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CCéO IN GRCUND WATER AL O SEFAHATIONS WASTE STREAMS

Ground wnter sazpies are ccllecztad routinely by Enrt.h Sciences cr Reg{ona\l Moni-

toring and radlochemically analyz=i by the Radio-Aralysis Latoratery for contam-

inating aubatanrcer. Normally the samples are analyzed fcor tha p:-evio:'.inur.t radin=

active 1ootopou s30wn by pre-cnbbing a.nal;ses of thu Vn-te cr | .'L'a" tL" isoto;en

crittral \rxth resp'ect to M.P c. even tbougn the cnncantr:zt..x.m 1u thcr vo.ate are '

ot

’rclntively minor. In the past these have cu..sis'sed or tie .tol..cv*ns 1s0topas: ".7

,1t "'“‘L" ~.\,f4:ur«“‘l FELES

' Rumé, 05137, 8:89_ - 81-90, U238 ang Pu237 with tha n.nulxuca... ‘rtq.xc....;y deleruined

by the total activity level of the vell wvater and thws crit:.ca;._t.,; the 1uot.:>..e.
Past histery of ground smter cuntdm.nation has shm the m1oae 1v1+.;' to be easnn-k" '
,uauy 211 dus to nu1°6 - Ru106, ’ . " S

A B ) - o o . . Ve
N P .

‘e . L ]
Y - - 3 -
he m seprercar pid

Low level contamination of = -oTootiia p:e:‘.p:&ﬁ:.:mﬁ‘:ca pAIT u.-Bx-l._ watar sample
collected late in February inliiated a 'néu_.x_-ch_._f'o:- the affendivg wotepiolss Thid s

vearch wvas culminated with the tdent‘l'.’ica{icz:. 60 in the grourd wmter upder-

lying the T.B.P. scavenged waate llspoaal sita, 241-bY.

SUMMARY

A fov ground water samples praeviously analyzad for other radfcneczlidss ware an-

60

! . N
alyzed for Co - and shoved concentratians ranging from T.2 x 1™ ue/ml in 2Ll

BY-9 well wuter on 1-16+56 to 1.3 x 1072 us/m> tr 2L1-BY-12 well water collacted
o0

’ on }-12-5G6. The ground vater Co cortamiration egcesdad the ZAPO zoncentratlion

limits by a factor ¢f three pundred. The c°60 concantraticn in a well about LOTO

LLy

feas [ron the critbing si%e waa 7 x 1072 ve/ml.

t appears that the Coﬁo witk the present T.R.P. soavensicg pro-slurs il ;.—‘.s:.-H
*hly reduce the wante stornge capaclty ©f pew ¢ribs o tores-fouTizs ©F ons-hall

of the cslculated volume. “
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The first cycle vaste atreams of the Redox and T.B.P. Plant, the fead soluticn
to T.B.P., and pre- and post-nizkel ferrocyanide scavenged T.B.P. wvnstes all
coatained Co s Cobalt-53 wau nct dstectable in the second cycle T Plact vaste

or in the contaminated ground waler underlying the second cysle cribbing aite.

Cobalt-60 can be formed fron one or more of the folluwing reactlions of copper,

atekel and cobalt impuritles 1a reactor materials: Co°2(n,7) Co®; EL (n,,,)

CQ'SQ; and Cu63(n,a) CO6° 'l‘he producuon of Coﬁo !.‘roa mizuza quantiti.es 2f on2

e e A . .n-ud-:v"-

" or more tha a.bmm 1mpur1tiea was shown by tha anaiyaes cf the nl.um.!.nu.n caps

from a metal piece axposed to 650 H.H.D./‘.l‘. The cobalt-GO activi t.y dansity vas

3 approximately 6.4 x 1073 uc/mé of sluminum, The cuhnlt-éo in rirst eycla pepar-

ation vaste streams could originate from impuritias in both the irradiated alu-

minum can and uranium.

HZ 3TORY

Two factors played on important part in the finding and identificaticn of the

~obalt-60. The moras significant was a pecent FevisTsh to the atrontium prace

w2

aura(l} to 1ncreasa sisni:icunth the Ru106 d-uontamimt_‘,gp_‘:g-.qtor whizh allow-l. ...

det.oct.:l.on or tha eonuur.tmt in the ltrontium determirstioz. The Lroader appli-

cation and increavad sensltivity OF Tha pomms ray spwcirommbor wede puesibiu Ly
a Tecently installed three-inch Nal(Tl) well crystal wms a significant factor in

the identification and axpedition of the work.

Low energy betn particles from o strontium precipitata of a graund wnter aampla

from the 2u1-BY-12 well collected on 2-28-56 ware frveatigazed by aan aluminum

absorpticn atuly to deterzine the enargy and to con®irm the indiration o gra%-20,

Thesw beta absorption curves shoved that the energy wms approxlmately 0.3 Mev,

1.0 low for githar radicastive 93¢ o Rhlob, ard i{ndlcated the prescerice of ag Line

tope not praviously detacted in ground watar samfles. A larger voluza alliquot
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wns evaporatad to drynmas in the presence of perchloric acld to expel the high

106
level Ru:"c6 - BRh activity. The residue vas dissolved ln a soall quanti+ty of

acid and scanned with the gamma ray spectromater. Qamma energles of approximately

117 and 1.33 Mev and a small coincidence peak at approximately 2.5 Mev were fougnd.

The age of the matarial asent to the crib and the beta and gamma energies all in-
60

" dicated ‘that Co"" was the unknovn contaminant. Englineering and Hanufacturing at-

Fobde ey

'_ oratorien vera contncted relative to earlier voerk on the 1denti'1caticn of lzctcras

- preaant in wnste streamn and “Can" activntion arnlyses. Their tests weres not

pointad tn mrd tha doteetion or 8060 and consequently, & raviev nt thas- data did

R .

"ﬂnot 1nd1cata 1ta preaence. To turthur cﬁrroborata the rindings a cobalt ckemical

. separation procedure (aec Apalytical Methods) was developed. The procedure was

foroulated to quantitatively separntc cobalt from any Pesg that migh' be present

aince the beta and gammn energles are very aimilar to thosae ot_gbﬁo except for

the gamma coincldence psak of 2.5 Mav. DBeta and gamma energy atudies and ganwea-

gamma coincidence counting of the cobalt precipitate confirmed the sarlier measure-

®
ments.

- Tuo pezalbilities existed for the prezenca of Lasa in the grounda watar undor ths

T.B.P. scavengua vaste cribbing area. (1) An irradiated CQ59 slug bad inudver-
tantly been diagélved with the uranium metal and kad teen nent to gxound A+ =gz
esarlicr dute or (2} co® vas being continucusly produced in the reactors from in-
purities in the uranium, bonding waterial, or aluminrum canm. A search war mada
for all the availlable aamples of T.B.P. scavenged wastea previously sent to crit
as well as saoples of other plant waste atreams that vould provide data o2 toe
contemporary vastea tc define the scurca cf the cobali-60. The prozedurea wnd
methods unad were varied to meet nanﬁle conditiors and without corpzern for the

radiochemical yieli to ~xpedite the sralyses. Froa the dats obtaine: ani the

-y > TP i)
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procedurs used, a fifty percent deviation in iho assumed fifty percent radiocchem-

ical yield of tlLesa waste anslyses appears reascnable.

ANALYTICAL METHCD3

The acalytical methoda employed in detereining the cobalt-50 concentrations in
ground water, feed and wvaste streams from T.B.P., and first cycle vnn.e from

Redox varled due to the rad.lonct.ive speciu preuent. In determning cubqlt-GO

. PRy L
..... LT o LorpERe o

oo i ground vater cancentrntionn, 1t s neceuu’y only o remove the lu-gc monntl of

ruthoniu.m-lob' by porchloric acla diutimtion tollmmd by a glm :cnn.

o~
PR

' ,'q:h& faed and vaste streams from T.B.P. contained in addition to ruthenium l—lnrge
amounts of antimony-125, cesium-137, and the rara earths. The ruth&r...um vas re-
gloved by distillation after vhich the nddition of amzonium hydroxide cowplexed
’tb.e cobalt and scavenged the rare sarths by formation of an iron hydroxide pre-
' 'L'cipitu.‘te- The insoluble antimony sulfide was resoved dy mcidifying the supernata
and adding hydrogen sulfide. Cobalt wvas imolated by u bacic aulfide pracipita-

tion and any occluded cesium removed by m silicowolframic scid scavengs on A ni-

tric acid solition of the cobalt mulfide.

- .

The Redox firct oyclc waste contained in addition <o.the praviously mentiored iao-
topes large amounta of zirconium-9% and piloblum~9%. The Z> and No Va3 removes
wich succeasive acid ifodate scaverngea prior to the ruthenium distillation. Sep~

aration of tha other isotopes waos in the snme manner as outllned sbove for T.B.P.

wanste solutlona.

All activity measurements were ohtained by transferring the cobalt fraction to a
vinl vhich was piaced in m three-inch well BeI{7l) aryetal of & DT Spwc LT ORE TAT.
¥o atlerpt wvas made to determine the radiochemicanl yleld on the vudte stream

samples since only qualitative ansvera vers nacessary to detorziie tha souwrcs 6F

)
--fif"’f'l"q'"{f:f"""'“r T S . e m:‘,,, T . ’ Ll 4N
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the Co . However, from the relative Adsta obtained (Table I1I), & devutl,on of
firty percent appears reasonable. The radiochesmizal yleld for ccbalt in groucd
water samplesa wvas sssumed to be cone-hundred percent since the method entalled

only evaporation and dlatillation of ruthenium, The wccuracy of this analysis

- is limited only by the accuracy of the gamms measurements.

S SO Heo

"-'. i A

o R
At HBAPG, the a.mount of rndi.onctlva mterm that can be cribbed to any one 8ite

. is ].imited by thc concontmtion or a.w critical nunlidc in the ground vu.tar. A

ek eritical inotopo m.l.y be derined as any ndionctlm {sotope with a hlu.t-life

's.

greut.er than three yoars that exceeds one-tanth of the moximum pern.sslble con-
" eentration (M.P.C.) in drinking vater(2) for oceupational upolure. 'I'hu W.P.C.
‘. for Co  1in water 1s b x 10'1‘ I.I.CIIl(:” m 241=DY«12 vall vater au:pl.ed cn \
2-28;56‘ uxceuded thn HAPO limit for 0060 in ground water (4 x 1_0"5 uc/ml) by a
factor of approximataly 100 and had further increased by a factor of three three

veeks later.

The activity density of 0060 in ground wvater samples taken rron welln nddesont L,

and dowvnatream from the T.B.P. scavenged vaste eribn (2h1-BY) {s pre~ens-d i
Teble I, Figure I, & map of the test well loratiera, lndieates The arsa of woicr

1 ]
- contaninated sith copals~s0 boased on the samples aralyred So date. Confamirated

=

equipment preveoted sampling Oatveen 3-12-56 and 3-0G-56. The saarles collented

prior to 2-28-56 were laboratory holdovers from previous anslyeres.
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TABLE I A

C'OGO IN GHOUND WATER UNDERLYING 2L41-BY CRIES

241 Well Na Sanpling Date THR* , o0 "Ratio of
, Uafta of 10 ~/AL .- Mu/Co

BY- 9, 1-16 L. 1300

| 2-28 - - - 1500
i, BY-12 LooEs 228 0 . go0
' -5 . 700

326 . 10000 9 . .10
b-2 . 10000 % 7 13

B-15%» 3-12 150 1.9 T2
B-16 3-12 32 . 0.7 kg

B-1T 3-12 us 0.6 C55

UL bl Rk
i

*8 = Gross beta particlae emltter concentrations

W airan g PP,

#*Approximate grourd distanzes from cribs: B-15 - 500°, B-16 - 200", and
B-17 - 00'.
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As showm by the data in Table II, all firat cycle wastes aaal'y‘zéé!;o:'zt‘.ali.ned co=9,
The T Plant n'econd cycle stream, ;a.n pred}cted, did not contain a detécmble
quantity of cobalt-60. The presence of 0060 in both wastes approximataly two
years old and contémporary Redox vaste confirms the assumption that CO‘O ig pres-
ently being and has continuocualy been prodreced in the reactor r'rbui'-.;luﬂuriti eg 1in
the alug materiala. The relatively amall differences in the Coﬁo concentrar.ion

.

~in the various wastes could probably be accounted for by dilutions, :r.lel-.'. devi-
, T L TR
: J.tim:.a u.nd sm.ll loases erfected by the chemical trea.r.:nent of t!:e wgmte Az in-

Ti 4
P,

dicnted 'by the T.B.P. reed uolution and wastes collected on 3-15-56'md 3-19- 5c
"ﬁf““@nw g

reapeetivelyg Table .o SRR ) ,JJI

An aluminum cap from a metal plece expogsed to 650 M.W.D./T was ohtainled i‘rom
Radiometallurgy and analyzed directly by gamma coincidence counting after removal
-, of the occluded fiaasion products and ‘by: gomma. spectrometer scan or -the 'citemicn.ny
separated cobalt. The average activity density waa 6.4 x 1073 ue cOso/ﬁg alumirim
or 780 uc/can assuming uniform diastribution of 0060 throughout the aluminum.

This would equal a {.‘060 concentration of 5.7 x 1072 uc/ml in the Bedox 1 AW vaste
assuming that all of the cobalt In the cans from a one ton charge reached this
waste stream. Thic is not a loglcal assumption since c¢obalt precipitatas
hydroxide in the presénce of strong alkalis and an apprecilable porilon of taz
sludos vonld neahably he removad during the latting of the coating vaste. Fow-
ever, some fraction of the aludge préduccd during the ctemical removal of ths cazna
might remain .n the vessel and be dissolved with the uranium. Thus, L% appear:

that fopuritiea inm both the uranium and aluminum could be contribuiing to tie

total 0060 .




UNBLASSEHEB
L | -10- m-bag12

TABLE

o0 IN PLANT SEPARATIONS WASTE STREAMS

Solution Date Sampled 0060 ﬁ:lnl
’ First Cycle edox Waste B -8-55, Te6 x 1072,
. ... Hirst Cycle T.B.P., Waste ' ' .. .__ 5-11-53
TuB.P. Feed | ' 3-i5;55
;.x.l';'rir’t Cycle Redox Haata (acidie) 1‘ - 1'3-19 56
;;iﬁ'” ' Pirst Cycln Redox waata (lc;venged) I:P e 3;i9 ,6 , ; :
B} g};Q ek 16-10?-Bt-3up¢Fn“tﬂ . " ' Cribbed 10-23-35 1.9 ¥.1°;2
" Tank 12-110-BY-Supernate I Cribbed 12-12-55 1.k x 1072
; : m 1],2’1‘ (20d Cycle Waste, etlc..). 2~ 3-56 5 x 1077
= 0™ S o . T Lo T
) L . DYSCUSSICN
«  Three possible modes pf’Coso production from 'trace {mpurities in the uranium,
1 '~ aluminum can, or bonding material are Cos¥(n,7) Cob0, M180(n,p} cof0 or cubl
1 oo {z,2) Co®9. The meat sbundant reaction of these thres in the resctor would be
: ce9(n,7) co®, but each reaction may contribute to the total 9060 produced.
o~ Values obtain>d from Metal Fabricatio? stoved less than 2 ppu of €od? in the ur-

antum and lesa than A pom in the aluminum can ard bonding materinl. Nickel ranged

between 50 and 100 ppm {n the aluminum can and uranium. Calzulatlons wvere made

Samencaind Bk Saoine,
!

50
to determice ‘he quantity of Co-? requir=l to produase the 0o consertration of

7.3 x 1072 ue/ul in the £irst cycle Redax vaste (Tatle II). Ascuming an exposure

of 200 M.W.D. per ton and 3436 liters ¢f wvasta per ton of metal, only 0.12 ppm
59 €0 4

of Co”” in ke iunm would ba requirsd to produre the quantity of Co. e

Redox waste saapled in August of 1955. Por 650 N.W.D/T, approximately O.Ch pra

woulld produss the same gquantity of Cuso.
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;; and cne:ic-l propertdes ur such co-p;und- are most varilhla.

A e

HW-42612

Since th

e chemistry of ccbalt and iron 18 very similar 1% would follow that Co -

like Fe ahould be strirgly retalcned in the zoll column tnlass in a conplexed

large rolucule or un-ionized form. The cﬁemicals for the formatlion of such a

mol=acule arn preuent in’'the T.B.P., wvaste 3cavenging processg wvhere a strocgly

cottflexed alkall deuble cyanid Spreculation as

or cobaltnmm;nr could be fornel.

E T R R

to the co:position ¢f the molecu;e 13 beyond the ucope of this papar sincqjtheru
T e . ‘- .- ALy LN [T R

PN o

are unny posaibilitip- under the prevaiiing scavenging ccnditions and the phyaical

A datailad chcmicdl

o~ A LA
I. "l .J A .

. . [ - .u..'-.u

Simi.nr gamples or the pre- and poct-:cawensed T B.,P. vantes ware annlyzed to

evnlunta the effect of acavenging upon the 0060 concentration. The resulta ff

L

(Table II) indicate that a lov decnuotaminaticn factor of approrisately two or lass

60

for Co™" is effected by the nickel ferrccyanilde scaveoging.

o

nificant since the wariaticn in the 0060

Thix beccomes insig-

ccncentration in the few scavenged

vastes analyzed is greater than the indicated decontaminpatfon factor and weuld

have relatively no affect upon the concertration ir the ground vater.

The 241l-BY cribs were ciosed to waste dlaposal dua to tha es 3T somacmimation im

the ground water of 2L1-BY-11 well on Jnnﬁ;ry 9, 19%56.
af CDsO

The effect of an <ariier

dlacovery on the clcaure date ©f the pbl-BY cribs must be speculative

until applicable experimental data can te obtalned. However, from the qata in

Toble I anl a prelimizary soll zolumn test by Earth Sciernces Unit(h) it appears

-

"!’»,A;_,j,mbu:» e T ke

that complexed Co™ approximatea the soil

e

=znlation e of nul

radliomctive component in the grosa bata pnrticle activity denaivy

s Lhe o jor

{T8) of ground

PRI - o MO, wrn
wvater. The average total f to CO'" nct:vitv ratic (InyCo ), Tuvle I, wan 120

to 1 for those wells in the {omediate vicinity of the crib sits. This ratio

I’

a T

Rl 2t

.rt-v “h'\T
B \"Tc
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apFlied to previous T9 valuss frog 251-BY-11 wvell water inilcated that the total
volune of vaste cribbed at the 2L1-BY site would have been reduced by approximately

2.3 x 106 gallons or from B.5 to £.2 x 106 gallons due to the 0060 concentration

in the ground wvater.

. From the resulta obm:.ned on the ocre distant wells B-15, 3.16, a....! B-I.T {Tabla I)

&0

it appeara t.l:.at n lower ™,/Co ra.tio prnvniled ut. lewe. ground vntr.r IB condenirs-

Sas w2 . -"“'"&‘”(“’"‘ e 'P"

’“‘ tions prior to thc m jor breﬂ.k-through of uctiﬂ.ty Intp the wntcr ..nb,.e. For

avuragn rntio or 5-0 1 the cnpacity of the 21&1.-31 erib sy-tel \ro.a.gd hava besn ram

,\""‘"

'cozrc:LUSIons o _'

| mhe horotorore unknown presence of COGO in the firat-cycle sepantinnn vaste and

' ‘t':he subsequent formation of & complexed cobnlt. »clecule ar ion in thc vaste Scav-
l -enging process Tesulted In ground vater contaxination in excesg ©f the muximum

permizsible cuncunt.rntiunta’ 3) -

It vas indicated from the radicactive composition of the ground wvatar ard wuste
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Ifactor coupled with the present dilapssal Mimits for radioactive mus‘jJ indizatas !

a need for reducing the cobalt-630 ._cicentration to prevent sighiflcant volume re-

atrictions ¢n cribbing eites.
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