
DEr r f igq/ £2>A)HW/-fc> 
LBL-23638 

Lawrence Berkeley Laboratory 
UNIVERSITY OF CALIFORNIA 

EARTH SCIENCES DIVISION 

To be presented at the American Nuclear Society 
Winter Meeting, Los Angeles, CA, November 15-19, 1987 

RELEASE RATES FROM WASTE PACKAGES 
IN A SALT REPOSITORY 

P.L. Chambre, Y. Hwang, W.W.-L. Lee, and T.H. Pigford 

.June 1987 

Praparad for tha U.S. Oapartmant of Enargy undar Contract DE-AC03-76SF00098 



DISCLAIMER 

1 This document was prepared as an account of work sponsored ' 
' by the United States Government. Neither the United States \ 
i Government nor any agency thereof, nor The Regents of the t 
1 University of California, nor any of their employees, makes any I 
i warranty, express or implied, or assumes any legal liability or J 
, responsibility for the accuracy, completeness, or usefulness of , 
i any information, apparatus, product, or process disclosed, or t 
' represents that its use would not infringe privately owned rights. 
, Reference herein to any specific commercial products process, or 
i service by if 'jade name, trademark, manufacturer, or other-
1 wise, does not necessarily constitute or imply its endorsement, 
| recommendation, or favoring by the United States Government 
i or any agency thereof, or The Regents of the University of Cali-
i fomia. The views and opinions of authors expressed herein do i 
'not necessarily state or reflect those of the United Slates j 
\ Government or any agency thereof or The Regents of the | 
i University of California and shall not be used for advertising or I 
1 product oxlorsement purposes. | 

Lawrence Bcrktlty Laboratory is an equal opportunity employer. 



DISCLAIMER 

L B ! —— 2 3 fi 1 fi This report was prepared as an account of work sponsored by an agency of the United States " 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- B E 8 7 0 1 4 0 8 2 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom
mendation, or favoring by the United States Government or any agency thereof. The views UCB-NE-4102 
and opinions of authors expressed herein do not necessarily state or reflect those of the LBL-23638 
United States Government or any agency thereof. June 1987 

Release Rates from Waste Packages in a Salt Repository* 
P. I. Chambre, Y. Hwang, W. W.-L. Lee and T. H. Pigford 

Department of Nuclear Engineering & Lawrence Berkeley Laboratory 
University of California, Berkeley, CA 94720 

In a companion paper1, we predicted very low thermally-induced brine migration in a salt repository after 

the salt has consolidated against the waste package, so low that radionuclide release into the consolidated 

salt is expected to occur largely by molecular diffusion. Here we present estimates of radionuclide release 

rates from waste packages into salt. This conservative and bounding analysis shows that release rates from 

waste packages in salt are well below the U. S. Nuclear Regulatory Commission's (USNRC) performance 

objectives for the engineered barrier system.3 

We assume a spherical-equivalent spent-fuel waste package placed in a salt bed of infinite extent, and consol

idation of the borehole annulus has taken place. At t = 0 the container in the waste package is assumed to 

disappear, and is replaced by a film of stagnant brine. This brine film may result from brine migration due 

to thermal and pressure gradients. We assumed conservatively that saturation concentrations of the low-

solubility species exist at the waste surface. Radionuclides released from the waste form into brine diffuse 

through brine in grain boundaries in the rock salt. We calculate the time-dependent radionuclide release 

rate into the salt and compare with the USNRC release-rate criteron. 

Time-dependent release rates were calculated from Charnbre's analytic solution for diffusional mass transfer. 

The governing equation considers only diffusion, without advection. Retardation by equilibrium sorption 

and radioactive decay are both included. The numerical results for 3 M U and ^'Np are shown in Figures 1 

and 2, expressed as the mass release rate of a species normalised to its inventory. The spherical-equiva'ent 

spent-fuel waste package is 0.72 m in radius. In both cases a diffusion coefficient of 10~' enr/s and porosity 

of 0.001 are used. Assumed retardation coefficients are 50 for neptunium and 20 for uranium. The assumed 

solubility for uranium is 0.001 g/m 3 and neptunium is assumed to be released congruently. Because Jtoth 

species are of low solubility, solubility-limited dissolution should apply. The figures show that the irac 

release rates are below the USNRC limit of 10 _ s /yr for all times on the graphs. For the shorter half-lffe" 

•Work supported in part by U. S. Department of Energy via Contract DE-AC03-76SF00098 a, 

1 DISTRIBUTION 0? ililS It"!.--.. .-: . . . •-. • - ' 



2 3 4 U dcr?/ further reduces the release rate at large times. 

Using methods discussed in the companion paper1, time-dependent brine migration velocities resulting from 

Pi^^ure gradients can be obtained and tbe resultant radionuclide transport compared with diftusional trans

port. Such a comparison is being published elsewhere. 
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Figure 1. Release Rate of 2 3 4 U by Diffusion 



iinim iIIIMI i imn iimm i mm ilium ii.uin iniim ' " 
10" 10* 10" irf io' id1 id* io* io* 10* 

Time after canister failure, yr 
Figure 2. Release Rate of 2 3 7 N p by Diffusion 
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