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Since 1963, radinactive calcine has been routinely produced from highly
radivactive liquid waste resulting from the veprocassing of nuclear fual at the
Idaho Chemical Precessing Plant (1CPP). After production in the Waste Calcination
Facility (WCF) the calcine is stored in stainless steel bins contained within
concrete vaults. This method of storage was selected n the assumption that disposal
at the ICPP would be permanent. It has now been decided that radioactive waste
would not be permanently stored at ICPP and demonstrated that calcine is not
suitable for long-term storgge. Calcines stored at ICPP will be retrieved and
converted to selid forms more suitable for Tong-term storage. Thus, befoire enquip-
ment and procedures could be develsped for calcine retrisval a sample recovavy
Progvam was perfdrmed to determine the properties of stored calcine.

Storage bins 3 and 7 in the Second Calcined Solids Storage Facility wwieo
1

selected as candidates for sampling.” Bin 3 was filled with aluminum fuel waste

(alumina calcine) and Bin 7 was filled with zirconia fuel waste (zirconia ca]cfne).2’3
The samples from each bin were combined to give three composites for analysis.
Thus, a composite of the deepest nine samples rgpresented the material in the
bottom third of each bin (3B and 7B), the composite of the middle ten samples
regrasanted the material in the midd]e third of each bin (34 and 7M), and the composite
of the top nine samples represented the material in the top third of each bin (37
and 7T).

.Based on the results of the analyses for physical properties it was concluded

that the calcine can be pneumatically removed from the storage bins. These analyses
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also indicate that the investisated physical properties of the retriasved calcine

are not significantly differant frowm those of product caleine.

Cheitical Analysos

Tables T and II summarize the determinations of wajor chemical species in
retrieved alumina and zirconia calcine composites. In most cases the ranges of
vaturs dateyminad for the major constituents of retriaved zivconia calcine samples
ara similar Lo thosa detevivined for product zirconia caleine, The differcences in
rangas of values Tor wmajor constituants in retrieved alumina calcine and thnse Tor
WCF alumina calcine produced in the 2nd campaign rofiect chemical changes in

lTiaquid wastes peing calcined.

ABLE I. MAJOR COMSTITUENTS OF RETRIEVED ALUMINA CALCINE, WT%

2

Sanle A i HO,
3T 35.63 3.1 6.87
h 35.93 2.0 5.14
3B 39.75 1.7 5.70
WCEF S0dd & 3rd Campaign Products 40-43 0.9-1.5 2.0

TASLE II. MAJOR CULISTITUENTS COF RETRIEVED ZIROCNIA CALCINE, WT

[+
e

Serale A Ca r F
iT 7.53 25.49 16.37 20.1
7H 7.63 29.14 17.52 20.3
78 7.62 27.96 17.74 21.1
WCF 4th Campaign Product 7.0-9.9 30.1-33.5 15.7-17.4 7.8-23.4

X-ray diffraction analyses were performed on both fines (<US Standard Mo. 140
mesh) and coarvser (-US Standard tlo. 140 mesh) sample materials. The major crystalline
and amerphous components are tﬁe sam2 in all composites of retrieved calcines as
are presente in alumina and zirconia product ca]cihes. The minor cemponents
vary sltightly, reflecting the presence of the bed startup material, dolomite, or

in tha case of alumina calcine, a-alumina.




Tables III and IV present the data obtained from the radiochemical determinations

on the retricved calcine samples.

stored calcine depend on the fuel processed as well as on the age of the calcine.

The fission products and their concentration in
p

Thus, radionuclide content ot the time of production is not readily available.

d=termination of transuranics are of Impoirtance to determira curvently unknown

guantities of these elements in stored calcine,

TABLE TII.

S 7T %
NEFRRE 1a/g
3T 33.0 0.0 53,33
0.085
73,5
0.085
KX 0.5 0,004 5316
73.5
0.133
0.0014
23 2.7 Cs-124 0,021 37,82
Cs-137 53.0
fu-154  0,049%
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Loariing Studies
In Lwo earlier studies the Teaching af radionuclides and chemical spicies fron

. - . B . . . N . . 45 . Ve
atuaina and zivconia calcines by distilled water was investigated.™ theue steaie

[#2]

viee undertaksn to characterize the Teachability of these calcines for covsarison
to other solid waste forms. Because product calcines are highly radioactive both
stndias ware parformed remotaly.

Radicactive product alumira and zirconia calcine from the WCF was uscd fov the
radizsauelide Teaching experiments. At the start of the leaching tests, cach yram of

Alumina caleine contained 26 mCi of cerium-144, 10.5 mCi of cesium-137, 7.6 wmii of

strontivm-90, 1.4 mCi of ruthenium-106, and Tesser amounts of other fission praoducts.

Ihe radicnuclides present in the zirconia calcine included cesiumn-137 (2.1 mCi/q),




strontium-20 (1.5 wCi/g), rutiaium 106 (0.03 mCi/g), cerium-144 (1.0 mCi/g),
and plutenium-239 {0.005 mCi/g). Nonradicactive alumina and zirconia calcine fron
exrerinental calciners was used to determine the leachability of chemical CO“SVILULULS

A pyrex glass apparatus wias used Tov the Teaching studizs. This apparatus

consistad of a fritted glass filtar to hold the calcine, a larga recervoir to
recaive the leachate, and en air 1ift to recirculate the leaching solution From the
vasorvair hack to the fritted class funnel containing the calcina. Using this
atparacus, distilled water wos passed continuously through the calcine at a rate
of about 100 wl per minute Tor time intcrvals varying foom one to 620 haurs. A&
the end of cach leaching pericd all of the solucion was siphoned from the equijaent,
an aliquot was ramoved for analysis, and Tresh distilled viater was added for the
NAXL run.

fast conditions fer both expariments with alumina and zirconia calcine ara
given in Tabla V¥,

TASLE VYo TEST CONDITIONS FOR LEACHIMNG ALUMIHA ARD ZIRCOMIA CALCIHE SAMPLES

Calcine Samnle lt. 20 grams
Lnachato Distillad 120
Leachate Yolume 500 wl
Leachato Flow 100wl Zinin
Leachata Tummarature 250¢C

Because of their relatively high concentraticns in the calcines tha Teaching

chavacteristics of fission products cesium ard strontium was of major impartance
in thase studies. For both calcines cosium and styontium were leachod at rapid

initial rates with that for cesium being more than twice the rate for sirontium
(Figures 1 and 2). With tine, however, the leaching rates of cesium ond strontium
ivom both calcines beceme about equal. Afier 2000 hours absut 95 percent of the

¢ .sium and 33 percent of the strontium 1La(bed from the alumina calcine. In this

same time nzarly €0 percent of the cesium and 33 percent of the strontium leached

from the zirconia calcine. Leaching rates of ceriuvm and ruthenium fissicn products
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In the oxparimenuts with alumina caleine the loss of aluminum was weacurad of
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rat2 of about 0.12 porcent per day to 1.5x10°% parcent per day arter 7 wecks (Figure 4)
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Leaching results from the zirconia calcine experiments-indicate that aluminum s~
very resistant to leaching. as only 0.12 percent 0%‘tﬁe‘amouﬁ£ preseﬁt had been
leachad in the first 1800 hours. The calcium compounds were considerably more
leachable than aluninur compounds. About 3 percent dissolved in the first 1600
hours. Less than one percent uf the flucride was leached and about tifty percent

o fthe nitrate was leacned in 1800 hours.

Conclusions

No significant chemical differences were determined betwean retrieved and
fresh calcine based on chemical and spectrochemical analyses. Littie can be derived™
Trom the amounts of the radioisotopes present in the retrieved calcine samples ’
otner than the ratios of strontium-S0 to cesium-137 are typical of &zged fission produc:
The variations in concentrations of radionuclides within the composite surplas of
each bin also reflects the differences in compositions of waste solutions calcined.

In general the leaching characteristics of both calcines by distilled water
are similar. In both materials the radionuciides of cesium and strontium were
selectively leached at significant rates, although cesium leached much more completely
from the alumina calcine than from the zirconia calcine. Cesium and strontium are
probably contained in both calcines as nitrate salts and also as fluoride salts
in zirconia calcine, ali of which are at Teast slightly soluble in water. Radio-
nuclides of cerium, ruthenium, a.d plutonium in both calcines were highly resistant
to leaching and leached at rates similar to or less than those of the matrix elements.
These elements exist as polyvalent metal ions in the waste solutions before ca]cinatidh;
and they probably form insoluble oxides and fluorides in the calcine.

The relatively slow leaching of nitrate ion from zirconia calcine and radiocesium

‘ "Trom both ca]cxnea suggests that the calcine matrix in come manner prevents comp1ete

or Immedlate cnntact of tne so]ub]e ions with water whpther rad1ostr0nt1um forms
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