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Since 1963, radioactive calcine has been routinely produced from highly

radioactive liquid waste resulting from the reprocessing of nuclear fuel fit tho

Idaho Chemical Processing Plant (ICPP). After production in the Waste Calcination

Facility (WCF) tho 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 ba 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 storage. Calcines stored at ICPP will be retrieved and

converted to solid forms more suitable for long-term storage. Thus, before equip-

ment and procedures could be developed for calcine retrieval a sample recovery

program was performed to determine the properties of stored calcine.

Storage bins 3 and 7 in the Second Calcined Solids Storage Facility \;oio

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 calcine). '

Tho samples from each bin were combined to give three composites for analysis.

Thus, a composite of the deepest nine samples represented the material in the

bottom third of each bin (3B and 7B), the composite of the middle ten samples

represented tho material in the middle third of each bin (3M and 7M), and the composite

of the top nine samples represented the material in the top third of each bin (3T

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 investigated physical properties of tiie retrieved calcine

ore not significantly different from those of product calcine.

Chemical Analyses

Tables I and II summarize the determinations of major chemical species in

retrieved alumina and zirconia calcine composites. In most cases the ranges of

values determined for the major constituents of retrieved zirconia calcine samples

are similar to those determined for product zirconia calcine. The differences in

ranges of values for major constituents in retrieved alumina calcine and those for

WCF alumina calcine produced in the 2nd campaign reflect chemical changes in

liquid wastes Deing calcined.

TABLE I. MAJOR CONSTITUENTS OF RETRIEVED ALUMINA CALCINE, WT%

S.-imole Al_ Na_ NO;.

3T

WCF r.jd & 3rd Campaign Products

TABLE II. MAJOR CONSTITUENTS OF RETRIEVED ZIROCNIA CALCINE, \-ll%

S^xple Al Ca Zr F

35.53
35.93
39.75
40-43

3.1
2.0
1.7

0.9-1.5

6.87
5.14
5.70
2.0

7T
7M
713

WCF 4th Campaign Product

7.53 25.49 16.37 20.1
7.63 29.14 17.52 20.3
7.62 27.86 17.74 21.1

7.0-9.9 30.1-33.5 15.7-17.4 7.8-23.;]

X-ray diffraction analyses were performed on both fines (<US Standard No. 140

mesh) and coarser ( -US Standard Mo. 140 mesh) sample materials. The major crystalline

f;nd amorphous components are the same in all composites of retrieved calcines as

are presente in alumina and zirconia product calcines. The minor components

vary slightly, reflecting the presence of the bed startup material, dolomite, or

in the case of alumina calcine, a-aiunrina.



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

on the retrieved calcine samples. The fission products and their concentration in

stored calcine depend on the fuel processed as we11 as on the age of the calcine.

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

determination of transuranics are of .importance to determir.a currently unknown

quantities, of these elements in stored calcine,

TABLE III. RADIOACHEMICAL ANALYSIS OF RETRIEVED ALUMINA CALCINE
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TABLE IV. RADIOCHEMICAL ANALYSIS OF RETRIEVED ZIRCONIA CALCINE
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In two earlier studies the leachiny of radionuclides and chemical sp:cics frcni

4 5aluartni and zivconia calcines by distilled vjater vias investigatnd. '' Thfi:.,e studies

\-;-ivci undertaken to characterize the Teachability of these calcines for coii^av'ison

to othor nolid waste forms. Because product calcines are highly radioactive both

studies v.ere performed remotely.

Radioactive product alumir.a and zirconia calcine from the WCF was used for the

rndionuclide leaching experiments. At the start of trie leaching tests, each ijram of

alumina calcine contained 25 mCi of cerium-144, 10.5 mCi of cesiurn-137, 7.5 mCi of

strontiuin-90, 1.4 mCi of ruthem*um-106, and lesser amounts of other fission products.

The radinnuclides present in the zirconia calcine included cesium-137 (2.1 mCi/g),



strontium-90 (1.5 ciCi/g), ruth-iium 106 (0.03 inCi/g), ccrium-144 (1.0 niCi/g),

and piutonuini-?39 (0.005 mCi/g). Konradioactive alumina and zirconia calcine from

experimental calciners v.'ar, i\3O(} to determine the Teachability of chemical constituents,

A pyrex glass apparatus vns used for the leaching studios. This apparatus

consisted of a fritted glass filter to hold the calcine, a larga reservoir to

receive the 'leachato, and an air lift to rccirculate the leaching solution from the

reservoir hack to the fritted c^ass funnel containing the calcine. Using this

apparatus, distilled water wes passed continuously through the calcine at a rate

of about 100 :nL per minute for time intervals varying from one to 620 hours. ,\i:

t':.e end of eac!'. leaching period all of the solution was siphoned from the efjuij-'i-'.snt,

on aliquot 'was removed for analysis, and fresh distilled water v.'as added for the

next run.

Test conditions for both experiments with alumina and zirconia calcine &re

given in Table V.

TABLE Y. TEST CONDITIONS TOR LEACHING ALUMINA AfJD ZIRCONIA CALCINE SAMPLES

C-ilcine Sannle 1't. 20 grams
Loachato Distilled H2O
Lp.uchatG Vol :..-!•!& 500 raL
Le.-icha':,_> Flow 1U0 ml./im'n
Leachate T^nporature

Because of their relatively high concentrations in the calcines the laaching

characteristics of fission products cesium and strontium was of major importance

in these studies. For both calcines cesium and strontium were leached at rapid

initial rates with that for cesium being more than twice the rate for '".trontium

(Figures 1 arid 2). With tine, however, the leaching rates of cesium and strontium

from both calcines became about equal. After 2000 hours about 95 percent of the

c.sium and 33 percent of the strontium leached from the alumina calcine. In this

•̂ aine time nearly 60 percent of the cesium and 33 percent of the strontium leached

from the zirconia calcine. Leaching rates of cerium and ruthenium fissien products
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FIGURE 2. LFACHING OF CESIUM AND STRONTIUM FROM
ZIRCCIIIA WITH DISTILLED WATER AT 25°C

iV..v;i alumina calcine were as low as that For aluminum, and from zircon in calcine

too lev./ to be. o.cairactely measured.. After 1300 hours of continuous "leaching only

0.1 percent of the total plutonium in the zirconia calcine had been ren;ovsfi and the

mte of renoval had become oxtromel^ slovi (Figure 3).
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FIGURE 3. LEACHING Of ALUMINUM AMD PLUTONIUM
ZIRCONIA CALCINE WITH DISTILLED WATER
AT 25°C

In ths sxperimencs with alumina calcine the loss of aluminum was mea^.iroJ of

calcine dissolut ion. At 25°C the leaching ra te of aluminum dropped from an i n i t i a l

rate of about 0.12 percent per day to l.SxlO"^ percent per day af ter 7 weeks (Figure 4)
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FIGURE 4. EFFECT OF TEMPERATURE UPON AI'OUMI" OF ALUMINUM
LEACHED FROM ALUMINA CALCINE WITH DISTILLED WATER



Leaching results from the zirconia calcine experiments indicate that aluminum v:is~^

very resistant to leaching as only 0.12 percent of the amount present had been

leached in the first 18Q0 hours. The calcium compounds v/ere considerably more

leachable than alimrinun compounds. About 3 percent dissolved in the first 1800

hours. Less than one percent of the fluoride was leached and about fifty percent

ofthe nitrate was leached in 1800 hours.

Conclusions

No significant chemical differences were determined between retrieved .=*nd

fresh calcine based on chemical and spectrochemical analyses. Little can be derived

from the amounts o f the radioisotopes present in the retrieved calcine samples

other than the ratios of strontium-90 to cesium-137 are typical of aged fission produc':

The variations in concentrations of radionuclides within the composite samples 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 radionuc"tides 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, all of which are at least slightly soluble in water. Radio-

nyclides 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 calcination

and they probably form insoluble oxides and fluorides in the calcine. :

The relatively slow leaching of nitrate ion from zirconia calcine and radiocesi-jm

from both calcines suggests that the calcine matrix in some manner prevents complete

or immediate contact of the soluble ions with water. Whether radiostrontium forms



slightly solubl-a fluoride salt ' : or forms n i t ra te salts which are "protected" in

t|v.L s;m2 ma i.mer as. radiocesiirn is. unknown.,,..Nevertheless,-selective 1 each i ny of

cesium and otruniiun is Kicardc-'j in some manner: by.:.:the::;calcine::matrix.
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