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In a s p e n t - f u e l waste package placed in a g e o l o g i c 

r e p o s i t o r y , the s o l u b l e e e s i u a and iod ine i s o t o p e s accuaulated i n 

f u e l - c l a d d i n g gap, v o i d s , and gra in boundaries of spent fue l rods 

are expected to d i s s o l v e r a p i d l y when ground water p e n e t r a t e s the 

fue l rods . Chaabre's prev ious m a s s - t r a n s f e r a n a l y s e s and 

c a l c u l a t i o n s by Kia, e t a l . 1 for s p e n t - f u e l without b a c k f i l l show 

that t h i s s o l u b l e "gap a c t i v i t y " of c e s i u a and iod ine i s the 

g r e a t e s t c o n t r i b u t o r to f r a c t i o n a l r e l e a s e r a t e s for these 

r a d i o e l e a e n t s i n t o surrounding rock, in q u a l i t a t i v e agreeaent 

with laboratory experiments on s p e n t - f u e l roda with l o c a l l y 

perforated c l a d d i n g 2 . Chaabre' 3 has extended the a a a a - t r a n a f e r 

a n a l y s i s to inc lude d i f f u s i o n of s o l u b l e s p e c i e s through b a c k f i l l 
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into surrounding rock in one-dimensional planar geometry. Here 

we present numerical i l l u s t r a t i o n s of release rates into porous 

rock as a function of backf i l l thickness for parameters typical 

of a wet-rock repository. Results are compared with the NRC 

cr i ter ion for release ra tes . 

We assume that fuel cladding and a container are not 

present, water contacts the inter ior of spent-fuel rods shortly 

after emplacement, and 1 percent of the total inventory of cesium 

and Iodine i s rapidly dissolved into the "void water" that f i l l s 

voids in the waste package. The void water i s equivalent in 

volume to a 7.4-cm thick layer of water between the waste sol id 

and b a c k f i l l . Ground-water flow Is assumed to be small enough 

that mass transfer through backf i l l and into the rock i s 

controlled by molecular d i f fus ion . Time-dependent fractional 

release rates at the backf i l l /rock interface , normalized to 

i n i t i a l inventories , are shown in Figure 1 for a diffusion 

coef f i c i ent of 10~ 5 cm 2 /a, backf i l l porosity of 0 .2 , rock 

porosity of 0 .01 , a concentration-based dis tr ibut ion coef f ic ient 

of 100 for cesium, and for a backf i l l thickness of 30 cm. 

Nonsorbing iodine-129 arrives at the backf i l l /rock interface in 

l e s s than a year, with a peak release rate about tenfold l e s s 

than the equivalent fractional release rate l imit calculated from 

the NRC c r i t e r i o n 4 . Cesium-135 and cesium-137 arrive later 

simultaneously, but the normalized peak release rate of cesium-

137 Is l e s s because of more rapid decay. The peak release rate 

of cesium-135 i s about tenfold l e s s than i t s release rate l i m i t , 



but the peak r e l e a s e rate of cesium-137 exceeds i t s l i m i t by 

s e v e r a l orders of magnitude for hundreds of y e a r s . 

Figure 2 shows the f r a c t i o n a l r e l e a s e rate of ces ium-137 , 

normalized to i t s i n i t i a l i n v e n t o r y , as a funct ion of time for 

v a r i o u s b a c k f i l l t h i c k n e s s e s . Thicker b a c k f i l l s delay a r r i v a l at 

the b a c k f i l l / r o c k i n t e r f a c e and a l low grea ter decay in the 

b a c k f i l l . B a c k f i l l s e v e r a l t imes th i cker than in current 

r e p o s i t o r y des igns would be needed for compliance with the NRC 

r e l e a s e rate c r i t e r i o n , u n l e s s there can be provided a r e l i a b l e 

l o n g - l i v e d c o n t a i n e r with few e a r l y f a i l u r e s , much g r e a t e r 

s o r p t i o n in b a c k f i l l , and/or much lower t o r t u o s i t y - c o r r e c t e d 

d i f f u s i o n c o e f f i c i e n t s and p o r o s i t y in b a c k f i l l and rock. 
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Figure 1. Fractional Release Rates for Various Nuclides 

Through 30 cm of Backfill 
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Figure 2. Cesium-137 Fractional Release Rates as a Function of 

Backfill Thickness and Time 


