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Preliminary Report 

on 

DISarrARGES OF RADIOIl OTIVITY I!WO flHlTE OAK CREEK 
-r 

~. AT·m THE CLINCFf RIW'R - JANUA'RY 1 TO Novr~UBEn '2:1, 1948 

By: LlO1d. R. Setter 

Du»lng the yea~ 1948 fairly reliable recor-ds were 
. 

available OIl the flb1te oak Dam' opening and the lake elevation 

so tba t the 1'low into the Clinch Hi vel' ecnld be es tim tedo The 

1mpwtance ot the \Ybi te oak CI-eek Drainage Sys tom in the disposal 

ot wastes at oak Ridge National Iaboratory and the method of estI-, . 

matins the flow ot weteI' d1scharged at White oak Dam are discussed 

in a previous repol'.t (1) 0 

Normally samples of ov~rflow of the ~1h.1 te oak 'Dam into 

the Clinch '11ver are oollected daily dur1ng.theworklng week. 

These sanplss are tested by gamma immersion counters and three 

50 ml. portions evaporated to dryness In dishes and counted tor 

beta-gamna actIVity. The beta-gamma actIvIty was converted to 

curles per unit volume by assuming 3.7 x 1010 diSintegrations 

per second per curie. Vdhere the setivi ty pOI' unit volume chane;ed 

trom. Bay Friday to Monday, a proportional value was assumed for 
/ 

days' of no test. The ouries per day ot radioaotiv1ty discharged 

were then. calculated from the flow and the concentration. 

The method of est1mating the flow and hence the quantl~ 

ot radioactiv1ty discharged is subject to two errors which oc~a

s10nallyare ot considerable rtagnltude. First, the Dam overflow· 

18 normally through a gate openIng 'Which acts as a v/eir and tram 
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vm1ch accurate flows could 06 calculated if it were not for two 

screens" one placed Q few feet upstream from the Bate and one 

downstream a few feat.. The SCr(H3DS cause a co'hsiderable loss of 

head when debris has been allowed to collect~ as immediately 

following a l'ainstorm. Thus 1I during a sll'J:\ll percentage of' the 

time:!' the actual flow through the gate is SOl1lGwhat less than the 

recorded va lUG I> 

Secondly" depending upon the magnitude or a rain ahd the 

runoff oharacteristios~ the concentration of' activity in the over

flow of the Dam is likely to change rapidly and sampling at least· 

honrly would be required to get a true esti!'4l te of' the quantity of 

activit1.. This tendency \ms noticed following the February and 

July rains.. Inorde.r to appraise ·this factor, the rain of Novem

ber 19 was studied more -intensively by collecting samples at in

tervals of 30 minutes to four hours during the flood flows and for 

two days afterward .. 

Both errors have their greatest effect during or follow-:" 
, 

ing ra..1ns of' considerable magnituds. Fortunately heavy rains are 

In.i'requent but, nevertheless, it is important to analyze them 

crt tically" 

Results 

A summary of the monthly results is presented in Table 1 

tvh1ch shows the maximum, minimum and average curies of radioactivity 

discharged daily frOr:1 th!l settling basin or from the East and West 

Ponds into the ,:th1 ta Oal{ Creek and thence into rJhi te oak Lake; and 

the maXimum, m~nimum and average curies discharged from the lake 

ll':to the Clinch Tavel'.. Tho data tor the quantity of activity d1s-

_charged into the White Oak Creek were taken directly r.rom the 
, 

.., 2 .., 
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Table :t 
pt~\.-~ 

.. nA.r"~OA.CTIVITY rrTO ATID OF'T' OF WHITE OAK CBEEK DISP0SAt, ::;YS1'.IDM 
• '___ , ._ __ r 

Radioactive Substances 
Di scharged Into t.~'hl ta 
O~k C~eek System 

Radioactive Substancos 
1)lscharged Into 
Clinch "River 

Ra tl 0 Of' Average 
Curies DIscharged 
In Clinch HiveX' 
To Total :lasta 

-- PlIix o Min. 'Ave.. Max .. MinI) Ave" 
rJonth a/Da~T .ciDay a/Day CLDay c/Da,! a LntAl Pe~eantage 

Jan., 

Feb. 

Maroh 

April 

May 

June 

July 

Augo 

sept .. 

oct .. 

Novo 
1 ..... '7 

7 .... 14 

14 - 21 

21 - 28 

502 

6
0
6 . 

61)4 

6,,5 

.6 0 96 

11072 

3 0 62 

7.02 

6.13 

11.82 

3.98 

13 0 35 

6 0 14 

4.43 

0.1 1003 2,,12 0.16 0.53 51G2 

0,,1 2&51 21.6 10 0 32 

1.2 

104 

.1.76 

1.23 

0 .. 21 

2.,.97 

2072 

3.'12 

3.06 

1019 

1.08 207 

1.41 3 0 07 

0.4 2.59 

2.34 3 0 1 

1.84 407. 

104 2.86 

1658 I 2.89 

3",6 

3 0 63 

2.62 

1,,42 

5.05 

l .. l~ 

1.21 

0.97 

8.06 

4 :!."/O 

310"54 

3 .. 98 

0 .. 59 

0.65 

0.0 

0 0 0 

0.12 

0.34 

0 .. 0 

0.0 

0,,42 

0.0 

0 ... 14 

0.05 

2047 

1 0 36 

-1.56 

1.16 

0 .. 57 

0.62 

0.65 

Oe66 

0 0 62 

2 6 65 

1039 

5.79 

1.44 

98.4 

450- 5 

6901 

3101 

18.6 

52.5 

2401 

2165 

23.9 

95 ... 5 

29,,6 

20204 

4908 

':' 
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Operations Weekly ProBI'ess Reports while the Area lIonitor1ng 

Group analyzed and, for the most part. computed the activity 

in the Whi to Oak Dam overflow. 

Any day by day variation 1n the radioactivity going 

to the "'Jhite oak Creek is a ttesult of O .. R.N.L~ operations, where

as the radioactiv1 ty leavin,e the lake is a compost te result of 

the activity entering, the hold up or detention time resulting 

in radioaotive decay, the absorption of radioaotivity on clay or 

other particles which settle or are other\'11isa retained in the 

la.ke. and, finally .. the scouring action of storm waters in sweep

ing out soluble radioactive constituents e.nd contaminated silt 

or eluted substancesQ 

It wtll be noted that during Pebrual"y', JUly, and again 

in llovernberone or !:101"'6 rains of' considerable intensity caused a 

-radioactive disoharge of unusual magnitude for a few hours or a 

few days duration while during dry weather conditions a substan .... 

tial peductlon in the radioactivity. was aohieved in the VJhite oak 

Creek ond Lake disposal system. During the "wet" monthS or in'" 

tense rains the monthly average efficiency of the disposal syatam 

f'e~l to values of' zero to- 50 percent as aca.lnst 75 to SO peroent 

ef·flciency dUF1ne; "dr'ytt months. 

The ovemll picture of the effioiency of' the YJhite oak 

Creek and IBke dIsposal system by a oumulative sumlnatlon at the 

zsadioaotlvity entepiog and leavihg the system each month beginning 

January 1, 1948_ is shown In Table 2. Accol'dlllB to tho last 

column in Table 2 the poor rernovalduring ",,,et" months or intense 

rains offsets the good l'emovals obtained during tbS f1dJ:7" wee ther 

conditions to gIve an eleven month average efficiency of about 

5504 peroent. From January 1 to November Pl1, 1948, a total ot 

"" 4: "" 



Table 2 " 
THE emu,roIATIVE RADIOACTIVITY mrTTmI!TG- AND LEAVING TIn 'JHPrS OAl: SYSTEr.I 

Discharge Discharge CUmrnu1at1ve Cummulative Net Activity Net Rer.lova1 
or o~ Discharge Discharge Retained Or Of Activi ty 

Actin ty . Activity . Into rJhite Into Clinch Decayed in By The \"~h1 te 
Into White Into Clinch oak lake River !ake oak System 
Oak laka TIiver 

~erlOd CurIes CurIes aurles CurIes CUrIes Percenmf;ie 

Jano 3201 150 8 32 0 1 150 8 16 0 3 00 0 7 

Fab o 72 0 9 7107 10500 87 Q 5 1705 16 0 8 

"'arch 9201 4108 19'101 129 0 3 67 0 8 2404 

April 8403 47 0 3 281 0 4 17606 104,,9 37 0 3 

l\tay 1150 3 360 .0 39607 21206 18401 46 0 5 
R 

en June 91 .. 9 17 0 0 488 0 6 229 0 6 259 0 0 5301 
I July 3606 2007 525 .. 2 25003 274 0 9 . 52,,4 .. " 

Aug 0 7002 20 0 1 59.5 .. 4 270 .. 4 325 .. 0 54 0 6 

Septa 92 0 0 19 0 7 68704 290 0 1 S97 0 3 57 0 8 

Octo .8004 19.2 767 0 8 309 0 3 45805 59.8 

Novo 
1 .. 7 19 0 '7 13,,3 78605 322.6 463 0 9 5809 

.7 - 14 3301 ~o7 919 0 5 332 0 4 ,48'7 0 1 59 0 4 

14 .. 21 2000 40 05 839 0 5 372 0 9 466 0 6 5505 

21 ... a7 20 0 1 1001 859 0 6 38300 476 0 6 550 4 
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860 oUX'les bad been discharged into r~'h1 te oak Oreek or which 

4:?6 0 6 oU1'1es wette retained by the disposal s7stem and 383 ouries 

Ott 44.6 pwoent weN discharged into the Olinch River. 

The Dally Variations 'Of Radlt.!Bctirt!al 

Ill,&oharged 'Into The White oak ,creek And ",-e Clinch Rl ver 

A limit ot 5 ouries of radioactivity per day bas been 

a Clen vetl permissible discharge into the lVi'll te oak Oreek. The 

Operations data indicate that on the whole a 8mll traction of 

this. lS:mi t w.s discharged and on only 25 out of 331 da78 was 
. / 

the limit exoeeded by 0.1 curles to less than 3 tias 5 ourieso' 

AlthouGh this, or a similar limlt. is a desirable standa;rd to 

guide the ;Opera tions Department 1 t bears 11 ttlo ,rea tiol). to the 

concentra tlon of rad1 oactlve waste which ll'By be dlscr"arged to 

the Clinch River. The two maj or reasons for this are. first., t11e 

scoU:Vine action of rains which may flush 1&.1"88 quantities of 

radloaotlvlty present in the flhi t& Oak Creek Into the Clinch 

River in's ,l'a,lat1vely short time. end,. secondly, the vaFiable 

flow of tha Olinch Rivet- which is larGely controlled bJ the 

operation of the turbines at NorriS Dam., Consequently .. the 

dIlution water available at the mouth ot lfJh1te oak Creek comes 

in waves' and may vary a s much a 8 25 f'old in a slncle 24 hour 

period. Thus tho dilution afforded by the Clinch Rivsr during 

local rains depends on the time of tho rain with respect to the 

wave o.f Clinch River nowo It 1s therefore obvious that the 

Clinch River may, at low flow J be charged with high quanti ties- of 

radioactive wastes 0 ' 

A study of tho daily dischaFge ot radioactive VJ8stes 

f%.om ~1hlte ();lk I.$ke into the Olinch River indicates the. t in the' 

• CD 6 -
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first 331 days of 1948 the radioactivity exceeded 10 curies per 

day on 3 days and axceeded 5 curies per day on E3 days. Often 

the discharge is only a fraction of a curie and on only 34 days 

or about 10 percent of the time did the discharge exoeed 2 0 0 oq.r1es 

per day. 

The monthly distribution of relatively high rad10active 

disCharges of r1h1te Oak Lake 1s as follows: 

?,tonth 

Jan. 

Feb .. 

Ma:rcp 

April 

May 

July 

NoVo 

Numb~l" or DaYiI ____ _ 
EXceedln€f~ curies EXeeeaIng 
Less than 5 curies 5 ouries 

1 

4: 

7 

7 

3 

1 

:5 

" 

1 

3 

Discharge to the Olinch Ri vel" in exce-as of 5 cm-ies per 

day happened only dut1.ng flood staees of the Wh1 te oak Orsek. By 

_flood stages Is meant periods followine intensive rainesll which 

caused the lake elevation to rise abovo the cotter Gam. DuJ.slng 

the eleven months study the ooffer dam ovet'tlowed on se'Uen days 

due to four :raill1 periOds., F,ach of the four atol'l31 peJ.l'loda will 

be analyzed separately. 

Flood at Februarl 12, 1948 

On Februax-y 12, an intermittent intense rainf'a11 or e.~~ 
inches tell between" A.lf. and 9 A.tH. 1'.101*8 Nin (2.47 inches) 

tell between 4 p.pa. and 7 A .Mo Febl'tlBl'Y 13. The thSrd 1'S1n ot 

- 7 .... 
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~o37 Inches tell between 5 PoM9 and midnight of' February 130 

. The peI-t1nent data I-esulting from this rainy period are gIven. 

in Table 30 

The table shows the maximum hour ly overflow of rJhlte 

Osk Dam in cubic feet per second (Column 2); the average rate 

of flow dllr'1ng a 24 how interval (Oolumn 3); and the rad1o

activity in curies i.e." counts per minute of beta-gamma activIty 

per 50 ml. times the flow in appropriate units, assuming ons 
10 curie is equivalent to 3$7 x 10 dISintegrations per second. 

The probable nBximum radioactivity after intimate m1xlng with 

the Olinch R~v?r flow was calculated in milll microcuries per 

liter or microcuries per 1000 lIters (Column 7) based on the 

dally discharge ot cuI'ies and the flow 'of the Clinch as record

ed in Column 50 The p~bable average radioactlvi ty. in the Clinch 

Hi vel' afte-j." intimate mixing we s calaula ted in milli microcurtes 

per l1ter (Column 8) based on Q total estimated now (Ool'\UDn8 5 

plus 6) which includes tributaries between the Scarboro,'Gaging 

Station down stream to, below the mouth ot Vlhite oak Creak. It 

should be understood that the !18x1mum concentration of radio

actlv1 ty in any small sample of Clinoh _ter will be the maximum 

concent:ration in- the \White oak Dam overflow until intimate mixing 

has occured. This 1'!J!lY' taka from a few to ten 01' more mlles ot 

water travel depending on streeD charactoristics and thermal 

denslt,. d1f'terenceso The maxitm1nl concentrations will uauaU,. 

hug the right bank and possibly ~er-ride the surf'ace waters 

'in summer. 

Flood of July; 14, 194~ 

On July 14 an intense rain ot 202 inches fell between 

.S c.> 

\. 



Table 3 

FLOOD OF FEBRUARY 1S - 15.1 1948 

Overflow of U.O.Dam Aotivity FI0W4:' Of FI01'l** 'of Prob.fax. ProboAve~ - Discharge Clinch Ro Trlbuta~ies Aotivity ActivIt,. 
Uax.Rate Ave.Rate Into At Clomi.a9.0 In In 

Clinch R. Scarboro to mt.20.S 'Cllnch R. Clinch R. 
li!8 O.~.B. O.~.8. curIes c ",~.8. c.~ .s. !j!oZ:r! iicZ~1 .: 
a - 12 340 1~ 7.3 8110 1920 0.368 0.29 

a - 13 940 544 . 21.6' 19100 5440 0.462 0.36 

2 .. 14 400 217 11415 21000 21'70 0,,224 0.20 

2 - 15 151 122 5.1 9050 1220 00230 0.20 

2 - 16 "'" 41 1.'7 3380 410 00206 OelS 

S 

ttO NOTE: (*) The flow in Column 5·1s the 'r.V.A. orf1c1al tlow of the Clinch R1ver at the 
I 

Scarboro saGingstatloo. ·No adjustment has been made for· th~ time of water 
, 

travel nor the tributaI"1 dllution in ca1culat1ng the probable mxlmwn radio-

activ1 ty in milll micro curies per liter from thl~ flow as shown in Column '7. 

(*) The local tributary .flow between the Scarboro gaging station and Clinch mile 

20.7 _S 8atl_ted .from the ra.tl0 of the drainage area between stations to 

the 4ra1-8e area ot White Oak Creek, i.eo, 63 to 6.17 square miles 01" a 

factor or J.O times the flow of 1{ftrl.te oak Oreek. 

\. 
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2:30 and 3:30 p.n. The lake level rose rapidly in spite of a 

lowering of the gate to vJlda open" By 6:00 P.H • .flood stage bad 

been reaChed and persisted far 3 hours. Thereafter the lake was 

drawn down to about the same level as before the storm. The &1te 

was than raised (11:30 A 01.!. July 15). 

The results 91' this rain are presented in Table 40 The 

columns lnTable -4 have the same basis as those in'Table 3. ~ 

data show that on a 24 hour average 'basis the concentratIon of 

radioactIvity- was estimated to be somewhat greater than the Feb

ruary flood o , It 1s apparent, also, that the hourly dIscharge due 

to this flash flood caused much more severe "slUgGing" or tM 

Clinch River. The hourly discharge data shov/s ,that a total o~ 

5 million cubic teet 01' water (about one balf' the contents of tlB 

lake) which .. contained 5 ouries of mdloactivity were disoharged 

between G P.M~ and midnight on July 14. An lnspec~1on of, the 

hourly Clinch Hi vcr flow at the TOwns! t8 Gaging Station (Olinch 

mile 41 0 3) shows that, if allowance for time of travel to '.1hite 

oak Craek be made, a flow of from 1700 to possibly 3200 c.f.s. 

was available for dilution. Assuming irntBd1ate intimate mixing, 
v 

a concentration of not less than 4.8 to 2.5 mi1l1 m1crocur1es 

pe~ l1terpersisted during the six hours of maxImum slugclng. 

Floods or Novomber 19 And Of November 28,1948 , 

on November 18, a light rain or 0.1 inches fell between 

10 F.U. and midnight. 'l':h1o \vas tel-lowed on l'Tovember 19. by a 

rain of 3.1 inches which fell between 5 A.I.JI. and 4 PIIl.10 There 

was no rain on November 20, but on ~lovember 21; a shower' of 

0,,1 inch fell between 9 P.Mo and 12 ,midnight and a rain of 003 in. 

fell between 1 A'oN. and 10 A .M. november 22. Beeinning at 2 A.Mo 

- 10 -
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lLQot!'OF .JULY, 14,1) 1948 

OVerflow of W.O.Dam Activity FIOW* or Flo~ or FroboMax. Prob.Ave. ' 
Discharge Clinch R. Tributaries Activity Activi ty 

Max oRate Ave.Rate Into At Cl.m1.39.0 In In 
Clinch R. Scarboro to m1,,20.8 Clinch R. Clinch Ro 

Da~e e.l.s. C_!_ •• : curies ~'·l·~· • c€.l.s. !!i!c~1 !icZ~ : 
7 - 13 - 602 0.1 4520 62 Oe036 0 0 036 

14 3m 64.6 51>1 3940 646 0.53 0045 
~ 

" 

~ . 15 152 63 0 0 3 0 5 3580 530 0040 '0035 .... 
8 16 - 8.9 Oe25 31..,0 89 0.032 00032 

NOTES (~) and (00) SQmeaa Table 3 0 



November 28 and until 4 A.H. ~lovembar 29, a total of 308 inches 

or precipitation wQsrec~dedo 

Flood discharges ot tho Daa \'I1ero reached at 9:20 P.f.to 

november 19, and persisted until midnight. Flood stages were 

again attained at 7 A.f'.~,. Hovember 28 and persisted until 5 P.:.1o . , 

Novenber 29. 

Durine ttle first tlood,arrangements were made by 

Vi. Do cottreli (Araa Monitoring Group) with the cooperation of 

other groups of the Survey-Mom toril1b Section, to have samples 

oollected at a bout four hour intervals or more f'requentl,. from 

9:20. A.!.i. July 19, to the aftemoon ot July 22e Only a 'lew 

extra sample s beSides t~e routine samples were obtained at 

later dates.. These samples \'6re analyzed by the t!aste Disposal 

group for beta-gamma counts associated w1th thesed1ment removed 

by centrifuelng for 5 minutes Qnd the soluble and colloidsl 

solids in the centP.1 f'uged superna teso. 

A summary ot the dally results ~om November 15_ to 

November 30, is presented in Tab1e 50 The ~osults show two 

periods of high curie discharge. These were between the 19th \ 

and 21st and 8@l1n betwen the 26th and 30th ot the month. nue 

to tho variable d1scharc;e the result1ne; conoontratton 1~ the 

Cllnch Rlver varied !'rom' 0.48 to 1062 or a weiGhted avel'8.se o~ 

1 .. 11 mill1 r.l1crocur1es pel' liter over a 72 hour pe1'1od bag1nrU~ 

November 19t at 12:01 A .P.I. for the first t100d and a varle.t1on 

of 0 0 48 to 0 0 81 or a weighted averaGe of 0.55 mllil m1crocuries 

po%'- liter tor the second flood ovor a 'period 01' 72 hours begin

nins lS,Ol It. .tJIo November 260 

Although tho 24 hQU.'r a vol'8.ge concentration is probably 

- 12 .. 



x€1ble S --
FLOODS OF lfOV'Et!BER 19 ANn N0VfJr.1BETI 28, 19~e 

OVerflow of W.O.Dam Activity Flotr*°ot Fl()W4:-<i!- or Frob.Max. ProboAve. - Dlsohar68 Clinch R; 0 Tributaries Aotivities Activity 
Max.Rate Ave.Rate Into At Cl·.mi.41.3 In In 

clinch Ro Scarboro to mi.20.B Clinoh R. Clinch-H. 
Pi)e o.t.s. c.r.s. cur!es ~er.s. c·t·s • Dljicl!! ~cZII .. 
15 - 0.6 01014 - - .... 

16 1.5 0042 - - ... 
17 - 2.2 0051 - - .. -
18 .... 2.2 0047 1580 54 0.12 0 0 12 

.19· 416 .17200 -31054 3320 4300 3~70 1,,6;a 

20 156 101.0 7.44 3860 2500 0.81 0.48 

" 21 53 35.0 3.60 1000 875 1.42 0 0 76 
a 

t: 22 39 22.9 1.06 520 872 0.80. 0 0 38 

B 23 - Oe5 0.05 2'710 475 0.007 O~006 

24 .... 1.0 0.10 2'160 370 0.015 00013 

25 - 1.3 - 0.17 2300 290 0.030 0.027 -

26 21.1 ,,(.B 1.10 690 195 0 0 64 0.50 

27 31.6 ~9."1 4.28 2840 740 0.61 0.48 

a8 54"1.0 265.0 180ffl 6650 6610 1.14 0057 

29 23500 150.0- 3.53 IUOO 3740 O.J.3 0.10 

30 81.0 47,,0 3.50 high - "" 

* The drainage area between Clinch 20.7 and ClinCh 41.3 was estimated at 154 Rq.m11es or 
a flow or 25 times that or White Oak Creek. 



more sIgnificant it ha's been calculated that during the peak 

flow of the Wh.I to Oak, Czteek (12:01 to 2 FoUo July 19) when 

3.5 curies of activity were discharged pe~ hour, the estimated 

flovl of' the Clinch Rival' at the mouth of tho Creek wa s 3000 

to 3400 cof'os., It is est1meted that the resulting concentration 

of radloaetlvIty, after thorough m1xln{5 with the Clinch water, 

wou~d be 11.43 mill! microcuries per lIter. After this initial 

slug the I'8 te of radioacti va discharge decreases end the dlluti on 

afforded by the flow of local tributaries would possibly compe~ 
, 

sate fw the low flow (500 to 1000 c.1\.s.) of the Norris dis-

charge as recorded a~ the Townsite PumpIng Station. -

F\u" thaI' studIes are needed on the waoop impountlE!<i in 

the Olinch River by Wa tts Ear Dam in order to 0stina to condi ti ons 

downstream below Clinch mile 20.80 The normal river velocities 

of 2, to 3 miles per hour a Cove impoundage, depending on stege 

height_ will be lowered to 1e as t~ 2 mIles per hour as tbe 

effectf!ve cross sectional area increases 0 These calculations I • , 

'fill be made at a later date and they probably could be verified 

or corrected by adeQ.U9. te river sampling and testing' tor radio

activity following storms such as the tour floods ot 1948 re

ported hBreino The extent 'Of "slugeing" of the Ollnch RiveI' 

and the time and dis tam & betat-e intimate m:1x1ng are feators 

which appear sufficIently important to require further atudy 

under the lack of control now aft"orded by the White oak Dam 

system. 

!.ctlv1tI ASSOCiated With 

particula te 1,. tter In !Phe Overflow ot flh1 te call: Dam 

It was mentioned that during the stormot November 19., 

.. 14 "" 
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samples' of the overflow were oentrifuged to separate the bulk or 

the particulate or suspended matter rrom the liquor and each 

fraction was tested tor radiooctlvlty. The results ot this study 

are presented in Table 6. The Table shows the pH, the suspended 

salida or l1'B ttsr removed by centrifuging 5 mnutes" as estimated 

in part a per million or r.:u. per 11 tel' from the light tmnsm1sslon 

in a photometer, the soluble and oolloidal sollds I~ the $Upel'nate 

after centrifuging (sub3eo1; to considerable error)" the radIo

activlty associated with the suspended solids in counts pe~ min-

ute per ml. at mother liquor at ten percent geometry, the redio

activity associated with the soluble·or supernate liquor in 

similar un! ta, the sunm.ation ot the two latter tasts OV. the total 

actlvfty pax- ml. and, in the last column, the percentaGe or total·' 

activi ty associated Vii th the soluble or supernate fraction •. 

The vesults show that thero was no slgn1f.'1cant change ,. . 

in the pH during the'tirst flood, but that the second flood, 

November 2S and 29, showed a remarkable lowering of' the pH value 

during 'the peak tlood flow. The estimate of' suspended solids shows 

an inorease ot. sediment in samples 9to 15 corresponding' to the 

nood now range and a decrease thsl'eattsJ-. It 1s 8uspected_ that 

gmvimetric detennlnat10ns would have shown g:reatel' devlatiQnS 

sinoe the turbidity of samples trom No. ·9 were mere settleable 
, . 

, 

i.e~ particulates of' greater size and weight. A sood correlation 

between the. photometer and the weigj1t of matter .was not available 

for this study. . 

The total activitY' ot the samples sh'ow high levels of 

activity persistIng durlna maximum flood flows r.ollaNed by a t~

fold decrease as the lake contents overflowed or were diluted by 
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iable 6 

CHEMICAL AND RADIOACTIVITY ANALYSES. OF FLOOD FLOWS - STORMS OF NOVEMBER. 1948 

. 
'RADIOACTIVITY Sample Date Hour pH Suspended Soluble & 

Solids Colloidal S\!spended Soluble Total In 
Solids, M~tter Matter Supernate 

p.p.ro, p,p,m. ets/min/lii1 ' ets/min/m,l ets/min/ml Percentage 

1 11-19 9:20A 7,5 172 2,!l0 20.30 23.10 88 

3 9:50 7,5 144 2:48 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 5.07 17.16 , 22,23 77.2 

9 4:30P 7.2 377 6.41 5.90 12.31 47.9 

11 6:35 7.3 479 137 6.04 5.90 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 3.27 4.04 7.31 55.2 

18 10:45 7,3 132 3,,28 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, 7.10 11.51 61,7 

24 10: 17 7.5 113 113 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 11-25 

26 11-26 13.5 

26 11-27 13.1 

27 11-28 9:30A 7.2 5.57 7.6 13.17 57,6 

28 2:15P 6.5 2.36 1.6 3.96 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 wate~. 'l'iTee days . after the fir-st star'm the aetlvi ty in

creased (almost doubled) supposedly due to' Q diffUsion of la. 
Gmbayrrant or .shere water.s or higher activit,' into the main 

channel eni the contribution o~'_stes from daily operatlons~ 

Follow1ne the seoond storm the lake _s tl1ulhed rala ttveI,. free 

of.' suspended J-ac11 C8. ott 't1 tr • 

'!be last column shows that wh1le sa - 89 peroent ot 

" 

the aot1vltJ' was associated with thec1eal' liquor on the momlne 01' 

'.November 19. as little as 40 pex-cent was assoom ted wi th the oleal' 

liqu.or tollowl116 the t1:rst nood flow. 

!'he Effect ,or Floods On, Purg1!'lB \1111 te oak lake 

A detailed analysis of the impounded wastes WQS made 

be tore _ during, and a f'ter the Nover:lber floods to determi'ne tho" 

extent 01' purging of' contaminated muds :t.J:tom the llb.i te Os.kOreek 

and Lake bottom. 
, 

'A rela tively low quantity 01' radioactive wa~tes had 

been added per day prior to November 11. Due to abnormo.l opere. ... 

tiona resulting in relatively high quantities of'wastes being 

disoharged 1nto the White oak Greek systom thetlow was impounded 

in the Iake by changing the gate :f.'rom a setting or 3.5 to 107 

thUB raising 'the Lake level 1.8 teet. This resulted in :tmp6und~ 

iDS 1.6 m.1111on cubic teet of additional \"1ster with little over

flow a t the Dam. 

The pertinent routine da ta otthe Operations· Divisi on 

and the AI'sa. Monitor1nc Group w~re used to comPute the wastes 

into, out of', end impounded in the lake from :rlovem~er 11; to, 

Novenber lB, 1948 0 The results are p~esented in Table' 7. The 

curies of settling 'basin effluent (Column 3) less the curies 

... ·17 ... 
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Table 7 .. 
RADIOACTIVITY IUPOUNDED 11'1 WHITE OAK lAKE BEFOnE! STORr:! 

J 1. 

November lIt to 18 1 1948 

Date Capacity RA D1 OA. OTt VI'l'Y 
or laded To tos~ In Net AotiVRy 
I.ake Creek- Overflow Impounded 

From S.D. ,ot Dam In take 
I. 

Du1ocu.f't. CUrIos Ct.mles dirGe 

11 '10 ... , -.. 23 .. 0 
I 

11 2.05 ... 25005 

12 13.35 3804 

13 8.16- - 46056 

14 6.14 - - 52.'70 

15 4.44 .14 fII.OO 

16 2 10 16 042 58.'74 

17 1.7 .51 69.93 

18 11.6 ... .47 59.46 

/ 

, 

-,,.. 18 "'" 



which ovex-flo\"led the dam (ColUmn 4) where accumula ted and added 

to the curies impounded in t1l9 lake on NOvember 11 (Column 5) .. 

It was assumed that aotivity impounded in tho lake had a mean con ... 

oentration equal to the overflow 01'- the dam. Thus a total of 

590 46 ouries theoreticallyramained in the lake on November lS. 

However, tho est!IIUl.tod curios present in tho lake water on 

November 18, was 32& 5 curies.. Thus 27 curiosaI' 46.7 percent 

at the act! vi ty of the added wastes hos been lost due to d eca"., 

absorption by mud, retenti.on 01' precipitates=, or er~o!'s of measure- , 

ment. Based on the decay values· 01' the dam overtlow the loss due 
, 

to decay amounts to a few curies but the measurement~. partIcu-

larly thecapaclty or the lake and the curies at waste dt-scharged, 

~y be subjoct to considerable orror. 

Although some 40 - 45 percent 01' the activity ot the 

added wastes may be 8S$OC18. ted with tm sedlnent in tho creek and 
\ 

lake when the, dam overflow is closed, it 1s likely that 11 ttla or 
the wastes vJI;)uld' setltle during the .f'lood 1'loss. Fol' this -reasdn 

it b1 s been assumed 'lile. t thero we. s no decrease ot' a.cti Vi ty by sed! ... 

rn9n~tlon. Atter inspeoting the data and observIng that some 40 

to 89 peroell t or the activity in 1be dam overtl~ wat,el' was as.o

elated with the clear liQUor' and tho ronalnder associated with 

suspended natter, much of which was settleable, it Wla'further 

assW!'lOd tm t th;t wnstes .entering tho lake Tlould have 70 perccmt 

ot the aotivity' assooie. ted wi th . the centrIfuged supernate and 

30 percent assocla ted \,,;lth' partIculates whlch m1Cht be settleable 

under quiesoent condi tions. 

Know1ns the volume or water which ovorflowed. the dam 
-' . 

JAnd the activity' which was associated 1#itll tho suspended and 

.. ,19 ... 
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soiuble (supernate) I) a balance' sheet ot VJ~st08 into and out ot 

the lake was computed ror the period November' 18, to December 1. 

The results are presented in TAble Bo 

The net activity of supernate (largely soluble) present 
/ 

in tho liquid of the lake on ~e November 18, was 28~'7 curies less 

004i curies discharged ovar the dan (Column ,3) plus '70 percent of 

the 1.4 curies disCharged tram the $ettling basin (Oolumn 4) or 

29 0 2'7 curies. On November 18,. the net activity was 29 0 2'7 less 

23.7 curies over tho dam plus 70 percent of 2026 disoharged trom 

the settline ~sln or Ii residual ot '7.15. This process was con-
, 

tinued on thr'ou.gh November mera 3.77 curies is tbe calculated 

residual as against 4.34 curies tOllnQ when the impounded water . 

1s caloulated. as havinc an activity equal to that disoharged 

over the Dam 0 , 

The net aot1vi ty of the sus:r:ended solIds was sim1lS.rly 
,.,.. -:-.... -:: .. ", 

oomputed. For example, on Novembor 18, the' 3.8 cu:r1esassocillted 

with part1cula te 1m tter less tho 0.06 curies associated w1 th parti

culates that were dIscmrgod, plus 309& or 1.4 curles added leaves 

a net impounded actIvity of 4.16 ourles. On November 19 the Dot, 

or residual e. ctlvi ty was oomputed to be 4,,16 less 9.4 plu8 30" of 

2 0 26 or a negative value ~t 4,,560U1'188. Th1snefYltlvG value 

inoreases .tbrough November' 21 and lndlca·tes a pick Up ot oontami

nated mud or precipitates tromthe creek or lake bed. Detv/oen 

Novembor 21 and Novembor 26. the negativity of resIdual actlv1t., 

associated with the suspended solids deoreases so~wba t' and Sh0\7S 

that the m~ oo.etlve wastos a~soc1a ted with suspended plrtleulates 

ar-a decaying, or settling out of the liquid at a taster rate or· 

belq; added at a slower rate.. From Novenb'~r 28, to the end ot the 

- 20 .. 



Table 8 

RADI at\. CTIVIfi ( CORIES) Ir;1Pott~ED DtIRING AND APTER NOVi!~11ER STOR1:B 

D18chargedOver Dam Added To Net Aot1vltl In Lake 
Is.ke Prom 

-DIl_t;(i _ 
Settl1ng 

Suspended SUpernate Ba8In * Suspended SURernate Total -
18 ' ... co ... 3.SiHi- 28.7** 3205D* 

-18 01t06 " 0.41 104 4.16 29 o P:'l 

19 9.4 23.7 2c26 -4Ci156 7e15 

20 3.1 4.3 1.92 -"1.08 4.19 

21 1.1 2.0 1071 ' -7 0 67 3 039 

22 0.42 0054 1.68 -7059 4.85 

• 23 0.02 0003 4.43 -6 0 30 6.92 
l\') 
f-I - 24- 0,04 '0 .. 06 3.39 -5.34 9 0 26 
! 

25 0.0'1 0.10 3 .. 49 -4033 1106-

26 0.44 0066 3,,13 -3 0 85 13.14 

'S'1 1."13 2.56 2033 -4.94 13.28 

28 9 0 S? 9.30 1.55 -13.65 3.96 

29· 1045 1 0 46 1.93 !'"14.5B 3.92 

30 1.'16 1."15 9033 .. 16.40 3 0 77 

1 - - , .. 4.33H- 4 0 34** 8.6'14i* 

Balance -20073 0(1 fI1 

'* - Al'bltll'a1'11y assumed the t 70tj& remains in supernate and 30~& in suspended q 

** - Oomputed to be impounded in lake. 
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month :the second storm flow caused a further pick-up of muds 

probably due to soouring velocl ties 0 During the last two v/eeks 

of Noveniber it lsest1mated that a total of about 20 cUFies or 
waste whlch'had been assooiated with bottom muds were discharged 

over the Dam. ' F"a.rther studies of the decay re. te of settling 

basin effluents may indicate that more than 20 curies or waste 
I 

associated wi th the muds were scoured out of the lake. For ex .. 
" ample, in Table 7 it ,-ss shown that 46 0 4 percent of the added 

/' activity could be accounted fer in the lmpounde~ water under 

,quiescent f10vi conditions. It under stom flow condi tiona per

hpas 25 percent of the a dded activity of 31.45 cUl'ies were lost 

by decay or precIpitation before reaching the lake there remaIns 
, / 

about S ow-1es ot activity'. Of this some would be accounted tor 

as associated V/ith part1cula to matter and the grenter part would 

be prosumed to arise from the soluble i"adioaot1vlty elutrlated 

tram sediments 0 

S~I'¥ and Conclusions 

A study wasClQde of the radioactive wastes d1sohaIiged 

into the White oak Greek, and the wastes miche roe retained, de

tained, OI' decayed ,1n tbs creek or 1n the impounded lake of some 

ten milllon cubio feet capacitY-e 1'h1s study also includes the' 

wastes discharged from the lake over a dam into the CUncb River 

and the resulting concentrations 1n tbe Clinoh nlver water. 

The study covors the period January It tb.rouCh Novem

ber, 1948, and includes toU%' major rains \yhich oaused flood nows 
over the dam .. 

The \1hi te Os k Ot-aek and Lake reest ves the surfaco <Jraln

ace t:rom an area of" 6.1'1 square rrdles and the relatively Bm11 
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amount of domestic' and process, wastes fIaor.l O.R .. li"L.. 'lhe 

general mountainous .nature of the qrainage area &n.d tho high 

intensity of many rains result in hi&~ rates of runor~ ~nd 

consequentl,. a. flooding of theimpound1nc; dam. During the 

aleyen-month study there ware four rains of' intensity such as 

to cause floods and various degrees of flushing of impounded 

wastes .trom the lake I> 

The floods cause a ft s l ucg1ng" of the Olinch R1ver 

for short intervals and impaired the effectiveness. ot the 

Whi te Oak Greek disposal system. Thus 70.4 to .81 0 4' percent 

of the wastes are removed during dry weather months. 5505 to 

. 68 0 9 percent are removed during moderately Viet months a~d ~age. ... 

tlve rer.1ove.ls are obtained dur1ne flooding periods tOr an over- . 

all eleveD~month removal or 55.4 percent of the added Wastes. 

It has been shown that concentrations or 'at1east 
\ 

11 .. 43 m111~ microcuries pOl' liter in Olinch River oocnrod durin( 

a two ... hour period when a· flood iri Whit 0 oak Greek ooine' Jeel w" cih 
. 0 • 

. . 

low hourlynows of the Rivero Ovor a pariod of days ':o11dNing 

eacll flood the averago concentration or radlooctivo wf.ste!Z, eX-

. elusive o.f:;d.11ution with ll'Dpounded i:1atts Bar reserv.li.r v,e::ters. 

was computed to vary' from 0.3 to 1.62 ra1111 m1cl"Oouri.,a per 

liter. Purine dry weather flows' the concent1'81;l.On of radio

activitY' in the Clinch RIver 1s usually a smal'. fraction of 

these maximum values. 

The study '.S somewhat limited in accura"7 b" a number 

of" factors.~ome of the !:1cre impol'tant sh~,."..tcominga of the 
I 

·bas 10 de. ta Vlould be impr.-oved by:t 

1. Canb1n1ne the p:rooess watet"8 into a oommon discharge 

nUl1le for reo ordillg the flow and the Gf,')DS tant moDi t0l'1nc of the 
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1IIaate concentration • 

S. Improving the physicsl conditions a t tho 11h1 te Oale 

'Pam overflow gate to allow a more aCCUl'Bte estimate of· the flow 

dlschargea into the Clinch River. 

w,;·' 

3. Tho constant mOnitoring of tho White oak Lake over

flow or the collection of 15-minute samples just befora. during 

and an.- a flood flow when the concentration of' a cti vi tyte 

cbang1aa J'Bpld17_ 

4. The collection of sanples over trequent intervals 

at vsl'lous downstream Olinch River stations to define t1 s1ugs" of 

radioactIv1ty du~lng flood stages. and distances downstream where 

thorough. m1x1ng with thG rJatts Bar reservoir water _ occurSe 

5., Obtaining more hydraulic data on the ~1atts Bar 

Reservoir in oroer to compute downstream dl1utt on factors under 

dIfferent oonditions of flow6 

In this study no a ttempt bas bean mde to intorpret the 

. data in terms ot .tho potentIal hazards involved but rather to 

assemble and present the intorme:tiortwh1ch is noVl avalJ.8ble. 
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'AC~Ol1ledsments 

'!he prinoipal acencios that assisted the tiaste Disposal 
I . 

Section and supplied IntoI'tD8 tlan conta1nad in this Nport, 8re 9,8 

follows, 

O.R,N.L! ... The Surve,.-Moni toring Section. asststed by the 

oollectlcm of weekend and orr-hour samples and otherwise in the 

collectIon and a8sembl., of the data presented. In particular, the 

Area 11oldtorlnc Group, under \10 D. Cottrell, was :responsible tor 

local weather records" the collection and ,a~l'Yses ot dally weter 

samples, and the compile tion of' da ta concern~ng the opem tion and 

overflow at VJhi te oak Dam. 

The Opera tiona Division supplied data on the wastes dis

charged into rJh.i te Qalt creek. 

Roane-Anderson Co. - The Utilit1e.s Division. principally 

thrrugh P11n D. Blea.sdale, ot: the \iater Section, supplied hourly 

or two-hour stage heights of the CllnchRivar at the Townsi.te 

Pumping Station. 

ToV.A. and u.S.G.S .... The Hydraulic Data Section 01' ToVoA .. 

supplied 1'a t1ng charts of tho dl soharge of the Ollnch River til t the 

rump1nc; Station ... From the rating charts and stage heiehts the 

hourly now pa tteI"n for normal andf100d 1'10\1S _8 computed. The 

Hydraulic Data Sectiol'l also. supplies the daily :records of .the Clinch 

River flow from the U.SoGcS .. Gaglne Stotion at Scarboro. 

Reterences 

I" Studies 01' ~1h1te Oak Creek DrainagoSystem: I, Detel'mlnation ot 

of Discharges at ;ft11te oak Dam. L .. R 0 Setter (Report of Hael th 

Physics Dt.vision, Oak Ridge National Laboratory. in preplration) .. 
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