown in the preliminary report (1).

Beginning on August 16, 1960, core sampling of the bottom sediments of
the Clinch River was begun by the ORNL groups. These samples were collected

at préviously established and monumented cross sections. The sections are
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approximately i to 1 l/é miies apart, beginning at CRM 22.5 and ending at
CRM 4.7 (Centers Ferry). A core was obtained at every 50-ft interval in

the cross section. The collection of samples was completed on September 2,
1960. The radionuclide content, activity levels, sediment-size distribution
and composition of the cores are to be determined. No date has been set

for completion of these determinations, and no results are available as

vet (3).

Annual surveys of radicactivity in bottom sediments of the Clinch and
Teﬁnessee Rivers have been made by the 6RNL Applied ﬁéalth Physics Section
since 195k. The surveys for the first 3 years (1951-1953) vere made by the
Radiocactive Waste Disposal Research Section and were reported by Garner end
Kochtitzky in a paper published August 1956 (5). The results of surveys
covering the period 1954 to 1958, inclusive, are available in a report by
W. D. Cottrell, issued November 18, 1959 (6).

In the survey during the 5-year period (1954-1958) reported by Cottrell,
measureﬁents were made at cross sections 2 miles gpart in the Clinch River
and approximately 10 miles apart in the Tennessee River and TVA Reservoirs.
In the Clinch River measurements were made at 50-ft intervals across the
river at each cross section, and in the Tennessee River ten measurements
were made at each cross section. Measurements consisted of gamma counts
obtained with a multiple-G-M-tube detector ("Flounder"), lowered to the sur-
face of the bottom sediments, and analysis of mud samples taken at each
measurement point. The results of radiochemical assays of -the samples of
sediment analyzed were averaged, and the radionuclide content aversges for
the Clinch River and for the Tennessee River are presented graphically in

Fig. 4, which is taken from Cottrell's report. The radionuclides, 05157-Ba137
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-27-

Sr9o, Celhh-Prlhh, Tri.Val.R.E.+Y90, and Co6o, for each of the 5 years, are

shovn individually in Fig. 4 (Ref. No. 6, Fig. 9, page 22). The most strik-
ing result of these surveys is the demonstration of a significant increase
in bottom radioactivity between 1955 and 1956. C(ottrell attributes this
inérease to the draining of White Oak Lake (in October 1955) with the at-
tendant scouring of contaminated silt from the lake bottom.

A preliminary analysis of the results pf sampling and analysis of
sediments in the Clinch River and the lower part of Watts Bar Reservoir in
May 1960 has been made by the staff of the Tennessee Valley Authority. From
the survey data and information regarding the volume of sediment in acre
feet, the approximate area covered by sediment in acres, the rate of accumu-
lation per year in acre feet, and the estimated dry weight in pounds per
cubic foot, a very rough approximation of the total activity in these parts
of the river system has begn made. Estimates of the number of curies of
six individual radionuclides indicated that in the Clinch River arm from

eAM
the mouth ofgihe river to mile 20.8 at the mouth of White Osk Creek the

slb_iang 3R vven Hre dom
total of curies deposited between mid-1943) and mid-1960 was approximately

Wik p bk 106 o 106

1670. Of the principal radionuclides of interest (Ce Ru " "-Rh R

cs¥T8a13T) 297 %5, 0o, ana s:%°),

ruthenium-rhodium contributed 58%
and cesium-barium 36% of the total radiocactivity deposited in the Clinch
River sediment. 1In Watts Bar Reservoir from the mouth of Clinch River down-
stream to Watts Bar Dam, it was estimated that approximately 50 curies were
deposited during the same 17-year period of which 38% was contributed by

R 06_p, 106

and 52% by Cs137—Ba137. When additional data are available,
these rough estimates will be rechecked and broken down to represent smaller

sections of the two rivers (7).
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In order to make calculations of the estimated curies of activity
mentioned gbove, it was assumed:

(1) The activity found in the top several inches of sediment represents
the activity in all sediment deposited since Oak Ridge began releasing radio-
nuclides to the Clinch River in 1943,

(2) The average annual rate of sediment accumulation determined for
the period of October 1946 to May 1956 holds true for the 17-year period,
mid-1943 to mid-1960.

(3) The averages of the three activity levels found at the three sam-
pled ranges in the Clinch River arm, and the average of the two levels found
at the two ranges in the main section of Watts Bar Reservoir, represent ac-
tiﬁity levels for all sediment deposited since mid-1943 in the Clinch River,
and in the Tennessee River segments of Watis Bar Reservoir respectively.

(&) Sediment densities (wet weights and volumes) are as estimated from

the analyses of sediment samples by the Public Health Service.

Radionuclide Interactions with Minerals and River Sediment

Previous geochemical studies in the Waste Disposal Research Section
have provided information regarding the sorption of radionuclides by clay
minerals. During 1960 a laboratory study of the affinity for radionuclides
of typical Clinch River sediments and four standard clays was made and re-
ported (8). Uncontaminated sediment from the bottom of the Clinch River,
about 2 miles upstream from the mouth cf White Osk Creek, was obtained; and
sorption studies were made to compare the affinity of the sediment and of

four standard clays; namely, illite, kaolinite, montmorillonite (bentonite),

and vermiculite. The standard clays were selected for comparison after
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x-ray diffractometer tests of the Clinch River sediment sample had shown
that it consisted of approximately 60% illite, 15% kaolinite, 10-15% ver-
137 60

miculite, and 10-15% quartz. The radioisotopes used were Cs , Co 7,
Sr85, and Zr95-Nb95. Mas%er solutions for the tests were prepared by mix-
ing each of these isotopes with distilled water separately in such amounts
that the activity in each master solution was between 15,000 and 30,000
counts min™t m1t.

The test procedure was to mix the standard clays and the river sedi-
ments with the radioisotope solution and to count the activity removed by
the suspended matter after various periods of contact and clarification by
centrifugation. Tests were made at pH 6 aﬁd pH 9, and the sorption of ac-
tivity by suspended matter was determined after 1 hour, 3 days, and 7 days

of contact. The affinity of the clays and the river sediment to sorb the

radiocactivity was expressed for comparison in terms of K., the distribution

d
coefficient value. The distribution coefficient, Kﬁ, was defined as:
:f‘c/M
K, = ‘ (1)
d 2
fS/V
vhere RN
fc = fraction of activity sorbed by clay,
fs = fraction of activity left in solution,
M = weight of sorbent expressed in grams,
V = volume of solution expressed in milliliters.

Tables 3, 4, 5, and 6 show the average percentages of cesium, cobalt,
strontium, and zirconium-niobium sorbed by the various standard clays and

by the river bottom sediment.

J

e TN VA T S r T e e e e s - Ao, e e



-30-

~t

*IOJXIS PABPUBLS T = Fy

000°¢Q 000°88 #2°0 ¥ %9°L6 20 * gL°L6 sfep
- TW 008/3 T°0 000°04 00005 G2'0 ¥ 91°96 G2°0 F LT1°96 shep ¢ JUSWTPIS ILATY
002 ¢ 00¢ ‘e LS°0 ¥ T¢°T9 g0 F GL°¢S aq T
000°T2 000°2T 12°0 7 9L°66 72°0 ¥ 09°66 sdep g
™ 06/8 T 000 ‘HT oot ‘g 72°0 ¥ %966 712°0 F TH°66 sfep 3 93 FIMOTULLIA
00T‘T 0o ‘T N0 F LL°G6 G2°0 ¥ £9°96 Iq T
000°‘T 000°T Gh*0 F 76°06 G0 F G6°6% sfep L,
W 00T/3 T°0 00< ‘T 002°T GC*0 F 9T°9% €0 F TGS sfwp ¢ 99 TUOT T TIOUFUON
00h ‘T 009°T G0 F 93°gS ¢°0 F 03°T9 g T
000°T .002‘2 f°0 F 02°TS 62°0 7 Lx°g9 sfep ),
T Q0T/3 T°0 009°‘T 00g‘e L2°0 7 6¢°29 G20 7 96°¢L sfBp ¢ 99 TUTTOBY
00L‘CT 0062 g2°0 ¥ 6T°¢6 g2°0 F €2l Iy T
000008 000°0gT ¢€2°0 7 96°g6 ¢3°0 ¥ 6¢°86 sfep
™ 00¢/% T°0 000022  000‘ONT  ¢2°0 F 09°g6 ¢3'0- F 26°L6 shep ¢ S TTTIL
006 ‘g2 000°.L2 62°'0 ¥ gf*06 %G2°0 F 66°68 aq T
UOTANTOS L85 S8 6 Ha 9 nd 6 HA 9 Hd p—
0% 5 40v9T00 TeTISYEN
£B8TD JO 0198Y 3 988I9AY Paqog £3TATHOY ¢ S8BILAY
sABTD Aq peaqIog umfpes) Jo @M 988I9AY PUB QU] J3J 98BILSAY ¢ STABIL



-31-

‘UOTANTOS JI97.88W PafnITILUSO WOLT

*TIOIID PIABPUBIS T = Fxx

POYBTNOTED aJdaM F9TNSaI aA0qVx

000°TT 000°3., gT°0 F 3T°6Q LT°0 7 g2°Ll6 sfep
™™ 002/8 T°0 00t ‘6 000‘g2  6T°0 F g¢'eQ LT°0 ¥ ®¢°¢6 sdwp ¢ JUSWEPSG IBATY
00T ‘S 00L‘T 220 ¥ T6°TL €C°0 F W 9 Iy T
ohh 00Lt gT°0 + 09°6Q 9T°0 ¥ 96°g6 sfep g
™ 06/8 T 0g2 009°¢ gT'0 ¥ 39°4Q 9T'0 ¥ €9°g6 sfep 2 9} TTNOTUISA
0¢T 02T T2°0 ¥ Lg°el 12°0 F ¢9°0L ay T
00g 009°¢T 09'0 ¥ LE°Gh 9f*0 F 9¢°29 sfsp
W 00T/3 T°0 008 009°T 09°0 ¥, 89°¢h o0 F T6°¢9 shep ¢ 99 TUOTTTIOUUOK
00¢ ‘T 00¢ ‘2 92°0 F Q¢ °9¢ T2°0 F 0L°69 ayg T
00L°T 00T ‘¢ 30 ¥ Q6°9f 62'0 ¥ 26°09 sfep |,
™ 002/8 T°0 00T‘2 000°¢G 62°0 ¥ TG TG T2°0 * #$°TL sfep ¢ 9 TUTTORY]
00§ ‘H 006 ‘¢ 32'0 ¥ L1°'69 #2°0 ¥ T6°¢9 ay T
000 ‘2 00% ‘9 GE*0 ¥ 76°66 LE°0 7 ¢°9g sfep ),
™ 00T/3 T'0 000‘QT  006°SG 60 ¥ §9°H6 L¢to F 64°6g sfep ¢ S TTTL
009°¢¢ oTh 6T'0 T H0'gL  %%x36°0 F g6°ge Iy T
UOTINTOS I93 S8 6 Hd 9 Hd 6 Hd 9 Hd ourT
(e1:3 - o8 mw‘ TBTI998BH -
£BTD JO 0O1a8Yy @M 23BI2AY paqaog £9TATIOY & a8vasAy F0BIUOY

xs£eTD £q paqxog 09-1T8BA0C) JO UM a8BIoAy pUB JUL) I9J SFBIGAY ‘4 OTQBTL




-32-

*IOIID PIBPUBLS T = Fx

000t ooHT G2°0 ¥ 08°99 6%°0 F ¢8°TH sfep J,
™ 008/3 T°0 005¢ 00LT 92°0 F L8°¢9 9¢°0 F 6L°6H sfep ¢ JUSUWTPSS ISATY
099 oS L9°0 7 6L°%S gL*0 F w12 ay T
006¢ 00gT 6T°0 ¥ €L°g6  6T°0 F €£°L6 skep g
™ 05/28 T OOHT 009T 6T°0 ¥ 94°96  6T°0 ¥ 66°9% sdep 3 S} TTNOTWISA
00T OLT 92°0 ¥ #T*L9 220 F G Ll ay T
_ 0022 00TS 20 F L9°g9 T2°0 ¥ T2°L9 sfep J,
W 00T/3 T°0 0022 0002 T30 ¥ 99°9g9 T30 ¥ 88°99 sfep ¢ 99 TUOT T TIOUUOK
. 0092 oot 02°0 ¥ 98°TL 02°0 F 68°0L ay T
. 006¢ 0001 20 ¥ §3°99 73°0 F 1 *99 sfep ),
W 002/3 T°0 ootrh 002t ¢3°0 F 66°89 €20 ¥ 6%°L9 sfep ¢ 93 TUTTOBI]
0004 ootg 32°0 ¥ 3°1L G20 ¥ LL*29 ay T
09 0LS ¢¢'o ¥ LT'Sh  HS'0 ¥ 98°9% skep ),
W 00T/3 T°0 00L 09% %0 ¥ 60°TH 76°0 ¥ 69°92 sfep ¢ 93 TTTI
03¢ . 0T¢ Gh*0 F L9°TE x89°0 F 2f°¢e ay T
UOTINTOS I09SEH 6 Hd 9 Hd 6 Hd 9 Hd —
03 5 - 1089100 TBTI9%8)
£BTD JO OT9BY Iy 998I0AY paqIog £3TATIDY 9 OFBIIAY

sfeT) £q poqIog GQ-UMTAUOILS JO @M a89BJIBAY PUB qUL) I eFBILAY * G OTABI



=33~

*PIZNITILUSD
*UMTAOTU-UMTUODITZ JO

*IOXIS PIABPUBLE T = Fyx
30U 4nQ PIIIFAS PUB POXTW T[OM - UOTINTOS JI998BH
TW/83UN00 WOXF PIYBTNOTBO OISM SLTUSDIL SAOQB SULw

-

000‘Q 006‘2T  $3°0 F #6°6L 712°0 F 95°98 sfsp J, A
™ 003/3 T*0 002‘9 0096 L3°0 & 666l 62°0 F 69°2g sfep ¢ QUSWEPSS ISATY
oo ‘e oof ‘¢ Lg°0 ¥ LE*%S 3¢*0 F £8°29 ayq T
o¢l, ons 6¢°0 ¥ Lo*eh ot*0 ¥ f8°6¢ sdBp
™ 00T/2 T°0 019 00 ¢h*0 F 06°LE LS50 F HL°g2 sfep ¢ 93 TUOTT FIOWUOH
09% 0LT ¢9'0 ¥ g2°9e 9T°T & SH*HT ay T
000°gT 00094 72°0 % 28°GQ 33°0 F ¢6°H6 sdep J,
™ 00¢/3 T*0 00002  000‘Lfy  #3'0 ¥ €0°Lg 33°0 ¥ 00'#6 sfep ¢ 93 FTUTTOBY
00S°CT  006“h2  63°0 7 ¢L°Tg ¢3°0 F QL*69 aq T
00S‘#2  006‘Ly  ¢2°0 ¥ g0*68 220 F G026 sfep ),
™ 00¢/8 T°0 00S‘ST  000°g8  0£°0 ¥ 26°¢Q £3°0 ¥ 6¢°06 sfep ¢ 99 FTTI
0056 006‘GT  13°0 F 6676 *%G3°0 F 39°CQ aq T
UOTINTOg 9386 6 Hd 9 Hd 6 HA 9 HA Surt
o3 oB mw TeTIa38
£B8T) JO 0OT9BY @M afeIoAy PaqIog L4 TATIOV ﬁ a98IoAY FOBIUODY
UM agBIoAY PUB JUS) JI9g oF8I9AY *9 STABTL

xs£8TD £q paqaog CE-UMTQOTN-UMTUODITZ JO

——r

R i e e Lo e 2



-34-

The selectivity (or affinity) of illite, kaolinite, and montmorillonite
for the test radionuclides is discussed in the conclusions of the report.
With regafd to the river sediments, it was found %hat the sediments from
the Clinch River at CRM 22.6 sorbed cesium, cobalt, and strontium and that
the per cent sorbed increased with time. The high cesium uptake was attrib-
uted to the high percentage of illite present in the bottom sediments, since
illite has a high selectivity fof cesium due to its favorable structural
properties. The higher-than-expected sorption of cobalt and sfrontium by
sediment on the basis of mineralogic composition suggests that sediment
organic matter with ion—exéhange properties may be influentigl. This obser-
vation suggested that studies of this type be made to help differentiate
sorption By minerals and by organic compounds in sediments and soils. The
influence of organic matter in the sediments upon the cobalt and strontium
uptakes should be considered in determining the mechanisms of accumulation
and transport of radionuclides in_the Clinch River.

In the report it was pointed out that the affinity, or Kd value, is
influenced by the sediment concentration and by variations in pH (Ref. No. 8,
page 22). From the Kd values for the.river sediment, the distribution of
radionuclides between the sediment and the liquid phase can be calculated
over a range of sediment concentrations. It is to be remembered that the
Kd value changes with different ionic strengths, since the amount sorbed is
dependent on the concentration of the dissolved constituents. At tracer-level
concentrations pH would be one of the more significant parameters.

In Figs 5 and 6 the percentage of the radionuclide on the sediment as

a function of the sediment concentration (ppm) and pH is shown. The curves

are derived from the definition of Kd and by assuming unit density of water



At Aenes E e el & e = o A afeen e s e R

e wmin man i m mai Sm rwe vm————— A s

-35-

UNCLASSIFIED
ORNL-LR-DWG 48254

» 100
E /555/ ’::=
w —a P o
80 H 6 25
s p
E //9 e //
2 60 Cs~ 674/
pa S /
S A /] /
A% L vd
i dav% Y
- o /| // ’ Sr )
L 20 ALl %
. % ”,é//// ”’/
) g o) *:"’:’:'/___,/”’
<L
4 10 100 1000

SEDIMENT CONCENTRATION (ppm)

Fig. 5. Radionuclide Disiribution on Sediments as a Function of the Sediment Load in
the River Under Different pH Conditions (Cesium, Zirconium=-Niobium, and Strontium).

e Bt s and T T T

Rt etV sl s warar e iiies P i
I O e A ‘e



-36-

UNCLASSIFIED
ORNL-LR-DWG 48255
100

- pyd yd
L/
/ Co , /9

40

20 Prd o ,/

” /
LT
/(-” |
;_.‘———_—

4 4 100 1000
SEDIMENT CONCENTRATION (ppm)

AMOUNT SORBED ON SEDIMENT (%)

0

Fig. 6. Radionuclide Distribution on Sediments as a Function of the Sediment Load in
the River Under Different pH Conditions (Cobalt).



-37-

and a constant Kd’ Thus from Equation 1:

fc/M

Ky = , and (1)
£/V

£, = 1-f. (2)

By rearrangement and substitution,

—— ¢

C

M
— =K.(3),
o D (3)

an&, therefore, for any concentration of sediment (%) expressed in parts
per million the fraction which will be sorbed (fc) can be calculated. For
césium, the sediment curve is calculated from the data in Table 3, using
M/V of 0.1 g/200 ml (500 ppm) and Ky of 88, 000.

Cesium removal is insensitive to changes in pH; strontium sorption is
favorably influenced by increasing pH. As discussed earlier, the lower re-
moval of cobalt and zirconium-niobium at higher pH suggests that the prin-
cipal mechanism of removal is filtration or scavenging of the hydrolysis
product and not ion exchange. Thus, if the Clinch River contains 30 ppm
of sediment of the tyée used here, over T70% of the cesium would be associated
with the sediment, but only about 5% of the strontium. Comparing these data
with other data now available for the Clinch River sediment, these percentages
appear to be in line with the earlier findings. These preliminary results
for the sediment justify further research on Kd determinations of sediments
collected at different localities along the Clinch and Tennessee Rivers.

Tamura has reported on sediment studies with cobalt, which are continued

further in order to understand the behavior of cobalt in solution and to
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evaluate the use of this nuclide in possibly establishing the role of
organic matter in radionuclide uptake (9). Tamura's report and discussion
iﬁcluded data concerning the influence of pH on the hydrolysis of cobalt, -
the uptake of cobalt by certain minerals, and tests of cobalt removal by
certain organic materials and by river sediments (see Tables 7, 8, and 9).

In Table 7 the influence of pH on the hydrolysis of cobalt is shown.
The increasing removal of cobalt with increasing pH is to be éxpected; the
reduction observed at pH 10.0 - 9.5 is considered to be due to the disper;
sion of colloids at these pH levels. Several pH measurements of water frdm -
the Clinch River gave values about 8.5. Tennessee Valley Aﬁthority reports
indicate thet pH values as high as this have been found for water in the
Clinch River.

Tests of cobalt removal by bilotite, illite, Arizona Bentonite, and
vermiculite are summarized in Table 8. Arizona Bentonite shows a much
higher affinity for cobalt than Wyoming Bentonite which was reported ear-
lier (see page 28). The much higher Kd reported for vermiculite in this
test than in the earlier experiments is attributable to the much finer par-
ticle size of the material shown in Table 8. Structural and steric char-
acteristics of vermiculite favor removal of ions such as cobalt.

In Table 9 cobalt removals by several organic materials are shown. It
may be noted that with increasing contact time organic matter taken from a
river sediment removes appreciable quantities of cobalt. It was mentioned

that the final pH of the organic matter increased to 6.8 for the 250-micron

material and to 6.1 for the 84O-micron material. Considering the impurities
in the sample the removal was excellent. In other tests using lignite, which
has a much lower lon-exchange capacity than peat, it was found that cobalt 1

was efficiently removed.
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Table 7. Effect of pH of Solution on the Removal of Cobalt¥*

o

pH - % Removal After
Initia;l. Final 2 hr 20 hr 120 hr
h,o 4.3 0.1 0.0 0.1
6.0 6.9 6.6 T.2 17.7
8.0 8.0 22.h 19.6 19.5
10.0 9.5 9.9 12.7 9.4

*The results are averages of duplicate analyses.

,e
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Table 8. Average Cobalt Removal by Several Materials at Selected pH¥

i % Removal¥* . Ky
Contact )

Material Time pH 6 pH 8 pH 6 pH 8
1 hr 8.96 39.10 200 1,300
Biotite 1 day 10.80 T2.31 240 5,200
' 5 days 11.93 86.81 270 13,000
1 hr . 20.82 35.71 530 1,100
Tllite 1 day 32.10 66.51 950 4,000
5 days 42,38 8L4.17 1,600 10,500
) 1 hr Th.08 78.86 5,700 7,600
gg;ioﬁite 1 day 92. 40 87.40 ok, 000 11,000
© 5 days 98.70 90.05 152,000 18,000
1 hr 66.29 Th. 73 3,900 5,900
Vermiculite 1 day 79.80 92.03 7,900 23,000
5 days 92.86 97.66 26,000 83,000

¥0.05 g material in 100 ml Co60 solution.
¥*3tandard error not calculated; experimental conditions were similar
to those reported in Table 4; and errors should be of similar magnitude.
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The report concluded: "These studies, though preliminary in nature,
are useful in formulating procedures for ascertaining the radionuclide
budget in the Clinch River. In addition to determining the mineral content
of the sediments, studies will be made on the organic portions of the sedi-
ment. Selected samples which have been assayed for radionuclides will be
analyzed for their particle-size distribution, ion-exchange capacity, and
radionuclide content after hydrogen peroxide decomposition of organic
matter"(9).

In discussing this report Tamura has pointed out that the pH of the sam-
ples containing river sediments fall in the optimum range for cobalt removal,

resulting in excellent removals. He recommended that after =211 analyticél

©..work is completed, a particle-size separation and mineralogic analysis of

the sediment fractions should be performed. Also, peroxide digestion of the
. sample should be performed if and when the effect of the digestion process

on the inorganic bhase of the sediment is known.



BIOLOGICAL PHASES

Prior to phe initiztion of the Clinch River Study, investigations of
radioactivity .in the Ciinch River have been mainly to ensure that the con-
centrations in the water are below the maximum permissible concentrations
for drinking water. Biological factors have been studied only occasionally
or through special investigations of fish and other specific organisms. The
Committee realized that the most important elements of the environment to be
monitbréd are those thét are directly involved in human food chains; namely,
water, fish, and irrigated agricultural crops. They also recognized that
the entire food web sﬁould be studied in order to determine concentrations
and rates of transfer and turnover of radioactivity. Such data would help
to dedu;e the relationships between these coméonents of the food web and the
human environment in order to evaluate ecological effects in the environment
as a whole (10). -

In the "Plan for Clinch River Study" (10), proposed in 1959, the pur-
pose and scope of the biological phases of the Study were summarized. It was
§tated: "The general objective of the ecological research on the Clinch River
is,to obtain an understanding of the steady-state chemical and biological com-
position of the Clinch River ecosystem which includes:

“"(1) The population densities, distributions, biomass, and radionuclide
concentrations in the major bottom dwelling organisms, such as shellfish
(clams), crustacea, and insects, will be determined.

"(2) The seasonal and annual composition and variation of the Clinch

River above and below the White 0ak Creek outfall will be characterized.

-L3-
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This objective will involve selecting suitable segments of the river for
detailed study and analysés. Measurements will include the chemical and
radiochemical composition of both orgénic and inorganic phases of the river
water. For example, nitrogen, phosphorus, carbonates, stable isotopes
(strontium, iodine, potassium, calcium, etc.), radioactive isotopes, tem-
perature, and turbidity will be measured. Changes in dissolved oxygen and
carbon dioxide will be measured to determine the gross primary productivity
which is the total rape of photosynthesis in the flowing water mass.

"(3) The movements and rates of biological and chemical cycling of
Sr90, 05157, and other isotopes in the Clinch River, will be measured. This
work will include field and laboratory studies on rates of uptake and turn-
over Af isotopes by characteristic river organisms under steady- and
nonsteady-state conditions and varying subs%rate conditions."

A proposed work plan for the biological phases was discussed by members
of the ORNL Ecology Group at a Steering Committee Méeting, January 21, 1960.
The minutes of the meeting indicate that this plan was designed to give some
information on the river as quickly as possible with particular regard to
the kinds of orgaenisms present. It was proposed to measure only gross gemms
activity at that stage of the Study, although in a definitive survey radio-
activity due to specific isotopes would be determined and exact radiochemical
work would be done. The radioisotopes of strontium, cesium, ruthenium, and
transuranics were listed as those of primary importance. It was anticipated
that exploratory work on the detection of transuranics would be necessary,
since these must be measured by alpha analysis which would present problems.

Gross gamma measurements were emphasized as the method of locating the radio-

active organisms most quickly and easily.
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Sampling stations proposed included one above the mouth of White OakA
Creek, two or three stétions in the Clinch'River downstream, and one station
iﬁ the‘Tennessee River betweeﬁ the Clinch River énd Watts Bar Dam. It was
agreed that the bulk of the collection‘of biélogic;l sémples must be done‘
by the ORNL groups with occasional assistance from others; for exampié,
assigmment of summer personnél by the TVA,*or temporary assistance in the
collection and analysis of fish samples by the Game aﬁd Fish Commission,
Public Health Service, and other agencies.

On May 19, 1960, representatives of the Public Health Service and the
ORNL Ecology Group met and developed a more specific outline on the biologi-
cal phases of the Study. This outline which was accepted by the Steering
Committee was as follows (11):

"1. The Ozk Ridge National Laboratory and the U. S. Public Health Ser-
vice are approaching the problem in accordance with their respective missions.
The studies of the bottom fauna and fish by the ORNL group are specific in-
vestigations, while the PHS approach is more in the nature of a general survey.

"2, Major support for the biological phases by -the PHS will be provided
by making as many fish analyses as possible in the PHS laboratories.

"3, The PHS program of sampling and analyses should.continue for at
least 6 months and preferably 1 year before an attempt is made to interpret
and use the data.

"4, Operationally, the two groups (ORNL and PHS) can move independ-

ently toward the common objective.

"5, Preliminary analytical data should be assembled before the next
meeting of the Steering Committee. A meeting of the Committee on August 18

and 19, as scheduléd, would be toq early; it would be better for the Committee




to meet late in September or as soon thereafter as the data can be made
available. \ -,
"6. Laboratory studies by the PHS in Cincinnati are of interest to :
other groups. In particular, data on water analyses covering both the Clinch
and Tennessee Rivers will be uéefdl and should be made available.
"7. It was agreed that each agency will use its own analytical prbce-
dures with enough cross checks of duplicate samples to be sure that the re-
.sults are compareble (see page 23). .
"8. It was agreed that each agency will use the units it customarily
employs in reporting its resu;ts. In tabulations these units can be trans-

lated, and if necessary the different units can be shown in separate columns

to make comparison easier.”

Fish Pobulations

Collection and analyses of samples from fish populations in the Clinch .
River and to a lesser extent in the Tennessee River have been done prima-
rily by the U. S. Public Health Service and by the ORNL Ecology Group with
co-operation from the TVA Fish and Game Branch. Preliminary data on these
studies have been reported to the Steering Committee and staff of the Study,
but the results have not been published.
The Public Health Service‘has included fish specimens in samples col-
lected during quarterly surveys in the Clinch River and in the Tennessee
River from Norris Dam downstream to Chattanooga. Preliminary dats have been
reported by PHS (1). Analysis and tabulation of data covering later quar-

terly survey samples have not yet been completed.
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Fish samples, consisting usually of both large and small fish, were
collected by the PHS from Norris Reseyvoir on the Clinch River above Norris
Dam (CRM 79.8), near the mouth of White Ozk Creek (CRM 20.8), near Gallaher
Bridge (CRM 1%.5), and at two points above the mouth of Clinch:ﬁiver (CRM 2.2
and 4.6). From the Tennessee Rivg;ifish were collected at Station 5 near
Fort Loudoun Dam (TRM 602.)4) and at Station 7 which was 7 miles upstream
from Chickamauge Dam (TRM 477). Small fish were collected by seining with
l/h—in: mesh nets in shallow water areas. ILarge fish were collected .by
bottom seté with 1-in., 2-in.,~and 3-in. nylon gill nets orkwere obtained
from commercial fisyermen in tﬁe area. Fish samples were preserved in 10%
formaiin for transport fo the Léboratory. The fish were separated into
species, and a tot;l of 20 species, which are listed in the report, were
identified from the PHS collection.

After being separated into species, the fish were divided into compo-
nent parts which were plgced in the staﬁdard plastic‘counting and storage
containers, presefved with formalin and counted on the gamma spectrometer.

20 analyses the samples were ashed at 600O C in a2 muffle furnace. In

FO; Sr
general, the large fish were divided into component parts consisting of
flesh, bone, scales, liver, small organs (gill, heart, and thyroid), intes-
tinal tract and contents, and the remaining viscera. Small fish were di-
vided into two component parts; ﬁamély, the internal orgéns obtained by
gutting, and the remsinder of the fish.

The results of radioactivity measurements in fish samples are given in
detail in the tables and charts contained in the report. A summary of the

results of the quarterly-survey program must await completion of later anal-

yses and tabulations, since this report covers only one series of samples
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collected February 9-15, 1960. Even these preliminary results are inform-
ative, howvever, wherever the na%ure of the data permits comparisons. For
example, the levels of Sr9o found in three specimens of carp, collected at
~Fort Loudoun Dam, Gallaher Bridge on Clinch River, and Clinch River Mile 2.2,
in ppc/kg were: in scales, 47, 1080, and 691, respectively; in flesh, 3, 340,
and 285, respectively; and in bone, 57,'1715, and 808, respectively. No data

90

for carp at Station 7, TRM 477, were obtained, but in catfish the Sr con-

centrations found in flesh were 49.7 puc/kg, and in bone, 66.5 uuc/kg.
90

A preliminary hazard evaluation of the ér in fish was made by D. J.
Nelson of the ORNL Ecology Section. His evaluation was based upon the anal-
yses of the fish samples taken from the Clinch River in February 1960 by
the Public Health Service and reported in their quarterly survey. From

these data the expected human body burden of Srgo

, which would result from
the continuous consumption of these food and game species, was estimated.
The Sr9O content of the flesh of the eight individual fish used in this

estimation was as follows:

Location Sr9o
~ of Catch upe/kg
Species (CRM) (wet wt.)

White bass (Roccus chrysops (Rafinesque)) 14,5 298
Sauger (Stizostedion canadense (Smith)) 4.5 115
Carp (Cyprinus carpio Linnaeus) 14,5 340
Sauger (Stizostedion canadense (Smith)) 2.2 69
Smallmouth bass (Micropterus dolomicui Lacepede) 2.2 500
Smallmouth buffalo (Ictiobus bubalus (Rafinesque)) 2.2 134
Carp (Cyprinus carpio Linnaeus) 2.2 285
River carpsucker (Carpiodes carpio (Rafinesque)) 2.2 1030
Average Concentration 346

These were all of the food and geme fish analyzed. Gizzard shad (Dorosoma

90

cepedianum (ILeSueur) had a higher Sr content but was omitted from this
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calculation, because this specie§ is not generally used for food. The
Public Health Service cooked these fish before analysis so that the Sr9o
concentrations in flesh were those which could be expected in food.

Criteria in the report of the International Commission on Radiologi-
cal Protection were psed to calculate the expected body burden of Sr9o.
Ne}son assumed that’one-half pound of fish constitutes a serving and that
this quantity of fish would be eaten once a week by a human individual for
a period of 50 years. Since the body burden from continuops intake of Sr9o
reaches 86% of its equilibrium value in 50 years, a human who ate one-half
pound of fish every week for this period would have a body burden of
8.013 x lO_3 pe of Srgo. The maximum permissible bod& burden in bone for
oceupational expoéure is 2 pc and for the population at large one-thirtieth
of this or 6.67 x 1072 pe. Thus, a member of the population at large eat-
ing these Clinch River fish in the manner stated would accumulate 12% of
his maximum permissigle Body burden in a period of 50 years. Stated in
another way, the individual would have to increase his consumption of fish
by a factor of 8:3 over a 50-year period to attain his maximum permissible
body burden.

These estimates are based on limited data - small number of specimens
from only one collection of fish - and the suggestion was made that when
analyses of later collections become available, the potentiél body burdens
that may result from the consumption of the fish in Clinch River should be
calculated again with consideration being given to sampling errors. Also

90

it was noted that the average Sr concentrations in 1960 were larger by a
factor of 38 times than those reported by Knobf (12), obtained from collec-

tion and analyses of 79 fish representing six species collected from the
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Clinch River in October 1948. Based on these preliminary data, the esti-

20 by fish was approximately 35, which

90

mated concentration factor for Sr
is similar to concentration factors of 15 to 30 for Sr obtained in con~
trolled laboratory and field experiments elsewhere in 1958 (13).

Under the work plans for the Clinch River Study, the ORNL group has
concentrated its efforts on more intensive investigations of fish popula-
tions in the Clinch River. In a report to the Steering Committee, April 12,
1960, co-operative fish studies by ORNL and the TVA Fish and Game Branch
were described, and the ORNL investigations up to that time were summarized.
The studies were made to determine the feasibility of -more intensive fish-
eries investigations on the Clinch River. The specific objectives were
(1) to compare relative fish catching ability of hoop nets and fish bas-
kets, (2) to determine the species of fish which‘may be caught by these
types of fishing gear, and (3) to obtain an estima%e of gross gamma activity
of fish caught from Clinch River Mile 21.7 to 2L.k. |

One hundred and fifteen fish, representing sixteen species, were caught.
The species caugh£ in nets were comparable to those collected after rotenone
poisoning in ;9&3 for Knobf's analyses (12) and are probably the most com-
mon species in this reach of the Clinch River. The hoop nets were more ef-
Tective than the baskets in the numbers of fish and numbers of species caught.
Gross gamm