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R.:UJIOACl'lV£ FISSIO:..t Pli:COUcr OO:;T .. :.Jl':'::,'l'I .. U IN TIi.l;; lUD ~~c=----

: iHIT1i OAK DH,,\IN;.Gl; ~ysrf2!.. 

J. S. Cheka and K. Z. lJorean 

The ~'.'h1te Oak Creek d.ra1naee basin is ,used fer the d:i.spoaal ot 

radioactive wastes. The water 111 pur1t1ed to a large exttSlt by the 

precipitat.ion und adsorption on c13y; and organic r.nterial ot oany of 

the radioact.1ve isotopes. DerX>sit1on of activity has varied \uth cin~es 

in ,Plalt p1tl~88es. During 1944, v.nen Pu seisrationms t:1e chiet ;ll"O-

ceDS, deposition ratio oetweSl t.he r.a;"ah a.t t.m u,Jper end or t.be br.,sln 

and the oouth of the ~':h1te Oak Creek differed uy a tactor ot about 104. 
\ ' 

tho ma:.ruo havi.ng yulUC~ Uj,J i.u 0.4·';-(.;/tJ).'. or UW'tC4Ctl iiLid. U<.i:rint; 1945, 

~hen :sa sepo.ra.tion was the chief process, values a.t the nnrsh dropped to 

lees than halt of" the 1944 values, but t~e deposition mtio dif'f'ered by a 

factor ot less 'than lQCX) between the a.bove mentimed points. An aS8a¥ 

ot total. curle content in the basin in Apr'll .':.945 sloned abo.1t 70 curies 

sU.ll being retained by the mud. This .etgure is lJ% ot the est1.r.lated '­

total activit.y' released into the oosin between the beeinning ot operations 

and the tir.le ot tie survey. Cher.dc..-u. analyses indicate that the distri-. 
bution of' isotopes also changed; Un, Sr and Cs totals being .less tha.n 1% 

in 1944, and beo:>ming about 50% late in'1945, 'l:r' and Cb totals, lI\SI.nl1hile. 

droppIng troa about 75% in 1944 to smut 2% lote in 1945. 

I 
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Introduct:L:>n 

The purpose of this par~r is to describe the radioactivity retained 

by nud in the ;:i11ite oak, dr.:linuge system ot Clinton L<'lboratories. ..nother 

.PD-iJer(1)describes the radioactivity of ttll dincharced vm.ter • 

Figure 6 indicates the pIincipal co;::poncnts of the :';1lite C .. k circl:'l' ::~ 

systec as (1) the setWnC; iJond, (2) upper dike, (3t nnrnh section, (4) inter­

modiate ilOnd, (S) lO~'zer dike, (6) mlite Cak L."'.l{C mud f1<lts, (7) t:hite Oak 

Lake, (8) mrsh belCWI :Jhite Oak Lake, and (9) the Clinch River. The various 

bo.rr1ers to water flow in' this system were provided ~'zith very lit tJ.e efrort. 

or cost since the entire :1hite Oak drl"linage system is within the C<.ik Ridee 

restricted area. This system perr.lita the ra:!oval ot cOl'leiderable tractions 

Of roost of ths radioactive e1e.tl.cuts from ~he wc..ter by ;:ud and plant life 

bei'ore the "IInste l'T.lt,er en t.ers 'the Clinch J:liver. This sY'.J1;.et:l ur r.ui':;th, ::oc:ct.luns 

and nlud flats is largely furnished by nature and. has the auv:;nta:;e at re-

quirine a m1nimm of upkeep effort. It is true that t.he long lived radio-
J 

isotopes tend to b.rl.1.d up c:nncentrotioos in tJ.le mud in a !:It'mmr tm t they can' 

be ~tly \'lashed cIom str61n during flood senoon. Houever. oeasurenente 

indicate that the increase in dilution Vlater during 0. hen.vy 1"'0.10 usun.ll.y 

mre than comllClls:J.tes far til: increase in tte rate u£ disch:lr~c or radioactive 

mterials at such Q til:e. As a result, tte curies per .rrd)..J.lliter disc;.:,r~ed 

into the Clinch River do not chanae ver,y ::uch, even tlith an incre(.lse in ttl! 

rate at flow of '"bite Oak Creek bi a 1'acto r of iJcrha.ps SO durin,:: flood 

periods. In the no1"fi1ll. course of flo\'I of '.lhite oak Creek th! re is a dilution 

factor 01' about 8 in the creek betwcm where the pl<-lnt \Vaste enters .:.nd ~'~here 

it e/lIpt,ies into the Clinch River~ The total nOQ."11 dilution factor betweSl 

the time ~ste l1ater leaves the eetUinG pond and aixes in W6~ RtT8¥O nbout 

.'3,000. 

___ .e---­
-~""-~~,,,.,...--.,,'" 
:::~:::~E;~':!:7'~:::~~:!~ 

',..,:. 
"\! 

: . ".' :-' .: J~': :.; 
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1. %oPOQrnpb.y and FUnct.1on of tte Drrdna ~e i3Gain 

The rorah tor::ed b.1 tle t"o above mentiooed dil<es is approx.trutely 

2,000 feet. lone, ~U it takes nbciut 4.5 h.:.urs for ~'l'-lter to rlo~, lJetrlcen 

I.. these dikes by the t1.Ost direct currents. Tho decontw:lir.a.ti,m , .. bich bc~;nn in 

the settline yond contil'l'tZ! s he%"ei ,i.a.rt.ly by .. ...n !'urt.hcr sottllrlf; ~f tlus;;ended 

precipitates, und partly by adao~ption or' fisnion-products to the alW'lino­

sUic:.tes of t1", cJ.E:.y which forms most of the bed of the n"lrm. Adsorpt.i;'Jn 

tD.kes place by ion excrumec, (2)t,~ heuv1ur eleoents Dnuthose ~'lith hijler 

charges havine ereuter bindine energies, and thus rOl1l.:!ining fixed. There is 

al.so a lJOssible flocculation oi' positively ch:!r.';ed colloids due to interaction 

.71th no go. tivel.y char,::::ed c1.:;y. Drs. ("verstreet .:.nd Jacobson olso mde 

~'l$ure:-:lents(3)':lhich indicated th-:t less th.:m 5~~ of the total activ1t,Y from 

the i'i-6 waste tl.l.nk osce.pes ac:ia:lrption on Clinton clr.ys. Tellurium is t~ 

only fission iJroduct :;;hich is not alro3t oomplete1y t;;J~cn u;) i:;y the cl<.!y. 

studies mn.de on pl~~nts indicated tllo.t j-,-o .... drl,!; pl:.nt roots n,loo SCNe to re-

I1X>ve fiooion products fron the \'1'J.ter .:md el.(.iY ~nd fix th em on t..'1e root surfaces. 

In t m case of 8~ ront!.1lr.1, a 1::.rgc fr:~ction is trunslocated in t}r; ote.:-..s <.:no 

1$J. yes. 

The ~'Jlrl.te Oak Da':l bncks up Lhe creek ;;..i:.x:Hlt 2,000 rt. \'Ilt h t,;~ ~pper 

gate open, nod about tYlice that dis'bance 1:Iith the upper e~te closed. The lake 

thus formed hi.~s an area of about 17 acres '.dth the upper go.te ojJen uI!d :'!t:out 

32.5 acres "1.i.th the u:.iper G:.lte closed. Pass.s.,;;e of water alonG the !r~n 

chnnnel ..... Jns measured uy the use of dyes ~:nd it ~'JaS fcund tmt it re'luires about 

20 hours i'Ii th tre top gute v~len for ~'later to £10\'1 from the settlj.n.: pond to 

:'.'hite oak Dam. This time is, of oourse, subject to variation ,:dth rnintnll. 

On the other hand, as the rn.:..nral1 increases, the dtlution imrcnses nnd the 

\',Iater spreads out slo'''ily over a \'.'idening area of' mud fJ..."!ts nnd allrsh sections. 

807 009 ·:ffl~~:~~~4~i{i{~ 
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DI.le to the numerous burners ulon;; the ~'ihite O~k system, there .!.s lit.tle 

tendency tm'l<lrd streaming, anti the ~ctive n:ud stirred up in t.he :l\:.4in creek 

channel spreads slowly and ruther unitor:lJ.y over ,~n increuSi!lC lmp,jundins 

urea. 

Previous to October, 1944, u small pond, iit }.)Oint tl5 on the I'klp sho:':n 

in Fie. 6, acted as a tr~p for entrained rlar;es or preaii;itutes. The inter­

mediate pond at the lower end or the marsh <lcts us n 50!" t or t raj: for .llt 

which roy be washed from the rest of ti'le IT£lrsh during ~leavy r::..ins. It is 

1.2 acres in area, 1 to J ft. in depth e.nd has Q series or ridi~es :.cro3S the 

m:dn channel, which uct ~s baffles. There is a 4 to 8 In. de}lOsit of- ;;ilt 

thruughout mst of t.his pond. 

~. 5ru:tpliI1r;:md Countin~: 

Routinely c:.llected mud S;!!;~).ies ;lI' e ob tained £I"',,);:1 tile to p (;.5 CI:1. of 

the creek ,-,ed, l:: .. ke wttr.:>ril ~lnd r:lud ix.nks. bach smnple is thorou{;hly :lIixed 

and H d~b is unifurmly spread on a iJetri ci::.h und dried.' ,lfter ~';eiGhln£, 

these arc co.mted in 2. bet:! chamber, usinG ~, ::d.cs ;'.1 ndo','i cwnter. Correct.ions 

are made for tx!ck!~round, sea r..tering ::.no geo;:e try of t.he co untor. The se 

correcti...;ns are deter!':lined by CO!:.iX.l.rison -:Ii th a st,md;, rei oet3. Source. 

Correction is Hode for self-absorption of the laud, \\n iOO ~'.ill be discussed 

l<J.ter. C~LU1ts i-;er rr .. im.t. C i;er ,;;r:r.l ;.il'e convcrteQ to raicrocurics per Gra.l1 

us in~ tile fo rnul;j : 

.,.A( c/:?J.l = counts/r:rl.nltp x 1 x :Je.if ~ba;,r!,ti'):1 coefficient • 
counter f (ictor 60 x J.7 x 104 

3. Surveys and Fin'lines 

The first mud ::lurveys on record c:.re those of cverstreet <.Illd J:!cocson(Z) 

on 4/26/44 ana 5/1/44. The hi,tj-. ccn~!fi'lination of the cree~ 'oed ~;,o ... m by 

80"7 Gti~ ... 
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the first CJt t.hese surveys l.iOt.ivated the cilscontlnuar.ce ot the rett:'.r.ti-.;n 

punda and the oonst.ructkn of 1.~ setUine pond descr1~ed ~;; ;'~orc~n ;..nd 

:Jestem~l)Discnlrge into t.be dr::.ifl<;.LCe 3ystem '{luS stOt)~d on 4/26/44 ;md ',n~s 
resumed un 7/3/44. . ~ince t.'~ 1. ti::".e, surveys have been n.cie rec;ul~r.ly ;)f 

the .:rud :J'lCl ~later acti vi ty. 

FigurC3 1 :Jll<.l 2 3ho~; the distribution of rrud activ~ t1 thro,.~hou.t \":le 

~'ihite Oak drcU.na!.:e :;yste.,,: for 1944 ,md 1945 res,:ecti vci:,{. ;'.s ~,n be seen 

troe the . "Tn phs , t ll! Sil :~~)lirlG !JOint. S -''Jere gro l ,:..>ed :1 ccor a L'1.'~ to t. he nG. ture of 

lo~tion ~ld dist~mce fro:n t.he set.t.l.ing flond. It ;;~5 oonsidered th~ t t:le 

<iverase CJf a similar ;;rou!.1 of s.:..:;:.fJ.:i.es was Hore relJresunt ",ti ve uf trUe v:~ ... uc.::s 

thun i..he vd.ues fro::! :i.!1Glc loca.tions. FiGure 2 re.;·res .r.ting 1945 h",s : . .ore 

points :.;i:o~m th:m Fi,.;ure 1 t.;eC<A;se th: early uurve,ys ;:ere :.01. ;:'5 co;~.tJlete. 

,'I. cor~.iJCJri!:ion of ti~ r::.inf,:..ll ciwrt of Fi;.:;ure 3 ·;;it.:1 Fi:.}<l'e' 2il.<iiC1tes L:£ t 

for '".J..944 :.he tJeriCJiis :.;f ;.(.uvicr r-... ins c:'1used;" 1e;.!."ec· .. ivunt of ;~ctivity to 

reu.ch til e lo,/er :-ire:..;.s ;;f t.he ca::;in. The ilalf -di st:....rc c, ol' ,,!l~ Ui 3t:.::ce ~U.ITl-

strcc:!n from Ule 5::;ti..l';'r..~ tXlnd ~,t :ihich tl-r :,ctivity uruiJG to (.:.If it~ v, • .lU<':', 

is ",UJut l.,2uO feet in ,\!,dl ,~nd ,.uc3ust .• h..:n "he r<.unf3.11 is '-.,ro:: ter t.i;~;n J 

inche s/~onth <.tn~ ~uuut SU(; ft. in July :.Jr.clI..)ctocer ~'lhen r~inf;·):i.l 1..:; .It!S3 t.i~ r; 

:3 inches/month. ;\ cO;JiJ3rison of t:e::::e v::lues ~'d.t h tLo sc of 1.945 is r.ot 

valid because of the freluent challf.es in CJlstituents of the cher:u.cal W~1Str!S 

after discontinuance of t!1e plutuniu::. SCi)C!I'ction OpeI'7'ltj,;,:ms in t :lC ~()5 

building. 

Fii~ures J and 4 c.re sU:.ll,.~I'ics uf r:ll.9 ciato for lCJ44 :..:nd :"~'45. These 

grajlhs i:1dic:~te ilOW L!r r;-.dioactivity ;.t .:J. f:;ivcn 10c:;tL.111 v:lries ',l.t i1 ti;:lC .:md 

'.n th con di ti en sat tre t.i:!le. Figure 3 oov era ~;rou~eci. saJni-lli:1,~ pO:':1ts dv.m 

to the upper end of ;.hite Oak Lake, .arxi Fieure 4 the points in lower :.hlte 

Oak L.:L.~e und below. ;·j()tati~s are n~de, ;~iuwinf; ti:e til:eS <it ,':hich :llajor 
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Oh~nlY=8 t.ook place 1n 0 perot 10M • .i~ monthl.r a.tr.Il4r.Y ot r ... 1nr::ll .. ,;;"s ulso 

been added to eam em rt. 

Several phenomena are ilflt:lediately evident trom these cn.rts. ~ud 

activ1ty atter 7 weeks ot disclt":ar ee throu.;h t.h!: retention ponds :i.Ud. re!.~ched 

ap;JroximteJ..r. 0.4 microcurie:) per .;t"fllU .. ,t ,points as tar "V'.n ttS the ::hl"sh 

section. Six weeks \d tOOut dischi.:r ~;c bro ught about a drop 1n tr.e rtlci1o­

activity ot t.ho wei in the U:J!ler portion of t.he c::lr7:..inbce systc!c at a t.actor 

of fro::l 200 to SCIJJ pIincipally due to a scourin;; effect. n fiUrvey tr.kS'l :. 

few days atter discharee 11<15 rerumed, using the ll!!:'l set.tEnt; pond, S::cr.';ed 

that. the activity at the u;,per end of t.he creek ind risen. to ,,;.;out 10% of 

1ts high v.a1ue on i\pril 26, 1944. Effects or this discharge were not a,:purent 

at th e lake, am b 1'"10',11, unti 1 :.l.ou t .:l ;nonth after it was 0 !!tUll. 

The mud activi ~ rose s::l ::1e;.'hat thro u;j'lout th e dr~n~,;e ::;ystem durinG 

the sumoer. It was noted that alLae, ~roi,'Jing at. the l:x:>ttolll ot the settli~:; 

pond were becor.ti.ng cli5lod,-~edoy Q..i2 bubLle flotution, UlC ';Iere paS~.i:l<':; out of 

the tJonti tl: ro ugh the outlet weirs c<.1rrying con sioer<~ble qu.:.J'lti t ie s ot r;,:tiio~ 

active .m:;terjnl. Baffles, ~;I:,eld.inG the ,"Jutlet \'H~irs, :;erc insL..w.ed in 

~\ueust, .L944, <:nd subse-iuent surveys ulIO."Jed ::l1ld .:..ctivity dO~l'l3tre:.;n to iUNe 

drop.f..,ed by i.:i f~:ct.or or .2 t.o 8. 

The next signific,;nt ci'U1I'{;e in f:iUCi ,~ctivit\{ wus produced by t.he flood 

... ". 

of Sept.erue:- 29. At this time the creel>:. overfla;Jea its banks ;j,nd D. cvnsidertlc.le 

stream of ~'1.:ltcr flo':led t..h.rDu,·h the settlirlC pond. 'It is problde t.hr.lt u';reat 

.!:l..o:-.ount of activity ;';8S entrained t..y t;D.S stre.::.r.l, but .. he cnor::.::u::> r-.. te of 

dilutLn I:;aoe it i.':I.po53ihle to det.ect p.ny sivrl.ficunt increi'l.se in c.:.>ncert r~;t.ion 

of r:ldiouctive isotopes in t.he ~·1:.lter. ~:uch of t:'1is excessive cont<..;:U.nation was 

deposited downstrenm in the cl.qy ot :atite Oak druin."1.Go 'Systes:l, uS 1u inoic:.;t.ed 

by a sCli;.\r,tJ rise in Olrv~~ of Fil::,'Ures 3 ana 4. The radiOD.ctiv~ isotol.>f!S that 

80" 
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were entrained b~' tht r.lud did. not cnu::se n n~ incr';.1 se in .. he nud etcU vity 

ot t.he Clinch River. .illit.e vak Creek was dee.{Jened and wid~ed during 

october and November, for a dist:mce of :l few hundred Y".:Irds .i.ere it lA.Ssed 

the settline pond, to en~ule it to accor.oodate future flooos. without jeotGrd­

!zing the ~nd. In the C;Jurse of the excavation~ the S/ll<lll POI1D l'revbusly 

mentioned at point ,\ w&s destroyed. Conse1uently, au 0 t.o the flood ~nd the 

excavution, t.he radiocctivit.y upstr::lWl1 at point J\ decreased ~·lhUe values 

dOi'l1'lstream increased as a. result of tre radioncti ve l:nld W3.sh"d from u!Jstre<.llU. 

A shnrp rise in activity al:;~fired in the creek bed ~ur-lnc Junu.:lry, 1945, 

when the Flutoniwn Sepiirati.:%ls Duildinr:, ~1'::!3 cleaned u~ urter the cessation of 

. separation operations. This rndioncti vity subsided in a sb art tir.le, and 

values reru:ined 1'o.ir1y const.:mt at the DeC~I.lber level until the b;.:riwn . 
r 

se:-:arations uegun in volume in JJuildinDs 706C <mQ 7U6:J.ll'he r:1dio~.;.ctivity /' 

in the Clinch River ilud ut the mouth of.;hite Oak Creek bee;'-ln l"isine e:~rly 

in 1945, and i¥JS followed ::3ome~lh.r~t eITatic:,l.iy the fluctu'-ltions in tohe 

radioacti'..rity of th'.'J f1ud in '.:hite 

The 706c and 7060 BuildinGS' 

O~ dr.:u.noge Gystem. 

che;:rl. c:.:l ~'iastes <i result of d!.fferent 

isotope Sefl<lr',ti.xl:3 fro.;; Jount:; 51 Uf.s :-:.nd behave differently in tl:e coolin:,:: 

tanKS, settlin.c; pond :.nd drainage syster;, frm;:: those resultinG frore the 

Seii<.!.r.:.t,ion of plutonium. ..5 a remit, the precipit0.tion of ;ictive c,JfIstitucnts 

UPO!1 dilution occur::; to i..! lesser de.:ree, rmd ubc.ut halt or :.:ore of the curie 

content of th~ :';..l~JerlTi to ttu t is jetted out of t.:mk ',;-6 ':~;:Z5ses thra~ c.h the 

settlinc pond :!nc :.ntc the ',:lute Cak bnsin. i,s a result, -"ihen buildinG 706D 

was put into full opcrt,tion in JWle, 1945, enough cont~!"in:ltion ;'li.lS c~rried 

thra.q~h the settlin;; pond to incro;:. se the r:-.ud activity b,:,':':' f~ctor of ulXiut 

10. throughout the dr;d.n<.!ge basin. :,lso, tre hulf distiltlCC increased to about 

2400 feet Wlder t :,e!Je conditions, indicd.tinc ,,; uecreaoe in the percentat::e 
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decontamination per 1.tnit d1st.ance. It JII1y be noted aloo that grouped 

readings of the rad1oact.ive mud at G, the Junction ot . .h1te Oak Creek with 

t:te Clinch River, increased in the course· ot one year by a tactor of 

a.lJm)st. 100, reaching 1.7 x lO-~c/gm in ~pt,ember 1945 • 

The addition or CaCl2 to tank ~;-5 was resumed in Jul,y. This caused a 

alight drop in creek mud oontam,1.nntion, reaching a reduction factor of 5 

by- the end ot December. 

4. 'isslon-Prodq,ct ~ssSf 

During the JD:)nths or Uarch and April, ~945, an assay ot fission-product 

cont.:ua.i.nntion was mde throuGhout the "bole ~'h1te Oak drainage system by 
~ 

L. II. rieeks e. (4) The f1:rst. problem lias to make a careful survey of nll t:".e 

drtdnage area and to mark otf a grid to aid in ~stematica~ 10~t.1ng 

saffii.>J.iflt~ ~J()ints. Tne d.:sUu.,y \:WGO m.i.d.o by ;:; eCu.ring ~~ er.; ;pl'!!:! or r.'.r!.~ ;11:. 

these reeuJ.ar intervals, .mixing the core s:unples to eliminute stratification, 

and detemininb the curie cont,«lt or each sample by counting the betu-gw.:nD. 

activitY' in the usua!manner with a mica l'f1rldow Ge1geSluller counter.' 

The samples were obtaineci by means ot a piece of 2 !neil i.d. iron pipe, 

t.urned to a taper at the end so thilt it could b. pushed into the lJUd .:ithout 

diaar:renginz the stratitic.'\tlon. Preliminary tests were made on severul cores 

to deterr.d.ne how deep it 8&m?J,e would Mve to be taken.. It was found that, 
I 

except for the old stream bed above the upper dyke uno the channel in ::hite 

Oak .Lake, moat of theuotivity was contained in the 2 to 6 inchesof' a core. 

~Then 8tunplina, the bot.tom of each core was tested. It the radioactivity was 

not found to be zero, a deeper core was obt.ained at that point. 

Two test sm:1illes were taken and cOWlted tram each thorou.d1.ly mixed 

core s::l.Cl.Ple. It the tllfO s::unples did DOt check, the core \14S :.llxed further 

and. .retest.ed. The~ance ot.the eore w~s tilen dried and. l"eid1~1..."'4l:~.~ile 

'ot.al curie content cc.J.cu1ated. Froa this reslil.t, the nwr.oer of r::1:ero-' 

our1es per &-iU&re foot \'IUS calculated. In eou.nting, tbe t1ne tor 4Pl'roxir.atel,y 

80'7 014. 
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.. 10,000 count.. lI8.8 used, except. tb::\t. the co .nting t1.c:lea were llJ:d.tecl to ten 

JIi.rultea it the samples wve not acti" enol.1#l t.o g!. ve 1000 c/m1n • 

'lbe above proced.ure flas repeated. in October 1946, by H. R. Cratt ·'lnd 

the results or these two SUl"'Iq8 ore given in Table I. 

table I 

Total Rad.1oactiv.ttJ ot Yllite Oak Drainu;.;e System 
r 

IDeation 

Approximat.4t I ' ~S'1l; 1945 I' october 194'6 
Dinance Below Total :Lctivit;y Total :,ctivlV 
Settllng Ponel {tt.l ;..y.t'c/tt2 , (Curies) it.v.l'c/tt2 (Curies) , 

145.5 
\ 

67.8 ' IJIu'ah .. 
l)1termed13te Pond 

2,120 

.3,~50 

6,900 

91.5 

87.6 

42.7 

4.6 

1.4.9 
, 

::. o. 4lke ::ud Flats .22.0 9.6 c1.5 

=_ o. ~k~ (~~~th'~f 
veea across lake) 8 .. 600 8.5 6.8 

., 0.3 

17.1 

. 2.7 

13.6 
'---

"'"-': .... -,"a'below spill".l:\Y 10,350 1.04 
.... _--_. '-,._ . ?·2 _ 

"- .-,,--.~ 

Probable Total Curaa - 69.3 

It waa eatisllBted by \1. Q. Smith (6) that abo:lt 5 curie./dq were dis­

charpel into the Creek during the 52 da;ys tbl t the rotmtion ponda were 

95 

use4, Moraan and ~;e8tern (1) indicate that a total ot ubout' SilO curiea were 

di.acharged trom the beeinning ot, oper-utions of Clinton J.aborutories untU the 

time ot the April 1945 t;SleroJ. mud 8urvey. Thus. aboJ:t. 1~ ot the act1vit7 

cl1.acharged. into .:J:d.te Oak drainage system du.r1nc a 'Tear anci a haltot 

operat ion 8t1ll ~ned in the Im:u! in AprU 1945. J)J.r1nr; the seventeen 

maths bet"een this and the October 1946 survey. an estim tecl ndd:tionul 

890 curie& were discharged into the 87stem, nakina a tot.:!l ot 1410 Beta 

curi.es since the beginning ot operation. Of this quantit'T a.bout 7%11&8 

detected ,du~ t,he, uC'toberl94(, Surt'4Q'. 

It is nenr possible to r.aake an accurate estimte ot the 'curlesone 

;.: , . 807 01S 
.. ";, 

w' ,',.' 

<: ~ ,:'" , '. -!.~ ;:".< • .!':." 
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1"0. eeUmate lB. beea made on tho lIul1a of tao ueUmptioDeJ first, tbat 

all tile rad10actiYe 1aotopea that eecapec! from the Settling Pond ,.... 

depoeited OIl the 0187 ot tba bRsiD* aDd eeooad, that the precipitation 1D 

the pond was uniform and consistent 1l1th esperimental results obtained by 

R. S. Apple (?~ who ren experiaent.a to determine .t part ot the original 

isotope content of W-6 supernate would precipitate on dilution with pond 

fttar. Ue1ng a diatribartion 'tIPsed on Appl.-" aDaqsis ot unprecipitated 

isotopes at 3511 dilution, curie content on April 26, 1944, at the end of 

52 -18 of disoharge throagh the retention ponds was OFI1cta1ated by adding 

the ft8Ulta ot integrating del : ~ -~c1 boom t = 0 to t = 52, r.here 

. dt . 
11,,\ lmil ci 8re the R"fU'I'IE8 dail.J dl~cherge, tho dacay constAnt. one the 

curie content. 1"8sp8ctiveq, tor .ach radioactive isotope. Disohnrcos for 

the months subsequent to the opilm1.ng of the Settline Pond were 8ssumod to 

haw tho 8Rme1'1saion-product distribution, lind for sir.tplicityofcalou";' 

lstiOll the totnl n:onthly C\D'1e discharge was assumed to tnke place in the 

- 10 -

IIIiddle or the month. Then tho curie oontent, Ct present At the t1r.e of the 

. Ait 
April 1945 assay would bel.Cl = ~Coie- ,17Mn ~ is taken indiv1duP.lly for 

the 'tIrItch ~..resent on April 26, 1944. a .... ~ t~t of each r.lOnth since the 

Settling Pond bas been in operAtion. These cnlaulations gave 97.5 beta 

curi~s 88 the s!JproxiJll8tlon of tbe amount \':hlch might bo expected to be 

present at the time of the April 1945 a898Y. 

Severel d1acropancios exiat In the assur.aptions used 8S ~ses for the 

estimate. The retention ponds, as pre'V'iousl3' mentioned, 108t considerable 

quentities ot nctiw precipitate et times of drainage; various amounts of 

radio-isotopes esCAped into the CUnch Riftl', as shown br UOrgRn end t,estern(l) J 

end the anal.,ysi8 of ~pPle (7)"8S pl"obnb17 valid only during fbe time thAt the 
--<"" . 

plutonium separation operations were the prlmAl7 80~ of WB.8toa ~80e17ng 
. u 016 

through the Settling Pond, 1.e., tbrough J'eunery 1945. From thoe. con-

siderations it appears that tho t1gure ot tfl., cur1es 1. l' low eot1J:VJte of 

the d180hazpd cur1ea 1'8ma1n1ng ill A~ 1945~~~:'ll~~~lng th8rad1oaotiye 
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dec&7. Coneeq'UeDtl¥, one might conclude that the Wbite Oak bFt81n la. fit 

beR, not Mer ~ ett1cient A8 8 deoonteminating agent tar radioactive 

plant wastee. 

5. ~elf-Absgrptlon in 'W 

A major potential source of' error in evaluating mud activ:1tJ 1s the 

selt -a bsorption of the semple i tS8lf' • This 18 a varia ble ao~ of error, 

depend1ng on tb9 thickness of the dried 8ample as prepared tor counting, 

Ilnd the type of' r::ud. In 1II8gni tude, 1 t ~lS7 "1"1:'1 the resultant by 8 factor 

o£ 2 to 4 in the 00%'71'181 reJl€9 of tt.icknesses of samples ":hich is 0 .15 to 

o • .3 pI em2 • 

The self-absorption coet.f1c1ent \'las de~ined by preparing g s'!lries ot 

semples from the same specimen, renging in thickness trom about 0.025 

gm/cm2 to about 1 r;rnIo.m2 • The .,slues or c/min/gm were plott~ as a function 

o£ gm/err?- on semi-log peper end the resulting curve extrapolated to zero 

thickness ot 8EImple. Fror. th1s extrepolet10n, the selt~bsorption coot. 

ficient or the ratio of true count to actual count was 8ati1ll8ted. 

Figure 5 shows the results ot s8'YeZ'8l determinatioll8 made at differ­

ent t11nes. Curve A 1s the resultant ot several random 88lI\ples collected in 

January, 1945. Curve B is lor SIImple. collected 1.n July, 1945. b.r A. T. 

Greenwood. It is obrlous that self-absorption is conslde1'8bly less at the 

latter date. The sel£-ebsorpt10n depends ehietly on the energies of the 

rediation encountered, and to 801'10 extent upon the ratioa of beta to gAl'llt'.a 

aoti.,ity. In general, among beta emitters, a long-li"V8d element has a 

sotter radiation than one wit}, a short life .. and the dUterence in Curves A 

and B Is consistent with the previousl,y mentioned increase in short-lived 
- , 

constituents in the chemicel flestes due to the bnrlum separation operFItions 
, -

in 1945.. It frequently hs;pens thAt there ia aelecti.,e adsorption of Sot'l8 

of the radioisotopes in the r.nJd. This property .,eries tdththe cher.:1cal 

807 017' 'ltW.A~' 
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proparttea ot tile _ter aud mud, aDd with the plafttl1f'e preaGllt in the II!DI!., 

1.'bs ttin dnd.ow comatera used an about 100 times more sensitive to betas than 

to gRtnmas when tb1n aamples Are used, but a thick 8~'mple tonds to accentuate 

the gAmma counts. CUl"ft C 01" Figure 5 represents a similar determination in 

J8llUBry 1946. 

It 8ppe8J"11 necssS8r.1 to 1Il8ke a detamination of the seU'''''''8baorption 

ooetrlclet peZ'1odicelq, eapec1slq whenever a chenge 1n open:tlons 'brings 

about a change in the composition ot the chemical wastes. 

6. Pb_cal W1Yiee for Specific A .. tiy1ti., 

Chemical analyses _1"8 made ocaasionel17 to identi17 and eva):IJRta the 

reletlve amounts of the various tiBsion products present in the rru4 of t~ 

;:hlt.o Ouk .d:rcd.r..sga oystu!!:." '!'ha~~ ::::;elwv:see gi'Y'9 S~~ !!ldJ,~MI)l"! of the 

etf'ectivenesa ot the mud in the romoval ot spacific activities from the 

water wastea. 

The tiJ"st aamples anslyzed were those taken on 4/26/44 by Overstree,t 

end Jacobson. (2) The results are given iD Table 2~ 

Tabla 2 

£1.....,t . S8Jft1)l l R i11!l21! E Sor.:.:ele l 
tmersbJ (Int. pond) bake} 

Be and Sr .88lC 0$-., 1.42f. 
,-

ZJ" 46.7 47.2 4').7 

Cb 34.9 ';2.6 34.8 ' 

C. 12.8 1:3.8 14.1 
-I &: Pr 4.71 5..46 5.96 

Gl"088 c/min/ gil 41,200 6,840 1.220-- . 

019 
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Semples collected on 6/10/44 end ana17sed bl J. G. IiAmil ton grtve the rcsults 

shown in hbl.. 3. 

Table ;3 

I 11 IDe nt SaJn~le 2 
(S.P. outlet) 

S~m1!1S! 12 
-n:arsh' 

! SrJ21! 22 
lake' 

Be Ie Sr • ?CYJ. .9~ 1.1$. 

Zr 55 1.7 41 

Cb 2e 32.2 .38 

Oe 12 14 13 I 
Y & Pr 

I 4 5.5 5 .. 6 

/ I I Gross c !'lin/~ 42,500 8,490 1,540 
I , ! - • 

An analysis by D •. ". Bleck on a 0 11'ples collected 4/14/45 showed 8 chenge in 

specific activities. The results Bre given in T~ble 4. 

Table 4 

Element I Sar~le 2 .' SS1T.ple A Sa::ple lB Se:-ple 4B 

R.E. (mostly ee) 62.'Jf. 50.0% 7J.at 71~% 

Sr 6.3 74 I 1.3 .9 

Zr , 904 19 .. 1 I f).4 R.3 

Cb 7.3 
, 
I 10.3 1.9 5.5 

Ru 14.6 13,,4 14.5 13.8 

Gross cimini gm 260 I 717 I 1,)70 1,760 
I . 

The ratio of the ootivity of strontium to the other specific Betiv! ties is 

considertlbly higher in this test thRn i.n those sUTr:-arlzed 1:'1 Tables 2 ~nd 3. 

However, considering the 8t;.n1l value of the gross Activity, the results of 

this test ere less signlfic~nt, both because of the 1arser probeble error and 

the amsll ab~?lute value of strontium pre5ent~ 
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1'able 5, representing result. ot eDBJr.ses lORd. b.Y Black on 8/15/45 and 

J. ~. lludeens on 2/14/46, reapectively. shows a significant naf! in the 

sp8cinc activities at bprimn, strontium ene cesi.UI!'. TheBe results slow 

turther the radical difterence in the cbar.ical wastes trag the BArium Ser~~tlon8 

Plant in Building 7060 from tboae ot the plutonbDl sePArations cerrledout in 

Bu1ldinr 205 until Jt'ebn.vlry 1945. 

-

El-.zrt. ~."'r.h Semple SflJrl)le A (amJ ~aL1lle Btint • .?) Serrcle C (lr.ye) 
1',/15/45 2/14/46 2/14/46 2/14/41 

Be S.U' 194 12.91-

Ru. 21.0 15.2 14.3 

Sr 10.1 15.9 23.1 I 36 

R.I. 27.9 46,,7 1.0.7 
I 
i 

Cb .04 I 
I 

Zr Ll 0.9 .~ I· 
CS 31.7 10.6 11.1 I 
Gl'08B c/m! g 2269 12P7 753 I • 

I 
i 

Table 6 represents est1Jrated total qupntit18s ot berl:am, strontlW1l and 

cesl,. on Yar10us dfltes. Theae values are calcul"ted troo percentages of 

these elementa, ss shbm by chemical analyses, an<'l to'tPl activittes ot the . 
mud, as shown by standerd atu'Vp 1 method. on the respective detea. 

T,ble 6 

E,,, Av • tote 1 ~ c/p Probable.A c/p;r. ot ~; (Ba, Sr, & 

I 
~~ mud 0' gllh lBp ~ 51: Ie gll~ in mt"rsb 

3.7 x 10-1 3.25 x 10-3 .$."~ 

r' -.6,- I 
2.3 x 10 .. 3 2.26 x 10-5 .98 

3.4 x 10-2 4.42 x 10-'+ I 1.3 . .~ - -.. ~, ,. ' 

4.8 x 10-2 2.42 x 1.0-2 .. ;0;.4 

1.28 x 10 .. 2 S.p.g x 10·j3(J 7 0121 45.9 

, 
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Tellurlua wa .. not identified in 8D7 ot these 8uqaea, although 

o..er8tre.t end JeCObson(2)reported that' \1-6 aupernnte contAins 4.271 of 

"'\ Tellurima. 

In on _roll ... luation of tho l'Ihit. Oak C .... k bootn ••• port of the \ 

waste "ater decontp.mination process, one might conclude thEtt 1. t has served I 

its purpose well. ~~th the proposed changes of process, and oonsequent, 

changes in the nature of the cher 101'1 'Wastes, fUrther obanges in the 

decontam1Detion of .a~tes may be required in order to keep the T.h1 te Oak 

Lake effluent lIIithin safe limits_} In general, it seems that a slowly 

tlc:m1ng drainege system Uke \'~hite Oak Creek aDd lake nth a clay bottom 

1s" aD eConoIIicI'l and rather etfici-ent means of removine fission produCts 

from plant waste water. 
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(1) :,bl"ISft, 1'. Z. aDd testern, F ..... :100 H-259 

(2) o....rat.reet, R. and Jacobson, L., CR-2039, (Sept. 21, 1944) 

(3) Or.retreat, R. and Jacobson, L., CB-33JJ 

(4) Oreretreet, R. and Jacobson, L., CH-2)46, (Dec. IS, 1944,) 

(5) " ... ka, L. H. to I. Z. f.!orgsn, -AS887 of P'talllon-Product 
Conteadnation in the :W ot \"'hite Oak Dnltnap S78te1l1,· 
tley 9. 1945) 

(6) Srlth, •• Q. to Report, -Handling of Y'Astea trof!' 205 Building 
(Up to ;b;y 1, 1944}, .(i.!ey 1, 1944) 

." 
(1) Apple, R. S. to ". C. Xay, "Decontamination ot Plant 

Neutralized Non-~!etellle.te,· (Ju17 1, 1944) 
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