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THE CONTAMINATIOR OF WHITE CAK CREEX
WITHE CTIVE WASTES FROM CLTNTORN LABORATORIES

On April 26, 194% an examination was mmde of the active vasto disposal
asystem at Clinton Ilsbormntoriss. This eyxaminaticn incluvded an essey of

the mud alcag ths aides and cn the bottom of White Oak Creek., The mmterial
was found to be guite strongly sctive at a nusber of poirts, and wxasurabdly
actlve at tho nonth of the crsek where it empties into the Clinck River.
This situation had arisen as a rssuit of the discherge of zctive wasties
into the creek starting March 6th, 1S54L, The fact that this might cauwse |
zn Ondesirable condition if continued was the reason vay studies of the =
sitvation, of wihich this iz a part, wers undertalren.

The samples wsro collscted from the top 0.5 cm of the mud on the creel
bottos and sides at points indicated cm the wmap: The samples wsys pansed
through & 100 mssh sievs and the coarse incluzions discarded. The total
activity vas determined on sunitabis aiiquots. Two sets of semples woro
taken. The first on April 26, 1944 and the mecond five days laiter. DJuring
this poried no uctivity was dischargsd ianto ths creek. The dat: aye pre-
sented in Table I. Por comparicon, ssasurements mads July 4, 1744 by

P, L. Biuenauchor are iancluded.

Amory: Soil

Samples A, B, D, ¥, and F, wers assayed for radioactive constituents as
followa: from .0350 gm to 3.000 g of soil, depeniing upcn its notivity
way treated with a mixture of HF and HpS0). 350 mgs emch of barium and
ztrontiwm, and 10 mge sach of zirconium, colwmbium, ruthenium, ltellurlum,
cesivm, lanthanum, yitriwm and cerium wers added and ithe mizture waa
zvaporated te dxryness,

The residue was Yused with Zp(0x. The Fused mass ves taken up in water
end ths insolubls materiml vas centrifuged out and washed. The cumbined
supsrnatant iiguid and wvashings were neutralized witi AC1 and tresated with
%F. The rosulting fluoride prscipitate was centrifuged cut anmi sst aside.
The supsrnatant liquid was discarded.

The resgidus from the carbonats fusion was treated with HCL and “hen mads
tasic with carbonete-free HHN0H. The hydrexide pracipitate was centri-
fuged out and combined with Pluoride pracipitate described above. The
supernatant liquid was treated with {FHy)oCOz reagent for the soparation
of barium and strontivm as carbornates. '

'The combined HE)0H precipitate ard fluoride precipitate was digested with

HF and the resulting insoluble flucrides wsre ceparated out and set agide
for the rare-oarth mnalysis. The AT filtrate wuns treated with HeS and the
rrocipitate of tellurimm and Futhsniuwm vere sevsrated out and discarded..
The ?iltrate was fmmed with EpSOj diluted and mede basic with NH}OH. The
resulting precipitate was fused with X 00x. The residue was brought into
snlution with EF foliowed by Puming with [nS0). Zirconium was precipitated
as the phosphate in the presence of 20% HoSO) erd HsOp. The colusbius in
ths EpCOs £iltrate was purifisd by srevipitation with CHIO.
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The rars earth fraction was fumed with HpSO, and then precipitated again
es the Tluoride. Corium wvas separatsd by means of the icdate methed. The
Y+Pe fiuction wvas precipitated az hydrazides from She lcdate Piltrats.

Since it was not practical to isolate cesiumm, ruthonium and telluriua
Prom the same sempleo wsed for the sbove elomsnts, these three elomsnts
wors detormined on & soparate sample,

Holdbaock cerriers vers added snd the sample fused with RapCOx. Ths
filtrate from the carbonmte fusion wae saturated with ECl and FaCl
peocipitate discarded, The filirate frea the HCL treatment was mede
basgic with Q‘?Eh}gcog end the filirate svaporated to dryneas and ignited.
Ths residue wme takdbn up in Hy0 and the cesiva precipitated by fuming
with HC1lOy.

The fusion rssiduy wvas digested with HF. The HF filtrate was treated
with Hy8 and the telluriua and ruthenium precipitated. Tollurimm wvao
isclated by rsducticn tc the metml with SO05. Ruthenium was isclated by
distiliation with HC1Oy.

All isolated ssmples wers welghod and the sctivities corrscted for per-
cent recovery. The activitles, corrected to 0 filier thickmese, ars
presented in Txble II,

H-6 Solutica

Aligquots wers taksn from sach of fivs, well agitated, three grilim
samples of W-6. The mixed sampleo wme centrifugsd and the clear Tiltrate
and s@all precipitate assayed separatsoly. The method of asssying was
sssentially similar to thal described above. The resulits at 0 thicxnaess
are given in Teblo II, The W-6 precipitate activiiies are bamed on ths
amount of precipitate from 1 cc of W-5 solution.

Broduct Assay

Ths filtrate ard precipitats from W-6 storags tank vas treated with
aydroxylamine hydrcchloride and the product precipitated as the Tluoride
with BHF, afteyr adding 5 wgms. lanthanum as cerrior. Ths fluvorido vrsci-
pitate was dissolved in concentrated M0z, diluted end represcipifated ms
abovs, This wep ropeated three more “izmes and the final precipltats
transfertad to & Pt dizh and comnted.

Soll samples A and B vors fused with sndimm carbonate; the melt was taksn

up in wator snd soidified. 5 mgy lanthsnum wes added mnd the mixturs
traated with aqua vegia, Tho sampleos wers contrifugsd and the zesidus
sxtracted with hot zoun regla. Tho residus loft Sroam the third treatmont
wvas fomnd o be alphe inmctive. The cambinsd filtrates wers evaporated ©o

a mll voluse, made basic with ZaCH ard heated to boiling, Th» resulting
precipitate was contrifuged, vashed and teken up in BCl. The fluovide was
vracipitated and purified as the W-6 nzsay. Tha results for both W-6 and the
g0il samples aye given in Table IT.

§
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The data in Table I shey that fission products are Tized on soils of The
type occurring along White Csk Creex. This finding is in harmony with the
‘mown Tacts conceoiming the fixation of cations on claya, '

Clay particles for the most part are sluaino-silicate crystals of the
layer lattice typs. ITrom the work of Pauiing it has been posaible to
formulate idealized atructurss for the principle clay minerals in which
the unit packngse ere built up of nuperimposed shesta of silica tstrahedrn
and alumine cctahedra. In nasture the clay minerals wery often diffsr
frcm ths ideal structures ss a resull of isomorphous substitutione of
aluwminus for ziliccn in the silica totruhedrs, and tho subsiitutica of
ireon, magnesiuvm, ste., for aluminum in the slumina octahedra. The ideal
structuros for the principis clay minerals are eisctrically noutrzl. The
slay crystale in wvhich isomorphous. subatituticns have taken place are
negativsly charged. Thus generally ithe clay plateleisz bshave as Iarps
anione :and are acccmpanied by cations which are held teo the particle by
slectromlent bonds. In 30ils the amownt of cations required for slwvetrenl
neutrality may vary from 1 to 100 milliequivalsnte por 100 gma of soll,

For woat cations the bdinding forcs betwosn the ione and the clay rssticle

is gufficiently week to admit of ion oxchange. That is, cations held on

the surface of the particles may exchangs for caticnas in the surrcmding
sclution. The extent of the oxchangs 1s determined by the relativs bBinding
Porces between tho sxchanging ions and the particle. =Rrichenge experimento
with montuorillonitic cliays show incresalng binding Porsce with increasing
atomic woight and chergs, Since the iszion products are of rslatively

2gh atomic weight and most of them polyralent, eichangs adaorption should
play =n important part in the fimation of those slemants behaving a5 catioms.

An additional poenomens, charactsristic of clay collolds, also muet s con-
sidered, Yhon positively charged cclloids are mived with noegatively
charged cley particles, mutual flocculation may occcur with the subsequent
gettling out cf the suspended mmterini., DIscause the dlacharge licuors anid

-the crask ars allmline {pH 8.3) certain of the fissicn products mey be

initlally preesert as inscluble particies, rosamessing 3 pozitive charge.
if the Tissicn products ave precipliated, exchangs may occur in time,
dspsading upon solubility pwcducts, bond Ccresa, ste. Fxporisents ars
plannsd to determine whothsr or not such & process cscur.

The relatively smell amount of activity found in the water phase Ry de
due to incomplete fizmtion of the cutions by the clsy, +the preseunce ol
zolloidal s0il particles in the water, or the fact that soms of the rission
products may bs behaving as anions.

The dsta In Table I indicate that the sctivity ver gram of so0il decrsassss
rapidly with incrossing distance frem tho settiing basins, Since ths
activity is clomely assoc atad with the cimy, it eccumuilstes vherovver olay
accuauliates.
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on the other hand, this proceas results in a dilution of thas activiiy
with inert clay. This-dilution would, of course, incrsase with disteance
from the ssttling basins. Howsver, the noted dscrease with distance of
the activity per gram of clay is due not only to dilution with insrt clay,
vut also to decay owing to the apprscisble time of tramsport. It should
bo pointed out thet the mud-flats ocewrring along the strsam with low
apecific activities may neverthelesa comstitwte large asccumulations

of overall activity.

It 13 difficult to make a direct comparison betvaen the samples collacted
by the authors (4/26/4k and 5/1/4k) and those collectsd by Eisenacher
{7/4/44) because the self-abmorption differs =0 greatly. Since most of
the Deta mctivity is fairly soft {i.s. Zr and Cb),self-absorption is a
paramount factor. Taking this into consideration, the decrsase in activity
doss not appear to bs as great as would he sxpescted on the basis of decay
and dilution with inext clay.

An assay of both W-6 storage solution and £ive soil samplss {Table II)
shows that zirconivm snd columbiua comstitute 80- 854 of the total
activity. This is in essential agreement with the results reported by
Martens for the W-6 dipcharge soiution, when orrsctions ars made for the
difforsnces in filter thicknesass. The chsmical wastes are nsutralized
vith NasCO3 to 8 before release to the storage tanks W-5 and W-6. For )
‘ten days previous to the collsction of the first samples, the vastes wers ’
treated with 500 pounds of CaCly per day in W-6, This treatment affscted
the removal of a larges fraction of the activity on the resulting precipitats.
The supernatant fluid in W-6 was lad off to be mized with cooling water and
emptisd into the setiling basins. The mixture of the ligquor with cooling
wvater oproduced an additional precipitate which accumulated noticeably om
the bottom of the basing and on ths bottom of the ditch lemding to White
Cak CTroek.

An mssay of the suspension in the settling basins after centrifugation
revealad that the bulk of the activity was associated with the precipitate.
This finding shows that the decontamination of the wmters releassd to the
cresk could be acccomplished by the efficisnt removal of suspended mniter,

The asupsrnatant lignid from W-6 contains substantial =smowmta of fission
products vhich ars not ordinarily present in alkaline filtrates such =s
the razre earths, zirconiuwz and columbius. Evidently the precipitatiom of
acms of thess elewenis in the presence of F Poh 005 atc, results in
the formation of highly dispersmed particlea. An additional factor mny
be the formation of seluble ccaplsxes.

- The RapsCOy - CalCln treatment is evidently quite ei’faétive in removing

barim strontium. On the basia of data presented by W. Q. Smith con-
cerning the composition of wastes sntering W-5, the relative content of
these slements in the W-6 discharge solution had bsen lowsrsd consideradly.
Posaibly the insolubility of the carbonates and the presencs of traces of
barium and strontime in the CaCl, are responsible for this.
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As previously zointed out, not all elements are Tixed by soils to the
sewe degree. 3B rium, strontime, snd cesium are fizxed by soil particles
and held by moderately streng forcss. Recent studies with the rure carths
and thorium indicste that theas ars vory remdily fixed by guota strong
Pornding forces and ers diffioult to sxchangs off even by prolonged
ieaching with slsctrolytes.

The exchangs pmperiiea of zirconium and colwmblium would bs depsndent
upon their moda of occurrancs, i.e. fres iocns, charged oxides, stc. 7The
same holds true Tor product. At pA’s dealt with hers, both ruthsniuam und

telluriue are pregent for the most part as anions and es such would not
be fixed by clay.

)
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TARLE I
wle e S e |
1,A 0 1.55 3.57 |
2 .063 k.28 I,26x10"3
3 .13 1.hb 1.06x10"%
A -1k .0375 1.56x10"
5 364 1.15x10-4
6,8 A5 292 129 2.96x1073 0
T | .300 e | 7.03x10">
9 2% ; (,96
10,C .50 : 057
1 66 iy
12,D .88 -765
B 1.37 .
13 .o11
14, 9.19x10-3
15 2.00 11.2x10"3
16 J 5.97x10"7
17 2.19 1.59x10"3
G 2.59 2.00x10"7
: 2.65 1.28x10"3

Activities for samples collected 4/26/hb and 5/1/ub are for
squivalont £1lter thickmuss of 15 ngajon’

Activities for emmples collected 7/4/Uk ars for equivalent
?ilter thicknesess varying frcm 55 to 290 mga/ox




TABLE I

T T T

{(Valuses Corxeoted to O Fllter Thicknsss

Counts /min/cc Countsfmin/grm. noil _
W-5 Wed .
Xl sesnt Filtrate pot. A B i D B r
BatSr 84,0 26.8 1.15z10%  onp 360 67.2 7.,
-27% 3.67% 4% .68% .88% .58% 1.42¢
Zr 18100 140 6.03210° 19200 19200 %230 535
=8.4¢ 19.2% ko.2%  54.08  46.7% 47.2¢ 43.7%
Cb 7920 o43 3. 432100 o850 14400 2230 427
25.5% 33.3% 36.1%  27.7%  3b.9% 32.6% 34.8%
Co 1470 166 9.95210%  b10 5280 oh3 172
&, 15% 22,7% 8.124 11.6% 12.84 15.8¢ 1,25
Y+Pr 67.2 57.6 w75xio% 1300 19%0 373 73,0
.20% 7.894% 5,884  3.91%4  4.71% 5.4%6% 5.96%
Ru 500 7.20 7.98210° 318
1.69% .99% .65 -90%
Te 1320 58,2 2.42210%  76.2 é
i.29% 7.98% .20%  .21% |
Ce 130 k8  1.12x10% 338
1.39% 664 91%  .95% g
uxy 1010 26.8
] 3.27% 3.67%

Product 6.0 < ,0% 780 70.8
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