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t nuclear fuel (SNF) repository.
oxidizing environment
ieguiies understanding of |eng-
term leenavior ofi the UO2 in SNE

o Fate of fission preductsiand
radionuclides is critical o PA




NE 1s unstable; U(1V) ->
N Uranyl oxide hydrates,
vl silicates, uranyl phesphaies.

sr =SSen products and radionuclides
ieieasedfiiom SNE UGy, may: e
Incorporaled Inte of secondany/
Liranitn pPRases




NERBIE”A nalogues

sNEXTrapolation ofi lab data to the
POt me period (103-10° years)

s Nettrafuraninite U0y, WIthiIts
Impuritiesisiagood stiuctural and

chemical analogue fier the lleng-
term behavior of thelUo; in SNF




Ircemmon with Y.ucca Mountain, I.e;,
ielauvely/ anid envirennent

o Uraniumimineralization s young: 40ite 2
Mia (LCate Trertiany)

[High Impurity content: Zr anadiS




Locality: Gilpin County, CO
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gy rocks; Precamirian granite gneiss,

sehist and cale-silicate rocks cut by Tertiary.
granite, guariz monzonite, granodieriie and

postonite

o Bostonite dikes: richinakall feldspars, mere
radioactive, high uranium (Upite 100/ ppm)
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ning el ectren microscopy. (SEM)
shIElection microproene analysis (EMEPA)
o Back scattered electron (BSE)

Energy dispersive spectrum (EDS)
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d Si-rich uranium; phase
K=iieldspar and allite (K,Na)AlS,0y
* Quartz SIO,

» Sulfides, e.q., pyrite FeS, and sphalerite
VAN




BSE image of
host rock of the
uraninite/pitchbl
ende: K-feldspar

KAISI;Oq,
quartz SIO,, and
sulfides such as
pyrite FeS, and
sphalerite ZnS

60um 400X



Zr-rich uraninite
with sulfides, K-
feldspar, and

guartz in
microfractures
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Point 17, bright, U; point 18, gray with U, Zr, S and Fe; point
19, dark, more Zrand S
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#527 EDS Spectrum, bright region




#527 EDS Spectrum, grey region
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#527 EDS Spectrum, dark region

U




‘al relationship suggests that the
iieninite has altered partly and that Zr
ZES! Were Incorporated Into the
estiitant uranium; phases

e Si-enrichment Indicates coffinitization

o Other alterations: silicification,
sericitization and pyrtization
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conartions

gaieca CAMIEBAX EMP (WDS)
Vieltage: 20 kV.

s Beam 80 nA fier Ph, U, TTh: 20 RA fior
other eements

o Beam: spel moede or 3x3 umz(fier profile)
o Peak count time; 30 seconds
Cameca PAP (modified ZAE)
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o Ur 1o/ U, adding oxygen

o All U?* converted to US:
—total > 100wt %, both U and US" exist
—total < 100, H,O and/er €O, may: exist




SHERIEE] Composition
CLEIT OQENEOUS

V0O, 78.26 t0 96.47 Wi %

* B@)0.52 t05.27 Wi %%

o Z11O5 1.091016:26 Wi Y6
» SIO; 0.24 to4.92\Wit %

N




Tr lements

SRBEIAGT below detection limits (b.d.].)

Average (wt %) Average (wt %)

La,>03 0.03
Ce503 0.08
Pr,O5; 0.01
Nd>Os; 0.02
Sm->05 0.02
Eu,0; 0.01
Gd,03 0.02

0.04
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ZrO, in two areas; negative correlation between ZrO,and UO,; pristine uraninite has higher
UQO, and lower ZrO,; secondary uranium minerals contain lower UO, and higher ZrQ,

85 90
UO, wt %
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SO, intwo areas; negative correlation between SIO,and UO,; pristine uraninite has higher
UO, and lower SIO,; secondary uranium minerals contain lower UO, and higher SO,
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FeO contents increase with the decrease of UO,

Al s eolooical Sciences



P205 contents increase with the decrease of UO,
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SeIMIpositional

Diffierences
Oxide Primary Secondary Zr- and
(wt %) uraninite Si-rich reqgion
UO, 90.2 to 96.5 /8.31090.4
Z1rQ0O, 1.1to 1.7 2.6 t0 8.3
SiIO 0.3t0 0.6 1.9t04.9
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@xidization -> Zr, Si, Feand P incerperation -
> fermation of uranium silicates e phosphates

o Uranium silicates or phoesphates have high
capability to Incor porate tirace elements,
Including fission productsand radienuclides
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Positive correlation between ZrO, and SIO, seemly indicates that Zr and S are
from zircon ZrSO,, acommon component in host or country rocks

4 6
ZrO; wt %
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iflary uraninite

o Primary uraninite contains higher UO;,
andilower ZrO, and SO

o Secondary Zr- and Si-rich region has
lower UO, and highef Zr©; and SO,




SI0NS

A\J"r”r: lon of the uraninite resultsin
rporatlon of Zr, SI, Fe and P, thus
ieEmation of uranium silicates or phosphates,

o Uraniuny silicates or phosphates have higher
capanility’ te lncor por ate fissien productsand
radionuclides, thus could serveas a barrier

e Other trace elementsarelow or below
detection limit
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