
UBCIASSD'IID 
(CLAaa1ir1cATION) 

GENERrt·• ELECTRIC 
HANf'O"D ATOMIC .... ooucT• o .. C .. ATION - "ICHLAND, WAaHIHQTON 

---------------- ---- - --- ------ - ---
TITLC 

DISPOSAL or HIGH COBALT-60 SCAVENGED WASI'F.S 

AUTHO" 

W, A. Baney 

"OUTI: TO LOCATION ' !FILlla "OUTll 
DATI: 

(. 

,y ' , 
\ 

DOCUMllNT NO • . 

HW-48862 

co,- ·, HO. 

March 4 1 ~ - ---------'-·~ ~~------1 asu I Hc:a !FILll 

TING COPY 
REetlVt' r ~'10 AREA 

MAR !O 19,1 

RETURN 10 

TECHNICAL INFORMATION FILES }I t--------............. ...,. 
SIQHATU"IE AND DATE 

,, ..... . , 
(" ....,_. ' 

/ 

' 
-------+ ----- - ------ -- --

N-SOOO-.. (• M) 

UC •H .••-••--

··· -----------+-·· -- - ----- ---- --t --- -- ----- - -· 
I 

,-
(CLAaSl!FICATION) 

TO • I: uaa:o ~N UNCLA •• l!FlllD AND OF!FICIAL uall ONLY DOCUMENT • 



... 

TJICLASSMJm 

DI8POSAL a, HIGH COBA.LT-6o SCAVDGBD WABrlS 

By 

V. A. Haney 

Procea• Denwnstration • Anal.yaia 
Cheaic&l Bttluenta Technology ~ration 

CBBMICAL IIDQCH & mvEU>PMKlff OPIRATIOI 

March 4, 1957 

IIAIPORD A!CIIIC PROOOCTS OPl:RATIOB 
nicm.AlU) 1 VASHDll?Olf 

Operated tor the Atcaic aier11 Camaiaaion by the 
General llectric Cairpany under contract IW-31-109-Bng.-52 

RW-48862 
~ .,~~ 

COf'V 1 MICRCFl L',f 



BAD'OKD A!CIIIC PllODUCTS OPKRATIOI 
Richl.&Dd, Washington 

•Thi• report vaa prepared only tor use within General Electric 
Cmpany ia. the courH of work under AtCllllic Energy CaamiHion 
Contract W-31-109-Bng-52. Any views or o~iniona expressed in 
the report are t~o•e ~ the authors on1y.• 

Thi• report vaa prepared u an account ot G·JVernment sponsored wark . Neither the 
United States nor the C011111liaaion, nor any person acting on behalf ot the Commission: 

A. llakH uy warranty or repreHntation, expreBB or implied, "With respect to the 
accuracy, compl•teu••, or uaef'u.lneas ot the tntormation contained in this re
port, or that the use of any intormation, apparatus, method, or proceBB dis
closed in thia report my not intringe privately owned rights ; or 

B. AHUM8 any liabilit!ea with respect to the use of, or for damages resulting 
trca the use ot any intormat1on, apparatus, method, or proceH disclosed in 
thi• report. 

M uae4 in the above, "person acting on behalt or the Ccmmiasion" includes any em
plc,y-ee ar contractor ot the Caamission to the extent that such employee or contrac
tor prepared., handles or distributes, or prov-idea access to, any intornsation pur
hallt to hia employaent or contract with thew CUmiasion. 
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!his document relates to the disposal to ground of a spec

ific radioactive vaate solution on a production test or •use 

tHt" baaie. The teet will serve a dual purpose. In the first 

place, it will &11011 the disposal, at a good. ratio of savings 

to ooet, ot at least a part 1t not &J.l. ot a large volume or 

uaterial which otherviee vould require the emergency type ot 

dispoNJ. (on a epecitic retention basis) or tank stol'&89. 

Secoa4l.y 11114 ot 1111111 ar iJa.portance, it should provide an unUSUAl 

opportunity tor st~ ot the dispersion or liquid.a in the 

grow:advater .• a phenomenon 111-detined at the present time and 

ot C0118iderable intere• t in Bantord vaate dispoa&l practice. 

Aa tbe 4ocuaent expl.aina, this proposed~ scale test 

1a not vitbout risk but a caref'ul analyais ot the technical 

upect• , u ve 11011 understand them, and a c01l81deration ot the 

n41oloeical hau.rd• control requirements do not, in our opin

ion, CODtrain41cate the teuibi! !.t;r and s&tet;y ot the pro-

ceclure. 

'?be aotiTation ot thi• u•e teet is N'COIIDended. 

HW-48862 

Manager, Che cal ltttluents Technology 
CBIKICAL RBSKARCB & DBVBLOJIMDI'? OPDATIOlf 

D.W. PMrce/dnb 
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DISPOSAL OP HIGH COBALT-6o SCAVENGE» WASTES 

Early in 1956 it vas discovered that TBP scavenged waste& contained significant 
concentrations ot co6o, and that the complexed form ot the rad.ioisotoro vas re
sulting 1n little or no removal by soil adsorption mechani~ . R-... -Rh 06 w&.e J\.DOVU 

to be preeeut in significant coucentrations, yet did not limit disposal since it 
haa a ~-111'• ot lees than three years (1,0 y.}, and a relatiTill.y high MPC. As 
a result, the recommended cribbable 11.Jllit tor cooO concentration in s~avenged 
vutee vae set at le•• than~ x 10-5,,.c/cc, the maximum permi• aible concentration 
in 4rinkiq water tor non-occupat~nal consumption. Un.1ucceastul attempts to de
nlop a proces• tor scavenging Co to obtain a concentration in the supernate 
below the reco.DBnded cribbable limit have resulted in trench disposal on a spec
Uic retention buis ot practically all scavenged wastes produced since June, 1956. 

Diapoa&l by apecUic retention has been permitted in the past and is presently re
co-ncled a• an emergency Masure to be resorted to only vhen lack of tank stor
age ai,ac• 1• a threat to continued operation of separation procea~es. Occasioual 
uae ot tre;.ich•• 1• Justified tor disposal of small volumes ot liquid whict,, :Lt' 
Jlixed with large volumes ot conventionc.J. vastee, may ronde~ the vhole batch unauit
able tor crib disposal, The obJect1ons to this mode of disposal are the lack ot 
Jmovle«ge relating to the movement of unadaorbed radioisotopes placed in soils, its 
relatively large consumption ot lan.d, and the potential presented for excessiTI9 
peraonnel radiation expoaure• and serious incidents. Research 1n progress and re
Tiff ot put aperience -.y ahov eventually- that disposal via specific 1·etention 
•1 be UHd u a standard mode ot disposal tor selected vastea. 

leceot laboratory teats employing representative samples f"rcn approximately 
18,000,000 gallon• ot "in-tarm" atored TBP w.stes indicate that these vastea can 
be decoat.ew1uW to a co6o concentration below 4 x 10-4 fJ,C/cc, (NPC for occupa
tioD&l. apoeure), but not .- lov .. the current cribbable 11.ai t. 

Th• object ot thia report ia to define a use test tor the d1apo8&l. ot a large trac
tion ot in-fQl'll acavenged vaatea. The diapoaal plan as outlined should advance the 
lmovledp ot waste diaperaion in groundwater of the region, and permit discharge ot 
aipUicut Toluae• ot vaate to exiating criba, thereby achieving aizeable econo&
iH OTer alternate Mthoda, Knovledp ot c~•1t1on and amount of radioactive 
iaotope• entering the oribe, p&rtioularl.y r.o , will perw.it tracing the paaaage ot 
waste caaponent• throuah exiating and planned wells in the dovnatream direction 
traa the diapoa&l point. Stratification or vertical sinking of the vaste in gt"ound
water ~ be correlated to ground. horizons and -.ate characteriatica. 
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~iatina crib• ill 216-BC ahould be used tor di1pol&l ot in-tarm scavenged wastes 
under the tolloving cond.itiona: 

l. ill vute to be Hmpled and analyzed in the manner presently Ntablished, 
including eo6o deteraination. 

2. Ad.equate 1011 adacrption tor cs137 and Sr90 to be demonstra+.ed by labor
ator;y te1t prior to 41apol&l as in the past. 

3. eo6o concentration not to exceed 4 x 10-4r1c/cc. 

4. Crib• to be uHd. in the order Htabl11hed in thi I report . No more than 
1,000,000 pllon1 per aonth 1hould be ci!.1po1ed . 

5. Uae ot a crib to be d11contill~ed when Ci1l3? ~ppear1 in the groundwater at 
0.1 JIPC. Crib d11poaal alao to be terainatfJd ahould untoreaeen develop
auta 1hov that a ha&ardoua or otherv1H und.eairab· .. e condition may b'9 re
aultiq. 

6. Four 11ft aoni toriag well• and dHpening ot an existing vell will be re-
quired ri thin 6 aontha ot the start ot d11pol&l. 

The 41apoa&:;. u outli.nad is not intended to establish a preoedent tor ruture dis
poa&l ~ice. The propo1ed pl.au of 41ecb&rge ie deeigned to perai t a large 
ae&le 11rnat1gat1on or the beh&Tior ot vutes ill the groundwater anc\ economically 
dilpoH ot a aipiticant Toluae ot vute. It 1• hoped that such a te1t vill clar
U7 aoaa ot the u~ertaint7 regarding the ul.ti.Jlate fate ot vute d11cbarged. to 
~ter. 811oh illtanaatiOD -.y- permit, 1n the future, 1ome rel.uation ot the 
preHat 41.apoNl. criteria. 

OD• ot the tvo obJectivH ot the disposal 11 to discharge the vaste sately and 
ec01l0aica.Uy to the ground 10 that recovered underground storage apace will be 
ad.a a-.a1.l.able to recein high act1T1t~ vutes produced by the prime separation 
planta. Tm c,ther obJecti Te 1• to collect data that may be usetul in hydro
logic&l. atudiee relating to etratif:.cation and dilution or dispersion of wastes 
ill groundwater and groundvater movement. 

The 216-BC cribaite, or1g1nal.ly in~ended for scavenged wastos, is available tor 
thia diapoaal. Since it lie• tar south of cribsites in vhich co6o has penetra
ted. to groundwater, it is unlikely that movement ot this material in groundwater 
will interfere with the uee test outlined. Direction or groundwater moveMnt 
ill thia general region is .known with eome assurance, permitting the strategic 
placiq ot test veils. 'l'he relatively great depth to groundwater should permit 
larp TOluaH ot vute to be discharged. prior to cal37 bre&ktbrough, thereby
illcrr.aaillg the likelihood o:t eo6o .. tering the groundwater in concentratiou 
-~ MUurecl. To date, the •ix BC cr1b11 ban rece1T9d about 8,500,000 pl.loaa r: 
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ot eaavenged vaate. Co&J concentrat1gns in waste~discharged to the BC-2, 3, 
5 and 6 cribs ban been below 4 x 10- fc/cc. Co concentrations in wastes 
diacbarged to the BC-land BC-4 cribs are unknown, but were probably in this 
ranee- Prennt evidence, baaed on results ot veil probings and groundwater 
•-pliDg, iDd.icates that none ot the wastes discharged to the BC cribs has 
entered the nsional ground•ter table. 

Baaed on experience vith •cavenged vast~ disposals at the 216-BY cribsite, it 
1• eatiated. that each ot the BC clibs can receive a total Qf 4,000,000 gallon.s 
ot vaate betore breakthrough ot Cs 37 into the regional . groundwater cable will 
occur. Allowing tor vute already discharged in the BC site, approxiYDetely 
10,000,000 additional gal.lone ot waste 1JrtJ.y be sent to the BC-2, 3, 5 and 6 
criba. U•e ot th~BC-1 and BC-4 crib~ at this time is not recoanended since 
i~onatiou on Co concentration 1L. waste sent to these cribs is not avail
able. 

The •ugge•ted. diapoaal pl.an 1• bued on an ~xpect..!d ir.i.-ra. in scavenging rate 
ot 700,000 gallona ot 11Upernate per month, c,r one batch {~ 500,000 gallons) 
efl%7 tbrN veeu. ""Vaatea ahould be added to the BC-2 3, and 6 cribs until 
each bu receiTed approxillately the YOlWDII ot vute that has been discharged 
to tbe BC-5 crib (2.25 millioo gallon•). 6u'r:>11\equent diaposal ot each succes
aiTe b&te;h to a ditt~rent crib •hould insure equillbriupt being established in 
the 4ovnvard a,vwwt ot vaate through the subsoil prior to turther addition 
ot vute to th• cr1Q. 

Cribline Hllplea ahould be obtained and analyzed. as has been the practice in 
paat •c..ffllPd vaate di•posal.1. Soil column testing ot these aariples to de•&r
ld.De ca u4 Sr adaorption cb&racteristic, tor each batch should also be contiu
uecl. J'roa then reaults reaacmable pred.ictiona 'll1&Y be Jt1.ade o!' . ·~ ~ ~otal Tolu"!!e 
which -.y be diapoHd to the crib(•) prior to breakthrough . 

Anticipated uH ot the gaaa apectrometer veil probr. to det.·. ·' • ,s of pene-
tration ot ra4.i.oiaotope• in tbe •oil will &Hist in · redi"."t: ·.ime when 
conte• 1Mt1on v1ll fitei• the regional groundwater tabli!> . li~ . ll'Hl be con-
timlecl until an undeai.rable cond.ition arises (e .g . csl.37 br- .. :.. .:·· . , 1) that 
require• reaonl ot the crib(•) hen serTice. The appearac..•.ti ... _ ·. >) in ground
water "p to the IIPC (4 x 10-~ 110/cc) will D.ot restrict the use c,~· -t.~1e cribs tar 
tb1a ten 41.apoNJ.. 

Four nn aonitoriDg well.a and de~ning ot an existing veil will be required. 
to m=itc-r the ao• w4t ot c011tem1nation &ttt'",r it enters the regional gro,md
vateT. '?brff ot tbe tl)U?' nev wile will be drilled through the groundwater 
watil 'the blue ('lay ot the Bingold formation is intersected. The fourth well 
will be d.rilled to b&a&lt, u will be the deepened well. Tvo ot these wells 
will be d.rillecl about one halt mile to the southeast ot the cribeite. The 
th1rd veil will be drilled about 1-1/2 mile t'rom the ~ribsite, 1n the same dir
eoti011, u4 the tom-th veil vill be drilled at a distance ot about tvo miles 
aouth ot the cribaite. Well 299-1-13-5 vill be de8pen.fld an ad.d1tional 300 teet. 
The well• are eituated 1n the pnel"111 path flt ant1c1pe.ted groundwater moving 
trca the or1'ba1te under precliuted groundvatflr &rad.ient•. 

8c:al a441.tiOll&l. prorl.aiOll.8 heretofore not · 1ncorporated in monitoring wells v1ll 
be :neeW. to ilqaon the T&l.idity ot t,he data obtained. t'rcm saapling and pw1p-
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1Dg te1t1 and to permit more extensive tests to be performed . Well-screen 
vill be used on the :;hree wells drilled closest to the disposal site. The use 
~ vell-1creen 1hould improve the reliability of in-well tests such as ground
water direction and rate measurements, permeabiJity of strata measurements, 
and gin greater a11urance ot representative sampling. The deepening ot the 
011• 1pecitied veil and drilling the fourth well to basalt will permit sampling 
traver1es ot the entire depth ot grrundvater. These studies are to identify 
stratifjcation ot the waste entering the groundwater as e. consequence or den-
1it7 clitterence1 or varying permeabilities in the several soil horizons. 

'fhe vel11, in addition to the specific tests relating t o this planned disposal, 
¥1111upple•nt ~loratory and monitorine; wells presently in use. It is an
ticipated that the veils will be sponsorctd by the Chemical Processing Depart
mnt. Vella 1hould be available within six months af'ter the st.art or disposal. 
Collt1nuation ot di1po8&11 to the 216-BC cribsite 1m1st be dependent upon get
ting then vell1 drilled. vith1n the specified period ot time. The three shal
lower vell1 1houla. be given priority. The first veil drilled should be the 
one neare1t the crib11te. Bxa~t coordinates tor the wells vill be establi.shed 
'b7 Cbmlical Bttluent• 'fechnologr. 

B. PNHnt Statu• ~ eo60 in Groundwater 

eo60 vu detected in vell water samples obtained near the 216-BI cribsite early 
in 1956. The highest concentration detected. vas 1. 2 x 10-2 11c/ cc. Recent 
groundwater sample• illd1.cate the continued presence or co6o at this Site ; the 
-,ximua concentration cleteot6d. new being 4. 5 x 10-4 pc/ cc. The farthest well 
1lOlr 1thov1.Dg detectable CofxJ is appraxi.Jastely 1000 teet southeaat ot the 21.6-BI 
cr1b•1te. 

0. OmlHCJ!l!!C88 ~ Dilpoaal 

It 11 reali~ed that 11111.ted knovlttdge exists concerning the tate ot radioactive 
•teriala placed. in the groundwater beneath the Separation Areas . Virtually 
&l.l groundwater vtll uli.illlately reach the Columbia River c~ing with it the 
und.ecayed radioisotope• not adaorbed on i,oil particles . co60 present in the 
,rute1 1• knovn to be complexed and not adsorbed,· hence acuo~tlon can not be 
relied upou to Nduce the concentration. The ha.lt-11.te ot cooO, 5. 2 year• .. is 
lODS enough that decay during travel to thft Columbi& River ay ett4act ~ lim
ited reduction in concentration. Other isotopes, principa].ly Ru100, are also 
pre1ent in appreciable quantities in groundwater, hence ·their contribution to 
the t'raction ~ mia111 permi11ible concent~ation at the point ot use must be 
couidered.. Ocaplete llixing in the river m.y not be realized tor a:1.gnU'icant 
dist&lloe• vhen tbe aaterial to be diluted 1~ added at the shoreliue. or at the 
'bot"-~ th• :-inr. 

The•• conaiderat10G8 and the po• 11blllty that i:: t, .. 1cally t00tlc material may be 
pre1eut in 1uch vaete • tre ... •UCP•t t hat tom@' r1,k may be ta~ed in the di1-
poA1 ~ the 1ubJect vutei, t-, o.rib•. 

Mitigating ~actor• are introduced. by the dispoe.al plan as outlined &ald induc
tin reasoning supports the conclu.e1on that the risk is one which can be tak.9n . 
le•tricti.Dg co60 di•po•ed in theee cribs to the maximum permi11ible dr~i.Dg 
vater concentratiOG reault1 in a relatively a.all total quant1t1 ot Co , 
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1'1Yolved, aoae 15 cur1el!. If tht~ quantity verf' tnt.r,xiu ced t,11 t..' 1,. r1vf'r t1tt-11d -
1ly in 5 ainutea and mixing could bt'! reallied, 0 . 1 MPC fnr Co1><J woul d not be 
exceeded.. Mechaniama by vhi(' h this rate or &ddi t ion could be real 11.ed CJr even 
approached u a conaequence or the plaM~d c119poeal cannot. be vt, uallt.ed, einee 
the d..1 apoaa.l v1ll be arcanpl111hed in nn ft-wer than 10 months . A.I thouf,1)1 It 111 
not kAovu that accuau.latioo or co&J by r1 'iP.r 1, l an~~ and organiel'IUI wil l nc,t. CJ cr ,.1.r, 
the tact that thia 1e not a long term continuing 11ep,:-,eal M!d11 c flt1 the mllgnt tude 
ot the riak rr~m thie consideration 

I1aert cheaical• or concern in scavl"ng"'a v11 ~l~ . i:" !'H~"t.e ton 1n concent:-ationt' 
ot 100 1 ()00 to 200,()()() ppm. and rerr ocyan1de ion 1n ( ~ncentrat1on ~StlJM~eJ t c 
be much leH than 5000 ppm . Ava11.,t-1e da~~ lr11i1r"lV.• t.hat very e1gn1f1 r.: ant di
lution factors for nitrate ion in groun~~a•~r ~r e a . hteved at distance~ of sev
ural mile• from ihe dieposal ~tt.e, and ,.ven more ~tpl lf lc&..~t rP.du ction for th~ 
te1Tocyanide 1• expected due to 1nter4c4'.. 1on wt th heavy e Jer..l"'ln+ .• , in the soil . 

It 1• unlikely that d.ri1\king water ""lls on the proJe c. t "1 1 l bPcane contamin
ated u a reault or thia d ~epoe&l . Tvo ""UP, f1ve mi l e!! an•! !'even mile!! north
eut ot the crib1ite are routinely non1tor~d !or radioactivity, and &re in a 
direction 90• rr0111 the expected dtre c t1 on of gro~ndV&t~~ movement. Other drinK -
1.ng water veil• are alao routinely monitorc~ o.nd are m~~e remo ~ely located rre111 
t.» expected area ot groundwater cont.-uain.stion . The appearance or significant 
quant1t1•• ot ra41oactin or chemically toxic matertala ln vell• lhoul~ be de
tected 1u tu;a t(\ penait alternate prvvia1on for dvmeail~ water. 

'!'be uae teat u uacr1~ abou.ld reBUl.t in the acquirrng ot valuable data relating 
to IIO"fl Ht ot radioactin vaatee in groundwau-r and perai t t.he £ta!e di!p-::,!el or a 
aip1ticant Yoluae ot vaatea preaently held in t.e.nke . 


