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Grouni water sa_piea are cc?1e-:ed routinely by Earth Sciences cr Regional Hor.i-

taring and radiocheQlr.al:y analyze9 by the Rndio-Analysta Laborstory for cor.tnm-

inating aubatancer. Norvally the eamples are analyzed for the Fro-3omivaot radlr,-

ective Seotopes s.fovn by pre-cribting analy.es of the va te cr far tL ieotot.es

';-, ,_• eritlcal with respect to H.P.C. even thoughtLe cone_ntrat.w in tte w.ote are

relatively ®inor. In the past these have consisted ot the toLovlag isotopee

RnIG6 Ca gr89 . Sr^ 1J238 and Pu239 with the nnuljtlca :re ieac de.ercSr:ri, , _ q y

r.r by the total activity level of the well water and the cricl,ca:'_ty of the isotope. :' ^-
" .. , .{ ::.

`.a ,

Paet history of ground water contamination has show the ra3ioactivity to be essan-
•

^
'

;s^.:i^ti:

, • . .
all due to Au106 -R106tiall

...
R---,.y

r^, ra - . . .. • . .. :. _. . ... : . ^ . . - . . -. . i .. ' • . . . , . . . , .. , - ^. L: _..,^,
., . . . ... ..... ,...........

Lorr level contamination ef ;ue:irta*.t 1'::a -.,.-BY-12 water eenPle r
y_.. .

t.,
' .

.

collected late in February intiated a:search for the, ptte.n•1ir--

neareh was culminated with the identtfi^atloa of Co60 in the gro•c vater under-

ly].ng the T.B.P. acavenged veate disposal site• 241-BY.

A tev ground water samples previo•^ly analyzed for other radicnz211-des vere an-

aiy'zed for C60 and showed concentrations ranq:ng from 7.2 x 10-4 uc(ol in 24:-
• r (

BY-9 well water on 1-:6-56 to 1.3 x 10-2 u=/a_ jr 241-BY-1L well viter col/acuil

• on )-1.2-56• The ground vater Co60 cor.ta¢inatioa eAceeded the cAPO :aarentratlca
n

oo concel:ratton in a well ab"t iCCJllcits by a factor of three hun3red. The C

feet from the cribbing site was 7 x 10-5 uc/nl.

^It appears that the coG with the prasant T....P. eczvctyine .:c-cia:e +111 y^.+..- •. "

•.bly reduce the waste storage crpaetty of new tr•_be to tr--cv-foL:;as cr one-rsL'

of the ealauLt,d volus».

y, . . . . h.= ...^
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•' The first cycle waste atreams of the Redox and T.B.P. Plant, the teed solution

to T.B.P., and pre- and poet-r.iakel ferrocyenide scavenged T.B.P. wastes all

contained Co60. Co'oalt-60 vnu not detectable in the eecond cycle T Plant vaete

or in the contaminated ground water anderiying the second cycle cribbing eite.

Cobalt-60 can be formed from one or =are of the Soii.o.ring reactions of copper,

nickel and cobalt impurities in reactor oaterlals: Co5°(n,7) Co60 ; Bi60(n,r)

Co60 ; and Cu63(n,a) Co6o, The production of Co^ from quantlties of one, , . , . . ;,.., e,... . ....r.a.....c,. . . , ._ . .:. , ., . . .....

or nore of the above lmpuritiee was ehovn by the analyses of the aluminum cnpa

from a metnl piece exposed to 650 M.W.D./T. The cobalt-60 activity density was

approximately 6.4 x 10 uc/mg of aluminum. The cobelt-60 in firatcycle eepar-
RAfur,.

atran waste streams could originate from impurities in both the irradiated alu-
114

QSnnm can and nrNninm.

H=3TORY

} , , . . '
. .

T+o factors played on lmportant part in the finding and identification of th-

-obrlt-60. The more sif,niticant we a ricenti i'ovLiio'n to the strontium rrocc-

.. -tor^ dtizn(') to increase significantly the RuO6 d•oont&mination '-^ •^ ^-

detection of the contaoclnaat ln the etrontlam dete^-lnxtin.-.. The broo.ler appli-

cation and Sncreaeed eensttlvity or tae nwnm ray >}wau,vu..l.Qa m..:o yw..b:.. '

a recently installed three-inch BeS(T1) well crystal vee a eikpUficant factor in

the SdentL'ication and expedition of the vork.

Lov energy beta particles from n strontium precipita:a of a eTaur.1 mtor ann;.le

from the 241-BY-12 vell collected on 2-28-56 were inveatiga:.ed by an .L'jainun

^O.abcorption atiuty to deternir-e the energy and to ctt:'Yrm the indiratlnn of 9r59-Q

T-ese beta absorption eu.-res showed that the energy was approximately 0.3 Hrv,

to lev for either radioacti•ro Sr or RIl106, and in'_lcnted the prneenee of y:. :- -

tope not prnviously detected in ground vnter samplas. A larger volu:wi aT: qcot

.. ... ..^. ^ _^. ^, ..^^-. •r-.....

r(

•IL
tc )

yF, Y

C . ^
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tmn evaporated to drynnas in the presence of perchloric acid to expel the high

level RulC6 - Rh1C6
activity. The residue vas dissolved in a emall q,.iantC•.y o:

acid and scanned with the gamma ray spectrometer. 6amma energies of approxlvte'.;

1l7 and 1. Mev and a small coincidence at a33 peak PProxivatel,y 2.5 Mev vere f.u:'_.

The age of the materiel sent to the crib and the beta and gamme energies all In-

dicated trat CoC was the unknova contaminant. Engineering and Manufacturing :aC-
^^ ' . ; ...: . _,.

oratoriea were contacted relative to earlier work on the identiflcation of i3otc_3
. . . . - ..^ - . a . , . . . .. . . . .. , .

present in waste atreams and "Can" activation analyses. Their tests were not

f pointed te,.%rd the detection of Co60 and consequeati,y. a revlevof these data did
.,. - . . . . . ; . . , . . .. . . . " .
-,';not indicate Its presence. To further corroborate the findings a cobalt chemiceli, .

eeparation procedure ( see Analytical Methods) was developed. The procedure was

formulated to quantitatively separate cobalt from any Fe59 that c1gh^ be present

eince the beta and gamma energies are very similar to those of Co6o except for

the gamma coincidence peak of 2.5 Mev. Data and gamme energy studieo and gm=a-

gamma coincidence counting of the cobalt precipitate confirmed the earlier meaaure-

meats.

...Teepcsaibiattee axieted for the prc°_en^-e.of Ca in the grcuna vater undor th+

T.H.P. ecavengea waste cr:bbing area. (1) An irradiated Co5y slug bx1 Snedver-

tently been diaaolved with the uranlum metal and had been sent to graund at -c__

• earlier date or (2) Coto was being contlnuoual,y produced in the reactors from iv-

puritiee in the uranium, bonding material, or aluminum cans. A search 1nc made

for all'tht available samples of T.B.P. scavenged wastes previously sent to cr_b

as vel'_ as sacplee of other plant waste streams that would provide data on tnn

contemporary wastes to define the source of the cobalt-60. The proce•i•.sea aZ-_d

methods used were varied to meet eaaple condition3 and vl.ttout conce:n for the

radiochemical yieii to expedite the analysea. Yroa thv data obtaine: azi the

. _

,. . `-.°
,. ,
,> -. . _...._..._^. . ..^_._.._ ... _.... .. .. .... . ......, _.. , ...,......_--.._.^.. _.__._. _, _..
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procedure unedi a fifty percent deviation in the assumed fifty percent re.iiochem-

ical yield of tCeee waste analyses appears reasonable.

^ ANALYTICAL L4tPHCDB

The analytical methods employed in deternining the cobalt-60 concentrations in

ground vaters feed and waste strcama from T•H.P.• and first cycle waste from

Redox varied due to the radioactive species present. In determiningcobalt-GO
.. .. . ...,. :a;::,..:n-:w:.- . . ..^ . .._. .. , _ : ... . .

,.•°''T'^ "z.'" ground vater concentratione^ it was neceesary only to remove the large smmnts of

ruthenlum-l06 by perchlorle acid distillation followed by a gazma scan. ,_ .

' , , . . . . . , . - -^.- .. . .. .

- ', ^'..The feed and waste streems from T.S.P. contained in addition to rutheniuw large

amounts of antimony-125, cesium-137i and the rare earths. The ruthen.um was re-

moved by distillation after which the c,ddltion of amsonium hydroxide complexed

the cobalt and scavenged the rare earths by formation of an iron hydroxide pre-

' eipltate. The Snsoluble antimony sulfide we. reooved by acldifying the supernate

and adding hydrogen sulfide. Cobalt was isolated by u baaic eulfide precipita-

tion and any occluded cesium removed by a sillcovolilaaic acid scavenge on e ni-

tric acid aolLticn of the cobalt sulfide.

The RAdox ftr.t ::yc1c vaate contained in addition :.o,the previously meatloned :so-

topee large amounto of zircunium-95 and nloblum-95• The Z: and No •ra3 remove?.

with eucceeaive acid iodate scavecgua prior to the ruthenium diet111ation. Sep-

•
aration of the other isotopes vaa in the same rnaner as outl:ned above for Y.H.P.

waste solutions.

All activity measurements were obtained by tranefsrring the cobalt fraction to a

vinl vhich was placed in a three-inch well S.I(:a) oryntni of a e:sw.a :p:ct:c.=a-:..'.

. No atteept was made to determ:ne the radiocheaical yield on the vaute stre.u

r

i

..
.w

-r

..`^

samples since only qualitative answers were necessary to datarmis.w e:ua iu..rcw of

M

, . , . . . . . ^ .

..» . . . .. . . rr!'.:^. .,. :'#. . .
, .. . . . . . ' , ,

, ' ^ . . . , . ' • C( c
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the Co60. However, from the relative data obtained (Table II), a deviation of

fifty percent appears reasonable. The radiochemical yield for c!Salt in grouci

water samples was assumed to be one-hundred percent since the method entailed

only evaporation and distillation of ruthenium. The accuracy of this analysis

is limited only by the accuracy of the gamma measurements.

-.

. , ^.. „ HESVLTS

At HAPO, the amount of radioactive material that can be cribbed to any one s.te

in limited by the concentration of any eritieal nuelide in the ground water. A.. •^,.t. ... ,. . ...,_ ....,.. . ^ . ;... ..; .
•'- ` critical isotope may be defined as any radioactive isotope vitha haTl-life

greater than three years that exceeds one-tenth of the moximua permissible coa-

' centration ( N.P.C.) in drinking vater(2) for occupational exposure. The N.P.C.

for Co60 in vater 1s 4 x 10-4 uc/el(3). The 241-HY-12 rell water oamplad on

2-28-56 exceeded the Ffl1P0 limit for Co60 in ground water (4 x 10-5 uc/ml) by a

factor of approximately 100 and bad further increaeed by a factor of three three

weeks later.

The activity density of Co60 in ground water samples taken from vellq .A.-^c:t L„ _-^.

and downstream from the T.B.P. ecavenged veet.", cribn (241-Sf) If. F^o-o^'-•: :•,

Tcble I. Figure I, a map of the test vell loeeticss, iadicaG•.. tha ar<_a cf ^:cr
,

' contaminste3 w•ir.h eobalt-eU buscd on the samples analyze•1 a•.iate. Con'..nc:rateu

eqsipcent prevtnLad sampling betveen 3-12-56 and 3-26-56. The sanF:es col:eetel

prior to 2-28-56 were laboratory holdovers from pre+ious aualyc.•e.

P

_.,-:..

, t.. . . .''C

}q.

. .. ^...- . . . . . ^ , . .

• :a

....-.+..r...+T`,'... , . ' ^ __ .'L
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CO60 IN GNOUND VATFIi UNDgU.YINC 241-BY CBIBS -
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241 Well No Sunpllnz Date Rg» ^Co Batio pf^
Unita of 10 ur/aj

.
, m,;/Co60

BY- 9. 1-16
, . 1300 7.2 .. lFo

. , . BY-11 : .. . ,^ 2-20
430 2.4 : 160. , ^. ..: ...

- • 2-28 . . .
1500

.7.4 .

2GC

BY-12 2-28 36 160

3- 5 7200 30 250

3-12 8800 130 67

3-28 10000 9C uo

4- 2 1ooo0 76 130

DISTABT VB.LS

150 1.9 7?

B-16 3-12 32 0.7 ks
B-17 3-12 45 0.6 57

*TI3 a Groes beta yta:ote emitter concentratlona

"Approximate grouid dletancee fron cribs:B-15 - 5004, B-16 - 2C00', and

B-17 - 300'.
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FIGURE - I
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As ehovn by the data in Tab1e II, all first cycle wastes analyzed contained Co'D

•'''r^`?^%'^^ The T Plant second cycle stream, as predicted, did not contain a detectab:e

quantity of cobalt-60. The presence of Co60 In both wastes approximately two

'••"" . ^ years old and contemporary Redox wacte confirme the aeeumpt:on that CoFO is prr.a-

' l^ . .
ently being and has continuously been prodaced in the reactor from impurities in

the slug materlale. The relatively emall differences in the Co0 concentration
1 ^

in the various wastes could probably be accounted for by dilutione yleld devi-
+4..,'

+

y^;^;;y;.`^;' • . `.atlone and emall losses effected by the chemical treatment of the waste as Sn-
J?tyM1.. Ir^^^

^F= "^01A '
. _. '. . . :. • ' . . . . .-• .r. -• ^^1 :r.

- '' dicated by the T.B.P. feed solution and wastes collected on 3-15-56 and3-19-50'

respectively Table II.-',

^: . :' ^., .r^ ., ., .;. ... ^ ,'-.;•.>.,
Cc An aluminum cap from a metal piece exposed to 650 M.V.D./T was obtained from

Radiometallurgy and analyzed directly by gamma coincidence counting after removal

^' ^• of the occluded fission products and by gamma spectrometer scan of the chemical:.y-

eeparat•ed cobalt. The average a,,tivity density was 6.4 x 103 no Co60/mg alum;nn4

or 780 uc/can assuming uniform distribution of Co6o throughout the aluminum.

This vouid equsl n:o6o concentration of 5-7 x 102 uc/m1 in the Redox 1 AY waste

wweuming that all of thw rtnhalY in the cens from a one ton charce rea^hed this

N waete stream. Thie is not a logical assumption since cobalt precipitates ar; the

hydroxide in the preeence of strong alkalis and an appreciable portion of the

..._. ^ eludge w•uld :^•.btbly be recove3 31rir; the le!ting of th- t•nattng .r.iete. Hov-

ON everp some fractioa of the sludge produced during the chemical removal of the ca-n

might remain :n the vessel and be dissolved with the uranlum. 'Pnus, It appeara

that impuritieu in both the uranium and aluminum col:ld be contributing to the

•v total CU60. •

4r ..
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TABLE

C060 IN PLART SEPARATIOIIS NAS18 &IItF1lMS . •

Snlution Date Sampled Co60 u^_ a1

First Cycle Bedox Waste 8- 8-55 7.6 l0-2,
. -•:;r -:

v ,.First Cycle T.B.P. Waste ', ' . . -- .... 5-u-53 , :•'^,'.:-';;', •_:5•0 z*10^2,>.
.. . . .. . . . . . _ ,3'-' - . .

T.B.P. Feed 3-15-56

.,. . 1.7 x 10-'-.

•'?iret Cycle Redox Waste (acidic) 3-19-56 9.3 x1o1, . . .., , .. . . . . . . .,.. ^ . :;^:z,. ., ,^ :'- . .

First Cycle Redox Waste(scavenged) •,3-19-e.6 5 2 3L 10-j
CT' .

TaaY 16-107-8'f-Supernate Cribbed 1e•23-55 1.9 x 10-2

ZYnk 12-110-RY-Supernate Cribbed 12-12-55 }.L x 10-2
C)

112T ( 2nd Cycle Waste, etc.) 2- 3-56 5 x 10-5
^ . : .. . . „ :.

C DISCUSSION

%P Three possible modes of'Co6o production froa'trace Supurities in the uranium,

eq aluminum can, or bonding material are Co59(n,7) Co60, Ni6()(n,p) Cu60 or Cu63

(n,a) Co6O_ The eoet abundant reaction of thwae three in the reactor vould 6e

Cc59(n,7) Co6O1 but each reaction may contribute to the total Co6o produced.

Values obtained from Metal Tabricatlon shoved ;ese than 2 ppm of Co59 in the '.L-

eninn und lesn than h pnm in the aluminum can and bondina m+terial. Nickel ranged
CT .

betveen 50 and 100 ppm in the aluminum can and uraninm. Cs`cu.,ations were m.ie
•

to determiee :T:- quantlty of Co%9 requird to praiu:e the Cob` con-ec-rstion of

uc/ml in the first cycle Redox vaste ( Table II). A=cLxl.ng an exposure1.3 x 10-27

of 200 H.W.D. per ton and 3436 li'.are of vaste per ton of inetal, only 0.12 ppm

of Co59 in the uraniun vou'_d be requir!d to praiure the quanttty of Co^o in the

Redox waste sampled in August of 1955• For 650 M.V.D/T, approxim4tely 0.04 p;a

.,,n:13 prc-A•:cs the asx a.i'»ty of Co60.
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Sir,ce the chemistry of cebalt and Sr:in Is very aimilnr it voa:ld follov that Co
,•^` ^

like Te should be et-crgly retained In the soil column unless In a complezed I , ^.^;,._N..:• ^ ,

large rolecule or un-ionized form. The chemicals for the formation of such a

.,

-}
.

molec¢7.e aru present in°the T.B.P. waste 3cavenging process where a strongly

s ,

. complezei alkali double cyanide, or cobaltams:ine could be fornei. Speculation as

to the compositlon of the molecule in beyond the scope of this paper since there. +^:,{.)';;^•....., ,...., r .....; . ,., .,..r.. ... . .... . :. ... . . ... .. „ ..: ..,. ' ..'. .. . _..,.. .^, .

are many poselbilitir_ under the prevailing scavenging conditions andthe phyaical

and cueeical ro es of such cp pert3 orpaunda are most vnriable. A detallad chemleal j^• ^-t^'
a' , :^ .:' ..•.,:. ;,f ... ....... .. : .: . . . ......, .. .,.' .. ;':::..•'..x^, ,f.^^ - e..,,

• ,lnvestigation would berequired todeteraine the necbanlsm of fa:vation, species_

and tora of the compound. , . , • . t ^. ., 7 - r ' i.i

. . . . . . . , .. '
.+f., , . .,.

8lmilsr eamples of the pre- and poat-sca-enged T.B.P. vastes were anal,yzedto•t^^

evaluata the effect of scavenging upon the Co60 concentration The results.

(Table II) indicate that a low decontaninntlon factor of apprasimately two or la:a

for Co6o is effected by the nickel ferrocyanide scavenging. This becomes insig- •

6Onificant since th vari tio th Ci tht ti i f•r.. e a n n o concene nra on e ew scavenged

wastes analyzed in greater than the in3icated decontamLnation fuctor and vculd ^ .

^ have relatively no affect upon the concentration in the grnund water.

4\} The 241-81 cribs were closed to vaste .iiaNuo.a di:o to t:.o Crlo7

a(g% the groua3 water of 241-BY-11 well on January 9, 1956. The effect of an earlier - ,

discovery of Co60 on. the closure date of the 241-BY eribs muet be sF.eculntive

^

i.

until applicable experimental data can be obtained. However, from the aata in

1^^:•able I ar.i a prelininary soil coluan •r_st by Earth Sciecces Ur_it(4) it appesre 1^'

that coeF_esed CoL"' approzimntea the soll cerc^lttton rate of nluo, ti,c c..Jur "- '-- ----'1--'

radioactive component in the gross beta particle actlvity densit^y ( TO) of grcuni ^ .••,^^

N
-

water. The average
An

-total P to Co`" actirity rat+c ^17lCo ) , ^7uu_e I, v.a i;.; --- a- -
... .^.w:,i.

to 1 for thoss vells in the Lms+niiatw vicinity of the crib site. This ratio
:

'a • =~-r^ . . . ^

' ^-i.•i ' 'rl' . a!
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applied to previous T9 ralu_n from 241-BY-11 well vatcr iniicated that the total

vo:uae of waste cribbed at the 2141-BY site would have been reduced by approxieately

2.3 x 106 gallons or from 8.5 to 6.2 x 106 gallons due to the CO
60

concentration

in the groundvater.

From the results obtained on the mcre dlstant wells B-1;, 3-16, aai B-17 ('^able I)

it appears that a lover =/Co60 ratio prevailed at lover ground vatrsl`J cen.enc,.-a-
. _ _ . . _. .>. .^ ... _ .. , . . -....^:•ar,.;- . .

tiona prior to the mjor break-through of actlvltyinto the water •ab.e. For an

':average Mtio of 50:1 the capacity of the 241-BY crib aystea vo.ald have been re-
. . ...:,,`.:mY"'•;i! . .

'duced to approxiaately 50 percent of the roluoa sent to crib.

CO1iC:.tJ8I0H9 . . ' • , ' . .. . .

The haretofore wiknovn presence of Co6o in the firatrcycle separatioaa vaste and

•.'.the subsequent formatlon of a coaplexad cobalt aolacule or Son in•the waste ecar-

anging process resulted in ground vnter eontaaiaation in excees of the naxiaua

peraiaeible concontration(2'2).

It vna indicated trea the radloactiYe eoapositim of the ground vater and vusce

liq,.Ld and fror preliainarj soil column tests that the soil undcrlyir•o the F.APC

crlOnln$ sltes Zn/ llttle or no al'ilni[y iOr CoDUyG in GCU ctaw.=piuc+i .^.o^.e• .'._+ ^

factor coupled with the present liclita for radioactivu vasteso) indi.:.ataa i
•

{a need for reduciag the eoba:t-60 _nscentratioa to prevnat s: gniSicant volu=e re-

• strutione co cribbing sites.
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