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The first cycle vaste stresms cf the Redox snd T.B.P. Plant, the feed solution
te T.B.P., and pre- and post-rnickel ferrocyanide scavenged T.B.P. wastes all
ccatained Coéo. Covali-4% wau nct detectable in the seconl cycle T Plart vaste

or in the contaminated ground valer underlying the secand cy~le cribdbing ute.

Cchalt-60 can be formed from one o mare of the follwwing reactioﬁa \q c0pper,
nftckel and cobalt impuri{ties in reactor materials: Cosg(n,r) Coéo, :$ 8 (n,,)

Coér; and c 3(n,cx) cob0. Tbe produ tion ut (:060 r*-oa mizuta qunnti

les af onz:
a or"noro of the abovo 1npur1t1eu vas ahavn ‘oy the analyses c? the nluni.nu:n caps
from amtal plece exposed to 650 K.W.D./T. The cobalt-60 activity denslty wvas
3 npﬁrdximteh 6.4 x 1073 \xc/mg of aluminum. The cﬁb&lt—GO in firn.;.‘“;yycl;separ-
ation waste streams could originate froa impurities {n both the irradiated alu-

minum can and uranium.

EI 3TORY ‘

Two factors ﬁlnyod on iaportant part ln‘ the finding and identification of the
~obalt=-60. The mcre significant vas a recent revision to the atrontium prace
dur«-(l) to lacrease si.;nu'lcu.ntr, t.ho Ru106 d-conu:nim.*‘on Zastor vhizn allow-1. ...
detection of tho contaminant in ‘the :u-ontium determ=irstioz. The broader appli-
cation and increasad sansitivity oI Loa gamma ray spwciiuialol weds puasibis U,

a recently inatalled three-inch NaI(Tl) vell crystal was a significant factor in

the {dentification and expedition cf the work.

Lowv energy.bem particles from a strontium precipitata of a gr: ! wnter ls
from the 2L1-BY-12 well collected on 2-28-56 vere irvestigaled by an aluminum
aXsorptica study to deterzine the ezergy and to confirm the indiration ot Srs‘;"?o.
These beta absorption curves shoved trhat the energy vms app-oximately 0.3 Mev,
oS low for olthar radicacetivae Ir o Rhloe, ard irdlcated the preserce of an l2n-

tope not praviously detected in groucd water samplea. A larger voluce allquot
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wvns evaporatad to drynass in the presence of perchloric acld to‘expel tte high
level RulC6 - Rh106 activity. The residue was dissolved in a small quanti-y of
acid and scanned with the gumma ray spectromater. Qamma energies of approximately
117 and 1.33 Mev and a small coincidence peak at approximately 2.5 Mev vere round.
R . The age of the material sent to the crib and the beta and gamma erergies all in-
" dicated *hat Co60 vas the unknown contaminant. Engineerirg and Hanufac.urlng Lat-
__oratorieu vere contacted relative to earlier vork on the identi'icaticn of Llzotcras
: present in waste streams and "Can" nctiva*:.on am.yses.‘ Their teuts vere not

' pointed tcwnrd the detection or Co60 and consequently, a reviev ot thes- data did

. .not indicato lta presence. To further corroborate the findings a cobalt ckemical

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

formulated to qunntitntively separata cobalt from any Fesg thnt might be present .

‘ since the beta and gamma energies are very similar to those of FoGo excep: for

"the gamma coincidence peak of 2.5 Mev. DBeta and gamma energy studies and gamma- ‘ X

gamma coincidence counting of the cobalt precipitate confirmed the earlier measu-e-
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~ Tuo pez3idilities exisbed for the presencs of U577 in the ground vater undor th- ? }
T.B.P. scavengea vaste cribbirg area. (1) An irradioted Co”” slug bad lnsdver- e
i L
[N
tantly been dissolved vith the uranium metal and tad teen gent to g=ound a* <c=:z r »g
1 _
earlier dute or (2) co® vas being continuously produced in the resctors froa im- l §
. !
® purities ip the uranium, bonding material, or alumirum cans. A search var oadae ’ i
! L
for all the uvailable samples of T.B.P. scavenged wvastes previously seat 1o crit ‘ L7
' h as vell as samplee of other plant vaste atreams that would provide data on tne é :ﬁ
] h .uz:
p conteaporary wastes tc define the source cf the covali-60. The proteiires and ; R
methods used vere varied to meet aanple conditiors and vitkout corcera for the { B
4 .
radioctemical yieli to ~xpedita the aralyses. Froa the data obtaizel ari the f -
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procedure used, a fifty perccnt deviation in the assumed £ifty percent radiockem-
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ical yleld of tlese wvaste anaslyses appears reascunabdble.

. ANALYTICAL METHCDS

The aralytical methoda employed {n determining the cobalt-60 concentrations in

- ground vut,er,' feed and vaste streams frcam T.B.P., § first cycle wvaste from

Redox varied due to the radioactive apeciu preoent. In detem.lning cobtltoGO

- ground water concentrations, it Vas necessary cnly to remove tha lu'gc uount- of

ruthenium-106 by perchloric acid distillation followed by a gamma scan.

" The feed and vaste streams from T.B.P. contained in addition to ruthenium hrge

amounts of aptimony-125, cesium-137, and the rare earths. The ruther.um vas re-

P P S VS 2 1T I Py T
. K

© maved by dlstillation after vhich the cd lon of amconium hydrotide complexed
' ths cobal? and scavenged the rare earths by formation of an iron hydroxide pre-

'cipluu. The insoluble antimony sulfide vas removed by acldifying the supernats

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

o tion and any occluded cesium removed by a silicovolframic acid scavenxe on a ni-

tric acid gclution of the cobalt sulfide.

-

The Readax fir:.t cyclc vaste contained in addition “o the previously mentiored lao-
topes large u.nounta of zirconium-95 and nlobium-95. The Z> and Xo a3 remove’

wiih succesnive acid iodate scavergaes prior to the ruthenium distillation. Sep-

aration of tha other isotopes vas in the sams manaer as outl!ned ubove £ T.B.P.

wvaste solutionsa.

All acivity measurements vere cbtained by transferring the cobalt fractiocz to a
vial vnicn vas piaced in a thrce-inch vell Eel({Ti) arystal of & walia spectscadslas.

Wo atiexpt vas made to determine the radiochemical yleld on the vaste streas

sanples since only qualitative ansvers vere necsssary to doterziie lua svulce OF
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the Co . Howvever, from tte relative data obtained (Table 1I), a deviatlon of
fifty percent appears reasonable. The radiochemical yleld for c¢balt ia groucid .

vater samples wvas assumed to be one-hundred percent since the method enta’led

L]

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

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

4

,At HAPO,. the u.mo\mt. of mdloncuve mterul thatl can bYe crLbbed to any cne Bite
o 1s linit.ed by thc concentration of any critical nuﬂlldo in ?.he sround vnt-r. A
‘. o critica.l iaotope may bo ditlned as nny Mluctlve isotope vlth a hu.r-lite
grenber than three years that excaeds one-tanth of the maximum pern.suible con~ (\

centration (M.P.C.) in drinking vater(2) for occupational exposure.. m M.P.C.

. for Co in vater 1s b x 10~ uc/ll o The 241-BY-12 vell vater sampled cn
2-28-56 axceeded the EAPO 1limit for Co®C in ground wvater (4 x 1075 uc/ml) by a |
factor of approximately 100 and had furtker increased by a factor of three three

weeks later. e

' ~— . -
The activity density of Co6o in ground vater samples taken from wellr mdtezznt 3, 4
‘ [ o
and dowvnatream from the T.85.P. scavenged wvaste criba (2L1-BY) {8 prec~s-es2 o, j =
-
Teble I. Figure I, 2 map of the test well locaticra, Indlcmtes the area cf woizrs :_,_._.

(4
contaninated wvith cobalt-20 btascd on the sumples aralyzed 0 date. Conlozircated B

eguipment prevented sampling oatveen 3-12-56 and 3-2C-%€. The sanoplas colle-ted

prior to 2-28-56 vere laboratory holdovers from previous aralyers.

¢

H

B, O P T et

13 -
- dhas et
R |
- i £ |

N £
P e e A R an "

s
11 SAIRATY § P
A s el

e —— 2




-1~ » Hu-L2ed

TABLE I

IN GROUND WATER UNDERLYING 2L1-BY CRIB3

241 Well Xo Sunplin? Date TB* ) 6060 Rnt:o68f
Units of 10 wur/ml - ;/Co
BY- 9. 1416 130 7.2 . . 10
o Y-l 2-20 vk 2.6 7160
" 228 1500 1w
. BY-12 2.8 €0 B 0160
3- 5 “T200 3 250
3-12 8800 130 61
3-28 10000 IR S
‘ k-2 10000 6 130
| | DISTANT VELL3 |
B-15%e 3-12 150 1.9 7 ;
B-16 3-12 32 0.7 LS
B-17 3-12 %S 0.8 o L___L-:

rCaall A lih ot
S
Al

Y = Gross beta posticle emitter concentrations

Geinie o ‘e an

®eApprox{mate grourd distan:zes from cribs: B-15 - 500°', B-15 - :l00', and

bazl

-

3'17 - 3 3
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As shown by the data in Table II, all first cycle wastes aaa,yzed contained CO:

Py T

The T Plant second cycle stream, as predicted, did not contain a detectable

60

quantity of cobalt-6&0. in both wastes approximately tvo

The presence of Co

£
years old and contemporary Redox wacte confirms tkhe assumpt.on that CO‘O i8 prea-~

ently being and has continucusly been produced in the reactor froq‘inﬁurltlcs in

the slug materials. The relatively asmall differences in the Co60 concentration

in the various wastes could probably be accounted for by dilutions, yield devi-

'.ltions and amall losses effected by the chenical treatzent of the vnsta‘aa ir-
dicutcd by the T.B.P. feed solution ar vastes collccted on 3-15-56 and 3 -19- Sc

: ',roapoctivoly, Table II.

1 aluminum cap from a metal plece exposed to 650 M.W.D./T was cbtaincd fron

Radiometallurgy and analyzed directly by gamma coincidence counting after removal

_of the occluded fission products and b; gamma spectrometer scan qt the chemically
separated cobalt. The average a~tivity density waa 6.b x 1073 ue 006°/=5 aluwicen ' L
or 780 uc/can assuming uziform distribution of o +throughout the aluminum.

This would equal a 3060 concentration of 5.7 x 10™ uc/ml in the Bedox 1 AW waste

assuming that all of the aohalt i{n the cans from a one ton charge reached this

vaste stream.

Thiz 1s not a logical assuzption since cobalt prezipitates
hydroxide in the presence of strong alkaslis und an appreciable porijion of
slydoe wonld nrobably he vemoved 4uring the darting of the caating vanta.
ever, some fraction of the nludge pr;duced during the chemiceal removal of
might rerain the vessel and

dissolved vita the uranium. Thus, !

that impurities in both the wranium and aluminum could lLe contributiing to

total 0060.
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arrlied to previous T3 valu.s frog 241-BY-1l well vater ln.iicated ttat the total
volune of wvaste cribbed at the 2.1-BY site would bave been reduced by appraoximately

2.3 x 106 gallons or rroa 8.5 to 6.2 x 106 gallons due to the C06° concentration

in tte ground wvater. : &

. Froa the results obtained on the ocre distant wells B-15, B.16, a=zli B-lT (Table I)

it appears t.x;at. a lover '1“.;/(:060 rauo proniled at lcve. g-ound vatr: 1:3 conlenirs~

o

',um prior t.o the major break- t.hrough of -cuvity into the vat.er .ab'.e. Fcr an

"vaverugc mtio of 50:1 the capacity ~ = 24l ay1 ‘ voyc} h.g.yc been ra-

;v duced to approximately 50 percent of the volume sent %o erib.

"CONCLUSIONS

ETRES

_,m heretofore unknovn presence af C06° in the first-cycle up‘nuonn vaate and
tb.c uuhuquent formation of a complexed cohtlt :nlnculc ar iom 1n tha wmste scAY-

'cnging process resulted in ground vater contamination in excess of the muximum

peraisaible concenmtxen(z' 2) .

It vas indicated from the radioactive composition of tha ground vater acd vaste

119143 and from prelinina=y soll colum tests that the soll undarlying the HAPC !
Criboing sites Jus LlLlle OF NO AfIlnity [OF COOmAL ih WM COCPLEAa] suaics twea j
factor couple? with the present 22spccal limita for radfoactive vastastd) indfcatas
& need for reducing the cobalt-40 _oicentration to prevert sighiflicant voluze re~ !

strictions cn cribbing sites.
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