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y B PREFACE

The Subcommittee on Water Sampling and Analysis was established
on September 22-2%, 1960, by the appointment of the following members:
M. A. Churchill (TVA), Chairman, J. S. Cragwall (USGS), A. G. Friend (USPHS),
and S. L. Jones (TDPH). Following the transfer by the USPHS of Dr. Friend
to Boston, R. W. Andrew (USPHS) was appointed to replace him.

| Although this report includes a statement of the objectives of the

| Subcommittee, the method of study, detailed findings, and recommendations,

|- some of the details of procedures used are omitted here since these have been
included in previous Status Reports. Details of water sampling procedures at
the established sampling stations are given in Status Report No. 1, pp. 22-23,
and p. 73, Status Report No. 2, pp. 8-15, Status Report No. 3, pp. 10-11, and
in Status Report No. 5, p. 16, Information concerning procedures used for
radiological determinations is given in Status Report No. 1, p. 2%, Status
Report No. 2, pp. 16-17, Status Report No. 3, p. 12, and in Status Report

No. 5, p. 16. (See references 2, 3, and 4, p 72.)

Results of stable chemical determinations for the sampling period
November 1960-March 1961 are included in Status Report No. 2, pp. 29-33, and
- results for the period April 1961-June 1961 are included in Status Report
No. 3, pp. 30-32. Analytical results on samples collected in the period
July 1961 through November 1962 are available in Progress Report No. 3,
. Subcommittee on Water Sampling and Analysis, February 6, 1963. In addition,
a statistical analysis of all the stable chemical data is included in Status
Report No. 5, pp. 18-21. (See references 2, 3, and 4, p 72.)

Acknowledgements

Special acknowledgment is due R. W. Andrew for his initiative and
painstaking thoroughness in re-examining and correcting the electronic
computer program used to determine concentrations of three of the four
radionuclides of primary interest. Acknowledgment is also due R. A. Buckingham
formerly of TVA, for his valued assistance in preparing Subcommittee Progress
Reports Nos. 1, 2, and 3. Similar acknowledgment is due W. R. Nicholas, TVA,
for his assistance in preparing Progress Report No. 4 of the Subcommittee,
which report, essentially unchanged, is reproduced here.

idi



CONTENTS

Purpose Of WOTK « « v ¢« « « ¢ o o o o o ¢ o & o o o &

Method of Study . « « ¢ « ¢ « ¢ o o o ¢ o o« & & & +
General « ¢« ¢ ¢ s 4 s e 4 e e e e s e e e e e
Sampling Stations . . « .« < < o 0 o 00 0.
Period of Sampling . . . v « ¢« ¢« « + + o 4 . . .
Sampling Procedures . .« « « « ¢ o ¢ ¢ . 4 . o
Radiological Determinations . . . . . . « . . .
Stream Discharges .« « + « v « v o o « o o o o
Mineral Analyses .+ « « « o o ¢ ¢« o 0 o w0 . .

Revision and Extension of Data Previously Reported
Lower Limits of Detection of Radionuclides . . . . .
Strontium-90, Concentrations and Total Stream Loads .

Mass Curves . . ... e
Comparison with Load Measured by ORNL e e

Cesium-137, Concentrations and Total Stream Loads .

Mass CULVES ¢ « « o o o s o » o o & o =2 o o
Comparison with Load Measured by ORNL . .

Cobalt-60, Concentrations and Total Stream Loads . .

Mass Curves .« . + « ¢ « v o o & e e e e e
Comparison with Load Measured by ORNL e e e s

Ruthenium-106, Concentrations and Total Stream Loads

Mass Curves . . . .« . . e e e e s
Comparison with Load Measured by ORNL e e

Effects of Operation of Melton Hill Dam on Dispersidn
of Radiocnuclides . . + « « = « « &+ ¢ o o o+ « « o &

Recommendations « « v o ¢ ¢ ¢ o o o o o o o o o o &+

iv

=
o

Page

=

[0)Y MmO

\¥ n =
V) M \O -~ [6)

W
o8]

4o



ILLUSTRATIONS

Figures Page
1 Location of Water Sampling Stations . . . « « « ¢ + « « o . 3
o  Mean River Discharges, Clinch River Study . . + . + « . . . L
3  Mean River Discharges, Clinch River Sﬁudy e e e s e e e e 5
i Mass Diagram, Strontium-90 . .‘. O =/¢)
5 Gross Beta Activity in Precipitation . . . . . . . . . . . 25
6 Curies Passing White Oak Dam, Clinch River Study . . . . . 2k
7 Curles Passing White Oak Dam, Clinch River Study . . . . . 25
8 Mass Diagram, Cesium-137 . « « « « « o o « « ¢ o o o« « « 39
9 Mass Diagram, Cobalt-60 . « « = « « ¢ « o ¢ + s o o« o o« o 53

10 Mass Diagrem, Ruthenium-106 . « « « « + « + o « « o « « » » 68

Tables
1 Concentrations of Strontium-90, pc per liter . . . . . . . 8
o Concentrations of Cesium-137, pe per liter . . . . . . . . 26
3 Concentrations of Cobalt-60, pc per liter . . . . . . . . . Ul

4  Concentrations of Ruthenium-106, pe per liter . . . . . . . 55






PROGRESS REPORT NO. 4 (¥INAL)
Subcommittee on Water Sampling and Analysis

Clinch River Study
December 15-16, 1964

Purpose of Work

The basic purpcse of the work of the Subcommittee on Water
Sampling and Analysls is to collect and interpret such information con-
cerning radionuclides suspended and/or dissolved in the waters of the
surface streams downstream from Oak Ridge, Tennessee, as will asslst the
Clinch River Study Steering Committee in pursulng the basic purposes of
the entire study, namely, "(1) to determine the fate of radiocactive
materials currently being discharged to the Clinch River, (2) to deter-
mine and understand the mechanisms of dispersion of radionuclides
released to the river, (3) to evaluate the direct and indirect hazards
of current disposal practices in the river, (4) to evaluate the over-all
usefulness of the river for radiocactive waste disposal purposes, and
(5) to recommend long-term monitoring procedures."

Included as part of the work of the subcommittee is the deter-

mination of the mineral quality of the surface waters involved in the
over-all study.

Method of Study

General--The general plan of the study involved systematic
collection and analysis of water samples at selected sampling stations.
Daily subsamples of water, the indlividual volumes of which at each sta-
tion (except at Loudon) were proportioned to the volumes of daily
streamflow passing that particular station, were composlted weekly for
analysis (monthly for most mineral analyses). Such analyses provided
the mean flow-proportioned concentratlon of each radlonuclide of interest
passing each station each week. By combining this mean concentration
with the total flow of water passing the station during each week, the
total load, in curies, of each radionuclide passing the station was
determined. The cumulative load of each radionuclide at each station
was plotted progressively with time. The mass curves so produced reveal
on comparison, one with another, the quantitative loss (by sedimentation,
biological uptake, etc.) or gain (from fallout on the watershed) of this
particular radionuclide between successive downstream stations.



The Centers Ferry sampler malfunctioned (See Progress Report
No. 3, of the Subcommittee on Water Sampling and Analysis, page 27)
during September through November 1961. This malfunction possibly
affected the suspended-sediment results for all radionuclides. The
degree to which the results are affected is dependent upon the proportion
of a gilven radionuclide assoclated with the suspended solids.

Sampling Statlons--Sampling stations used in the study are
located as follows, and as shown in flgure 1:

Clineh River at Oak Ridge water plant--Clinch River mile 41.5
White Qak Creek at White Oak Dam, mile 0.6

Clinch River at Gallaher Bridge--Clinch River mile 14.6

Clinch River above Centers Ferry--Clianch River mile 5.5
Tennessee River at Loudon, Tennessee--Tennessee River mile 591.8
Tennessee River at Watts Bar Dam--Tennessee River mile 529.9
Tennessee River at Chickamauga Dam--Tennessee River mile 471.0

.

N O\ FOE N0

Period of Sampling-~Except for the station at Gallaher Bridge,
sampling was begun in November 1960 and extended through November 1962.
At Gallaher Bridge, sampling was begun on January 8, 1962, and was
discontinued at the end of November 1962.

Sampling Procedures--Sampling procedures at each sampling
station have been explained in detail in previous progress reports.

Radiological Determinations--The radionuclides of primary
importance in the Clinch River Study, in the order named, are
strontium-90, cesium-137, cobalt-60, and ruthenium-106. Consequently,
determinations were made of concentrations and total loads of these
radionuclides. All radiological determinations in this study have been
made by the U. S. Public Health Service, Cincinnati, Ohio.

Details of sample preparation and analysis have been explained
in previous progress reports.

Stream Discharges--The necessary data on streamflows at the
five upstream sampling stations have been provided by the U. S.
Geologleal Survey, through the cooperation of its Tennessee District.
Discharges at Watts Bar and Chickamauga Dam have been supplied by TVA.
(See plotted streamflow data in figures 2 and 3.)

Mineral Analyses--All mineral analyses were made in Nashville,
Tennessee, by the staff of the Tennessee Stream Pollution Control Board.
Methods used and results obtained have been 1ncluded in previous progress
reports.




HARRIMAN &

GALLAHER BRIDGE o R
CENTERS FERRY
- 'f
,5\ FT. LOUDOUN
LouboN = DAM
3
“ ~
)
WATTS BAR BB ¢, m CHILHOWEE
D DAM
VR
~y,
SCTP AFIG.I -
g APALACHIA LOCATION O
DAM WATER SAMPLING STATIONS
OCOEE NO.1 1960-1962
DAM
CHICEAMAUGA CLINCH RIVER STUDY
INCH = 14 MILES
CHATTANOOGA SCALE /

OAK RIDGE
WATER PLANT

WHITE 0AK

23] ALDAM

ORNL DWG. 65-7107

NORRIS
DAM

RIVE R

X
&
§
<

3
i

KNOXVILLE




DISCHARGE — CFS IN THOUSANDS

CFs

100
50

ORNL DWG, 65.7108

l

L[]

MEAN RIVER DISCHARGES |—
CLINCH RIVER STUDY

“FIGURE 2

CLINCH RIVER
ABOVE CENTER

MILE 5.5
S FERRY

| n! bl L i
JIILJ‘_ ,-J-] —| l_ o PLy L| |I LH,- L B HL _ur"‘—.u ﬂ‘ﬂ" ﬂ"_nu Lan_
IR R Rl | | r B
I o u J i
NOVIQZZC JAN FEB MAR APR MAY JUTgGIJUL AUG SEP OCT NOV DEC JAN FEB APR MAY IJQUSN2 JUL AUG SEP OCT NOV
- CLINCH RIVER MILE 41.5
0. R. WATER PLANT -I
] : . r LL
_ln il . ]
o 0 T O A LN W ol IS R T
[ e U U n v I 7]
T |
e e oAk e B SVt -




CFS IN THOUSANDS

DISCHARGE -—

60

140

120

100

80

60

40

20

120

100

80

60

40

20

40

20

o}

ORNL DWG, 65-7109

~
FIGURE 3
MEAN RIVER DISCHARGES
TENNESSEE RIVER MILE 471.0
N CHICKAMAUGA DAM CLINCH RIVER STUDY
] LT
i - dl g —
o y pipn Sy s |_| I o B
FLF"'_'L.J'L,_‘ _I—ur'-Lr,..,_,_vJ_ s T T oy
L
I
1 3§
TENNESSEE RIVER MILE 529.9
WATTS BAR DAM B
r A il L|
N l-l .J'HL’_. s __Lll..,_l'l_l" nL_'_“r—‘"l-—'rJ e P o S O i
TENNESSEE RIVER MILE 591.8
LOUDON, TENNESSEE
NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP oCcT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV
1960 1961 1962




Revision and Extension of Dats Previously Reported

Progress Report No. 3, issued February 6, 1963, reported
results on the four radionuclides of interest to this study from the
beginning of sampling in November 1960, well into the summer of 1962.
However, due primarily to a reexamination and corrections made by per-
sonnel of the U. S. Public Health Service of the electronic computer
program used to determine concentrations of cesium-137, cobalt-60, and
ruthenium-106, many msjor changes were made in previously reported con-
centrations of these three radionuclides. The program in error
systematically produced results that were 50 percent to 100 percent too
high, for the samples of larger size (i.e., all samples except those for
White Oak Creek). Correction and updating of the computer program pro-
duced the results reported here. In addition, a few changes have also
been made in previously reported concentrations of strontium-90 as a
result of further checking of the sample calculations. Consequently,
this report includes tabulated and plotted data on all four radionuclides
that supersede the data reported in Progress Report No. 3. In addition,
the data on all four radionuclides at all seven stations have been
extended through November 1962, i.e., to the end of the two-year sampling
period. The tabulated radicnuclide results are accurate to no more than
two significant figures. The additional figures were tabulated for
statistical reasons only. '

All data reported as negative values were assumed to be zero

when determining loads for the mass diagrams. This probably gives a
slight positive blas to the results.

Lower Limits of Detection of Radionuclides

To assist in judging the reliability of the mass curves, infor-
mation concerning the lower limits of detection of radionuclides was
obtained from the U. S, Public Health Service. These data are shown in
the following table. Some values below these lower limits of detection
are reported in the tabulation of radionuclide concentrations and were
used for calculating the cumulative loads shown in the mass diagrams.

Approximate Lower Limits of Detection*
Picocuries per liter

Strontium-90 Cesium-137 Cobalt-60 Ruthenium-106

White Oak Creek (TS

and SS) 1 11 9 45
White Oak Creek (DS) 1 67 4 190
Other Samples (TS

and SS) 0.03 1 1 2
Other Samples (DS) 0.0% b 2 11

*Estimated on the basis of 2 sigma counting error associated with a blank
determination (background only). The presence of any other radiocnuclide
in a given sample would tend to raise slightly the lower limits for
cesium-137, cobalt-60, and ruthenium-106.



Strontium-90, Concentrations and Total Stream Loads

Concentrations of strontium-90 found in all samples at all sta-
tions for the two-year sampling period (strontium-90 data ended November
10, 1962, at all stations except White Oak Dam and Loudon) are shown in
table 1. Since some counting error is probable for every sample, the
true activity level (as determined by counting) in the sample is thought
to fall within the range indicated by the magritude of the plus or minus
value (95 percent confidence limits) included with each reported concen-
tration. The plus and minus values infer the level of precision in count-
ing rather than the accuracy of the result since some additional uncer-
tainty arises as a consequence of the chemical separation processes
involved.

Maximum concentrations found in the weekly (monthly at Loudon)
composite samples (including both suspended and dissolved solids) are
shown 1n the following tabulation:

Maximum and Mean Concentrations of Strontium-90

Highest Period of Flow-Weighted
Station Concentration Occurrence Mean Concentration
pc per liter pc per liter
Clinch R. at 0Oak Ridge
water plant 5.0 12/k-10/60 0.71
White Oak Creek at
White Oak Dam 17,450 11/13-19/60 1,349
Clinch R. at Gallaher Bridge 11.67 L4/29-5/5/62 b, 5%
Clinch R. at Centers Ferry h2.6  12/25-31/60 L.2
Tennessee R. at Loudon, Tenn. 2.3 January 1961 *¥
Tennessee R. at Watts Bar Dam 6.4  12/25-31/60 1.6
Tennessee R. at Chickamauga Dam  14k.1 1/15-21/61 1.6

¥Record begun January 8, 1962
*¥Not applicable.

In this tabulation, the values in the last column were obtained
by dividing the total cumulative stream load for the period of record by
the corresponding total volume of streamflow. The mean concentration so
obtained is not the same as the mean concentration over time. (In fact,
it is impossible to determine the mean concentration on a time basis from
the basic data.) At only the White Oak Creek station does the flow-
welghted mean concentration exceed MPC values for drinking water.



Table 1

CONCENTRATIONS OF STRONTIUM-90, pc per liter

Clinch €Clinch R. .
Date Clinch River River at above Tennessee River at
at Oak Ridge White Oak Creek  Gallaher Centers Watts Bar Chickamauga

1960 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
11/13-19 TS 1.2 %0.03 17,450  Ius0 21.6 20.57
11/20-26 TS 0.92%0.2 75.6 ¥ 3.9 7.5 20.2 6. 7% 1.5 ¥0.08
11/27-12/3 TS 0.2 0.1 60 ¥ 6.6 k.3 ok 4.8 30.18 0.9 ¥0.02
12/4-10 s 5.0 Yo.k L0 T oo 5.0 ¥0.33 1.4% for 6.7 fo.b 4.3 ¥o.1k
12/11-17 TS 3.1 0.3 1,730 %15 2.1 0.3 December 0.7 *o.ok 5.9 Y0.57
12/18-2h TS 0.5 iO.l 6,280 * o2 1.5 20.1 2.1 0.1 3.6 %0.25
12/25-31 TS 0.62%0.09 7,070 * 74 4o 6 .6 16.4 f1.30 1.4 0.1

1961
1/1-7 s 2.0 ¥o.2 878 I 8.8 13.3 ¥0.32 1.9830 009 1.7 Ep.16
1/8-1k4 TS 0.2 20.03 15,900 t 26,2 6.3 {0.2 4.8 0.3 5.6 20.9
1/15-21 Ts 1.9 ¥0.1 2,815 L3 4.6 0.1 2.3 .1 12.0 20.6 141 Eo.h
1/22-28 ™ 0.5 ¥o0.1 2,032 X1l 3.88%0.2 for January 5.1 fo.24 2.4 ¥p.2
1/29-2/4 TS 0.3 0.0k 6,700 62 9.9 *0.37 2.7 %0.2 5.75{0.23
2/5-11 ™S 0.8 Y0.1 3,400 %25 37.0 0.6 1.2% 2.0 20.25
2/12-18 s 0.29%0.04 6,600 53 30% 0.39%0.07 0.3 Ep.l 1.3 20.1
2/19-25 TS 0.6 fo0.1 1,350 *10 11.9 %o.2 for February 0.6 ¥0.1 1.7 %0.05
2/26-3/h TS 0.4 %0.02 1,060 ¥ 8 b1 o1 2.2 %.2 2.8 .2
3/5-11 DS 0.3 %o.1 50 * 7 2.9 0.1 1.0 fo.04 1.5 d0.1
3/12-18 TS 0.3330.06 160 * 5 1.8 *0.1 SS  Bkgd.** 0.9 Yo.1 0.8 f.1
3/19-25 ™S 0.3 20.02 930 80 2.5 ¥0.1 DS 0.3 fo.0b 2,0 3.2 1.0 Eo.l
3/26-4/1 TS 0.2 ¥0.02 1,000 <80 2.3 %0.2 for March 0.9 ¥0.1 0.3 Zo.1

*Value is estimated.
*¥Bkgd. indicates background.
Blank spaces indicate data not available,.

TS = total solids; SS = suspended solids; DS = dissolved solids.



Table 1 {Continued)

CONCENTRATIONS OF STRONTIUM-90, pc per liter

Clinch R. .
Date Clinch River above Tennessee River at
— at QOak Ridge White Oak Creek Centers Watts Bar Chickamauga
1961 Water Plant at Dam Ferry Loudon, Tenn. Dam Dam
L4/2-8 TS 0.6 0.1 1,020 fo25 5.3 J0.1 0.7 20.05 1.3 ¥o.1
h;9-15 TS 0.3 20,04 955 7128 2.7 fp.o6 55 0.0520.009 1.5 {o.e 1.5 0.07
h/16-22 TS 0.3 =0.02 1,208 - 50 4.7 <0.08 DS 0.4 Z0.0k4 1.2 =0.01 1.0 -0.07
4/23-29 S5  Bkgd.* 59.8 0.09 0.1 %0.01 for April g5 1 3 29,09 1S 1.2 0.06
DS 0.3 £0.03 1,175 12 4 2o
4/30-5/6 ss Bkgd. 110.5 = 1.2 0.1 ¥o.01 Bkgd. Bkgd.
g T n § §
DS 0.3 -0.03 2,825 =130 2.8 20.07 0.8 ~0.04 1.2 0.
5/7-13 SS  Bked. 25.4 ¥ 0.8 0.1 .01 0.1 ¥o.01 0.1 %.1
& + + + +
DS 0.3 Z0.03 LWz < 6 0.6 =0.07 1.4 =0.0k4 0.5 =0.03
5/14-20 ss 0.1 %o.02 18.8 3 0.6 0.1 20.06 Bkgd. Bkgd. Bkgd.
DS 0.3 ¥0.02 1,500 %100 4.5 20.1 0.3 30.03 1.4 20,03 1.6 Zo0.07
5/21-27 S5  Bkgd. 12.9 % o.5 0.1 ip.01 for May Bkgd. Bkgd.
DS 0.3 20.02 1,500 100 9.2 3.1 0.6930.0k 0.8 Zo.0k
5/28-6/3  SS Bkgd. 30.0 f 0.08 Bkgd. Blgd.. Bkgd.
DS 0.5 %0.03 2,000 =70 4.0 Z0.06 1.k =o.ok 0.8 =0.03
6/4-10 ss 0.1 %o.01 7.8% 1.2 0.2 ¥0.01 0.1 %0.01 Blgd.
DS 0.16%0.03 1,h00 ¥ 50 7.3 20.15 1.6 Yo.05 0.8 20.03
6/11-17 ss 0.2 Z0.02 130 * 1.5 0.2 fo.01 0.1 ¥0.02 TS 1.80%x Blgd.
ps 0.4 %0.03 1,800 %70 6.6 20.07 0.2 *.03 4.4 ¥o.1k
6/18-24 ss  1.23%0.07 8o.2 ¥ 1.2 0.3 20,03 for June Bkgd. Bkgd.
ps 0.3 fo0.02 1,679 ¥ 13 €.32%0, 2l 1.7 Z0.05 1.1 20.03
*Bkgd. indicates background.

**Vglue is estimated.

Biank spaces indicate data not availab
suspended soli

TS = total sclids; SS

1
a

2.
5

; DS = dissolved solids.



Table 1 (Continued)

CONCENTRATIONS OF STRONTIUM-O0, pc per liter

Clinch Clinch R. .
Date Clinch River River at above Tennessee River at
at Oak Ridge White Oak Creek  Gallaher Centers Watts Bar Chickamauga
1961 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
6/25-7/1 S5 Brgd.* 50.8 ¥ 1.0 0.3 ¥0.03 Bkgd. Bkgd.
DS 0.2 20.02 1,627 %354 5.0 ¥0.08 1.5%* 1.5 ¥0.07
7/2-8 ss 0.2 20.02 78.1 z 1.1 2.5 %0.0k Bkgd. Bk%d
DS 0.2 *o0.02 2,280 Iu3 3.0 %0.06 1.2 0.06 2.2 ¥0.06
7/9-15 55 0.2 20.02 28 I oo Bkgd. 0.2 20.05 0.k 20.02 Bkgd.
DS 0.3 20.02 2,565 ¥ 140.6 1.3 0.0k 1.96%0.1 2.0 30.06 0.8 Ipo,04
7/16-22  ss gd 50.3 T 0.09 0.8 *0.07 for July § 0.2 %0.01
ps 0.8 ¥0.05 2,195 *s53 3.0 0.1 .o 2.0 %0.07
7/23-29 ss o.u {Q.os 271.7 % 1.8 0.21%0.06 Bkgd. 0.05%%
DS 0.36-0.0k4 1,920 ¥ 50 3.07%0.18 1.7 %0.05 1.2920.06
7/30-8/5 ss 0.11%0.03 23.6 % 1.3 0.06%0.02 0.6 20.01 0.01%0.02
DS 0.19%0.02 1,560 ¥ 36 2.1 ¥0.07 0.8 0,05  0.49%0.05
8/6-12 S8 0.1520.03 39.0 ¥ 2.7 0.13%0.12 0.02%0.01 o.oldo.02 Bkgd.
DS 0.07%0.02 2,025 ¥l 0.6 ¥0.0k 0.2 ¥.02 1.2 ¥0.07 1.9 %o.07
8/13-19  ss 0.27%0.05 bh.05% 1.9 0.06%0. 0l for August Bked. 0.02%0.02
DS 0.1520.1k 1,651 ¥ 27.9 4.9 ¥0.15 0.56%0.0k  0.8%0.06
8/20-26 ss 0.07¥0.o0u 6h.3 T 3.0 0. 51io 2% 0.0230.02 Bkgd.
DS 0.13%0.11 1,275 %8k 2.48%0.29 0.63%0.04 76%0.06
8/27-9/2  ss 0.08%0.06 18.8 % 1.3 0.13%0.14 0.01%.02  0.12%.01
DS 0.28%.05 1,937 <35 2.89%0.14 1.1 *0,07  0.37%0.04
¥Bkgd. indicates background.

**Value is estimated.

Blank spaces indicate data not available.
S5 = suspended solids; DS = dissolved solids.
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Table 1 {(Continued)

CONCENTRATIONS OF STRONTIUM-90, pc per liter

Clinch Clinch R. .
Date Clinch River River at above Tennessee River at
at Oak Ridge White Oak Creek  Gallaher Centers Watts Bar Chickamauga
1961 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
9/3-9 8s o.lufo.oh 17.8 { 1.1 Bkgd.* 0.02%0.07 Bkﬁd.
DS 0.3820.05 1,738  f100 1.51%0.06 0.57%0.05 0.5 Zo.05
9/10-16 ss 0.05%.04 19.0% 1.2 0.22%.01 0.04k%0,02 Bkgd. 0.06%0.02
DS 0.41%0.06 1,129 ¥ 89.1 2.22%0.22 0.07%0.05 1.07%0.08 0.9 ¥0.06
9/17-2% ss 0.09%.05 28.8 ¥ 1.58 0.17%0.15 for September 4 so¥g 05 0.1 0.04
DS 0.12%0.03 821.7 % 6.93 2.0 0.3 0.07%0.02  0.52%.04
9/24~30 SS o.osfp.oe 26.1 % 1.24 0.3550.15 o.ougp.oe 0.23%0.03
DS 0.3620.06 1,435.5 f1h7.5 1.6 20.17 0.3220.03  0.05%0.05
10/1-7 ss 0.07%.02 16.5 $ 1.2 0.23%0.03 0.08%0.02 Bkgd.
DS 0.05%0.02 1,069.2 %118.8 2.19%0, 28 0.5 Z0.04  0.27%.03
10/8-14 SS 0.0530,0k 10.9% 1.0 0.83%0.33 0.19%.05 0.11%0.03  o.ouZo.o1
+ + + + + +
DS 0.46%0.05 1,590 115 4.85%0, 22 0.13%0. 0k 0.39%0.11  0.36%0.04
10/15-21  ss o0.21%0.0k4 17.2% 1.1 0.30%0.15 for October 0.31%0.02  0.03%.02
DS 0.46%0.70 1,810 195 2.41%0,32 0.5%% 1.35%0.11
10/22-28 ss  0.14%0.09 9.3 % o.9 Bkgd. 0.15%0.06  0.05%.02
+ + + +
DS 0.4 Zo.04 1,530 2116 1.4130.17 1.03-0.07 0.98-0,12
10/29-11/k ss 0.2 20.02 27.1 % 1.46 0.33%.23 0.03%0.02 Bkgd.
+ + + + &
DS 0.45%0.08 1,439 113 2.1620.08 3.9 =0.2 1.24-0.1

*Bkgd. indicates background.
**Value is estimated.
Blank spaces indicate data not available.

58 = suspended solids; DS = dissolved solids.
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Table 1 (Continued)

CONCENTRATIONS OF STRONTIUM-90, pc per liter

Clinch Clinch R. .
Date Clinch River River at above Tennessee River at
—— at Oak Ridge White Oak Creek . Gallaher Centers Watts Bar Chickamauga
1961 Water Plant at Dam Bridge Ferry Toudon, Tenn. Dam Dam
11/5-11 ss 0.14%0.02 6.0 * 2.3 2.0 -o 03 TS 0.33%0.0 TS 0.9420.12
DS 0.4 ¥0.06 1,538 -197 6.0 ¥o.5
11/12-18  8s 0.1 20,03 1. £ 1.04 1.46%0.12 0.02%0.02 0.3 ¥0.2 TS 0.7 %0.1
DS 0.56%0.05 1,640 1235 6.0 ¥o.hk 0.33%0.07 0.4 %o.05
11/19-25  8S 0.09%0.0k 253 % 6.0 1.1% for November pg o ox TS 0.9 %0.01
Ds 0.6 %o0.02 1,560  f145 1.9 %0.3
11/26-12/2 55 Bkgd.** 20.4 ¥ 2.5 0.5 ¥o0.17 0 0339.01 0.2 : .OL
DS 0.4 20.02 1,366 ¥ 89.1 2.6 20.09 0.4 20,07 0.7 20.06
12/3-9 ss 0.07%0.01 8.0 % 0.73 0.2 fo.on 0.06%0.0k  0.0hk#0.02
DS 0.4 Z0.07 1,564 102 2.8 3.1 o.s4¥0.07 1.0 ¥.01
12/10-16  ss 0.2 20.03 7.2 % I o.9 0.8720.03 0.06%0.03 0.03%0.02  0.07%0.02
DS 0.35%0.01 782 Y o26.3 1.3 fo.h 0.6 ¥.2 1.9 %0.2 0.8 0.07
12/17-25  ss 0.16%.0k 3.89% 0.57 0.22%0.05 for December 4 oaty 05 0.04%0.03
ps o.k o.1 sk ¥ig.2 L. 77%0.7 0.8 %0.1 0.82%0.14
12/24-30 85 0.06%0.03 Bked. 0.07%0.03 0.05%0.02  o. 0510.03
DS 0.12%0.07 879 ¥ 19 2.29%0, 32 0.67%0.05 0.06320.02

*Value is estimated.
*¥Bkgd. indicates background.
Blank spaces indicate data not available,

S5 = suspended solids; DS = dissolved solids; TS = total solids.
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Table 1 (Continued)

CONCENTRATIONS OF STRONTIUM-90, pc per liter

Clinch Clinch R. Tennessee River at
Date Clinch River River at above
at Qak Ridge White Oak Creek Gallaher Centers Watts Bar Chickamauga
1962 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
12/31-1/6 ss o. os-o 03 6.4 % 1.2 0. 05-0 02 0.07%0.02 Bké
DS 0.5 ¥0.08 816 * 28 1.7 ¥0.36 1.4 %0.17  0.81%0.18
1/7-13 Ss O. o7-o 06 5.213 0.7 0.2 zo.oh 0.4 20.03 0. 13-0 ok 0.08%.03 o. 35*0 02
ps 0.7 ¥o.07 636 *14.3 1.6 0.3 0.79%0.07 0.5 *o0.02 0.71%.10 0.7 ¥0.1
1/14-20 ss 0.07%0.03 5.3 % 2.4 0.9 ¥0.07  0.06%.06 for January Bkgd. 0.04%0. 02
ps 0.k ¥0.01 719 < 28.2 6.20%0.8 1.52%0.07 0.95-0.1Lk 0.70=0.12
1/21-27 ss 0.1 %0.03 10.28% 0.9 o. 22{0 ok 0.03%0.01 0.29%0.03 Blgd.
DS 0.53%0.13 714 ¥35.3 5.0 2.8 k.2 ok 0.57%0.13  0.59%0.10
1/28-2/3 ss 0.1 Zo.0b4 6.87% 0.8% 0.49%0.17 TS 1.6%*% 0.0550.01 0.1 io 03
DS 0.5320.0L4 572 ¥ 17 1.01%0.54 0.6 Z0.1 1.34%0. 22
2/k-10 ss  0.12%.03 13.87% 1.54  0.0220.02 TS 1.3%* 0.46%0.23 0.06%0.02  0.03%0.02
DS 0.4 Yo0.01 1,129 fup 1.0 ¥o.2 0.7 %0.5 0.9230.43  0.1k*0.08
2/11-17 ss 0.03%0.02 6.6 ¥ 1,07 o0.12%0.03  o.21%.01 for February 0.03%0.02 Blcgd.
DS 0.2 20.04 1,285 ¥ 56.6 1.54%0.71 1.21-0.34 0.8 -0.3 0.6 =0.2
2/18-24 ss 0.28%.04 20.1 ¥ 1.2 0.13%0.03 0.09%0.02 0.11%0.02  0.03%0.02
ps 0.8 .02 577 % 7.28 3.7 fo.h 2.0 20.53 3.0 %0.3 2.18%0.143
2/25-3/% SS  0.22%0.05 8.5 ¥ o.9% o0.15%0.11 0.14%0.06 0.05%0.02  0.25%0.03
DS 0.28%0.27 122.9 ¥ 5,35 2.5 ¥0.3 7.5 20.2 1.48%0.21 5.4 do.k
¥Bkgd. indicates background.

¥¥Value is estimated.

Blank spaces indicate data not available.

S8 = suspended sclids; DS = dissolved solids; TS

= total solids.

€L



Table 1 {Continued)

CONCENTRATIONS OF STRONTIUM~90, pc per liter

Clinch Clinch R. .
Date Clinch River River at above Tennessee River at
at Oak Ridge White Oak Creek  Gallaher Centers Watts Bar Chickamauga
1962 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
3/4-10 85 0.1 -o 03 8.8 % 0.9 0. 08-0 03 0.2 2o0.0k Bkg 0.0420.02
Ds 0.9 ¥o.2 636 t 33,3 1.9 %o.0k 1.4 %o.2 0.73%=0.0k 1.18%.2
3/11-17 ss 0. 8&*0 03 TS 1,500%% 0.16%0.06 0.1 ¥0.05 0.05%0.02 0.05%0.03  0.03%0.01
+ + + +, +
DS 0.6 %0.01 1.1 20.1 0.85%0.12 0.37%0. 0L 0.23%.06 0.3 ¥o.0k
3/18-2l ss 0.1630.03 18.4 ¥ 1,22 0.09%.0k 0.15%.03 for March 0.03%0.02  0.0%%*
DS 0.6 ¥0.07 1,100 f97.8 2.2%.2 2.3 %0.39 1.8 ¥o.2 1.7 0.3
3/25-31 ss 0.0k¥0,02 L.28% 0,81 0.19%0.05 0.09%0.05 0.06%0.02  o.0k¥o.02
+ + + + + +
ps 0.8 20,15 1,h20 o 4.8 0.2 3.1 f0.2 1.09%0.1 1.19%0.08
h/1-7 ss  0.08%0.0% 5.08% 1.01 0.2%¢ 0. og{o 02 0.0520.02  0.0920.02
DS 0.6 %0.1 1,600%*% 10.0 0,55 0.6220.52 1.4 0.2 1.51%0.21
4/8-1k ss 0.2 .05 6.85% 0.75 0.05%0.05 Bkgd. 0.0530, 0k 0.05%.02  0.02%0.01
+ + & + + +
DS 1.05=0.25 527 =12 6.0 0.6 13.%2-1.81 0.6270,17 3.36=0.3% 1,21~0.15
4/15-21  ss o.oud0.02 121 1.7 Bicgd. 0.12%0,05 for fpril 0.1730.03  0.02¥*
DS ©O.4 fc.ok 1,368 ¥ 1k 8.45%0, 28 7.49%0, 22 1.61%30,16  2.0420.15
Lt/22-28 S8 ©0.05%0.02 1.1 0,01 0.07§p.02 % 0. ou;o 02 o.o3$o o1
DS 1.57%.10 2,000%* k. 45%0.20 2.9430.h2 1.85%0.12  h.4520.2
L/2g9-5/5 Ss 0.0439.01 18.75% 1.53 0.06%0.02 0.16%0.03 o.chp.oE 0.0k fp 03
DS 0.8720.C8 2,700%¥ 11.61%0.46 1.99%0. 42 L.15%0.14  1.1180.07

*Bkgd. indicates background.
**¥Value is estimated.

55 = suspended solids; DS = dissolved solids; TS = total solids.
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Date
1962
5/6-12

5/13-19
5/20-26
5/27-6/2
6/3-9
6/10-16
6/17-23

6/24=30

Table 1 (Continued)

CONCENTRATIONS OF STRONTTIUM-90, pc per liter

Clinch

Clinch River River at

at Oak Ridge White Qak Creek Gallaher

Water Plant at Dam Bridge
ss 0. 05-0 02 15.0 ¥ 1,06 o. 83-0 03
DS O. 51—0 09 2,852 178 2.17%0.37
88  0.06%0.02 13.8 % 1.4 0.0930.02
ps o0.5k%0.11 2,700% 3,75-0.4%
ss 0.02%.02 o5.2 & 1.4 0.11%0.03
DS 0.72%0.19 2,h00  tiuy 2.55%0.3%5
ss  0.06%0,02 21.8 ¥ 1.29 0.16%0.03
DS 0.62%0.16 1,900% k. 27%0.5%
ss 0.07-0 03 2.85- 0.15 0.33%.01
DS 0.87%0.13 1,579 f122.5 8.5 10.65
ss 0.25%0.10 28.1 % 3,235 o.22%0.04
DS 0.4 ¥0.08 1,258 *92.3 3.7 0.28
SS 0.15%0.0% 23,5 % 1,25  0.14%.03
DS 0.6 0.1 2,135  f1s55.7 2.6 0.2
Sss Bkéd 92.5 * 2.8 o. 2u$o ok
DS 1.2 0.1 1,700 112 2.4320.38

Clinch R. .

above Tennessee River at

Centers Watts Bar Chickamauga

Ferry Loudon, Tenn. Dam Dam
O.lli0.0E o.ohi 0.05%
1.8520. 36 1.3430, 07 1.07%0. 1k
0.0930.02 o.osfo.oe % 0.06%0.02
4.8520. 143 0.99%0.17 2.%5%p, 31 1.02%0.13
0.11%0.07 for May 0.05%0.02  0.29%
L. 2330, 28 0.08%0.01  0.99%0.13
o.12§o.o5 0.02%0.02 0.17%

3.3 20,81 1.11%0. 1k 1.58%.16
0.2% 0.05%20.02  0.06%0.02
+ + +
4,9 <0.53 1.2330,16 1.26-0.25

o.elfo.o7 0.0kd0.02 Bkgd. Bkgd.
2.8 0.2 1.21%0.17 1.8 30,18 1.5530,20
0.68% for June 0.02%0,00  0.0u%0.02
2.52%0.56 L.7 ¥0.68  o0.96%0.41
0.99%0.07 0.1130.03 0.05%0.03%
3, 1730, Lk 1.4 fo.2 1.5 0.3

*Value is estimated.

**Bkgd.

35 = suspended solids;

indicates background.

DS = dissolved solids.
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Table 1 (Continued)

CONCENTRATIONS OF STRONTIUM-90, pc per liter

Clinch Clinch R. Tennessee River at
Date Clinch River River at above
e at Oak Ridge White Oak Creek  Gallaher Centers Watts Bar Chickamauga
1962 Water Plant at Dam Bridge Ferry Loudon, Tenn. ‘Dam Dam
7/1-7 ss 0.10%0.02 126 % z.11 o.27¥0.07 o.ok¥0.02  0.06%.02
DS 0.6 20.09 1,450 1128 3, 0% 1.85%0.22 1.0 %0.1
7/8-14 ss 0.12%0.03 13.4 3 1.1 0.19%.03 0.05%0,02 0.1520.03  0.06%0.03
+ + + + + +
DS 0.58%0.10 865 = T0.%  7.05-0.61 1.18-0.16 1.4 20.16 1.1 0.1
7/15-21 ss 0.23%0.06 15.38% 1,05 0.05%0.02  0.0320.02 for July 0.0720.06 0.5 %0.03
DS 0.56%0.11 1,532 ¥ 83 2.02%0, 14 1.62%0.13 1.1220.11  1.02%0.16
7/22-28 8 27.80% 1.58 for July 1-21
DS 1,004  *58.7
7/29-8/4k 88 16.55% 1,43
DS ; 1,972 219
8/5-11 Ss 3,632 0.65
DS 1,008 ¥ 80.2
8/12-18 Ss  0.05%0.02 13.62% 1,10 0.02%.01 0.11% Bk§d.** 0.07$b.oh o.12$o.05
DS 0.65%0.12 1,115 ¥81.8 2.16%.14 1.37%0.11 0.72%0.13 2.5720.25 1.0 20.12
for July 22« for July 22- for July 22- for August
August 18 August 18 August 18
8/19-25 SSs 16.81% 0.92
DS 1,985  d124
8/26-9/1  ss 1o.9o§ 0.83
DS 1,hb00 =183

¥Value is estimated.
*¥¥Bkgd. indicates background.
Blank spaces indicate data not available.

SS = suspended solids; DS = dissolved solids.
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Date

1962
9/2-8

9/9-15
9/16-22
9/23-29
9/30-10/6
10/7-13
10/14-20

10/21-27

Table 1 (Continued)

CONCENTRATIONS OF STRONTIUM-00, pc per liter

Clinch Clinch R.
Clinch River River at above
at Oak Ridge White Oak Creek  Gallsher Centers
Water Plant at Dam Bridge Ferry

ss 16.95{ 1.30

DS 985 =79

ss 0.01%.01 1 ¥ o.64 0.03%0.01 0.01%.01

DS 0.75%0.09 1,002 *193 2.1430,14 1.9420.14

for Aug. 19- + for August 19 for August 19~

Ss 22,28 1.32

DS Sept. 15 1,133 +168 -Sept. 15 Sept. 15

SS 16.10% 1,10

DS 1,573 214

Ss 1&.60§ 0.89

Ds 997 =198

SS  0.20%0.06 9.38% 0.76 0.0350.01 0.01$o.01

DS 0.76%0.09 1,226 *97.2  1.93%.14 2.29%0.26

for Sept. 16- + for Sept. 16~ for Sept. 16-

8s 2.66= 0.79

DS Oct. 13 986 1161 Oct. 13 Oct. 13

Ss 0.50% 0.38

DS 1,171.2 ¥ 72,4

Tennessee River at

Watts Bar Chickamauga
Loudon, Tenn, Dam Dam
0.02%0.,02 0.10%0,02  0.10%0.03
0.55%0.08 1.45%0,15 1.15%0.11
for September
0.03%0,02 0.5330.05
0.88%0.09 1,13%.12
0.04%0,02
0.38%0.08

for October

Blank spaces indicate data not available,
35 = suspended solids; DS = dissolved solids.
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Table 1 (Continued)

CONCENTRATIONS OF STRONTIUM=-90, pc per liter

Clinch
Date Clinch River River at
——— at Oak Ridge White Oak Creek  Gallaher
1962 Water Plant at Dam Bridge
10/28-11/3 S8 2.86% 0.45
DS 1,326 %178
11/4-10 8S 0.25%0,05 1.79% o0.k2 0.,03%0.01
DS ©0.94%0.13 500 f124 4.36%0,28
for Oct. 1bL- for Oct. 1lh-
11/11-17 S8  Nov. 10 1.46% 0.38  TNov. 10
DS 8u8 I 3.2
11/18-2k  ss 7.69% 0.75
DS 236 ¥ 6.3
11/25-12/1 S8 8.00% 1.60
DS 1,155 f164.0

Clinch R.
above
Centers

_Ferry

o0.ok¥o.01

2.36%0.25
for Oct. 1k~

Nov. 10

Tennessee River at

Watts Bar Chickamauga
Loudon, Tenn. Dam Dam
0.03%0.02 0.1430,03
0.01%0.01  1.11%0.12
0.08%0,03
0.81%0.12

for November

Blank spaces indicate data not available,

58 = suspended solids; DS = dissolved solids.
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To determine what portion of the total strontium-90 activity
is assoclated, on the average, with the suspended solids, and what
portion with the dissolved solids (meaning in solution and/or assoclated
with very fine suspended particles not.removed by the supercentrifuge),
a simple average percentage was computed for each of the two portilons
from the determinations on all samples from each station, with results
as shown in the following tabulation. Median values are also shown.

Distribution of Strontium-90 in Water Samples

Percent Total Activity in

Station Suspended Solids Dissolved Solids

Mean Median Mean Median
Clinch River at Oak Ridge water plant 24 21 76 79
White Oak Creek at White Oak Dam 2 1 98 99
Clinch River at Gallaher Bridge 6 L ol 96
Clinch River at Centers Ferry 9 6 91 9k
Tennessee River at Watts Bar Dam 9 6 91 ol
Tennessee River at Chickamauga Dam 10 6 90 ok

TFrom these data 1t is quite apparent that from 90 to 98 percent
of the strontium-90 activity 1s assoclated with the dissolved solids, or
in other words, dilssolved in the water itself. (The maximum size of gedi-
ment particles left in suspension by the supercentrifuge is estimated to
be 0.7 microns.) The time of contact with the suspended solids in Clinch
River appears to have some Influence on the distribution of activity
between suspended sollds and dlssolved solids since the percentage assocl-
ated with the dissolved solids decreases from 98 percent at White Oak Dam
to 94 percent at Gallsher Bridge, and to 91 percent at Centers Ferry.
There 1s essentially no change, however, from Centers Ferry to Chlckamauga
Dam.

Mass Curves~-Mass (cumulative)curves of strontium-90 lcads at
all stations except Loudon are shown in figure 4. The Loudon loads have
been computed on the assumption that the concentrations found represent
flow-welghted concentrations. These monthly loads are shown in figure 4
by the vertical bars extending up from the Centers Ferry load. In pre-
paring all the mass curves in this report, the total actlvity in each
sample was used in the computations; l.e., the total sample actlvity 1is
determined as the sum of the activitles in both the suspended and
dissolved solids.

To permit comparison of the total cumulative loads, at succes-
sive stations, an estimate of the "normal" time of water travel from
station to station was made and lagged time scales were used for plotting
the loads accordingly. For example, water flowing out of the mouth of
White Oak Creek would be expected to arrive at the Centers Ferry station
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(Clinch River mile 5.5) two days later, and to arrive at Watts Bar Dam
nine days later, and at Chickamaugs Dam after five more days. Naturally,
these times are not constant but vary with streamflows, pool levels, and
to some extent with the season of the year. A constant time of travel
has been assumed, however, as detailed above, and the plotted data seem
to support, over all, the estimated times reasonably well.

The rate of discharge of strontilum-90 to Clinch River during
the first three months of the sampling periocd was approximately 4.5 curies
per month but at the end of February 1961 the rate was abruptly reduced
to approximately 1.2 curies per month, a rate that was maintained gquite
uniformly throughout the remainder of the two-year sampling period.

The strontium-90 load measured for the Clinch River at the
Oak Ridge water plant is also shown in figure 4. The rate of accumulation
was quite steady throughout the two-year period, at about 0.29 curies per
month, or at about 91 mlcrocuries per square mile per month.

Combining the sum of the two loads, White Oak Creek and Clinch
River at Oak Ridge water plant, produces a third curve, also shown in the
figure. The curve representing the sum of these two loads exceeds, at
the end of sampling, the load measured at Centers Ferry by approximately
13 percent. There 1s also a slight loss indicated between the stations
at Gallaher Bridge and Centers Ferry during the 11 months of record at
Gallaher Bridge. Since about 9 percent of the total strontium-90 activity
at the Centers Ferry station is associated with the suspended solids, the
apparent explanation for part of this loss is sedimentation in the
embayment of Clinch River.

Although the daily Loudon samples were not proporticned to
streamflow, 1f it 1s assumed that they were, a sizable load presumably
derived from fallout is shown as flowing down the Tennessee River from
the 12,220 square miles of drainage area above this station. The accu-
mulated load, with the above assumption, was found to be about 28 curies
representing a contribution, averaged over the 24 months of record, of
96 microcuries per square mile per month.

Additional gains are indlcated from the 1,550 square mile
drainage area between Centers Ferry plus Loudon and Watts Bar Dam. This
gain was 21 curies representing a contribution of approximately 590 micro-
curies per square mile per month. On the assumption that the Loudon load
is not correct (and since the samples were not flow-proportioned, it
undoubtedly is not), if the Centers Ferry load is subtracted from the
Watts Bar load the contribution per square mile from the intervening area
is determined to be 151 microcuries per square mlle per month.

There is a large increase in the load at Chickamauga Dam during
late February 1962, presumably from fallout following numerous bomb tests
(Russian and some American) during the months of September, October, and
November 1961. The total accumulated increase between Watts Bar and
Chickamauga Dams in the two-year period was approximately 19 curies,
representing a contribution of 227 microcuries per square mile per month.
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Downstream from the Centers Ferry station, there was a measured
gain 1n the total load from station to station. However, this cannot be .
interpreted to mean that all the strontium-90 originating at Oak Ridge
is transported past Chattanooga, Tennessee. All that can be said
on this point, with a reasonable degree of confidence, is that a large -
percentage of the Oak Ridge load does pass Chattanooga. That quantity
of strontium-~-90 lost from solutlon and suspension during the two-year
sampling period was apparently more than offset by contributions to the
river system from fallout. In fact, the two-year load at Chattanocoga
is over two and one-half times the load passing White Oak Dam.

Periods of 1961 and 1962 in which fairly frequent nuclear bomb
detonations occurred in both the United States and in the USSR, together
with the resultant effects on gross beta concentrations at eight remote
(remote from Oak Ridge) precipitation stations are shown in figure 5.
(These data were supplied by the Applied Health Physics Section.) The
stations were located at Norris, Fort Loudon, Douglas, Cherokee, Watts
Bar, Great Falls, and Dale Hollow Dams, and at Berea, Kentucky.

The abrupt increases in the strontium-90 loads during February
1962 at Loudon, Watts Bar Dam, and at Chickamauga Dam would appear to
reflect relatively large volumes of runoff containing strontium-90.

Comparison with Load Measured by ORNL--To determine how
strontium-90 loads at White Oak Dam, as measured in this study, compare
with the same loads measured by the Oak Ridge National Laboratory, these
two sets of data were plotted by months in figure 6. Reported loads for
several of the individual months are greatly different but for the two
years of record, the total load as determined by ORNL was only about 12
percent less than that measured in the Clinch River Study.

Ceslum-137, Concentrations and Total Stream Loads

Concentrations of cesilum-137 found in all samples at all sta-
tions for the two-year periocd of record are shown in table 2. However,
because of extreme difficulty in analyzing the gamma spectrum to identify
the activity due strictly to cesium~137 when there is a high concentra-
tion of ruthenium-106 present, the data reported here on cesium-137 must
be considered only very approximate. Cumulative loads may be reasonably
correct (due to tendency for positive and negative errors to balance out),
but no great confidence can be placed in any of the cesium-137 data. In
retrospect it can be said that the cesium should have been separated
chemically or by other means from the samples before any radiological
determinations were made.
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Teble 2

CONCENTRATIONS OF CESTUM-137, pe per liter

Clinch Clinch R. Tennessee River at

Date Clinch River River at above

—— at Oak Ridge VWhite Osk Creek Gallaher Centers Watts Bar Chickamsuga

1960 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
11/13-19 TS 1 978 6
11/20-26 TS 1 -36 11 1
11/27-12/3T8 1 k,225 6% 2 1
12/h-10 TS 2 778 b 1 0
12/11-17 T8 0 190 -7 10 1 6
12/18-2h TS 1 316 L for December 1 2
12/25-31 T8 0 s 22 0 2

1961
1/1-7 TS 1 696 6 0 0
1/8-14 T8 0 688 1 1 -1 0
1/15-21 TS 2 1,383 7 for January 0 0
1/22-28 T8 0 180 3 0 0
1/29-2/h TS 3 666 1 -2 o
2/5-11 T8 1 2,978 -l o% 0
2/12-18 TS 2 824 8 34 1 1
2/19-25 TS 5 787 A% for February 0 0
2/26-3/4 T8 b 366 L 2 2
3/5-11 TS 2 523 6 2 0
3/12-18 TS 1 2,082 10 8s 1 1 3
3/19-25 TS 5 2,7The 6 DS 1 4 -2
3/26-4/1 T8 5 1,500% 17 for March 2 L
h/2-8 TS 2 %29 L 7 1
L/9-15 T8 s) L,292 1 0 )
L/16-22 TS 0 he2 0 88 0 0 0
L/23-29 88 o* 832 5 DS 3 TS O T8 ©

8 0 ThO 0% for April

o9c

*Value 1s estimated,
Blank spaces indicate data not available. TS = total solids; S5 = suspended sollds; DS = dlssolved solids.



Date

1961
4/30-5/6

5/7-13

5/14-20
5/21-27
5/28-6/3
6/%-10
6/11-17
6/18-24

6/25-7/1

Clinch River
at Oak Ridge
Water Plant

Table 2 (Continued)

CONCENTRATIONS OF CESIUM-137, pc per liter

Clinch
River at

White Oak Creek  Gallaher
at Dam Bridge

S5S
DS

S5
D3
55
DS

S8
DS

S8
DS

88
DS

S5
DS

S5
DS

SIS
D8

[N el oNe]

O+~ OH OO OO0 OO OO0 OO

*

667
L3

377
O*

18k
0

341
38

632
0

1,180%
0

1,052
-70
ThT

1,310%

k,365
426

Clinch R, Tennessee River at
above
Centers Watts Bar Chickamauga
Ferry Loudon, Tenn, Dam Danm
3 0 1
o¥ 0 1
2 0 0 0
o* 0 1 0
for May
1 0 0
0] 0 0]
5 0 0
1 0 o*
6 0 0
0 0 ¢]
6 0 0 0
1 0 0 0
7 for June 0 0
0 0 1
16 0 0
=3 0 0
13 0 0
0 0 0

¥Value is estimated.

Blank spaces indicate no data available,

88 = suspended solids; DS = dissolved solids.

L



Teble 2 (Continued)

CONCENTRATIONS OF CESIUM-137, pc per liter

Clinch Clinch R. R
Date Clinch River River at above Tennessee RlYer at
—_— at Oak Ridge White Oak Creek  Gallaher Centers Watts Bar Chickamauga
1961 Water Plant at Dam Bridge Ferry Loudon, Tenn, Dam Dam
7/2-8 ss 6 703 1 0 0
DS 0 87 0 0 0
7/9-15 ss 0 966 3 0 0 0
DS 0 5,443 0 0 0 0
7/16-22  ss 0 731 4 for July 0 0
DS 0 1,019% 0 0 0
7/23-29 ss 0 1,190 6 ) 0
DS 0 -65 1 0 0
7/30-8/5 ss 0 1,585 2 0 0
DS ) 1,178 1 0 0
8/6-12 SS 0 2,188 8 1 0 0
DS 0 1,ho2 5 6 0 0
8/13-19 Ss 3 1,445 0 for August 0 0
‘ DS 3 -253 0 0 0
8/20-26 ss 0 1,061 b 0 0
DS 0 -221 0 0 0
8/27-9/2  s8 0 L8 1 0 0
DS 2 1,341% 0 0 3

¥Value is estimated.
Blank spaces indicate no data available.

SS = suspended solids; DS = dissolved solids.

-



Table 2 (Continued)

CONCENTRATIONS OF CESIUM-137, pc per liter

Clinch Clinch R. Tennessee River at
Date Clinch River River at above
—_— at Oak Ridge White Oak Creek  Gallsher Centers Watts Bar Chickamauga
1961 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
9/3-9 ss 0 TS 1,880% 1 0 ¥
DS 0 0 0 0
9/10-16 SS 0 TS 1,290% 2 0 0 0
DS 0 0 -2 ) 0
9/17-23 ss 0 TS 1,320% 2 for September 0 0
DS 0 o ) 0
9/24-30 ss 0 TS 1,145% 19 0 0
DS 0 1 0 0%
10/1-7 ss 0 636 12 0 o)
DS 0 ~265 2 0 o)
10/8-14 ss 0 571 Lo 0 0 0
DS 2 25 6 0 0 1
10/15-21  SS 0 985 29 for October 0 0
DS 0 315% 0 0 1
10/22-28  SS 0 1,860% 18 0 0
DS 0 131 1 1 0
10/29-11/4 SS 0 1,156 30 0 0
DS 0 885 b 0 o]

*Value is estimated.
Blank spaces indicate no data available.
SS = suspended solids; DS = dissolved solids; TS = total solids.

6¢



Table 2 (Continued)

CONCENTRATIONS OF CESIUM-13%7, pc per liter

Clinch Clinch R. .
Date Clinch River River at above Tennessee River at
_— at Oak Ridge White Oak Creek  Gallaher Centers Watts Bar Chickamauga
1961 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
11/5-11 S8 0 106 116 TS O TS ©
DS 0 1,578 8
11/12-18  ss 0 823 o4 0 0 TS ©
DS 0 2,330 2 o* 0
11/19-25 88 0 159 75% for November mg o TS 0
DS -2 553 1
11/26-12/2 S8 0 349 39 0 0
DS ¢ 223 1 0 0
12/3-9 ss 0 379 : 3 0 0
DS 0 595 2 0 0
12/10-16  ss 0 321 5 0 0 0
DS 0 o% -6 0 -2 0
12 /17_23 s 0 % 5 for Decenber 0 1
DS -1 o%* o* -3 -1
12/24-30 S8 0 70 2 0 0
DS -1 380% -6 18 =3

*Value is estimated.
Blank spaces indicate data not available.
S8 = suspended solids; DS = dissolved solids; TS = total solids.

0g



Date
1962

12/31-1/6
1/7-13
1/14-20
1/21-27
1/28-2/%
2/4-10
2/11-17
2/18-2h

2/25-3/%

Tsble 2 (Continued)

CONCENTRATIONS OF CESIUM-137, pc¢ per liter

Clinch Clinch R. .

Clinch River River at above Tennessee River at

at Qak Ridge White Qak Creek  Gallaher Centers Watts Bar Chickamauga

Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
ss 0 88 1 0 0
DS -4 275% -8 -2 -1
SS 0 71 1 1 0 0 (o]
DS -l 320% -2 1 -1 -5 -3
S8 ¢] 153 2 2 for January o o
DS -l 19k -2 -6 o* o%
ss 0 288 6 2 0 0
DS o* o* -1 o¥ -2 -3
ss 0 286 8 TS 1% 0 0
Ds o* o* 1 -3 1
ss -1 308 4 TS 1¥ 0 0
DS o¥ 170% -1 o¥ -1
8s 0 153 5 3 0 0 0
DS -1 L30% -1 -2 -1 o* o%*
as -1 590 7 2 for February 0 o
DS -9 o* 0 3% -2 1
838 0 350 5 4 0 0
DS 0 o¥ -2 -2 " 1%

*Value is estimated.

Blank spaces indicate data not available.

5SS = suspended solids; DS = dissolved solids; TS = total solids.

1€



Table 2 (Continued)

CONCENTRATIONS OF CESIUM-137, pc per liter

Clinch Clinch R.
Date Clinch River River at above
at Oak Ridge White Oak Creek  Gallaher Centers
1962 Water Plant at Dam Bridge Ferry

3/4-10 ss 2 301 b 7
DS 0 120% 0 1

3/11-17 Ss 1 TS  630% i 6
DS o] -1 0

3/18-24 8s 1 450 -6 5
DS -2 75 b -1

3/25-31 ss 0 98 5 12
Ds -2 197 =3 =3

L/1-7 ss 0 k3 0 7
DS 0 59 b -2

/814 ss 2 203 TS 3% 5
DS -1 o* 1

4/15-21 ss 1 323 5 5
DS 0 15% 1 0

L/22-28 Ss 1 388 2 i
DS 0 200% -1 0

k/29-5/5 ss 0 530% 1 2
DS 0 288 0 0

Tennessee River at

Watts Bar Chickamauga

Loudon, Tenn, Dam Dam
(¢ 1

3% -k
0 0 1*

-1 5 o]
for March 3% o
-1 -1

1 (]

~1 0o

0 0

-2 0
1 ¢ o*

-1 -2 -3
for April 1 o
0 -2

1 0

1 -1

0 0

0 1

*Value is estimated.
SS = suspended solids; DS = dissolved solids; TS

= total solids.
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Table 2 (Continued)

CONCENTRATIONS OF CESIUM=137, pc per liter

Clinch Clinch R. R
Date Clinch River River at above Tennessee River at
— at Oak Ridge White Qak Creek  Gallaher Centers Watts Bar Chickamaugs
1962 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
5/6-12 ss 1 Th2 2 2 0 0
DS -1 202 0 0 0 -2
5/13-19 Ss 0 595 L 3 0 0 0
DS -1 395% -1 0 0 0 0
5/20-26 88 0 973 5 5 for May 0 0
DS o%* 225% -2 -2 -1 0
5/27-6/2  ss o* 1,283 8 7 0 0
DS o 1 0 -1 -1 -1
6/3-9 s 0 977 9 1 1 0
DS -1 Lo5* 0 5 0 -1
6/10-16 ss 0 927 12 5 0 0 0
DS -3 250 1 1 -1 -1 -2
6/17-23 ss 0 929 9 20% for June 0 0
DS -1 1,370% 0 -1 0 -1
6/24-30 8s 1 1,070 16 3k e} 0
DS 0 o* 0 1 -1 -1
7/1=7 SS 1 816 15 TS 16% 0 0
DS -1 Lio* 0* 0 -1

*Value is estimated.

S8 = suspended solids; DS = dissolved solids; TS = total solids.

€e



Date

1962
7/8-1k4

7/15-21
7/22-28
7/29-8/4
8/5-11
8/12-18
8/19-25
8/26-9/1

9/2-8

SS
DS

SS
DS

SS
DS

SS
DS

S5
DS

S8
DS

S8
DS

88
DS

58
D8

Clinch River
at Oak Ridge
Water Plant

Table 2 (Continued)

CONCENTRATIONS OF CESIUM=-137, pc per liter

White Oak Creek
at Dam

Clinch
River at
Gallaher

Bridge

S OO0 O

%

CO HK EH D O Ok O

613
370
1,194
38
1,129
538
955
68
781
295%
1,124
155%
1,210
27
90k
59
966
3

18
-1

O OW

TS 24*

O OWwW Ow O F

Clinch R. Tennessee River at
above
Centers Watts Bar Chickamauga
Ferry Loudon, Tenn. Dam Dam
TS 10% 0 o
0 0
0 o 0 0
L 1 -1 0
L% for July o* 0
¢] 0 -1
TS 3% 0 0
i (0] 0
TS ho* 0 0
0 1
5 0 0 0
0 ¢} 0 -3
3 for August 0 o%
1 1 1
3 ¢ o*
o] 1 o¥
5 0 0
1 1 0

*Value is estimated.

SS = suspended solids; DS = dissolved solids; TS = total solids.
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Teble 2 (Continued)

CONCENTRATIONS OF CESIUM=13%7, pc per liter

Clinch Clinch R, .
Date Clinch River River at above Tennessee River at
—_— at Oak Ridge White Oak Creek  Gallaher Centers Watts Bar Chickamauga
1962 Water Plant at Dam Bridge Ferry Loudon, Tenn, Dam Dam
9/9-15 ss 1 720 6 3 0 0
DS 0 2ho% -5 1 0 0
9/16-22 ss 1 610 8 1 0 0 0
DS 0 o* -9 8 0 1 0
9/25_29 ss 0 766 L 3 for September 0 0
DS 0 9TO¥* 0 5 0 0
9/30~10/6 85 0 710 I k 2 © 0
DS 0 570% 2 0 1 0
10/7-13 8s 1 1,000 L b 0 0
DS 0 7350 0 L 1 1
10/14-20 SS 0 Lo 9 5 0 0 0
DS 0 115 2 0 1 0 -1
10/21-27  SS o% 280 12 2 for October 0 0
DS 1 695% 0 1 3 Y
10/28-11/3 8s 0 %08 11 2 0 0
DS 1 1,820% 2 1 0 0

*¥Value is estimated.

SS = suspended solids; DS = dissolved solids.
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Table 2 (Continued)

CONCENTRATTONS OF CESIUM-137, pc per liter

Clinch Clinch R. .
Date Clinch River River at above fennessee River at
— at Oak Ridge White Oak Creek Gallaher Centers Watts Bar Chickamauga
12§2 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
11/4-10 ss 0 282 11 1 0 0
DS -1 884 6 1 2 3
11/11-17  ss 1 88 13 3 0 0 o%
DS 0 2,660% 1 k 0 1% 0
for November
11/18-24 Ss o%* 410 9 4 1 0
DS =3 656 12 o* -1 0
11/25-12/1 S8 0 359 8 1 0
DS 0 2 3 0

*Value is estimsted.

Blank spaces indicate data not available.

88 = suspended solids; DS = dissolved solids.

o¢
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Maximum concentrations found in the weekly (monthly at Loudon)
composite samples (including both suspended and dissolved solids) are
shown in the following tabulation:

Sample Showing Highest Concentration
Cesium-137

Station ' Concentration Period of Occurrence

pc per liter

Clinch R. at Oak Ridge water plant 6 Jul. 2-8, 1961, and
Aug. 13-19, 1961
White QOak Creek at White Oak Dam 6,409 Jul. 9-15, 1961
Clinch R. at Gallaher Bridge 21 Nov. 18-24, 1962
Clinch R. at Centers Ferry 35% Jun. 24-30, 1962
Tennessee R. at Loudon, Tenn. 3 Feb. 5-11, 1961
Tennessee R. at Watts Bar Dam 18 Dec. 24-30, 1961
Tennessee R. at Chickamauga Dam 6 Dec. 11-17, 1960

*Omitting high values during period September 10 through December 2, 1961,
when sampling equipment was not functioning properly.

Since even the maximum concentrations at all stations are far
below MPC values for drinking water used by the general population, mean
concentrations at the varlous stations were not computed.

To determine what portion of the total cesium-13T activity is
associated, on the average, with the suspended solids, and what portion
with the dissolved solids (including, of course, those very fine sus-
pended solilds not removed by the supercentrifuge), a simple average
percentage was computed for each of the two portions from the determina-
tions made on all samples from each station, with results as shown in the
following tabulation. Medlan concentrations are also indicated.

Digtribution of Cesium-137 in Water Samples
Percent Total Activity in

Station Suspended Solids Dissolved Solids

Mean Median Mean Median
Clinch R. at Oak Ridge water plant 82 100 18 0
White Oak Creek at White Oak Dam 69 79 31 21
Clinch River at Gallaher Bridge 92 100 8 0
Clinch River at Centers Ferry 86 100 14 0
Tennessee River at Watts Bar Dam 30 0 70 100

Tennessee River at Chickamaugs Dam 19 0 81 100
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In marked contrast with strontium-90, the great bulk (69 to 92
percent) of the cesium-137 load is associated with the suspended solids
in the water samples collected from White Oak Creek and from Clinch River.
The Tennessee River samples, however, show 70 to 81 percent of the load
to be in solution and/or associated with the very fine solids not removed
by the supercentrifuge. This indicates that practically all the Clinch
River sed iment has settled by the time the Watts Bar Dam and Chickamauga
Dan stations are reached and that only the very fine particulate matter
and its contained activity remains.

Mass Curves--Mass curves of cesium-137 loads at all stations
except Loudon, are shown in figure 8. In spite of a basic lack of
accuracy in all cesium-137 determinations, the agreement shown in the
discussion under "Comparison with Load Measured by ORNL," page 40,
indicates the mass curve for White Oak Creek probably is reasonably
accurate. The rate of discharge of cesium-137 to Clinch River was dquite
variable for the period November 1960 to April 1961, but thereafter,
through November 1962, the rate of discharge was reasonably steady at
about 0.8 curle per month.

The outstanding feature of all these curves that immediately
catcheg the eye is the extremely great load shown for Centers Ferry in
the fall of 1961. Due to a malfunctioning of the sampling equipment
here during this period, as explained in detall in Progress Report No. 3,
the reported load is undoubtedly incorrect. If the curve value for
Decenber 1, 1961, is adjusted to about 21 curies (the value obtained by
extending the curve established prior to about October 1), and the load
thereafter accumulated from this value, the entire mass curve for this
station appears more reasonable, and is very similar to that for Gallaher
Bridge.

Although there is considerable question about the accuracy of
all cesium-137 determinations, still there is an Ilndicated increase in
the cesium-137 loads during 1962 between White Oak Creek and Gallaher
Bridge that is quite substantlal. Such an increase might be attributed
to lack of accuracy were 1t not for the fact that when the Centers Ferry
load is plotted in the lower positlon as discussed above, the Gallaher
Bridge and Centers Ferry loads check each other amazingly well. This
increase cannot loglcally be attributed to scouring of silt from the
riverbed in the reach between White Oak Creek and Centers Ferry since
the lcad seems to have increased more or less continuously throughout
the year, and not just during the high river flows of January, February,
and March 1962. Although limited accuracy in analysis of the cesium-137
samples casts serious doubts into the situation, and although a careful
field investigation of this situation has previously been made by
P. H. Carrigan and R. J. Pickering, still the indication of a sizable
increase in the Clinch River load of this radionuclide at some point(s)
below the mouth of White Oak Creek is sufficlently definite to warrant
a "second look" by personnel familiar with the possibilities of seepage
from disposal pits, and wilth all other possible scurces of this
radionuclide.
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Because of the very limited accuracy of analysis, particularly
in the dilute samples collected from the Tennessee River, no detailed
discussion of the mass curves for Watts Bar and Chickamauga Dams is

warranted.

Comparison with Load Measured by ORNL--The data for cesium-137

plotted in figure 6 indicate reasonable agreement during most months of

record between the loads as determined by the Oak Ridge National

Laboratory and as determined in the Clinch River Study.
for the two-year period as determined by ORNL (22.17 curies) was about
14 percent less than that determined in the Clinch River Study (25.83

curies).

Cobalt-60, Concentrations and Total Stream Loads

Concentrations of cobalt-60 found in all samples at all
stations for the two-year period of record are shown in table 3.

The total load

Maximum concentrations found in the weekly (monthly at Loudon)
composite samples (including activity in both suspended and dissolved
solids) are shown below:

Station

Clinch River at
White Oak Creek
Clinch River at
Clinch River at
Tennessee River
Tennessee River

Tennessee River

Sample Showing Highest Concentration

Cobalt-60

Concentration Period of Occurrence

pe per liter

Oak Ridge water plant 5
at White Oak Dam 5,095
Gallaher Bridge 18
Centers Ferry 52

at Loudon, Tenn.
at Watts Bar Dam

at Chickamaugs Dam 3

Jul.
Nov.
Nov.

Jun.

Feb.
Jun.

Ayg.

22-28,

12-18,

18-2k,

11-17,
*

*%
18-2k,

17-23,
12-18,

1962
1961
1962
1961

1962,
1962, and
1962

*This value occurred in several samples throughout the sampling period.

**This value occurred five times, March to October 1962, inclusive.

s



Table 3

CONCENTRATIONS OF COBALT-60, pc per liter

Clinch Clinch R. R

Date Clinch River River at above Tennessee River at

s at QOsk Ridge White Oak Creek  Gallaher Centers Watts Bar Chickamauga

1960 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
11/13-19 TS 0 2,302 L
11/20-26 T8 0 4,679 8 1* 0
11/27-12/3 TS 0 3,734 8 1 0
12/4-10 TS 2 2,521 3 1 1
12/11-17 S 0 3,156 6 0 1 0
12/18-24 TS 0 3,147 12 for December 1 0
12/25-31 TS 1 3,391 12 1 0

1961
1/1-7 S 0 2,022 19 1 1
1/8<14 TS 0 2,246 2 1 1
1/15-21 TS ) 3,656 3 0 2 2
1/22-28 TS 0 2,533 3 for January 1 2

“1/29-2/k s 0 3 611 P T 2
2/5-11 TS 0 3,817 3l 1% 1
2/12-18 TS 0 2,765 28 1 0 1
2/19-25 TS 0 1,78k 5% for February 2 1
2/26-3/k TS o* 1,418 b 1 1
3/5-11 TS 0 1,046 2 0 0
3/12-18 TS 0 1,526 i ss 0 0 0
3/19-25 TS 0 1,861 2 DS © 0 0
3/26-k/1 TS 0 1,657 3 for March 0 0
4/2-8 TS 0 1,612 13 ) 0
k/9-15 TS o) 1,566 L ) ) 0
L/16-22 TS 0 1,521 10 DS 0O 1 )
for April

*Value is estimated.

Blank spaces indicate data not available,

TS = total solids; SS = suspended solids; DS = dissolved solids.
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Table 3 {(Continued)

CONCENTRATIONS OF COBALT-60, pc per liter

Clinch Clinch R, s
Date Clinch River River at above Tennessee River at
e at Osk Ridge White Oak Creek  Gallsaher Centers Watts Bar Chickamauga
1961 Water Plant at Dam Bridge Ferry Loudon, Tenn, Dam Dam
4/23-29 8s 0% 157 1
DS 0 852 1* ™S 1 ™ 0
4/30~5/6 ss 0 254 0 0 0
DS 0 102 1 0 0
5/7=13 8S 0 182 0 0 0 0
DS 0 1,578 7 0 1 0
5/14=20 ss o% 9 0 for May 0 0
DS 0 1,921 L 0 1
5/21-27 S8 0 69 2 0 0
DS 0 1,303 8 0 o¥*
5/28-6/3 88 0 17 1 0 0
DS 0 928 2 1 0
6/4-10 ss 0 ohio¥ 1 ) 0 0
DS o 1,893 2 0 0 0
6/11-17  sS 0 302 3 Tor June 0 0
DS 0 2,037 kg 0 1
6/18-2k ss 0 240 3 0 0
DS 0 1,831 15 0 0
6/25-7/1 88 0 201 2 0 0
DS 0 1,051 6 0 0

*Value is estimated.
Blank spaces indicate data not available.
SS = suspended solids; DS = dissolved solids; TS = total solids.
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Table 3 {Continued)

CONCENTRATIONS OF COBALT-60, pc per liter

Clinch Clinch R. R
Date Clinch River River at sbove Tennessee River at
—_— at Oak Ridge White Osk Creek  Gallaher Centers Watts Bar Chickamauga
1261 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
7/2-8 sS ) 125 1 0 0
DS 0 791 0 0 1
7/9-15 Ss 0 210 0 0 0 0
DS 0 2,104 1 0 1 1
7/16-22 ss 0 1,191 " for July o o
DS 0 o%* I 1 1
7/23=-29 8S 0 151 1 0 0
DS ¢ 541 2 0 0
7/30-8/5 S8 0 1,018 0 0 0
DS o] 1,163 0 0 0
8/6-12 ss 0 3hly 0 0 0
DS 0 i, 767 0 ] 0
8/13-19 ss 0 Lot 0 0 0 0
DS 0 1,192 0 0 0 0
8/20-26 S8 0 248 1 for August 0 0
DS 0 1,119 L 0 0
8/27-9/2 ss 0 111 0 0 0
DS 0 2,625% 1 0 0

*Value is estimated.
Blank spaces indicate data not available.
SS = suspended solids; DS = dissolved solids.
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Table 3 (Continued)

CONCENTRATIONS OF COBALT-60, pe per liter

Clinch Clinch R. .
Date Clinch River River at above Tennessee River at
— at Oak Ridge White Oak Creek  Gallaher Centers Watts Bar Chickamauga
lgél Water Plant at Dam Bridge Ferry Loudon, Tenn, Dam Dam
9/3-9 ss 0 TS 3,155% 0 0 o*
DS 0 0 0 0
9/10-16 55 0 7S 2,490% 0 0 0 0
DS 0 0 0 0 1
9/17-23 ss 0 TS 2,64k4% 0 for September 0 0
DS 0 0 0 0
9/24 =30 88 0 TS 2,061% e 0 0
DS 0 0 0 0%
10/1-7 ss 0 112 1 0 0
DS o 1,0hk 1 0 0
10/8-1k S8 0 115 5 0 0 0
DS 0 W7 2 0 0 0
10/15-21  ss 0 123 4 for October 0 0
DS 0 1,175% 0 0 0
10/22-28 ss e} 3,175% 2 0 0
DS 0 k17 1 0 0
10/29-11/4 ss 0 215 k 0 1
DS o} 3,69k 4 0 0

*Value is estimated.
Blank spaces indicate data not available,
S8 = suspended solids; DS = dissolved solids; TS = total solids,
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Table 3 (Continued)

CONCENTRATIONS OF COBALT=-60, pc per liter

Clinch Clinch R.

Date Clinch River River at above Tennessee River at

= at Oak Ridge White Qak Creek  Gallaher Centers Watts Bar Chickamauga

1961 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam

11/5-11 sS 0 68 16 TS 0 TS 0
DS 0 3,097 6

11/12-18 S8 0 286 12 0 0 TS 0
DS 0 k,809 3 o* 1

11/19-25 88 0 103 5% for November — gg o 7S 0
DS 0 3,293 7

11/26-12/2 88 0 139 7 0 0
DS 0 2,230 2 1 1

12/3-9 ss 0 102 0 0 0
DS 0 3,734 9 1 Y

12/10=16 ss 0 130 1 0 0 0
DS 0 2,208 1k 0 2 0

lE/lTaQB SS 0 53 1 for December 0 o
DS 0 730 16 0 1

12/24=30 ss 0 ks 1 0 0
DS 0 1,771 6 1 0

*Value is estimated.
Blank spaces indicate data not available.

SS = suspended solids; DS = dissolved solids; TS = total solids.
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Table 3 (Continued)

CONCENTRATIONS OF COBALT-60, pc per liter

Clinch Clinch R.
Date Clinch River River at above Tennessee River at
e at Qak Ridge White Osk Creek  Gallaher Centers Watts Bar Chickamauga
12§2 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
12/31-1/6 88 0 v 0 0 0
DS o] 1,699 5 0 0
1/7-13 ss 0 87 0 0 0 0
DS 0 1,875% 1 6 1 0
1/14-20 ss 0 66 1 0 0 0 0
‘\ DS 1 1,659 9 1 0 0 1
1/21-27  ss 0 175 1 1 for January 0 0
DS 0 1,602 8 20 1 0
1/28-2/3 SS 0 134 1 TS 10% 0 0
DS 0 73 1 0 0
2/4-10 8S 0 1,584 N TS 12% 0 0
DS 0 3,499 5 -1 1
2/11-17 SS 0 371 2 2 0 0 0
DS 1 2,608 2 5 1 1* 2%
2/18-24 58 0 326 2 1 for February 0 0
DS 1 1,129 10 L 2 3
2/25-3/3 S8 0 2ho 1 1 0 0
DS 0 8Ll 6 3 3 0

*Value is estimated.
Blank spaces indicate data not available.

SS = suspended solids; DS = dissolved solids; TS = total solids.
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Date
1962
3/4-10

3/11-17
3/18-24
5/25-31
L/1-7
4/8-1k
L/15-21
L/20.28

4/29-5/5

Table 3 (Continued)

CONCENTRATIONS OF COBALT-60, pc per liter

Clinch {linch R. i ssee Ri &
Clinch River River at above crmessee niver a
at Oak Ridge White Oak Creek  Gallaher Centers Watts Bar Chickanmauga
Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
8s 0 173 1 1 0 0
DS 1 1,216 3 1 0 1
Ss 0 TS 1,675% 0 1 0 0 o*
DS 1 1 0 1 1 o
58 0 248 -2 1 for March o¥ 0
DS 0 796 0 3 2 2
85 0 60 2 1 0 0
DS 1 1,468 6 1 1 1
88 0 ok 0 1 0 0
Ds 1 1,483 13 1 3 2 ~
ss 0 129 3 2 0 0 o% ~
DS 0 1,384 3% 13 1 1 1
ss 0 120 2 1 for April 1 0
DS 1 1,108 T 5 1 1
88 0 90 1 1 1 0
DS 3 1,026 1 1 2 1
58 o] o¥ 0 1 0 0
DS 2 1,420 1 0 3 1

*Value is estimated.

88 = suspended solids; DS = dissolved solids; TS = total solids,



Date
1962

5/6-12
5/13-19
5/20-26
5/27-6/2
6/3-9
6/10-16
6/17-23

6/24-30

Table 3 (Continued)

CONCENTRATIONS OF COBALT-60, pc per liter

Clinch

Clinch River River at

at Oak Ridge White Oak Creek  Gallsher
Water Plant at Dam Bridge
S5 0 150 1
DS 0 692 1
S5 0 Th 1
DS 1 198 1
Ss 0 136 1
DS o¥% Lo 2
S8 o* 187 0
DS o* L3 1
Ss 0 436 2
DS 0 1,931 4
85 0 58k 3
DS 0 2,540 6
3s 0 258 2
Ds o 910 2
ss 0 575 b
DS 1 1,392 L

Clinch R. i
above Tennessee River at
Centers Watts Bar Chickamauga
Ferry Loudon, Tenn. Dam Dam
0 0 o]
1 2 0
¢ 0 0 o
2 1 0 0]
1 for May 0 0
1 0 1
1 0 0
0 1 0
3 0] 0
T 0 1
2 o] 0 0
p 0 0 0
8% for June 0 0
3 2 3
6 0 0
6 2 0

*Value is estimated.

85 = suspended solids; DS = dissolved solids.
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Table 3 (Continued)

CONCENTRATIONS OF COBALT-60, pe per liter

Clinch Clinch R.
Date Clinch River River at above Tennessee River at
e at Oak Ridge White Oak Creek  Gallaher Centers Watts Bar Chickamauga
1262 Water Plant at Dam Bridge Ferry Loudon, Tenn, Dam Dam
7/1-7 83 0 534 L TS 8% 0 0
DS 1 1,359 ly* 1 0
7/8-14 8s 0 392 ly TS 2% 0 0 0
DS 1 1,822 5 1 3 1
7/15-21 S8 0 173 2 0 for July 0 0
DS 1 56 0 0 2 0
7/22-28 SS 0% 352 1 0% 0% 0
Ds 5 1,821 L 0 1 0
7/29-8/4 88 0 310 0 0 0 0
S 1 1,482 1 1% 1 1
8/5-11 ss 0 38 TS 20% TS 16* 0 0
D8 1 992 0 1
8/12-18 ss 0 196 1 1 0 0 0
DS 1 97 2 1 1 0 3
8/19-25 88 0 186 0 0 for August 0 o*
DS 1 10 0 0 1 1
8/26-9/1 ss 0 141 0 1 0 o%
DS 1 33 1 1 2 1%

*Value is estimated,

8S = suspended solids; DS = dissolved solids; TS = total solids,
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Table 3 (Continued)

CONCENTRATIONS OF COBALT-60, pc per liter

Clinch Clinch R. .
Date Clinch River River at above Iennessee River at
—— at Qak Ridge White Oak Creek Gallaher Centers Watts Bar Chickamauga
1962 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dan Dam
9/2-8 ss 0 126 0 0 0 0
DS 1 17 1 2 0 0
9/9-15 sS ) 77 1 1 0 0 0
DS 0 T4 L 2 1 0 0
9/16-22 88 0 270 2 3 for September 0 0
DS 1 2,198 9 10 0 1
9/23-29 S8 ) 201 0 1 0 0
s 2 1,788 0 k4 1 0
9/30-10/6 S8 0 204 1 1 0 0
DS o] 1,767 5 2 2 0
10/7-13 ss 0 225 2 1 0 0
DS 1 2,151 6 8 3 0
10/14-20 ss 1 4o 1 1 0 0 0
DS 2 590 2 3 1 1 0

for October

SS = suspended solids.

DS = dissolved solids.
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Table 3 (Continued)

CONCENTRATIONS OF COBALT-60, pc per liter

Clinch Clinch R. .
Date Clinch River River at above Tennessee River ot
e at Qak Ridge White Oak Creek  Gallsher Centers Watts Bar Chickamauga
1962 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
10/21-27 ss o* 10 2 0 0 0
DS 0 1,087 3 2 1 1
10/28-11/3 88 0 36 2 0 0 0
DS 2 1,299 2 2 0 0
11/k-10 ss 0 13 2 0 0 0
DS 1 2,123 8 Ly 2 1
11/11-17 ss 0 0 2 0 0 0 o¥
DS 0 1,603 1k 11 1 o¥* 0
for November
11/18-2h ss 0% 227 3 1 0 0
DS 1 1,981 15 15 2 1
11/25-12/1 sS ) 79 2 0 o¥ 0
DS 2 6 3 o* 0

*¥Value is estimated.
Blank spaces indicate data not available.

SS = suspended solids; DS = dissolved solids.
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Even the maximum concentrations of cobalt-60 found at all sta-
tions are far below MPC values. Consequently, mean concentrations were
not computed.

The distribution of cobalt-60 activity between the suspended
and dissolved solids in the samples is summarized in the following tabu-
lation. Percentages are arithmetic averages of all samples. Median
percentages are alsc indicated.

Distribution of Cobalt-60 in Water Samples

Percent Total Activity in

Station Suspended Solids Dissolved Solids

Mean Median Mean Medlan

Clinch River at Oak Ridge water plant 5 0 95 100
White Oak Creek at White Oak Dam 19 12 81 88
Clinch River at Gallaher Bridge 27 25 T3 75
Clinch River at Centers Ferry 30 25 70 75
Tennessee River at Watts Bar Dam 2 0 98 100
Tennessee River at Chickamauga Dam 3 0 o7 100

These data indicate 70 to 98 percent of the total cobalt-60
present in the water phase is actually in solution. In White Oak Creek
and in Clinch River, approximately 20 to 30 percent of the cobalt-60
present is associated with the suspended solids, but in the Tennessee
River the percentage drops to only 2 or 3 percent. This would seem to
indicate loss of sediment (and the associated activity) from the water
phase in a downriver direction.

Masgs Curves--Mass curves of cobalt-60 loads at all stations
are shown in figure 9. The curves for White Oak Dam, Gallaher Bridge,
and Centers Ferry plot reasonably close together throughout the period
of record. Thus there seems to have been no significant loss of this
radionuclide in Clinch River. Actually there was an apparent gain in
load at Centers Ferry during January and February 1962. However, because
of malfunctioning of the sampling equipment at the Centers Ferry station,
the reported load at this station might be incorrect. If the curve
value for December 1, 1961, is adjusted to about 22 curies (the value
obtalned by extending the curve established prior to gbout October 1),
and the load thereafter accumulated from this value, the mass curve for
this station would fall slightly below the curve for Gallaher Bridge.
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The total load for the two-year sampling periocd would be about 53 curies.
The curves could then be interpreted as showing a very slight loss of
cobalt-60 in Clinch River due to sedimentation.

Curves for poth Watts Bar and Chickamaugs Dams indicate a cumu-
lative loss from the load measured at both White 0ak Dam and at Centers
Ferry. However, most of this loss is indicated to have occurred during
the spring and summer of 1961. From November 1961 through November 1962,
the curves for White Oak Creek and Chickamauga Dam are surprisingly
parallel. Thus during this period the only effect discernible in the
river system was dilution, since the load going in at White Oak Dam
arrived later, undiminished, at Chattanocoga.

Comparison with Load Measured by ORNL--The data for cobalt-60
plotted in figure 6 indicate serious dlsagreement in measured loads at
White Oak Dam for many of the individual months, but over all the total
load during the two-year period was found to be 46.31 curies by ORNL
and 51.47 curies by the subcommittee. These values represent a difference
of about 10 percent.

Ruthenium-106, Concentrations and Total Stream Loads

Concentrations of ruthenium-106 found in all samples for the
period of availlable record at all stations are shown in table L.

A factor not noted in earlier progress reports, which could
affect reported concentrations to some extent, is the presence of
ruthenium-103 (half life = 40 days) and possibly other fission products
from weapons fallout, in the samples. Since the mean storage time of
the samples prior to counting was approximately 60 to 80 days, measurable
quantities of the ruthenium-103 could have been present 1f the samples
contained relatively fresh fallout material. Unfortunately the age and
gquantities of fallout entering the river cannot be estimated from the
avallable data. Any ruthenium-103 present in the samples would be
reported as ruthenium-106 since the respective radionuclides are not
distinguishable by the methods used in the study. However, the gquantities
of ruthenium-103 present are believed to be relatively insignificant in
relation to the amounts of ruthenlum-l06 released via White Oak Creek.

Maximum concentrations found in the weekly (monthly at Loudon)
composite samples (including both suspended and dissolved solids) are
shown in the tabulation on page 66. Flow-weighted mean concentrations
are also shown.

In only White Ozk Creek do the maximum concentrations exceed
MPC values for drinking water. Mean concentrations at all sampling
stations except White Oak Creek at the dam, are far below MPC values
for drinking water.



Date
1960

11/13-19
11/20-26
11/27-12/3
12/k-10
12/11-17

12/18-2k
12/25-31

1961

1/1=7
1/8=~1k4
1/15-21
1/22-28
1/29-2/k
2/5-11
2/12-18
2/19-25
2/26-3/4
3/5-11
3/12-18
3/19-25
3/26-h/1

CONCENTRATIONS OF RUTHENIUM-106, pe per liter

Table 4

Clinch

Clinch River River at

at Oak Ridge White Oak Creek  Gallaher

Water Plant at Dam Bridge
TS 10 140,424
TS L 268,169
TS 2 252,368
T3 223 184,714
Ts 16 2Ll 604
TS 2 192,009
TS 218 217,883
TS L 141,791
TS 1 171,891
TS 3 20k 412
TS 1 188,843
s 10 218,938
TS 2 202,517
s 5 208,479
TS 7 145,070
TS 10% 87,955
s 11 98,092
TS 3 125,07k
] 2 157,283
TS 0 10 h6h

Clinch R.
above
Centers

_Ferry

o3l
337
772
187
683

8k45
812

1,L3k
123
15
38l
189

2,480

2,633
h15%
384
Lo6
312
3h7
292

Tennessee River at

Watts Bar Chickamauga
Loudon, Tenn. Dam Dam
269
62 33
51 Th
3 77 152
for December 59 73
117 61
96 86
17k 62
0 168 133
for Januvary 90 117
121 88
100% o7
2 55 76
for February 112 L6
192 1hh
91 82
8s 0 165 6k
DS 49 7 38
for March 66 u6

*Value is estimated,

Blank spaces indicate data not available.
TS = total solids; S8

suspended solids; DS = dissolved solids.
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Table 4 (Continued)

CONCENTRATIONS OF RUTHENIUM=-106, pc per liter

Clinch Clinch R.
Date Clinch River River at above Tennessee River at
B at Oak Ridge White Ozak Creek Gallaher Centers Watts Bar Chickamauga
1961 Water Plant at Dam Bridge Ferry Loudon, Tenn, Dam Dam
L/2-8 TS 13 119,620 1,34k 61 52
4/9-15 TS 13 106,627 548 56 L2
L/16-22 TS 8 121,368 1,263 Ss 60 106 38
4/23-29 88 o* 8,781 117 DS 62 TS 131 TS U6
DS 123 108,972 260% for April
4/30-5/6  ss 14 13,657 39 2 1
DS 32 15,769 195 8l ™
5/7-13 SS 0 9,981 56 2 2
DS 1k 187,918 TO4 119 30
5/14-20 ss o* 2,909 32 0 2 8
DS 20 173,094 392 6 83 107
5/21-27 ss 2 11,004 115 for May 2 5
DS 6 h, 265 523 70 110%
5/28-6/3 SS 1 8,389 : 91 1 0
DS 27 76,363 220 83 121
6/4-10 ss 4 76,650% k2 6 4
DS 12 159,271 215 o1 5l
6/11-17 SS 3 11,899 219 0 0 2
DS 11 145,841 646 19 87 61
for June

*Value is estimated,
Blank spaces indicate data not available.

S5 = suspended solids; DS = dissolved solids; TS = total solids.
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Table b (Continued)

CONCENTRATIONS OF RUTHENIUM=106, pc per liter

c1i . ?linch Clinch R. Tennessee River at
Date inch River River at above
— at Oak Ridge White Oak Creek  Gallsher Centers Watts Bar Chickamauga
1961 Water Plant at Dam Bridge Ferry Loudon, Tenn, Dam Dam
6/18-24 SS L 4,789 304 1 2
DS 29 123,519 1,154 67 56
6/25-7/1 88 2 3,386 230 0 1
DS 7 55,609 740 55 36
7/2-8--———885 2L 3,063 3 10 3.
DS 60 67,066 8 120 80
7/9-15 58 0 3,013 19 1 3 3
DS 3 88,57 58 3 95 59
7/16-22 88 0 5,841 50 for July 1 3
DS 7 68,000% W75 3n 59
7/235-29 ss 2 1,966 33 3 2
DS 169 54,769 190 55 29
7/3%0-8/5 ss 0 3,680 0 6 0
DS 16 104,740 185 b1 36
8/6-12 Ss 1 4,756 0 0 0
DS 0 153,758 148 : 25 ks
8/13-19 8s 1 k1 0 1 0 0
DS 185 75,093 5 2 8h 18
for August

*Value is estimated.
Blank spaces indicate data not available.

88 = suspended solids; DS = dissolved solids.
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CONCENTRATTIONS OF RUTHENIUM-106, pc per liter

Table 4 (Continued)

Clinch Clinch R.
Date Clinch River River at above Tennessee River at
r— at Oak Ridge White Oek Creek  Gallsher Centers Watts Bar Chickamauga
1961 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
8/20-26 sS 1 5,615 13 0 0
DS 3 90,162 385 20 6
8/27-9/2 S8 9 2,030 7 2 2
DS 1 180, 500% 128 26 39
9/3%-9 ss 1 TS 197,800% 2 3 1%
DS 7 10 Ly} 19
9/10-16  s8 1 TS 154,600% b 1 1 1
DS L 7 64 23 33
9/17-25 S8 5 TS 159,750% 5 for September 5 °
DS 19 6 13 1k
9/24-30 S8 1 TS 125,950% 26 0 2
DS 1 6 7 8%
10/1-7 Ss 2 1,331 21 0 1
DS 5 62,173 26 0 h
10/8-14 ss 1 570 115 2 1
DS 2 52,204 155 6 3
10/15-21 SS 1 1,076 51 0 1 2
DS 4 128, 700% ko 8 3 1

for October

*Value is estimated.
Blank spaces indicate data not available.

S5 = suspended solids; DS = dissolved solids; TS = total solids.
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Table 4 (Continued)

CONCENTRATIONS OF RUTHENIUM-106, pc per liter

Clinch Clinch R. .
Date Clinch River River at above Tennessee River ab
—_ at Oak Ridge White Qak Creek  Gallaher Centers Watts Bar Chickamaugsa
1961 Water Plant at Dam Bridge Ferry ILoudon, Tenn. Dam Dam
10/22-28 8§ -1 22k ,100% 27 1 2
DS 3 21,361 18 17 8
10/29-11/4 88 2 5,70k 58 ) 1
s 0 209,186 324 10 16
11/5-11 ss 1 1,536 390 ™S 5 ™ 9
DS 129 238,627 292 i
11/12-18 ss 1 8,313 367 2 1 TS 88
DS 8 282,698 212 1h5% 75
11/19-25 88 4 2,54k 135% for November — ng gox s 85
DS 12 199,997 Lok
11/26-12/2 s8 L 3,478 320 3 6
DS 7 138,438 183 5h 32
12/3-9 ss 4 3,356 38 6 3
DS 8 225,385 620 63 Lo
12/10-16 S8 8 L,576 37 L 0 2
DS 60 134,500 805 292 73 53
12/17-25 ss 1 1,685 2l for December 5 4
DS 30 52,830 975 125 80
12/24-30 S8 5 1,298 23 3 6
DS 2l 114,025 4ol 39 69

*Value is estimated.
Blank spaces indicate data not available.

SS = suspended solids; DS = dissolved solids; TS = total solids.
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Date
1962
12/31-1/6

1/7-13
1/1k-20
1/21-27
1/28-2/3
2/k-10
2/11-17
2/18-24

2/25-3/3

Clinch
Clinch River River at
at Qak Ridge White Oak Creek  Gallaher
Water Plant at Dam Bridge
8s L 1,707
DS 38 128,816
S8 9 1,913 12
DS 75 120,000% 182
ss 5 1,585 50
DS 71 108,171 719
S8 7 3,890 37
s 50 103,473 512
8s 9 3,026 29
DS 3 70,115 213
8s 6 1,955 21
DS -1 94,595 138
SS 8 1,960 18
DS 1 93,361 130
3s 2k 3,772 52
DS 8 85,337 482
SS 27 2,110 3l
DS -23 5l,187 273

CONCENTRATIONS OF RUTHENIUM-106, pc per liter

Table 4 (Continued)

Clinch R. Tennessee River at
above
Centers Watts Bar Chickamauga

Ferry Loudon, Tenn. Dam Dam
13 14 5

353 L5 33

13 6 3

399 83 535

12 8 8 2

376 2 136 210

ol for January 3 1

sha 81 90

TS  235% 5 5
81 55

TS  200% L 6
21 k2

2h 8 7 k
121 5 18% ho*

23 for February 7 8

289 50 53

20 10 - 3

189 10k 53

¥Value is estimated.

Blank spaces indicate data not available.

SS = suspended solids; DS = dissolved solids; TS =

total solids.
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Date
1962

3/4-10
3/11-17
3/18-24
3/25-31
h/1-7

L/8-14
L/15.21
Ly /22.28

4/29-5/5

CONCENTRATIONS OF RUTHENIUM=-106, pc per liter

Table 4 (Continued)

Clinch Clinch R. Tennessee River at

Clinch River River at above ne

at Oak Ridge White Oak Creek  Gallaher Centers Watts Bar Chickamauga

Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
8s 10 2,270 17 21 L 3
DS 6 79,00k 127 60 26 30
85 11 TS 87,600% 18 10 L 7 Ly*
DS 3 > 58 6l 57 88
ss 15 3,298 18 25 for March 10% L
S L 4l ko2 80 171 25 33
Ss 10 1,259 52 13 13 6
DS -1 85,423 238 L7k 52 23
S5 12 1,772 14 1 9 9
DS 9 81,578 635 97 30 35
8S 31 5,320 86 6l 6 1o
DS 3l 72,501 200% 680 k1 32
S8 ) 1,97 78 L2 1 6 7
s -3 52,418 284 376 32 5 L7
ss 5 1,698 ol 16 for April 15 7
DS 27 62,902 87 78 51 61
Ss b 1,700% 13 11 1 5
DS L1 81,897 66 40 65 by

*Value is estimated.

S8S = suspended solids; DS = dissoclved solids; TS =

total solids.
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Table 4 (Continued)

CONCENTRATIONS OF RUTHENIUM-106, pc per liter

Clinch Clinch R. .
Dat Clinch River River at above Tennessee River at
2are at Oak Ridge White Oak Creek  (Gallaher Centers Watts Bar Chickamauga
1962 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
5/6-12 ss 3 1,900 22 11 3 5
DS -2 Lo, 756 53 36 26 22
5/13=19 8s L 882 17 i3 1 2 3
DS 3 13,735 22 45 2 33 L
5/20-26 ss b 817 12 10 for May 4 1
DS L* 36,860 27 1k 18 8
5/27-6/2 S8 TS 5% 2,153 17 12 2 L
DS 235,237 23 1k 9 11
6/3-9 S8 3 7,850 31 53 4 5
DS -1 108,78k 1ho 276 11 9
6/10-16 sS 5 8,553 52 ho 5 0 0
DS 2 132,388 215 3ho 8 7 4
6/17-23  ss7 3,982 39 320% Tor e 1 1
S =1 56,020 72 148 T 1
6/24-30 ss b 17,146 69 110 1 2
DS -1 46,056 204 247 16 12

¥Value is estimated.

8S = suspended solids; DS = dissolved solids; TS = total solids.
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Table 4 (Continued)

CONCENTRATIONS OF RUTHENIUM-106, pc per liter

Clinch Clinch R. Tenness Ri t
Date Clinch River River at above enmesses tiver @
e at Ozk Ridge White Oak Creek  Gallaher Centers Watts Bar Chickamauga
1962 Water Plant at Dam Bridge Ferry Loudon, Tenn, Dam Dam
7/1-7 ss 1 13,168 83 TS 250% 2 L
DS -1 6k, 16k 170% 21 16
7/8-1k Ss 3 6,397 88 TS 225% 3 1
DS 0 92,971 223 21 13
7/15-21 S8 2 790 25 130% 2 5 1
DS 3 3,200 32 15 3 30 18
7/22-28  §S o* 3,538 &0 100% for July o% 1
DS 15 91,380 118 28 25 15
7/29-8/4 85 3 3, Tk 9 S 8o* 3
DS 8 Th ;957 78 17 33
8/5-11 S8 5 1,811 TS 98% TS 65% 2 3
s 5 L6 ,233 13 28
8/12-18 ss 2 665 17 oL 0 L 1
DS b 3,111 €5 -5 L -5 19
8/19-25 85 i 1,105 6 i for August 1 o*
DS 9 1,206 L 1k 18 18

¥Value is estimated.

S8 = suspended solids; DS = dissolved solids; TS = total solids.
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Table 4 (Continued)

CONCENTRATIONS OF RUTHENIUM=106, pc per liter

Clinch Clinch R. Tennessee River at
Date Clinch River River at abovea
——— at Oak Ridge White QOak Creek  Gallaher Centers Watts Bar Chickamauga
1262 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
8/26-9/1  ss 2 350 3 3 2 o*
DS 7 1,107 L 8 8 *
9/2-8 S8 i 338 5 5 1 0
DS 0 1,127 21 5 ¢ 1
9/9-15 sS 3 1,800 11 9 1 1 2
DS -1 34,130 91 5h 6 12 2
9/16~22 s L 5,740 39 70 for September 1 1
DS 21 89,381 363 436 11 0
9/23-29 Ss b 1,870 8 10 2 1
DS 3 77,720 101 136 8 8
9/30-10/6  sS L 2,798 21 17 3 1
DS i3 61,193 168 10 3% 0
10/7-13 ss L 2,64k 27 30 0 L 5
DS 6 72,965 197 298 3 22 L

for October

*Value is estimated.

SS

n

suspended solids.

DS

dissolved solids.,
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Table 4 {(Continued)

CONCENTRATIONS OF RUTHENIUM-106, pc per liter

Clinch Clinch R. Tennessee River at
Date Clinch River River at above
—_— at Oak Ridge White Oak Creek  Gallaher Centers Watts Bar Chickamauga
1962 Water Plant at Dam Bridge Ferry Loudon, Tenn. Dam Dam
10/14-20 ss 12 52k 23 20 4 2
DS 5 22,192 38 75 25 21
10/21-27 Ss Ly* Lo 20 7 2 L
DS 11 38,291 53 L1 75 32
10/28-11/3 ss 0 ko 25 7 1 2
DS 8 k9,971 L6 5 23 23
11/&-10 85 6 1,058 Ly 11 5 6 3
DS 2 7%,832 247 155 6 15 11
for November
11/11-17  Ss 10 417 7h 20 2 o%
DS 7 60,470 L6z 391 23% 5
11/18-2k S8 o% 4,035 57 2h 3 2
DS 17 67,577 655 686 25 6
11/25-12/1 ss 6 1,388 43 13 TS 30% L
DS 7 ikg 129 26

*¥Yalue is estimated.

88 = suspended solids; DS = dissolved solids; TS = total solids.
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Maximum and Mean Concentrations of Ruthenium-106

Highest Period of Flow-Weighted
Station Concentration Occurrence Mean Concentration
pc per liter pc per liter
Clinch R. at 0Osk
Ridge water plant 223 Dec. 4-10, 1960 23
White Oak Creek at
White Oak Dam 294,412 Jan 15-21, 1961 109, 800
Clinch R. at
Gallaher Bridge 769 Jan. 14-20, 1962 3l 5%
Clinch R. at
Centers Ferry 2,633 Feb. 12-18, 1961 317
Tenn. R. at
Loudon, Tenn. 296 December 1961 *¥
Tenn. R. at
Watts Bar Dam 192 Feb. 26-Mar. 4, 1961 63
Tenn. R. at
Chickamauga Dam 269 Nov. 20-26, 1960 51

¥Record begun January 8, 1962.
**Not applicable.

The distribution of ruthenium-106 activity between the sus-
pended and dissolved solids in the samples is summarized in the follow-
ing tabulation. Percentages are arithmetic averages of all samples.
Median percentages are also indicated.

Distribution of Ruthenium-106 in Water Samples

Percent Total Activity in

Station Suspended Solids Dissolved Solids

Mean Median Mean Median

Clinch River at Oak Ridge water plant L4 29 56 T1
White Oak Creek at White Oak Dam 6 i 9k 96
Clinch River at Gallaher Bridge 21 17 79 83
Clinch River at Centers Ferry 21 16 79 8L
Tennessee River at Watts Bar Dam 11 T 89 93

Tennessee River at Chickamauga Dam 15 8 85 92
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From these data 1t is apparent that from 79 to 94 percent of
the ruthenium-106 activity is associated with the dissolved solids, or
in other words, dlssolved in the water itself. Neither the time of con-
tact with the suspended solids, nor sedlmentation, appear to have any
significant influence on the dilstribution of activity between suspended
solids and dissolved solids since the percentage associated with the
dissolved solids decreases from 94 percent at White Oak Dam to T9 per-
cent at Centers Ferry, then goes back up to 89 percent at Watts Bar,
and back down to 85 percent at Chickamauga Dan.

Mass Curves--Cumulative curves of ruthenium-106 loads at all
stations except Loudon are shown in figure 10.

During the first year of sampling, the mass curves for all sta=~
tions below White Oak Creek agree quilte closely with that for White Oak
Creek; then, beginning in the fall of 1961 and continuing through March
1962, the downriver curves diverge to some extent. From March through
November 1962, the curves remain essentially parallel to each other. The
divergence in early 1962 appears to reflect the effect of fallout from
weapons testing. (See figure 5, page 23.)

Throughout the two-year period the curve for Centers Ferry is
practically identical to the one for White Oak Creek. Likewise, during
the last 11 months of record the curve for White Oak Creek plus the
Oak Ridge water plant 1s nearly identical to that for Gallaher Bridge.
Throughout the entire period of record, the curves for Watts Bar Dam
and Chickamauga Dam are essentially the same.

Based on the rather amazing agreement between the cumulative
loads measured at all stations below White Oak Dam with the load measured
at White Oak Dam, it can be definitely concluded that during the two-year
sampling period essentially all the ruthenium-106 discharged from Oak
Ridge passed through the river system to Chattanooga in the water phase.
That ruthenium-106 which is found in bottom sediments between Oak Ridge
and Chattanooga must represent the continued accumulation over the years
of a very small percentage of the annual load discharged at Oak Ridge.

The good agreement in the cumulative loads measured at the
successive stations indicates considerable confildence can be placed in
the methods used throughout the study in sampling and compositing.

Comparison with Loads Measured by ORNL--As with the other
radionuclides, comparison of monthly loads at White Osk Dam as measured
by the subcommittee and by ORNL, indicates several rather serious dis-
agreements, as shown in figure 7, page 25. However, comparison of cumu-
lative loads measured over longer periods indicates better agreement, as
might be expected.

The first 12-month period (December 1960 through November 1961)
shows a total discharge of about 1,900 curies of ruthenium-106 at White
Oak Dam as measured by the subcommittee, while the second 12-month period
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(December 1961 through November 1962) shows a total discharge of about
1,300 curies. Data supplied by the Oak Ridge National Laboratory show

a total discharge of 1,906 curles at White Oak Dam during the first
12-month periocd and a total discharge of 1,586 curies for the second 12-
month period. Thus in comparing the total loads reported in this study
with those reported by ORNL, the total loads for the first 12-month
period are found to be identical. On the other hand, the difference of
nearly 300 curies during the last 12-month period represents a disagree-~
ment of approximately 22 percent. If the White Oak Creek load for the
last 12 months of record as measured by the subcommittee, were increased
by 300 curles, it would equal almost exactly that measured for
Chickamauga Dam. This probably indicates a negative bilas in the White
Oak Creek values reported by the subcommittee for the last 12-month
period. (See figure 10, page 68.)

Effects of Operation of Melton Hill Dam

on Dispersion of Radionuclides

The operation of Melton Hill Dam at mile 23%.1 on Clinch River
will change the hydraullc pattern of releases of radloactive waters from
White Oak Creek Into Clinch River. The potential effects of this altered
hydraulic pattern on the dispersion of radiocactive waters originating at
the Oak Ridge National Laboratory have been investigated cooperatively in
the field by personnel of the U. S. Geologlcal Survey and of the Osk
Ridge National Laboratory.

From results of these disperslon studies that have been and are
being reported separately, the subcommittee concludes that although the
time versus concentration pattern of radionuclides will be altered dras-
tically in the Clinch River embayment of Watts Bar Reservoilr, the pattern
of dispersion in the Tennessee River will not be altered sufficiently
from that observed during the two-year study reported here to justify
reactivation of the network of sampling stations.

Recommendations

Recommendations 1, 2, and 3 concern the monitoring program
which the subcommittee feels must be continued indefinitely at and
below Oak Ridge. Recommendations k4, 5, and 6 concern improvements that
should be made in studies of the type reported here, should such a study
be reinltiated in the future at and below Oak Ridge, or put into oper-
ation by others at some other location for simllar purposes.

1. (a) Continuous monitoring and proportional sampling should
be continued at White Oak Dam, and weekly composlte
samples should be examined for concentrations of
strontium-90, cesium-137, cobalt-60, and ruthenium-106.
Arrangements should be made to keep this station rated
since knowledge of continuocus gtreamflow rates at this
station 1s essential.



70

(b) Proportional sampling should be initiated very soon and
continued Indefinltely on the power discharge of Melton
Hill Dam. Weekly composite samples should be examined
for radionuclide activity.

(c) Proportional sampling should be initiated very soon and
continued indefinitely at or near the present location
of the water intake in Clinch River of the QOak Ridge
Gaseous Diffusion Plant. Volumes of river water, pro-
portioned to the instantaneous rate of river discharge
at the intake site, should be added to the composite
sample at intervals of not more than 15 minutes. Such
samples, composited weekly, should be examined for the
radionuclides of importance unless sample results at
White Oak Dam, or at Melton Hill Dam, indicate need for
more frequent examination.

(d) If at any time in the future it becomes reasonably
possible for any significant load of radionuclides to
enter Clinch River downstream from the monitoring sta-
tion at the water intake of the 0ak Ridge Gaseous
Diffusion Plant, elther the station should be moved
far enough downstream to intercept such additional
inflow, or an additional downstream monitoring station
should be established.

Since the Oak Ridge National Laboratory and the Public Health
Service will both be monitoring Clinch River below White QOak
Creek, these two agencies, and any others that may collect
radiological samples here, should compare results obtained on
regularly scheduled split samples. This is essential to pre-
vent differences in technique, equipment, etc., from intro-
ducing disagreement in routine sampling results.

The Public Health Service should be supplied with part of each
weekly composite sample collected at the water intake of the
Oak Ridge Gaseous Diffusion Plant. The Public Health Service
should be requested 1in a letter from the Chairman of the
Clinch River Study Steering Committee, to utilize these
samples 1n the radiological determinations made on water
samples collected at this station in its Water Pollution
Surveillance System.

If any detailed study of this nature is made in the fubture, it
would be extremely helpful in determining cesilum-137 activity
levels if this radionuclide were extracted from the sample by
the best chemical separation technique available, prior to
counting. In any situation where the gamma spectrum of a
radionuclide of importance is seriously masked by some other
radionuclide, chemical separation, as well as gamma spectrometry,
should be used. The most sensitive, yet accurate, technique and
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equipment available should be applied to the determination
of the concentration of each radionuclide. It would be
helpful if a few "dry runs" were made at all proposed
sampling stations prior to the initiation of routine samp-
ling, to determine the volumes of samples needed at the
various stations to provide sufficlent activity, after con-
centration, for accurate measurements.

It is recommended for any future study of this nature that the
actual, and relative concentrations of radionuclides in the
suspended and dissolved sollds be determined as carefully as
possible in a limited number of special samples ccllected at
such times as would permit detection of the influences, if any,
on relative concentrations, of such factors as water chemistry,
streamflows, particle sizes, time of flow below Oak Ridge,
water temperature, and possibly other varilables. To provide
needed information on precision and reproducibility of results,
more effort than in the present study should be directed toward
duplicate processing of " whole samples,” and in processing
duplicate samples (twice the needed volume, mixed and split).

If a network of sampling stations is needed for future studiles
of this general nature, a companion network of precipitation
stations would be desirable to provide information on the
fallout contribution to the radionuclide load.

Respectfully submitted,

SUBCOMMITTEE ON WATER SAMPLING AND ANALYSIS

ﬁ?m

. Churchill, Chairman
. Cragwall, Jr.
. Jones
. Andrew

Hony R
= b*a1>



72

REFERENCES

1. R. J. Morton (ed.) et al., Status Report No. 1 on Clinch River Study,
Clinch River Study Steering Committee, ORNI~3119 (July 27, 1961).

2. R. J. Morton (ed.) et al., Status Report No. 2 on Clinch River Study,
Clinch River Study Steering Committee, ORNI-3202 (March 30, 1962).

3. R. J. Morton (ed.) et al., Status Report No. 3 on Clinch River Study,
Clinch River Study Steering Committee, ORNL-3370 (November 21, 1962).

4. R. J. Morton (ed.) et al., Status Report No. 5 on Clinch River Study,
Clinch River Study Steering Committee, ORNIL-3721 (in publication).




116.

117.

73

ORNL-3721, Suppl. 1

UC-70 — Waste Disposal and Processing

TID-4500 (42nd ed.)

INTERNAL DISTRIBUTION

Biology Library

Central Research Library
Laboratory Shift Supervisor
Reactor Division Library
ORNIL. Y-12 Technical Library
Document Reference Section

Laboratory Records Department

Laboratory Records, ORNL RC

.

3

HEQEEEN PP RS AREN P

.

R.
E.
c.
F.
N.
G.

BEBRHORAIREAP R ENRERUAYI =M

Abvee

Arnold
Averbach
Becher (K-25)
Blanco
Blaylock
Bruce
Carrigan, Jr.
Cottrell
Cottrell
Cowser

Cox

Culler

Davis

Fair

Hibbs (Y-12)
Jordan (K-25)
Jordan

. Kelley

Kertesz

Kevern
Larson
Ledbetter
Lomenick
Lyon
MacPherson

68.
69.
70.
T1-Tk.
5.
T6-82.
83.
8L.
85.
86.
87.
88.
89.
90-95.
9%.
o71.
98.
99.
100.
101-102.
103.
104.

105.

106.
107.
108-110.
111.
112.
113.
11k,
115.

EXTERNAL DISTRIBUTION

McILendon (Y-12)
McMaster (USGS)
Morgan

Nelson

Nelson

Parker

Patten

Pickering (USGS)
Ramsey

Richardson (USGS)
Seagren

Skinner

Snyder

Struxness

Tamura

M, Weinberg

J. Witkowski

G. Belter (AEC-Wash.)
S. Cragwall (USGS)
Jared J. Davis (AEC-Wash. )
F. E. Gartrell (TVA)
Glenn Gentry (Tenn. State
Game and Fish Commission)
S. Leary Jones (Tenn.
State Health Dept.)

C. S. Shoup (AEC-ORO)

C. P. Straub (USPHS)

R. J. Morton (consultant)
J. C. Frye (consultant)
John B. Hursh (consultant)
J. L. Magee (consultant)
E. P. Odum (consultant)
H. 0. Wyckoff (consultant)

gr=EH

.
. .

PRUEEECOHNENED

L]

UEHPHAENRNIROE AR

Robert C. Ball, Department of Fisheries and Wildlife, Michigan

State University, East Lansing, Michigan

Kenneth D. Carlander, Department of Zoology, Iowa State College,
Ames, Towa



118.
119.
120.
121.
122.
123.
124,
125.
126.
127.
128.

129.

130.
131.
132.
133.
13k.
135.
136.
137.
138.
139.
140.
141-1k2,

143-14).

T

Fmil T. Chanlett, School of Public Health, University of North
Carolina, Chapel Hill, North Carolina

lauren R. Donaldson, School of Fisheries, University of Washing-
ton, Seattle, Washington

David Frey, Department of Zoology, University of Indiana, Bloom-
ington, Indiana :

Kare Elgmork, Department of Limnology, University of Oslo,
Blindern, Norway

Arden R. Gaufin, Department of Zoology and Entomology, University
of Utah, 203 Blology Building, Salt Lake City, Utah

Rolf Eliassen, Professor of Sanitary Engineering, School of
Engineering, Stanford University, Stanford, California 94305
Gordon M. Fair, Professor of Sanitary Engineering, Harvard Uni-
versity, Cambridge, Massachusetts

John C. Geyer, Professor of Sanitary Engineering, The Johns
Hopkins University, Baltimore, Maryland

E. F. Gloyna, Department of Civil Engineering, University of
Texas, Austin 12, Texas

Warren J. Kaufman, Department of Engineering, University of

California, Berkeley, California

Peter A, Krenkel, Department of Civil Engineering, School of
Engineering, Vanderbilt University, Nashville, Tennessee

Floyd C. Larson, Professor of Sanitary Engineering, Civil Engi-
neering Department, 59 Perkins Hall, University of Temnnessee,
Knoxville, Tennessee

Louis A. Krumholz, Department of Biology, Louisville University,
Louisville, Kentucky

R. A. lauderdale, Civil Engineering Department, University of
Kentucky, Lexington, Kentucky

G. Fred Lee, Water Chemistry, University of Wisconsin, Madison,
Wisconsin

Walter M. Sanders, Department of Civil Engineering, Clemson
College, Clemson, South Carolina

Donald C. Scott, Department of Zoology, University of Georgia,
Athens, Georgia

M. A. Shapiro, Department of Public Health Practice, University
of Pittsburgh, Pittsburgh, Pennsylvania

L. L. Smith, Department of Fisheries and Wildlife, University of
Minnesota, St. Paul, Minnesota

Harold A. Thomas, Jr., Department of Sanitary Engineering, Har-
vard University, Cambridge, Massachusetts

A, R. Zafar, Hydrobiological Laboratory, Osmania University,
Hyderabad DN. 7, India

Yehuda Feige, Ministry of Defense, Atomic Energy Commission,
Soreq Research Establishment, Rehovoth P. O. B. 527, Israel

H. M. Roth, Division of Research and Development, U. S. Atomic
Energy Commission, Oak Ridge, Tennessee

U. S. Atomic Energy Commission, Biology Branch, Oak Ridge, Ten-
nessee (1 copy each to R. L. Hervin and J. A. Lenhard)

W. G. Belter, Envirommental and Sanitary Engineering Branch,
Division of Reactor Development and Technology, U. 8. Atomic
Energy Commission, Washington, D. C. 20545



145.
146,
k7.
148.
149.
150.
151.
152.
153.
15k,

155-169.

170.
171.
172.
173.
174.
175.
176.
177.
178.

179.
180.

181.

182.

75

J. A. Swartout, Assistant General Manager for Reactors, U. S.
Atomic Energy Commission, Washington, D. C. 20545

J. A, Lieberman, Division of Reactor Development and Technology,
U. S. Atomic Energy Commission, Washington, D. C. 20545

A. A, Bchoen, Division of Operational Safety, U. S. Atomic En-
ergy Commission, Washington, D. C. 20545

Charles L. Dunham, Division of Biology and Medicine, U. S. Atomic
Energy Commission, Washington, D. C. 20545

Vincent Schultz, Division of Biology and Medicine, U. S. Atomic
Energy Commission, Washington, D. C. 20545

John Wolfe, Division of Biology and Medicine, U. S. Atomic En-
ergy Commission, Washington, D. C. 20545

Carl R. Gerber, Division of Peaceful Nuclear Explosives, U. S.
Atomic Energy Commission, Washington, D. C. 20545

Frank F. Hooper, Institute for Fisheries Research, Museums

Annex, University of Michigan, Ann Arbor, Michigan 48104

C. J. Chance, Fish and Game Branch, Division of Forestry Rela-
tions, Tennessee Valley Authority, Norris, Tennessee

M, A. Churchill, Envirommental Hygiene Branch, Division of Health
and Safety, Tennessee Valley Authority, Edney Building, Chatta-
nooga, Tennessee

Tennessee Valley Authority, Health and Safety Division, Edney
Building, Chattanooga, Tennessee (15 copies to Milo A. Churchill,
for Library and Staff of the Division)

Alfred J. Cooper, Chief, River Control Branch, Tennessee Valley
Authority, 702 Union Building, Knoxville, Tennessee

F. E. Gartrell, Division of Health and Safety, Tennessee Valley
Authority, Edney Building, Chattanooga, Tennessee

0. W. Kochtitzky, Division of Health and Safety, Tennessee Valley
Authority, 717 Edney Building, Chattanooga, Tennessee

J. W. Beverage, Tennessee Valley Authority, Union Building,
Knoxville, Tennessee

William T. Lemmers, Biology Department, Davidson College, David-
son, North Carolina

P. C. Benedict, Water Resources Division, QW, U. 3. Geological
Survey, Washington, D. C. 20242

G. A. Billingsley, U. S. Geological Survey, Washington, D. C.
20242

R. W. Carter, Water Resources Division, SW, U, S. Geological
Survey, Washington, D. C. 20242

W. R. Eaton, Water Resources Division, SW, U. S. Geological Sur-
vey, Room 1252, Federal Building, 1520 Market Street, St. Louis,
Missouri 63103

B. J. Frederick, Water Resources Division, U. S. Geological Sur-
vey, 301 Cumberland Avenue, Knoxville, Tennessee

D. W. Hubbell, Water Resources Division, U. 8. Geological Survey,
P. 0. Box 3202, Room 416, 0ld Post Office Building, 511 Broadway,
Portland, Oregon 97208

Alfred Clebsch, Jr., Water Resources Divisiomn, U. S. Geological
Survey, Washington, D. C. 20242

Leslie B. laird, Water Resources Division, U. 8. Geological Sur-
vey, P. O. Box 3202, Room 416, 0ld Post Office Building, 511
Broadway, Portland, Oregon 97208



183.
184,
185.
186.
187.
188-190.

191-205.

206.
20T7.

208-209.

210.
211.

212,

213.
21k,
215.

216.

217.

218.

219.
220.

221,

76

Luna B. Leopold, Water Resources Division, U. 8. Geological
Survey, Washington, D. C. 202k2

E. P. Mathews, U. S. Geological Survey, P. O. Box 149, Fort
Smith, Arkansas

J. P. Monis, Water Resources Division, U. S. Geological Survey,
605 S. Neil Street, Champaign, Illinois 61820

Raymond L. Nace, Water Resources Division, U. S. Geological
Survey, Washington, D. C. 20242

Richard Payne, U. S. Public Health Service, 50 Seventh Street,
N. E., Atlanta 23, Georgia

Robert A. Taft Sanitary Engineering Center, 4676 Columbia
Parkway, Cincinnati, Ohio 45026 (1 copy each to R. W. Andrew,
Library, and Leo Weaver, U, S. Public Health Service, 101k
Broadway, Cincinnati, Chio)

Robert A. Taft Sanitary Engineering Center, 4676 Columbia
Parkway, Cincinnati, Ohio 45226 (15 copies to Conrad P. Straub,
Director, for Staff of the Center)

James G. Terrill, Jr., Division of Radiological Health, U. S.
Public Health Service, Washington, D. C.

William F. Buchholz, Jr., Radiological Health, U. S. Public
Health Service, 50 Seventh Street, N. E., Atlanta 23, Georgia
Northeastern Radiological Health Laboratory, U. S. Public
Health Service, 109 Holton Street, Winchester, Massachusetts

(1 copy each to Dade W. Moeller and A. G. Friend)

Colbert E. Cushing, Radioecology, Biology Operation, Hanford
Laboratories, General Electric Company, Richland, Washington

R. F. Foster, Radiation Protection Operation, 3703 Building,
300 Area, Richland, Washington 99352

Wayne C. Hanson, Biology Operation, Hanford laboratories, Gen-
eral Electric Company, 146-FR Building, 100-F Area, Richland,
Washington

C. W. Christenson, International Atomic Energy Agency,
Kaerntnerring 11, Vienna 1, Austria

Robert D. Wildmen, U. S. Atomic Energy Commission, Hanford Oper-
ations Office, P. O. Box 550, Richland, Washington

Karl Herde, U. S. Atomic Energy Commission, Savannah River Oper-
ations Office, Aiken, South Carolina

J. H. Horton, Health Physics, Explosives Department, Atomic
Energy Division, E. I. du Pont de Nemours and Company, Savannah
River Plant, Aiken, South Carolina

W. L. Marter, Health Physics, Explosives Department, Atomic En-
ergy Division, E. I. du Pont de Nemours and Company, Savannah
River Plant, Aiken, South Carolina

C. M. Patterson, Health Physics, Explosives Department, Atomlc
Energy Division, E. I. du Pont de Nemours and Company, Savannah
River Plant, Aiken, South Carolina

W. C. Reinig, Savannah River Plant, E. I, du Pont de Nemours and
Company, Aiken, South Carolina

Louis J. Cherubin, Knolls Atomic Power Laboratory, General Elec-
tric Company, Schenectady, New York

John R. Horan, U. 8. Atomic Energy Commission, Idaho Operations
Office, Idaho Falls, Idsho



222,
223,
22k,
225,
226.

227.

228-242,

243,
2Lk,
245,
246,
247,
248,
249,
250.
251-252,
253.
25k,
2%,
257.
258.
259.
260.

261.

77

Lee Gemmell, Brookhaven National Laboratory, Upton, L. I., New
York

C. P. McCammon, Tennessee Department of Public Health, Cordell
Hull Building, Nashville, Tennessee

F. W. Stanberry, Tennessee Game and Fish Commission, Cordell
Hull Building, Nashville, Tennessee

Lee Mayes, Director, Environmental Health Services, Kansas State
Board of Health, State Office Building, Topeka, Kansas

Dwight F. Metzler, Executive Director and Secretary, Kansas
Water Resources Board, Topeka, Kansas

Stanley J. Reno, Director, Industrial Radiation and Air Hygiene
Envirommental Health Services, State Office Bullding, Topeka,
Kansas

Tennessee Department of Public Health, Division of Stream Pollu-
tion Control, Cordell Hull Building, Nashville, Tennessee (15
coples to 8. Leary Jones, Director, for Members of Tennessee
Stream Pollution Control Board and Staff of the Division)
Raleigh Robinson, Division of Water Resources, Tennessee Depart-
ment of Conservation, Cordell Hull Building, Nashville, Tennessee
L. P. Wilkins, Tennessee Game and Fish Commission, Cordell Hull
Building, Nashville, Tennessee

W. T. Willis, Director, Division of Radiological Health, State
Health Department, State Office Building, Montgomery, Alabama
Justice A. Manning, Public Health Engineer, Radiological Health
Service, P, O. Box 2591, Birmingham, Alabama 35202

William R. Bechmann, Sport Fishery Abstracts, U. S. Fish and
Wildlife Service, Washington, D. C.

Theodore R. Rice, Fishery Research Biologist, U. S. Fish and
Wildlife Service, Beaufort, North Carolina

Edward D. Goldberg, University of California, Scripps Institute
of Oceanography, Berkeley, California

M. Grant Gross, Assistant Professor, Department of Oceanography,
University of Washington, Seattle, Washington

Woods Hole Oceanographic Institute, Woods Hole, Massachusetts

(1 copy each to V. T. Bowen and B, H., Ketchum)

D. W. Pritchard, Chesapeake Bay Institute, The Johns Hopkins
University, Baltimore, Maryland

Curtis L. Newcombe, U. S. Naval Radiological Defense Laboratory,
8 Middle Road Hidden Valley, lafayette, California

George Sprugel, Jr., 6912 Cherry lane, Annadale, Virginia

Union Carbide Patent Office, 270 Park Avenue, New York, New York
Mark D. Hollis, Chief, Envirommental Sanitary Branch, Pan Ameri-
can Health Organization, 1501 New Hampshire Avenue, N. W,, Wash-
ington, D. C.

Irvin M. Lourie, Radiological Health, Pan American Health Organi-
zation, 1501 New Hampshire Avenue, N. W., Washington, D. C.

E. J. Cleary, Ohio River Valley Water Sanitation Commission,

414 Walnut Street, Cincinnati, Ohio

Spyros Amarantos, Health and Safety Division, Nuclear Research
Center "Democritus," Athens, Greece

Claude Gailledreau, SCRGR/ECS, CEN Sacley, BP No. 2, Gif/yvette
S and O, France



- 262,

263.
26L.

265.
266.
267.
268.
269.
270.
271.
272.
27%.
27h.
275.
276.
277.
278.
279.
280.
281.
282.
283.
28l.,

285-817.

78

Pietro Giuliani, Divisone Sicuressa, E. Controlli, C.N.E.N.,

15 Via Belisario, Rome, Italy

S. Lindhe, Atomic Energy Company, Studsvik, Tystberga, Sweden

V. Tonolli, Instituto Italiano di Idrobiologia, Pallanza
(Novara), Italy

Oscar Ravera, Biologle, Limnologia EURATOM, Ispra (Varese),

Italy

0. M. Skulberg, Norweglan Institute for Water Research, Blindern,
Norway

Vanderbilt University, Nashville, Tennessee (Joint Universities
Library)

University of Rochester, Rochester, New York (Library)
University of Kansas, lawrence, Kansas (Library)

University of Washington, Seattle, Washington (Library)
University of California; School of Public Health, Berkeley,
California (Library)

University of California at Los Angeles, School of Public Health,
Los Angeles, California (Library)

Columbia University, School of Public Health and Administrative
Medicine, New York, New York (Library)

Harvard University, School of Public Health, Boston, Massachusetts
(Library)

The Johns Hopkins University, School of Hygiene and Public Health,
Baltimore, Maryland (Library)

University of Michigan, School of Public Health, Ann Arbor, Michi-
gan (Library)

University of Minnesota, School of Public Health, Minneapolis,
Minnesota (Library)

University of North Carolina, School of Public Health, Chapel
Hill, North Carolina (Library)

University of Oklahoma, School of Public Health, Norman, Okla-
homa (Library)

University of Pittsburgh, Graduate School of Public Health, Pitts-
burgh, Pennsylvania (ILibrary)

University of Puerto Rico, Department of Preventive Medicine and
Public Health, San Juan, Puerto Rico (Library)

Tulane Uhlvers1ty Medical School, Division of Graduate Publlc
Health, New Orleans, Louisiana (lerary)

Vanderbllt University, School of Engineering, Nashville, Tennes-
see (Library)

Yale University, Department of Public Health, New Haven, Connect-
icut (Library)

Given distribution as shown in TID-4500 (42nd ed.) under Waste
Disposal and Processing category (75 copies — CFSTI)





