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Preliminary Raport
on
DISCUARGES OF RADIQACTIVITY INTO WHITE OAK CREEK
. AND THE CLINGH RIVER =~ JANUARY 1 To NOVENBER 27, 1948 .

By: Iloyd R. Setter

During the year 1948 fairly reliable records were
availsble on the White Oak Dam opening and the lake elevation
so that the flow into .the clinch River could be estimated. The
 importance of the White Oak Creek Draimage System in the disposal
| of wastes at Oak Ridge National Iaboratory and the method of esti~
xmt;:.ng the flow of weter discharged at (thite 0Oak Dam are discussed
in a previous report (1) |

Normally semples of overflow of the White Oak Dam into
the Clinch “iver are collscted daily during the working week.
These samples are tested by gamma immersion counters and three
50 ml. portions evaporated to dryness in dishes and counted for
beta~gamma activity. The beta-gamma activity was converted to

10 disintegrations

curies per unit volume by assuming 3.7 x 10
per second per curle. Vhere the activity per unit volume changed
from, say Friday to londay, a ‘prOporti.onal‘ value was assumed for
days of no test. The curles per dair of radioactivity diacharged
wore then.calculated from the flow and the concentration.

| The method of estimating the flow and hoence the quantity
of radioactivity discharged is ‘subject to two errors which ocga~-
slonally are of considerable magnitude., First, the Dem overflow.

is normally through 2 gate opening which acts as e weir and from



which accurate flows could be calculated if 1t waré not for two
screens, one placed a few feet upstrean frémvthe‘gata and one
downstream a few feat. The\screéns cause a considerable loss of
head when debris has been sllowed to collectg’aé kmmediately‘
following a ralnstorm. Thus, during a small percentage of the
time, the sctual flow thbcggh the gate is somewhat less than the
recorded value,  , ‘ ,

Secon&ly, depending upon tha magniﬁude of é rain ahd the
- runoff characteristics, the concentration of activity in the over-
- flow of the Dam is likely‘to change rapidly and sampling at loast -
hourly would be required to get a true estimate of the quantity of
~actlivity, This tendency wes noticed following the February and
July rains, In order tp appraise this factor, the}ra1n~ef‘woyem»'
ber 19 was studiéd more ‘intensively by collecting samples ét 1&»
tervals of 30 minutes £O'four hours during the flood flows and for
two days afterward.

Both errors have their greatest offect during or follde
ing raing of cénsidarable mgnituds. Fortunately heavy rains_are
infrequent but, nevertheless, it is important to analyze them
eritically.

Results |

A summary of the monthly results is preseﬁted in Table 1
- - which shows the maximum,-mihimnnxand average curies of radicactivity
disdharged daily from the settling basin or from the Tast and West
ronds into the White Oak Creek snd thence into Whibe Oak Lake; and
the maximum, minimum and average curies discharged from the lske
into the Clinech River. Tho data for the quantity of activity dis-
_charged into the Whilte Oak Creek were taken directly from the

I
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Zable 1

R RAPiQ\CTIVITY TITO AWD OUT OF WHITE OAK CREEK DISPOSAL SYSTGM

Radiocactive Substances Radiocactive Substancos Ratio Of Average

Discharged Into “hite Discharged Into Curies Discharged
ek Creek System Cl}ndh River ég gﬁigghwgiggr
| - — R TE e Tex,  Tn. Ave.
ilonth C/Day  c/omay  C/Day ¢/Day C/Day C/Day Percentage
Jan, | 5.2 0,1 1,03 2,12 0,16 0,88 5.2
Feb, 6.6 0,1 2,51 21,6  0.32 2,47 98,4
mareh 6.4 12 2,97 3.8 0.58 1,35 48,5
April 6.5 1.4 272 3,68 0,65 1,55 58,1
Hay 8,96 1,75 3,72 : 2.62 0.0 1.16 31,1
June 11,72 1,25  3.06 1,42 0.0 0.57 18.6
July  3.62 0,21 1,18 5,05 0,12  0.62 52,5
Aug, 7,02 1.08 2,7 1,15  0.34  0.65 24.1
Sept. 6.13 - 1,41 3,07 1.21 0.0 0.66 21,5
oct. 11.62 0.4 2,59 0,97 0.0 0,62 23,9
Nov, . ' k |
1.7 3.98 2,34 3.1 8,06 0,42 2,65 85,5
7 - 14 13,35  1.8¢ 4.7 4.70 0.0 .- 1,39 29,6
14 - 21 6,14 1.4 2,86 - 31.54 0.14 5,79 202.4

21 - 28 4,43 1,88 1 2.89 3.98  0.05 1,44 49.8



Operations Waekly Progress Reports while the Aves lonitoring
Group analyzad snd, for the most part, computed the activity
in the White Osk Dam overflow.

Any day by day variation in the radicactivity going
to the White Ok Creek is a result of O,R,N.L. operations, where-
as the radloactivity leaving the lake is & composlte result of
the activity entering, the hold up or detention time resulting
in radicactive decay, the absorption of radiocactivity on clay or
 other particles which settle or are otherwise retained in the
lake, and, fin#lly, the scouring action of storm waters in éwaep-'
ing out soluble redicactive constitusnts and contaminated silt
or eluted substances, . ‘

It will be noted that during February, July, and again
in November omne or more rains of considerable intensity caused g
-radiosctive discharge of umusual magnitude for & few hours or a
fow days duration whils during dry weather conditions & substan~
tial reduction in the radicactivity was achieved in the Whita Oak
Creek ond Lake disposal system. During the "wet" months or in-
tense rains the monthly average efficlency of thé disposal system
fell to values of zero to 50 percent as apainst 75 to 80 percent
efficiency during "dry" months.

\ The overall pictwre of the efficiency of the Vhite Oak
Creek and Lake disposal system by a cumlative summation of the
radlioactivity entering and leaving the system each month beginning
January‘ 1, 1948, is shown in Table 2. According to the last
column in Table 2 the poor removal during "wet" months or intense
rains offsets the good removals obtained during the "dry" wea ther
conditions to glve an eleven month average efficiency of about

55.4 pereent. From Jarmary 1 to Noveriber 27, 1948, a total of



Table 2

THE CUMMUIATIVE RADIOACTIVITY BUTERING AWD LEAVINC TS HITE OAK SYSTEM

Discharge Discharge Cuwmmulative Cummulative Net Actiﬁity Net Removal

of of Discharge Discharge Retained Or Of Activity
Activity Activity - 1Into lhite Into Clinch Decayed in By The \hite
Into White Into Clinch Oak Lake River Leke Oak System
Qak Lake River ~ :
Period Curles ~Curies ~Guries “Curloes Gurles Percentage
Jan, 321 15,8 32,1 15,8 16,5 50,7
- Peb., 72.9 71,7 105,0. 87,5 17,5 . 16.8
March 02,1 41.8 197.1  120,3 67.8 24.4
April 84.3 47,3 201.4  176.6 104.8 37.3
Moy 115.3 36.0 ~ 396.7 212.6 184.1 46,5
June 91.9 17.0 488,6 229.6 259,0 5301
July 36 .6 20,7 525.2 25003 274.9 . . R
Aug. 70.2 20,1 . 595.4 270.4 325.0 54,6
Septo 92,0 19.7 6874 290,1 397 .3 57 .8
oct. 80,4 19.2 767.8 3093 458,5 59.8
Nov, . |
1a7 18,7 13,3 786.5 322.6 463,9 58,9
7 - 14 3301 | 9.7 819.5 332,4 4871 ~ 5904
14 - 21 20.0 40,5 839.5 372,9 466 .6 . 5545

21 - 27 20,1 10,1 859,6 385.0 476.6 5504



860 curies had been discharged into White Osk Creek of which
. 476,6 curdes were rotained by the disposal system and 383 curies
op 44.6 percent were diaohargad into the Clinch River,

The Daily Variations Of Radioactivim

Discharged Into The White Oak »c:’eek And The Clinch River
" A lmit of 5 ourlea of radioactivity per day has been

a aerivaﬁ permiasible diachargo into the hite Osk Creek. The
Operations data indicate that on the whole a emll fraction of
this 1imit was discherged and on only 25 out of 331 days wes
the limit exceeded by 0.1 curies to less than 3 times 5 curles.’
Although t;his, or a gimilar limi’c, is a desimbla standard to
guida the Operations Department it bears littlo relation to the
concentration of radicective waste which may be discharged to
the Clinch River. The two major reasons for this are, first, the
scouring aection of rains which may flush large quentities of
redicactivity present in the White Oak Creek into the Clinch
Rever in a relatively short tima;, ‘and, secondlj; the "variable
- flow of the Clinch River whiéh is largely controlled by the‘
- operation of the turbines &t NWorris Dam, Consequently, theA
dllution water available at the mouth of White Oak Creek comes
in waves and may very as ruch as 25 fold in a single 24 hour
period. Thus the dilntion afforded by the Clinch River during
1ocal rains depends on the time oi‘ the rain with respect to the
wave of Clinch River flow. It 13 therefore cbvious that the
Clinch River msy, et low flow, be charged with high quantities of
radiomctive wastes.,

A 8tudy o_f‘.the daily dia&aarge of raedicactive wastes
from thite Oek Leke into the Clinch River indicates that in the

=8 - _ , /



first 331 days of 1948 the radiosctivity exceeded 10 curies per
day on 3 ’d;ays and exceeded 5 curies pei day on 8 days. Often
the discharge is only‘a fraction of a curie and on only 34 days
or about 16 percent of the time did the discharge exceed 2.0 curiles
per day, | o

The monthly distribution of relatively high radiocactive
discharges of White Oak Lake is as follows:

Month ' Number of Days
. Fxceeding 2 curlies meeang

Less than 5 curies 5 curles

Jan.
_Feb.,
Varch
April
lay
July

[ N TN RS R

Wov,

Discharge to the Clinch Rivafc in excess of 5 curies par
aay bappened only during flood stages of the White Oak Oreek. By
flood stages is meant periods following intensive mihﬁgll which
caused the lake elevation to rise above the coffer dem. During
the eleven months study the coffer dam overflowed on seven days
due to four rainy periods, Fach of the four storoy periods will
be annlyzed separatély. ‘
' | Flood Of February 12, 1948

On February 12, an intermittent intense rainfell of £2.22
inches fell batween 4 A.M. and 9 A.M. liore rain (2,47 inches)
fell between 4 P.MN, and 7 A.N. Febmary 13, The third rain of

-



1,37 inches fell betwaen 5 P.l, and midnight of February 13,
‘The pertinent data resulting from this rainy period are given
in Table 3. | o |

The table shows the maximum hourly overflow of thite
Oak Dam in cubic feet per second (cdlunm 2); the average rete
of flow during a 24 hour interval (Coluwmn 3); and the radio-
aétivity in curies 1.e., countg per minmute of baté-@xma actlvity
per 80 ml, times the flow in apﬁropr‘ia te'units, agssuming one

curie is equivalent to 3.7 x 1010

disintegrations per second,
‘I’hé pmbgble maximum redicactivity aftér intima te mixing with
the Clinch Rivor flow was calculated in mi1li microcuries per
liter or microcuries psr 1000 1iters (Colurn 7) based on the
daily discharge of curies end the flow of theA Clinch as record-
Aed in Colum 5. The probable average radioactivity in the Clinch
itiver after intimate mixing was calculated in milli microcuries
per liter (cblumn 8) based on a total estimated flow (Columns 5
plus 8} which includes .tributariea between the Scarboro.Gaging
Station down stream to below the mouth of White Oak Creek. It
should be understood that the maximum concentration of radio-
ectivity in any small sampia of Cl:’in\ch water will be the maximum
concentration in the White Oak Dam ovei'flow until intimate mixing
hes ocoured. This ray teke from a few to ten or more mlles of
water travel depending on streanm charactoristics and thermal
density ¢5t11‘L’1i‘e,::'evm:«a»s.:o The maximum concentrations will uaually
hug the right bank and possibly under-ride the surface waters
in summer. - '
| Flood of July 14, 1948

On July 14 an intense rain of 2.2 inches fell between

o .ﬁ:@c}
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Table 3

FLOOD OF FEBRUARY 12 - 15, 1948

Flow## of

Overflow of W.0.Dam Activity Flowk of Prob.lax. Prob.Ave.
Discharge Clinch R. Tributaries Activity  Activity
mx.nﬂte AveoRate Into At Cl.mi.39.0 In In
' Clinch R. Scarboro to m1.20,8 - Clinch R, Clinch R,
Date ColeBo Cel.B, Curies C.l.8. c.f.8, mpe /11 mc /1
2 ~12 340 192 7.3 6110 1920 0,368 0.29
2 - 13 940 544 21,6 19100 5440 . 0.462 0.36
2= 14 400 217 11,5 21000 2170 0.224 0.20
2 = 15 151 122 5ol 8050 1220 0,230 0020
2 - 16 - 41 1.7 3380 410 0.206 0.18

NOTE: (#) The flow in Column 5 is th:a TeV.Ao cfficia} flow of the Clinch River at the

(53¢)

Scarboro gaging station. No adjustment has been made for the time of water

travel nor the éribu‘bary dilution in calculating the probable maximum redio-

activity in milll mioro curies per liter from this flow as shown in Column 7,

The local tributary flow botween the Scarboro gaging station and Clinch mile

20.7 was estimated from the ratio of the drainage area between stations to

the drainage arez of White Cak Creek, i.e., 63 to 6,17 square miles or a

factor of 10 times the flow of White Osk Creek.



2:30 and 3:30 P.l. The lake level rose rapldly in spite of a
lowering of the géte to wide open, By 6:00 P.ll, flood stage had
been reached and persisted for 3 hours. Thereafter the lake was
drawn down to about the. same level as befor-‘e the storm. The gate
was then raised (11:30 A.M, July 15). u

The results of this rain are pi'esented in Table 4. The
colums in Table 4 have the same basis as those in Table 3. The
data show that on a 24 hour average bYaslis the concentration of
radicactivity was estimated to be somewhat greater than the Fed-
ruary flood. It is apparent, elso, that the hourly 'disc.harge due
to this flash flood caused much more severe "slugsing" of the
Clinch River. The hourly discharge data shows that a total of
5 million cubic feet of watér (about one half the contents of ths
lake) whilch contained 5 curies of radioactivity were discharged
between 6 P,II, and midnight on July 14. An inspection of the
hourly Clinch River flow at the Townsite Gaging Station (Clinch
mile 41.3) shows that, if sllowance for time of travel to "hite
Oak Creek be made, & flow of from 1700 to possibly 3200 c.f.s.
was avallable fox: dilution., Assuming imrediate intimate nixing,
& concentration of not iess than 4.8 to 2.5 milli microcufies
per liter persisted during the six hours of maximun slugging.

) Floods 0f November 10 And Of November 28, 1948 .

On November 18, a light rain of 0.1 inches fell between
10 P.H, and midnight. This was followed on November 19, by a
rain of 3.1 inches which fell between 5 A.M. end 4 P.H, There
was no rain on November 20, but on November 21, a shower of \

0.1 inch fell between 9 P.H, and 12 midnight and & rein of 0.3 in,
foll between 1 AL!M. and 10 A.M, Hovember 22, | Beginning at 2 A .M.



Table 4

FLOOD OF JULY 14, 1948

Activity Flow# of

Flowmﬁ of Prob.Max,

Overflow of i.0.Dam
‘ Discharge Clinch R.  Tributaries Activity Activity
Hax.Rate Ave.Rate Into At - , Cl.ml 39,0 1In In
— : , Glinch R. Socarboro Yo mi.20.8 Clinch R, Clinch R,
- Date CefcBo ColeB, Curies Col+8, ColsB, e/ 11 mac/il
7 - 13 - 6.2 0l 48R0 62 0,036 0,056
) 14 3% 64.6 5.1 - 3940 646 0,53 0.45
;:: 5 » 153 5530 595 u 3580 530 0,40 0935
: 16 - 3.9 39 . 0,032 0.032

0.26 3170

' NOTE; (%) and (##) same as Table 3,



November 28 and untii 4&‘.,1?{; November 29, a total of 3.8 inches
of preciéit&tipn was recorded. " ,
| Flood discharges ‘of tho Dam wero reached at 9:20 PN,

ovember 19, and persisted until midnight. Tlood stages were
agaln attained at 7 A.M. Hovember 28 and persisted until & Polls
Noverber 29.

During the first flood,arrangements were made by
W. D. Cottrell (Area lNonitoring Croup) with the cbopemtion of
.other groups of the Survey-lonitoring Section, to have samples
collected at about four hour intervals or more frequently from
9:20 AL,.lle July 19, to the afternoon of July 22. Only a few
extre samples besides the routine samples were obtained at
later dates, Thess éamplas 'ware analyzed by the Vaste Disposal
group for beta-gamma counts assoclated with th'ar»aediment removed .
by cex;mi\zging for 5 mimutes and the soluble and colloidal
solids in the centrifuged supernates. '

A summery of the daily results from November 15, t':o
November 30, is presented in Table 5. The results show two
periocds of high curis discharge. These were botween the 19th
and 21st and agaln betwen the 26th ahd 30th of the month., Tue
to the variable discharge the resulting concontration in the
Clinch River varied fror 0.48 to 1.62 or & wolghted average of
1.11 milii nmicrocurles per liter over a 72 hour period [begimixg
November 19, at 12:0L A.M. for the first flood and a varietion
of 0.48 to 0,57 or & weighted average of 0,65 milll microcuries
per- liter for the second flood ovor a period of 72 hours begine
ning 12301 4.lM. November 28, | ‘

Although tho 24 hour average concentration is p;'obably

- 12 =



Table O '

FLOODS OF HOVEIBER 19 AND NOVEHEER 28, 1948

Overflow of W.0.,Dam Activity Flow: of  Flowiit of  Prob.Max. Prob.Ave.
Discharge <Clinch R, Tributaries Activitles Activity

Max.Rate Ave,Rate Into At Cl,mi.41.3 1In : In
Clinch R, Scarboro to mi.20,8 Clinch R, Clinch R,
Date —Oel.8, Col oBo curies Col oS, C.lo8s mpc /1T mac/1T
16 - T 0.8 0.14 = | = - -
16 - 1.5 0.42 - - . -
17 - 2.2 N - - -

18 - 2.2 0.47 1580 54 0.2 0,12
19 416  .172.0 31,54 33520 4300~ 370 . 1.8
20 156 101.0 7.44 3660 2500 0.81  0.48
21 53 35.0 3,60 1000 875 - 1.42 0.76
ez 39 22,9 1,06 520 572 0,80 0,38
23 - 065 0,05 2710 475 0.007 0,006
24 - 1.0 0.10 2760 370 0,015 0.013
25 - 1.5 0,17 2300 200 0,030 0,027
26 21,1 - 7.8 1.0 690 195 0,64 | - 0.50
27 31.6 20,7 4,28 2840 740 0.61 0.48
28 547.0 255.0 18.57 _ 6650 6610 1.4 0.57
29 235,0 150.0 3,53 11100 ° 3740 . 0,13 0.10
30  81.0 47,6 3,60 high - - -

# The dralnage aree betwecn Clinch 20.7 and Clinck 41.3 was estimated at 154 ag .mileé or
2 flow of 25 times that of White Oak Creek. ’
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more significant it has been calculated that during the peak

. flow of the thite Oak‘creek (12:01 to 2 P.l. July 19) when

| 3.5 curies of activity wers discharged per hour, the sstima ted
flow of the Clinch River ét the mouth of the Creek was 3000

to 3400 c.f.8. It is estimated that the resulting concentration
of radioactivim a fter thorough mixing with the Clinch water,
would be 11.43 milll mcroéuries per liter, After this initial
slug the rate of radicactive discharge decreases and the dilution
efforded by the flow of 1ocal tributaries would posslbly compen-
sete for the low flow (500 to 1000 O.foso) of the Norris dis~
'cm:rge a8 recorded at the Townsite Pumping Station.

Fuwr ther studles are needed on the wator inxpaunﬂed in
the Clinch Raver by Yatts Bar Dam in order to estimte cor;diti ons
downstream below Clinch mile 20.8. The nomal river velocities
‘of 2 tp S miles per hour above impoundage; aaﬁending on stage
height, will be lowered to less than 2 miles per hour as ths
effoct¥ve oross sectiomal area increases. These qalculaﬁions
will be made at a later date and they probably could be verified
or cérrected by adequate river sampiing and testing for radio=
éctivity follow:lng s torms such as the four floods of 1848 re-

. parted harein. 'me‘extent of "slugring" of ths Clinch River
and the time an{i distance befure 1n§ima1:a mixing are fdotm
which appear éufficiently important fto require f\irther atudy .
under the lack of control now afforded by the tlhite Osk Dam
systen, ' ‘ | ‘
Activity Associated With |
Particuls te latter In The Overflow Of Uhite 0#1{ Dan
It was mentioned that during the storm of November 19,

w 14 =



samples of the overf'low were centr*ifuged to separate the tulk of
the particulata or suspended matter from the liquor and each
fraction was tested for radicoctivity., The results of this study
aré presented in Table 6. The Table shows the pH, the suspended
solids or mtter removed by céntrifuging 5 minutes, as estimated
in parts per million or m.per liter from the light transmission
in & phobometer, the soluble and colloldal sclids in the supernate
after centrifuging (aubjeét to considemblé error), the radlo=
activity associated with the auspended solids in counts per minw |
ute per ml, of mothex' Iiquor at ten percent geometry, the redio-
aotivity associated with the solubls or supernate liquor in
‘ gimiler units, the smmmtion of the two latter tests or the total
activity per ml. and, in the last column, the peroentag_e of total-
activity asaocia‘ted with the soluble or supernate fraction. |
' The rasults show that therc was no significant chang;e
in the pH during the first flood, but that the second flood

Novamber 28 and 29, showed & remarlmbla lowering of the pH value

during ﬁia peak flocd flow, The estimte of suspended aolids shows

an increase of sediment in samples 9 to 1% corresponding t;o the
flood flow range end 8 decreese thereafter. It 18 suspected, that
gx@vimétric determinations would have shown groater deviations
since the turbidity of semples from No. 9 were mare settleable
i.e. particulates of greater size and weight. A good carrelation
between the photomster and the waight of mstter was not avallable
for this study., -

" The total activity of the samplos show high levels of
activity peraiating during meximm flood flowes folloved by 2 four-

fold decrease as the Iake)contents overflowed or were diluted by

- 15 =



Table 6

CHEMICAL AND RADIOCACTIVITY ANALYSES OF FLOOD FLOWS - STORMS OF NOVEMBER, 1948

BRADIOACTIVITY

Sample Date Hour pH Suspended Soluble é :
T Solids Colloidal Suspended  Soluble Total In
" "Solids Matter ~  Matter Supernate
p.p.m. p.p.m, cts/min/iil cts/min/ml cts/min/ml Percentage

1 11-19  9:204 7.5 172 - 2.80 20. 30 23.10 88
3 9:50 7.5 144 - T 2048 19.34 21.82 88.6

5 11:45 7.5 135 - 2.53 21.12 23.65 89.:2
7 2:00P 7.5 145 ol 5,007 17.16. 22.23 7.2
9 4:30P 7.2 377 - 6.41 5.90 12.31 47.9
1 6:35 7.3 a9 137 6.04 5.9 11.94 49.4
12 10:37 7.3 316 - 3.90 6.18 10.08 61.4
13 11-20  2:34A 7.3 260 - 3.14 5.32 8.46 62.8
14 6:38 7.1 230 - 3.10 5.26 8.36 62.8
15 10:30 7.3 192 - 3.06- 3.54 6. 60 53.6
16 2:31 7.2 144 ' 96 3.27 3.98 7.25 54.8
17 7:00 7.3 133 307 3.97 4.04 7.31 55.2
18 ' 10:45 7.3 132 - 3.98 4.36 7.64 57.8
19 11-21  2:30A 7.3 166 - 3.04 4.20 7.26 58.1
20 ©6:30 7.3 134 - 2.98 5.50 8.48 65.0
21 10:30 7.3 155 107 2.70 4.88 7.58 64.4
22 3:04P 7.3 147 - 2.76  5.08 7.84 64.7
23 5:35 7.5 136 - 4.41, 7.0 11.51 61.7
2 10:17 1.5 113 113 3.19 6.90 10.09 68.4
25 11-22  2:30A 7.5 140 - 3.00 5.32 8.32 " 64.0
26 6:30 7.5 128 119 2.75 2.46 5.21 47.2
26 11-23 - - - - - - 10.12 -
26 11-24 - - - - - - 9.60 -
26  11-95 - - - - - - - -
26 1n-26 - - - | - E - 13.5 -
26 11-21 - - - - - - 131 -
27 11-28  9:30A 7.2 - - 5.57 - 7.6 1317 57.6
28 2:15P 6.5 - - 2.36. - 1.6 3.9 40.3
29 11-29  10:30A 6.9 - - 1.04 0.96 2.00 - 48.0

30 3:00P 7.0 - - 0.90,  0.92 1.82 © 50.5



rain water. Three days after the first starm the activity in-
creased (almost doubled) supposedly due to a diffusion 61' lake
embaymnt or .share waters of higher activity into the main
channel and the contribution of wistes from daily operations.
‘Followihg the second storm the leke was flushed i’ela;.tivoly free
of susponded radicactivity. |

The last column shewé that whilo 88 =~ 89 percent of
the activity wms assooiated with the clear liquor on the moming of
Novenber 19, as little as 40 percent was associated with the clear
ligaor follawing the first flood flow.

The Effect Of Floods On Purging White Oak Lake

A detailed analysis of the topounded wastes wes made
before, during, and after the November floods to determine the -
extent of ptméing of contaminated muds from the White Oak Creek
and Lake bottom, | |

A rela tivel;c} low quantity of radiocactive waatés had
’been added per day prior ﬁo November 1l. Due to abnorml opera-
tions resulting in relatively high quentities of wastes being
discharged into the thite Oak Creek systom the flow was impounded
in the Iake by chenging the gate from a setting of 3.5 to 1.7
' thus ralsing the Lake level 1.8 feet. This resulted in Impound-
ing 1.6 million cublec feot of #dditional water with little over~
flow at the Dam. : -

The pertimnt routine data of the Operutions Division
and the Area lMonitoring CGroup were used to compute the wastas
into, out of, and mxpcunded in the lake from November 11, to
Novenber 18, 1948, The resul‘cs are presented in Table 7. The

~curies of settling basin effluent (Column 3) less the curies
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Table 7

RADICACTIVITY INPOUNDED IN WHITE OAK IAKE BEFORE STORM

November 11, to 18, 1948

Date Capacity RADIQACTIVITY a
of Edded To Lost In Net Activity
Iake Creek - Overflow Impounded
‘ _ From S.83. . Of Dam In lake
Milo.CU.ft, Curies Curies CurIes
11 10 - e 23,0
11 2905 - 25005
12 13,35 - 38,4
13 8.16" - 46, 56
14 6.14 - 52,70
15 4.44 14 §7.00
16 2,16 42 58.74
17 - 1.7 .51 59.95
18 11.6 - 047 §9,46
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which ovarfiowe& the dam (cblﬁ@ 4} where accuxmxlated and added
to the curies impounded 1n the lake on November 11 (Column 5)¢

It was asaumad that activﬁ.ty 1mpcsundad in the leke had a mean con«
centration equal to the overflow of the dam., Thue a total of
‘59'.,4‘6 ouries ‘theoretically_mm.ined in the lake on Nwe;:sber 18,
However, tho estimatod pur:t}es present in tho lake water on
November 18, was 32,5 curies. Thus 27 curies or 46,7 yarcent

of the activity of tho added wastes has been lost due tb d ecay, |
absorption by md, retention of pr'eoip’itatas,' or erfors of' moagure~
ment. Based on the decay va‘luea: of the dam overflow the loss due
to decay amounts to & Tow curies but the maaéurémnbg, particu~
larly ;Jha capaclty of the lake and the curies of waste d;'soharge.d,
‘may be subjoct to considerable error. '

Although sonme 40 - 45 percent of the activity of the
added wastes may be asgsociated with tls sedimsnt in the croek and
| lake when the dam overi‘low is clased it 18 likely that 11ttla of
the wastes would se\‘jtle during the flood flwa. For this reason
1t s besn assumed that thers was no decrease oi"é,ctivity by sedi-
rentation, - After inspecting the data end observing that some 40
to 89 peroant of the activity ini the dam overfl.t;mvwat\ar was &ss0-
clated with the clear liquor an& tho romainder assoclated with
suspended mttér, mach of which was settleable, it was furthsr
assumed tmt thy wastes entering tho laks would have 70 percont

of the activity assocla ted with the centrifuged supernate and
| 30 percent essoclated with' particulatss which might be settlaable
under quiaseent condi tions. .
| Knowing the volume of water which overflowed the dam |
and the activity whieh was associated with tho suspended and
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soluble (supsernate), a ﬁalance‘sheet of wastes into and out of
the lake was computed for the period November' 18, to December l. .
The results are presented in Teble 8,

The net activity of supsrmate (largely splﬁ‘bla’) presant
in tho 11quid of the lske on the November 18, was 28,7 curies less
0.41 curies discharged over the dan (Golumn 3) plus 70 percent of
the 1.4 curies dlscherged from the settling basin (Column 4) or
29»2‘? curies. ‘On November 18, the nat activity was 29»?‘7 less
23.7 curies over the daﬁ plus 70 percent of é,BG dischargad from
the settling basin or a residual of 7.15. ‘l'hié process was con=
tinued on through November whére 3,77 curies is the calcﬁlaﬁed |
. residual as a@aiﬁst 4,34 curies found vhen the impounded water
is calculated as having en activity equal to that discharged
 over the Dam_‘o,» |

. The net activity of the suspended solids was similarly
computed., TFor example, on Navaﬁbor 18, the 3.8 curies associa ted
with particuls te m tter less the 0,06 curies mssociated with parti-
cilates that were dlschargoed, plﬁs 30% of 1.4 curies added leaves
a net 1m§ound‘ed activity of 4.16 curles, On November 19 the not .
or residual activity wms computed to be 4,16 less 9.4 plus 30% of
2,26 or a nogative value of 4,56 curles, Thils negative value
increases through November'e; and indicates & pick up of contami~
nated md or precipitates 'fzyoga the creek or lake bed. ’Bgtween
Novembor 21 and Novembor 26, the negativity of resldual activity
asaociated wit&x’ the suspended solids decreéses somewhat and shows
that the radi cactive wastes asaooiated with snspanded perticulates
are decaying, or setiling cmt of the :U.quid st a faster rate or
belng added at & slower rate. From Novernber 26, to the end of the

-
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, Table 8
-'BADIQAG?QX;TY (CURIES) INMPOUNDED DURING AND AFTER NOVAIEER STORIS

Discharged Over Dam Added To Net Activity In Iake
i ] Lake From . ’
o ' - Settling '

‘Date Suspended Supernate Basin * §uspanded Supernate Total
18 - - - -7 28,78 32,54
i 0,06 £ 0,41 1.4 4,16 - 29,27
19 9,4 ' 23,7 2,26 -4,56 7015
20 3.1 | 4.3 1.92 7,08 4.19
21 1.1 2,0 1.71 .67 - 3.39
22 0.42 0.64 1.58 7,59 4,85

- 23 0,02 0,05 - 4.43 ~6.30 6,92

YO 0,04 0.06 - 3,39 ~5.34 19.26

25 o0.07 . 0.10 3.49 4,33 . 11.6
26 0.44 0.66 3.13 -5.85 13.14
27 1.75 | 2.56 2.33 -4,94 13,28
28 9.27 9.30 1.55 13,65 3.98

20 1.5 1,46 1,93 . 14,58 3,92
30 176 18 2,35 ~16,40 s

1 - . - , - 4 BB 4,345 8,674

" Balance ] ' _ | | -20.73 0.57

# = Arbitrarily assumed that"?o% remains in supernate 'énd 304 in suspanded.
##% - Computed to be impounded in lake.



month the second stxom' flaﬁ; caused a further pleck-up oi‘ muds
proﬁably dus to scouring velocities. During the last two weeks
of Noverber it 1is estimated that a total of ebout 20 curles of
woste which had been associated with bottom muds were aiaohargad
over the Dam. Further studies of the decay rate of settling
basin effluents may indicate thet more than 20 curies of waste
assoclate;d with the muds were scoured out of the lake. For ex-
ample, in Table 7 it was shown that 46.4 percent of the added
activity oou].d-be accounted for in tﬁe &mbounded water under
‘qulescent flow condltions., If under storm fiqw condl tions per~
hpas 25 percent of the added sctivity of 31.45 curles were 1lost
by decay or precipitation before reaching the lake there ren;aim
about 8 curies of activity. Of this some wauld be sccounted for
as assoclated with particulate matter snd the greater part would
be prosumed to arise from the soluble radiocactivity elutriated
from sediments.

Smrx and Conclusions

" A study was made of the radioactive wastes discharged
into the White Oak Creek, and the wastes whicha rs reta:l'.md,'de(-v
tainad, or decayéd in the creek or in the impounded lake of some
ten million cubic feet aapacitm‘ This study also includes theo
wastes discharged from the lake over & dam into the Clinch River
end the resulting concentrations in the Clinch River watar,

The study covors the period Jamary 1, through Noven-
ber, 1948, and includes four ma Jor faina which caused flood flows
- over the dafn, "

The White Osk Creek and lake recelves the surface drain-
age from an area of 6,17 squars milss and the rolatively smll
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amount of domestic and prpééss, wastes from OORJI;L“ The
_goneral mountainous nature of the drainage avea and the high
| intensity of many reins result in high rates of runoff and |
consequently & flooding of the impoundihg dam., During. the
eleven-month study thore were four rains of intensity such as
to cause floods ‘and various degrees of flushing, of impoundsd
wastes {rom the lake. , |

The floods cause a ”slugg;ing‘fof the Clinch River
for short intervals and impaired the effectivenass. of the
White Ok Creek disposal system. Thus 70.4 o B1.4' percent
of Vthe wastes are removed durs.ng' dry weather months, 55.5 to
68,9 percent are removed during mddemtely wet months and naga«-
'cive removals are obtained during flooding periods for an over-
all eleven-month removal of 55,4 percsnt of the added mstes,

It has been shown that concen’srationa of at least '
11,435 milli’ microcuries por liter in Clinch Rivw ocecured during
a two-hour period vihen a-flood in White Osk Greek colucided w?oh
low hourly flows of the River. Ovor a pariod of days -oll4ming
" esach flood the aﬁérage concentration of radicacfiim W«’-Stf)‘l, exX~
c}usive of-ﬂdilutiori with impoundsd @atte Bar reserv./ir wnters,
wes computed to vary from 0.5 to 1.62 milli microcuries per
liter. During dry weather flows the concentration of radic-
activity in the Clinch River is usuwally a smal. fraction of -
these maximum vaiues.

The study is samewhot 1imited in eccuracy by s number
of- factors. Some of the more important s;n(mtcomings of the
basic deta would be improved bys

1. cqnbinirig the process waters into a conmon dlacharge
flume for recording the flow and the constant monitoring of the
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waste concentration.

2. Improving the physical conditions at the White Osk
Dam overflow gate to allow a more accurate aétimate of the flow
discharged into the Clinéh River. .

3. Tho constant monitoring of tho Thite Oak Lake over=
flow or the collection of 16-mimite samples just beforas, during
and after a flood flow when the concentration of activity is
changing repidly.

4, The collection of samples over frequent intervals
at various downstream Clinch River stations to define "slugs" of
redicactivity during flood stages, and distances downstreamn where
thorough mixing with the Uatts Bar reservolr water. occurs.
| 5. . Obtaining more hydraulic date on the Watts Bar
Reservoir in order to compute domstréam dilutioh chtox*s under
- different oonditions of flow,

In this study no attempt has been made to 1nterpret the
“data in terms of the potential hazards involved but rather to

assemble and present the information which is now available.
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