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I.. INTRODUCTION

'A portion of the'low levei radicactive liqﬁid Waetee originating
from the Oak Ridge‘National Laboratory are dispersed iﬁto the:Tenoessee
River System by way of White Oak Creek and the Clinch Rlver.:‘Releaees
are controlled so that ‘the resultlng average concentratlon of radlo-
activity in the Clinch River complies with permissible levels. The
amount of radioaetivity leavin§,White Oak Creek is measured aﬁd.eonceo-v
tration values in the-river are calculated.on tﬁe Basie'of the dilﬁtion:
afforded byAthe‘river. Radioaetive materials are reconcentrated by |
selective adsorption'on clays and by biological actioniof.eertain.or-
ganisms., Such processes,,while removing radioactivity directly from the
water, tend to concentrate"thevactivity,on.bottom sediments. 'By_measuring
the accumulation of radioactive*ﬁaterials in‘the downstream bottom: sedi-
ments, information can be obtaiped relative to the dispereal‘of-wastes
and their subsequent reconcentration in the environmenti

Annual surveys have been made of the Clinch»and Tennessee Rivers

since 1951. The surveys for 1951 1952 and 1953 were reported by- Garner
and Kochtltzky.(\) - Beginning in l95h and extending through 1958 the
survey was performed by the Aresa Monitoring‘Group. It is the work of the

Area Monitoring Group that is summarized in the following pages.




_II. PURPOSE

Survey objectives were as follows: ' _ v .
Evaluate the radioactivity in the bottom sediment in terms of
potential present and future hazard to humans.

Predict the capacity of the Tennessee River system for storing

radioactivity based on the present rate of accumulation.

Recommend rates at whigh radioactive wastes may be dispersed safely,
Determine the effect on future industry of an increase in the radio-

active content of bottom sediments in the ‘Tennessee River System.




III. INSTRUMENTATION AND PROCEDURE

The boat used in the sﬁrveys wais e sixteen foot, flat-bottomEd,
optboard hull with a six foot'beem; permanently'sheltered forward to
protect the:electroﬁic equipment, and provided With.a canves,'aft, toﬁte
used if needed. The hull was powered by a 25 ﬁP motor with remote
controls and a 5 HP motor for a spare. ‘ |

A device ea.lle'd & "flomnder” (1) (Fig. 1) ‘mee;eu;red,the gamma radia-=
tion of the bottom‘sediments; The "flounder" consisted of twelve battery
operated GM tubes (12 ihch) connected in parallel, Pulses frOm the
GM tubes were preamplified and recorded on a. battery operated decimal
scaler;, the average count belng determlned by timlng with a stop watchs
Samples of bottom sediment for laboratory‘analy51s were obtalned with
an. Eckman Dredge. ]

Sampling points were located on TVA navigation charts and "cross
sections" were taken across the river at these points. A "cross section”
consists. of readings and sediment samples taken at pre-determined intervals
,alongvthe traverse from one bank to the other. FiftystOt intervals were
used in the Clinch River; but an.averege ofeten-readiqgs-and samples ﬁere
taken per}ﬁraverse in the Tenneséee'RiVer’and in the reservoirs.

Crossasections were taken every two miles in the'Clinchtand‘approxi—
mately every 10 miles in the Tennessee River and in the reservoirs.
Downstream from the dams the action of the water has scoured the river

bed of sediment; therefore, no readings were taken for some distance.

A 3/16" cable laid across the Clinch River by means of a block and
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tackle was used to anchor the boat. Tagé at 50.foot‘intervals dlong
the cable located the.sampling‘pointsiaiong the travérse;: Fig. 2 éhbws
the boat clamped to the éable,and-radiatiOn_détection‘instrﬁments being
lowered to the bottom. The man in the bo& is using an‘Eckﬁan Dredge to
collect silt samples.

In the Tennessee River the location along the tréverse was deter-
mined as follows: First, a complete traverse was.made and the time for
the crossing was noted. The timebthus'obtained was divided by ane more
than the number of readings to be'taken.. Second,'markers were thrown
out at appropriate intervéls asthe bbat moved;across’the river again.
with identical motor-control_settings‘and.load.distributionl Sealed one
quart tin cans with a pilece of lead1attached by a fishing cord served as
markers, Silt range data were furnished by-the-TVA and,.where possible,
cross sections were taken ‘along these~rahges. The bottom contours shown
by the silt range data were used to check or to correct thejloqations
determined by the above methodf

After the boa£ was secured Dby three anchors, two abow, and one astern,
the flounder was lowered to the bottqm‘of:the river;"The depth was re-
corded and the count taken for five minutes or until 3000 counts had been
accumulated., While the count was in progress, a sample of bottom sediment
was obéained-with the Eckman,Dredgel the sample,ﬁéing collected on the
oppositg side of the boat from the flounder to prevenf the sediment,
gtirred'up by the dredge, from influencing the_count'of tﬁg,flounder.

Background data were taken in Norfis~and'Fort Loudoun reservoirs.
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Readings were taken iﬁ-Norris from zero depth to a depth gréat_e_r than
100 feet. The readings in Fort;-”r Loudbu.n .w-e(r'e. _cbnfine,d mostly to bottom
readings to provide ’fzﬁud bac‘kground"-‘"da,ta',_ fOrv.compa'x»'ison.with dé.ta, ob-
tained downstream from ORNL. - A curve of counts pei' second versus depth
was plotted from the Norris data and this was used to ‘correct.'thé‘ down.-.

stream readings for cosmic background.
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IV; PRESENTATION OF DATA
Thelwasteé from ORNL enter the Clinmch River via White Oak Creek at ' .
Clinch River mile 20,8. At full pool, Watts Bar reservoir backwater
extends upstreaﬁ to Clinch River mile 28, but at minimum pool it extends
only to the’mpu£p of White Oak Creek (CRM 20.8).

Readings were taken in the Clinch River from mile 27.5, 6.7 miles above

\

the mouth of White Oak Creek to the confluence of the Clinch and Tennessee
Rivers, TRM 567d61and in the Tennessee River from TRM 570.8 to 475.1.
The 1957 and 1958 éurveys extended downstream as far as TRM 354.k4.

Fig. 3 shows that section of tne.Tennessee River System over which
the surveys were made. The sampling locations and origin of the wastes -
are~sh6wn with the river mile location of each indicated. .

The "mud background” readings.. taken in Fort Loudoun reservoir ranged
from 7 ¢/s in 1954‘to 13 ¢/s in.1958. The average over the four year
period was. approximately 10 c/s.

The gammaﬂmeasﬁrements made on the bottom sediment were corrected
for "cosmic background" and ave:aged,for.each‘cross-;ection.ﬁ Plots of
the average count versus river mile for the blinch and Tennessee Rivers
are given in Figs. 4 and 5.

A1l gamma;éounts (c/s) taken in the Clinch River were totalized
and_divided by the numbers of readings to obtain an average gamma count
for that partieular &ear, The data for the Tennessee River were treatedﬁ
lfkewise. These dataytogethef with the curies discharged to the Clinch

River for the period 1951(1) to 1958 are given in Fig. 6.
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A composite silt sample was prepared fOr‘each.cross section.. Ali-
qpots of the composi£e sample were counted for_grosé beta activity.and
analyzed.radiochemically for long lived fission products. The gross
beta activity, reported in terms of Tl204*, is showﬁ versus river mile
in Figs. 7 and 8.

The results of the radiochemical assay Qf:the river silt are given
in Tables I through VI. These data, listed according to location wherg-
samples were taken, cover the period 1954—58 and give the amount of eachv
radionuclide found in units of i0-6pc/gram.of”dried silt. The radio-
nuclide chtent of thé silt was averaged for both £he Clinch and Tennessee
Rivers and is presented graphically in Fig. 9. The total curies of each
radionuciide discharged_to the Clinch Riyer durihg the corresponding yéar
is given in the upﬁer.half of Fig., 9.

A;comparison is made in Table VII_Qf the gross betalactivity found
iﬁ the silt and the gamma count taken with the flounder at the surface
of the silt. h |

BottomACOﬁtours and activity profiles were plotted for each cross

section for tﬁe 1954 -survey and are given in Figs. 10 through 1k,

§
i

3

The cbuntinglefficiency of the counters was determined using-Tl294
"as a Standard. The values reported as pc of grgﬁs beta activity

would be true only if.all the activity were T12
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TABLE I

Cesium in River Silt 1954-58%
Activity in Units of 10~° pc/g of Dried Mud

Cesium (as Cs-Bal3T) -

Sample Location ' : 54 55 56 51 53
Tenn. R. M. 604.1

Ft. Loudoun Lake¥* 2 2 5 - 2
Clinch R. M, 21.5 , 3 5 - 5 L
19,1 12 T 116 528 i
16.3 27 22 208 177 223
15.2 : , 22 34 268 119 146
14.0 oh 29 115 184 208
11.0 22 34 144 251 236
8.3 22 38 24l 178 170

5.7 24 29 266 299 223 .
b7 22 - - 236 151
2.6 15 - - 173 92
1.1 2k 25 257 192 167

Average 19.7 24,8 202.2 21311 159.3
Tenn. R. M. 570.8 : o 3 - - 5 -2
' T 562.7 10 7 13 55 51
552.7 12 - - o1 36
534.8 5 - - 47 o0
©-532,0 10 11 32 39 21
'509.5 . 3 - - 20 10
hol.9 5 - 20 20 16
475.1 5. 2. 14 . . 16 13

 ~ Average 0.6 6.7 35 . ..32.3 21.%
Tenn. R. M. %34.1 ‘ 13 9
. ", 38]_\_\2 C 1 1
354.5 A 1 L

|

* All saﬁples were taken during summer. No data is available on month
to month changes.

**  Background
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TABLE IX

‘Strontium in River Silt 1954-58%
Activity in Units of 10-0 uc/g of Dried Mud

. ' . Strontium (aSQSrgo)'
Sample Location v , 54 55 56 57 58
Tenn. R.M. 604.1 _
Ft. Loudoun Lake¥* 2 1.4 1.3 - 1.1
Clinch R.M. 21.5 1 S - 1 1
19.1 5 . L 3 2
16.3 5 L 7 5 6
15.2 -5 - 9 5 6
14.0 5 b N 3 11
11.0 5 . iy 6 5. 15
8.3 o L 6 5 . 6
5.7 L L4 .6 7 1
b7 b - - 5 8
2.6 3 - - 3 5
1.1 L - -3 6 3 5
Average - 3.6 3.8 6 L1 5.9
Tenn. R.M. 570.8 2 - e 0.9 1.0
562.7 2 0.3 3 0.8 2.0
552.7 2 - - 0.5 1.5
543.8 2 - B 0.9 1.7
532.0 Lk 0.4 3 0.6 1.7
509.5 3 - - 1 1.6
4k91.9 . 2 - 2 0.6 - ,1
475.1 2 0.3 2 1.3 1.3
Average 2.4 0.3 2.5 0.76 1.4
Tenn. R.M. 434.1 1.4 1.2
' 381.2 0.8 1.9
354.5 - 0.7. 1.5

* All samples were taken during summer. No data is available on month
to. month changes. -

¥% Background

T
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TABLE IIT

‘Cerium in River §ilt 1954-58%
fctivity in Units of 107" pc/g of Dried Mud

: Cerium (as CebPrlhh)
Sample Location S 54 55 56. 57 53
Tenn. R.M. 60h4.1 ‘

Ft. Loudoun Lake¥** 1 1.7 3 - .7
Clinch R.M. 21.5 2 L = 5 1p0

19.1 5 6 oy 33 7

16.3 8 21 37 12 20

15.2 7 32 . 56 9 22

1k.0 8 22 20 7 43

11.0 8 B W 10 Lo

8.3 5 32 4. 10 16

5.7 8 Lo 56 12 oL

k.9 7 - - 13 21

2.6 L - - 9 17

1.1 5 30 Ly 13 22
_ Average 6.1 oh.o 4o0.8 12.1 22.2
Tenn. R.M: 570.8 1 - - 1.3 5.7
562.7 2 13 15 5.5 8.0
552.7 2 - - k.3 9.6
54%.8 1 - - 3.0 7.2
532.0 2 15 8 2.6 k.9
509.5 1 - - 1.9 6.2
ko1.9 2 - 6 1.8 4.6
L75.1~, 2 b b 1.6 6.2
Average 1.6 10.7 8.3 2.7 6.6
Tenn. R.M. 434.1 3.4 7.2
' 381.2 3.4 5.4
354 .5 1.6 k.7

* All samples were taken during summer. No data is available on)month
to month. changes. , /

¥%  Background




TARLE' IV '

Trl—Valent Rare Earths An Rlver Si1t 195& 58* .
Activity in Units Qf lO bApcjg of Dried Muﬁ‘

Tri-valent R.E. + Yttrium (as. Y9O)

Samgle Location {,x ' B - 5h o 55 55V 57 - 56 -

Tenn. R.M. 60k.1

Ft. Loudoun Lake¥* 2 1.7 .3 o 4.8
Clinch R.M. 21.5 1. 3 - 2 3.
19.1 2 . 3 T 10 - -6
16.3. L -5 11 w5 - 113
15.2 o .7 15, oot
1k.0 k8 T I 21
11.0 6 16 19 8 18
8.3 L ok - 19 - 6 1k
5.7 8 12 . 18 T 15
! nho9 5 - - 6 . 13
2.6 5. - - -5 10
1.1 b 9 15 5 12
Average bk 9.7 13.8 5.6 12.7
Tenn. R.M. 570.8 1 - - 1.1 5.1
562.7 3 6 6 1.9 5.5
552.7 L - - 2.7 6.1
543 .8 2 - - 1.3 5.5
. 532.0 L 7 L 1.5 5.5
509.5 3 - - 1.7 6.1
Lo1.9 el - 3 1.3 5.3
k75.1 . 2 6 1.8 1.0 6.4
Average 2.3 642 3.7 . 1.6 5.7
Tenn. R.M. 43L4.1° 1. 8.1
381.2 1.3 2.6
354 .5 1.k b7

* A1l samples were takaen during summer. No data is available on month'
to monith changes v : - ,

*% Background
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TABLE V

Ruthenium in River Silt 195L-58%
Activity in Units of 10”0 pc/g of Dried Mud -

Ruthenium (as RuaRhl°6)

Sample Location - ‘ 54 .55 56 57 50

Tenn. R.M. 604.1

month to month changes,
% Background

;Ft Loudoun Lake** 1 0.5 3 - 4.6
.Clinch R:M. 21.5 1 - - 3 6
19.1 -8 - 5 14 - 3
16.3 5 L 8 6 7
15.2 5 - 11 3 6
1k.0 6 L 6 L 16
11.0 2 5 7 6. 12
8.3 5 L 10 5 T
5.7 5 8 8 6 11
k.9 5 - - 5 10
2.6 5 - - i 6
1.1 3 L 10 6 10
Average 4.5 4.8 8.1 5.6 8.6
Tenn. R.M. 570.8 3 - - 1.3 2.6
562.7 2 3 i 3.1 k.1
552.7 1 - = 3.4 5.4
543 .8 2 = - 3.1 3.1
532.0 1 i 3 2.0 2.0
509:5. 1 = - 2.3 3.4
ko1.9 1 - 2 1.8 3.7
4751 1 1 3 1.5 3.5
Average 1.5 2.7 3.0 2.3 3.5
Tenn. R.M. U434.1 2.9 3.5
- 381.2 0.9 2.5
354.5 1.7 2.3
* All samples were taken during the summer. No data is available on
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TABLE VI

Cobalt in River 8ilt 1954e58%

© Activity in Units of 1070 pc/g of Dried. Mud.

~ Cobalt (as Co0)

Sample.Locéiion L ‘ 54

55 56 57 55

Tenn. R.M. 604.1

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

*x% Backgrbund

Ft. Loudoun Lake** L 0.0 1.0 - " 0.6
Clinch R.M. 21.5 3 2 - - '3
: ' 1.1 11 - %6 30 . 4
16.3 : 19 18 39. 15 21
15.2 19 - 59 9
k4.0 19 23 © 29 17 16
11.0 19 25 37 15- 15
8.3 _ 23 29 50 15 - 17
FOWT 31 26 52 18 17
k.9 o7 - - 15 1k
2.6 19 - - - 13 9
1.1 23 21 L6 16 13
Average : 19.4  20.6 L2.2 15.2 12.4
Tenn. R.M. 570.8 N - - 1 0.8
562.7 8 7 11 6 5.7
552.7 6 - - 6 6.1
543.8 - T. - - 5 3.6
532.0 7 13 7 3 2.9
509.5 L - - 2 2.1 .
ko1.9, 5 - L 3 3.1
- k75,1 5 L 6 3 1.7
Average 5.8 8.0 7.0 3.6 3.3
Tenn. R.M. 43k.1 2.0 _ 1.7
381.2 2.0 1.7
354.5 0.3 2.5

No data 1is available on month
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TABLE VII

Gross Beta Count vs. Gamma Count

L
*%QE&" 1955 1956 1957 . 1958
-GrOSS3B§'ééﬁ@é[RétiO Gross P |Gamma|Retio | Gross B‘ Gamma|Ratio{ Gross B Gaﬁma Retio| Gross B Gamma‘Rétio
072 pc/gl /s | p-y -_.._._.i;k;loﬁi c/gl c/s | B-y 11075 uc/g| /s | B-y 110°2 ye/d c/s| iy~
Clinch River 11 4o | .275 w5 | oh [.us7 40 6771.597 | 33 72458
Tennessee | __ -6 12 |.50 9 '17 .53 13 25 .52 135 23 |.565 8 o] .333
River i ‘ .




-2 -

V. CALIBRATION OF INSTRUMENTS

The flounder used in the surveys consieted of twelve'glass7wall,
organic filled GM tubes conneCtedvin parallel. It was calibrated in terms
of mr/hr,by the use‘of a water>solution.of 0.1 mg'of'ﬁadium,sealed in a
glass ampule. This calibration>was made to determine the sensitivity of
the instrument and to permit.direct compafiéon of the data taken from year
to year. The radium calibrefion‘data;fOr the'years 1954-58 are given
in Figure 15. | .

A;modified‘version-of the flounder was constructed in 1957 using
stainless steel wall,; halogen fillediGM.tubes. This flounder proved to
"be more sensitive than the old flounder, both to radium and to the'activity
in the river silt. During:ithe 1957.surfey, duplicate readings were taken
‘-using the o0ld and new floundere. These readings were compared ﬁoint by'

» point and the comperison ratios averaged for both the Clinch and Tennessee
Rivers. The readings taken with the modified flounder were consistently
‘Vhigher than those taken.with the old flounder, the ratio of ﬁodified to
:'old beipg 1.36 in the Clinch River and 1.2k in the Tennessee River,

The data-freeented in this report for the period 1954-57 were taken
with the old flounder. The l958’datayﬁﬂe taken with the,medified flounder
and have been: corrected for the difference in sensitivity between the two
instruments in order that COmparisth-of the year to year data could be
made.

As an aid in relating fhe'gamma_count as measured'by thevflounder

to the radiocactive content of the bottom sediment, mud from White Oak
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Lake, diluted w1thiuncontaminated mud from Douglas Reserv01r was, used
to calibrate the flounder in terms of uc/g of radioactive s1lt A
gross beta count, a gamma count, and a. radiochemical assay were runbon
White Oak -Lake mud- before. it was diluted with' the uncontaminated mud.,
Done in this manner, the level of activity was high enough to give low
statistical errors in countingfand-to givepreliablerradiochemical f
analyses. | | |

Calibration curves werevrunvfor:two-different thicknesses, ofimud
four inches and'lofl/2 inches;‘ Figure 16 is a plot of gamma counts per
second versus beta.activity”in uc/g;of dry mud_ A comparison of the two
calibration curves indicates-there is considerable.absorption’of:the
gamme. radiation_by‘these thicknesses-of‘mud.

Since the observedkgamma_count-was due'to-a7mixture of radioactive
substances having different gamma;energies, andasince the composition.of
thevmixture-was}not very acCurately known,-the absorption by the mud.
could only be approx1mated |

An approximation for the absorption was made by R H Ritchie

using the expression as follows:

Where g = absorption coefficient of the mud for the gamma involved.'
t = thickness of active mud deposzt |
”fI‘=_gamma,counts observed
g = specifictactivity of'mud, and
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B E2 is given by

RO I g | (2)
2 1 .
A plot‘(Figure 17) was made of ut against I‘t/I,,,-It being the gamma

flux at thickness t and I, being the flux from an infinitely thick

- layer of mud. -

The quantity u was evaluated emperically from this equation and

from the data observed on the 4" and 10.5" layers of mud. The procedure

was to calculate ratios I (ﬁté)/ I (utl) from the graph using ut, and ut;
values which were in the same ratio as the experimental thicknesses,

10.2 ut;. The value of ut, was found which gave the same

utz =
I(utg)/I (utl) value as that observed experimentally. A value of .0506
em™t was found for u.

Using values from this curve and the specific activity and flounder

readings from the spiked mud, curves were prepared showing gamma. activity

in ¢/s versus specific activity in pc/g -and gemma activity versus uc/ftg.f

These curves are shown in Figure 18.
If the depth of radioacfive silt on the bottom of the streams and:’
reservoirs were known, the total amount of radioactivity per unit area

of bottom surface could be estimated. However, with our present equip-.

‘ment, it is impracticable to obtain this information with acceptable

accuracy.
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VI. . DISCUSSION

Gamma Count Rate .=

The-gamﬁa count rate shows a<gradual_inérease from the‘pointvof
entry of the wastes into the Clinch River (CRM 20;8) downstream, peaking
at mile ll.C during i95h and 1955 and at mile 8.0 during 1956, 1957 and
1958. Downstream.from this point'thé gamma‘counﬁ remains relatively
constant except for the low cbunt§ obtained at CRM 2.6 and CRM 4,7. At
these two points, the silt seems to have been scoured from the river
bottom, thereby resulting in low counts,

-Tﬁis increase in radiatioh level downstream from the point of entry
of the waétés is probably due to the fact that during-the fall and winter
months consideréblé current is encountered in the Clinch River at the.
point of entr&. The velocity:of the water prevents the silt from
settling at‘this poiﬁt and carries it downstream to be deposited as- the
water slows down. This phenomenon was encountered repeatedly during
the surveys., Any restrictiqn in the river channel caused an increése
in velocity and, consequently, a scouring of the sediments and-a_decrease
in gamma couht rate. Immediateiy below the dams, the scouring action
extends for éxdisﬁance of at least 20 miles downstream.

The level of activity.dropped,off markedly upon entering the
Tennessee River and'continued to decrease downstreém. Thi s is to be
expected due to the dilution of>the waters of the Clinéh-by;the Tennessee
and the'subseqﬁeﬁt‘deposition of the»silt‘bver a much larger area than

in the Clinch. i This may be seen from Figure 4 and Figure 5 which show
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the average gamma count rate”versus river mile for. the Clinch and .
TennesseeiRivers. The decrease in activ1ty due to decay is negligible
since the time required for the water to travel to the Tennessee is.
small compared to the half-lives of the,radionuclides}measured.

The distribution of activityvalongra traverse.was;'in general ,
prppbrtional to the depth of the water. This was;especially'true in “
the reservoirs and in the lower'reaches.of the.Clinch Rivef3where most.
of the activity was found.in the,main channel. ~Farther up.the Ciinch,
the picture .was somewhat complicated by the numerousvshart bends in
the river course, and by the current inbthe river. Here-the location
of the activity varied“depending on whetherrthe traverse wasotaken on a
,straight stretch or on a- bend in the river and whether the . stream bed
-was uniformly deep or deep on- one 8ide.and shallow on the other. A
more detailed picture of activity distribution may be~gained by an
examinatién of the bottom contours and activity profiles of the Clinch
.and Tennessee. Rivers from the. 1954 survey shown in Figures 10 through lh.
These profiles from.the 1954 survey are typical of all the surveys.

The levels .of act1v1ty in both the Clinch. and Tennessee Rivers
have. shown oonsiderable-increase from 1954 to 1958. of particular note.
is the increase-in gamma. count,rate.on the silt at'TRM 475.1,'a,few
miles above the city of Chattanooga. 'The count rate here increased from
a near background count of 8 c/s in l95h to 20 c/s in 1956. Itfdronted_
slightly in 1957 and increased again in 1958 to a. level comparable to

that of 1956.
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The l957 and 1958 surveys extended downstream from Chattanooga
through the next two downstream reservoirs, Hales Bar and Guntersv1lle.
~ The last prev1ous.survey of these two reserv01rs was donevin 1952 by
Garner. The gamma count in. Hales Bar has 1ncreased from 10 c/s in l952
to 15 ¢/s in 1957 and 17 c/s in l958 Guntersv1lle, likew1se, showed
increases from l952 to 1958 the readings going from 9 c/s in l952 to.
12 ¢/s in l957 and 15 c/s in 1958. How far_downstream these 1ncreases
extendlis'not known'as,the only. survey to extend beyong Guntersville
Reservoir was thell952 survey,which extended to’the mouth of the Tennes-
see-River.s,The increased count in Hales Bar is felt to have itslorigin
in artificial radioactiVity introduced.upstrean. This~is,based on the
fact that\there are no major outcroppings,of uraninm bearing shale up- .
. stream from this reservoir and on the fact. that the radionuclide cesium
was found in the silt to the extent of 4 5 times that found in back-
ground silt from Loudoun Reservoir. The increases,1anuntersville
Reservoir, likewiSevappear to he the result of artifidial radioactivity
-moving downstreamf There is considerable ontcropping.of uranium bearing
shale on'the watershedvof Guntersville'Reservoir and this might result in.
an increased gamna_count in l958 but would not result:in an increase
in the cesium content of the. silt : The silt, showed a cesium content

two and one—half times that of background silt from Fort Loudoun Reservoilr°

/

The overall increase 1n gamma:.count rate with time_may best be seen
from reference to Figure 6. Here the average,connt rates for both the

Clinch and Tennessee -Rivers are plotted by years for the period 1951 .
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" to l958 In the same figure are given-the'curies discharged»to the
Clinch River by years for the corresponding periods of the surveys. ;It
may be noted thatg while there are’ fluctuations in levels of act1v1ty,‘
' the general trend msnup. | | |
The huge increase - shown from 1955 to- 1956 was due, in- large part,
to the dra1n1ng of White Oak Lake with the attendant scouring of con-
taminated silt from the bottom. A similar increase was shown from
1951 to l952vexcept in this case'the increase.was'attributed , at
least in part, totlarge.releases,of'rElativelynshort lived]material jnst
prior to the 1952 survey. By 1953,.in the“Clinch River, this”material
had decayed to a point where the gamma count was considerably less than
that in 1952. This was to be expected.due to the short half-life of
the material in questionf However,_the actiVitY scoured from the'White
Oak Take bottom and discharged to the Clinch River during the fall of
l955 was long~lived material .and should have shown very little decayf
before the.l957 survey, The decrease inicount shown in 1957 must be.
attrihuted', then, to the re-location of the contaminated silt or to the
covering .and oonsequent‘shielding'of it by uncontaminated'silt.
The readings obtained with’the flounder ranged from»an:average
.of b to T /s at CRM 27.5 to an average of 181 c/s for the cmoss.
section taken at CRM 8-0 Theireadings of 4 to. T c/s were taken -in the
. upper reaches of the Clinch on- rocky ‘bottom and are lowerothan.thex"mud i

background™ of_uncontaminated'streams in this area, In terms of the radium
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calibration of the flounder,: 181 c/s corresponds to 0.11 mr/hr and 312
c/s, the maximum reading observed, corresponds to O EQ\mr/hr. Based-on
the maximum permiss1ble occupational exposure to: the total quy or
gonads of 0.1 rem/wk ;8 body in contlnuous contact with. the ‘bottom
mud, at the p01nt of maximum. reading, would receive: O; O3h r/wk or 34%
of the maximum permissible occqpational exposure . Howpver, maximnm
permissible‘exposure to‘indinduaISEin“thefneighborhoodvof the con- |
trolled areas should be one-tenthjofjthatefor‘occupational exposurei
Based on this figure, 0.01 rem/Wk;uaabody}in-continuous contact witn

the mud would receive more thanuthreevtimeS»the maximum,permissible

dose. To recelve thls dose, a’ bndy would have to- recline on the bottom

sediment 2h hours per day, seven days per week Since this. is impossi-
ble for any extended period of time, there 1is very little likellhood
of a human rece1v1ng this dose.._A fisherman sitting on.the bank at
'.1ow lake level,»or a person engagedéin:dredging andihandling,Silt or
sand.fron tne river bottom mightﬂbe'presnmed‘tO'be exposed to this
field of radiation for short periods -of tine. |

A person handling sand_inzafnormal ko hour;week'wonld.probably’
receive one-third the dose ratevofwa.persnn_lying'on the bottom sedi-

ment or 26% of the MPD (0.0l rem/wk).

GrosgoBeta Activity

Aliquots of the composite 8ilt.samples prepared for each cross

section Were assayed for gross. beta Bctivity and were reported in
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204 . .
terms of TL = . While this data does not- give an accurate picture
of the quantity of activity presenf, it is useful for comparative
purposes. This data is preéented in Figures 7 and 8 in unit$ of 1077

puc per gram of dried silt vs river mile.

Beta-Gamma Ratio

In an effort to relate flounder readings tblfadioabtivé cdnteht
of the bottom mud, samples of the composites from the l954_sﬁrvey
were counted fdr both beta and gamma,. If this ratioveie constant;
a fairly reliable value for the amountvof,uadioactivity in'the»mud
could be obtainéd from the gamna, measuréments-made With;the_flounder..
This ratid, howe#er, was not cdnstant,-as is shown by Figure 18,
~which is a plot 6f betéfgaﬁﬁa-ra¢io vs river mile forvbéth the'Clinch
: aﬁd‘Tennessee,Rivérs. An inspeqtion.df theseographS'showé thevbeta;
gamma ratio to be less erratig in thefTenhessee thah in the Clinch
River. The réﬁgé éf both, howeyer; appéars to be approximately a.
factor of 2. The variation in ﬁhe beta-gamma,ratio from one cross
section to another is probably dueﬂfo different cqmpdsitions-éf radio-
active wastes inkthe mud. This‘could be due, in @art,'ﬁo selectivé
adsdrption of isotopes on diffefent-types of soils;'

The average gross betdzvalues for the Clinch and Tennessee Rivérs

are compared to the average gamma counts obtained with the flounder

in Table VII. The beta-gamma ratio was not constant for fhe Clinch
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but varied only about 13% in the Tennessee through 1957. It dropped

considerably in 1958.

Identification of Activity

Radiochemical analyses Véré ﬁun on the composite silt samples.
The samples were assayed for cesium, strontium; cefium, tfi—valent_
‘rare earths, ruthenium,nidbium; zlrconium, and‘cobalt._ These results,
except nidbium and.Zirconium, are given in-Tables i tﬂrdugh'VI. Thé.
niobium and zirconium content of the silt:was; very‘low and for the
sake of brevity afe not included here,

' Silt from Fort Loudoun Reserﬁoir, presumably bontaining,no

fission products from ORNL,.ﬁas analyzed for the same eléments as
was the.rivep silt and should represent'background levels of‘-
activity due to Laboratory contamination, etc.; 

The major radioagtive éonstituents.of the Clinchband»Tennessee
River silt are cesium, cerium, and cobalt with,smailer amounts of
stfontium, yttrium, tri-valent rare earths, ahd ruthenium.present.
The concentratibn,of most of the radionuclides‘have increased from.
1954 to 1956 with the greatest Increases being shown by cesium, ceriuym,
and cobait. The concentrationAof all radionuclides, with the excéptioh
of cesium, showed a decreasé in i957. The 1958 data show: a decréase'in'
the éesium and cobalt content of the silt while the remaining nuclides
show an increase from 1957.

The average concentration of each radionuclide in the silt of the
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Clinch and Tessessee Rivers for the yéars 1954 through 1958 is shown
in Figure 9. The. total number.of curiés'of‘each.radionuclide diécharged
Ato the blinch River fOr;cbrresponding periods is preseﬁted for com-
parison, The best éorrelation ofvradiénuclidé.discharged to radio-
nuclide concentration found is &hown by cesium.'AThis.is ﬁot too
surprising when it is notedAthat'cesﬁmm.is'feadily removed from
water by adsorption on soil partic%es.' The very large increase in
the amount of cesium discharged in 1956 is,probabl& due to the d:ain-
ing of Wnite Oak Lake during the_fall'of 1955. _Dﬁring and following
this operation, considerable siif frpm the_lake bottom was discharged
to the Clinch River. This silt waé»highly‘contaminatéd with radié—

active cesium.
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VII. CONCLUSION

On the basis of fhe.data observed to daté, é body in continuoﬁs
conféct with the~bottom'éediment would receife 3‘£imes.£he MPDQAfor
noneoccupétional'exposure in'the neighborhbod of‘a cbntrolled areés,
Since it 1is unlikely that a-persoh‘ﬁould be in continuous contact-with
the bottom sedimeht for any éxtended.period of time; a_mofe pracfical
approach might Be ﬁo conéider a fisherman sittiﬁg,on the bahk at low
lake levelg or a,manrengéged in dredging and handling.sand of silt from‘
the lake bottom., A person éngéged in suéh-an operétdon so that ﬁe
would receive one-third as much radiation in a 40 hour week as if he
were réciining on th e bottom, would receivé.only 26% of MPD.for such
,non-occupéfioﬁal eprsufe. |

If the case of the fisherman sitting .on the bank of the Clinch
River at low lake level is considered, it is felt that £hé above

3

figures would still apply. While the MPD to the gonads~ is the same
as that to the'total body, the gonads, in this éase might be exposed
to thrée times the field of radiation as the.total body of the worker.
and hence; would recéive fhe same total dose in oné;third the time.
Thié would allow the fisherman té spend 13 hrs/week fishing on the bank.
This is not an altogether unreascnable lengfh of time. | | .

If conditions were created éuch that exposures greater than.the\

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

acity, and any additional wastes would present speqial problems.
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Since most of the silt.would be removed from the water by water
treatﬁent plants and since'the'concentratibn of radioactivity in SOlu;
fion on the avefége does not exceed the MPC for continuous use,_if.is
béiieved that no iﬁgeétioﬁ hazard exists dué to_fhe discharge of the
present amount of radioactive'wastés:to-théAClinch River. This will be
discussed in é'subseqpént report. o

It is concluded thaf no iﬁmediate.hazard.exists due to the re-
concentration of fadibactive métériéls in.doﬁnsffeém bottom sediments.
However, if fhe amount of radiocactivity-in the bottom.sediﬁent continues
to increase for the next few years, it will‘be nécessary to fé-efaluate
bur présent waste disposal policy in order tb further;festrict the
release of radiqactive wastes to the Clinch River.

The most probable effect of the radioactive sediment on industry
would be an increased backgrbund counting.rate if sand from the river
bottom were used‘in makiﬁg COncrete;fbr the construction_of counting
rooms‘bf instrumentllaboratories. The problem of the radioactivity in
solution in the river water woﬁld have to be consideréd before using the
downstream water as process water in-the manufacture of film emulsions

or other photographic‘materials.
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