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described by

’ -34.3kJ/mol
é %7, | r=re K (4-59)

where 1.4x10° mg m™ d”'< 1, <5.5x10* mg m? d”! and R = 8.314x10° kJ mol ! K™\, It is
argued that Equation (4-59) takes into account the fact that SF dissolution rates are
greatly decreased by the presence of Si and Ca. Gray and Wilson provided experimental
evidence supporting this effect of Si and Ca.! On the other hand, Gray and Wilson have
shown that there exists a strong dependence between the SF dissolution rate, the oxygen
overpressure, and pH, which is not included in Equation (4-59). The hypotheses to
derive Equation (4-59) and the range for r, must be clearly stated.

Equation (4.1) in Reference 1 [Defined as Equation (4-58) in the TPA Version 3.2 Code]
has an activation energy of 41 kJ mol™. Gray et al.” published a different correlation
[Equation (1) in Reference 2] with an activation energy of 30 kJ/mol. The activation
energy in Equation (4-59) lies between these two values, but it is not clear how it was
obtained. The method must be explained.

We found that dissolution rates computed with Equation (4-59) are reasonable if extra
assumptions are made. For example, the experiments summarized as Figures A.71 and
A.72 in Reference 1 indicate average dissolution rates of 0.06 and 0.01 mg m? d7,
respectively, for solutions containing 10 mg/L of Ca, 32 mg/L of Si, 102 mg/L of HCOs,
and pH 8.4. We presume that these experiments were carried out at room temperature
with an oxygen pressure of 0.2 atm. Substitution of T = 295 K in Equation (4-59) yields

1.18x102 mg m? d'<r < 4.65x102 mg m? d’!

which is comparable with the average dissolution rates in Figures A.71 and A.72, in
solutions containing Ca and Si. No other experimental data were found allowing for
additional validation of Equation (4-59).

Figure A.42 in Reference 1 indicates that the average SF dissolution rate in J-13 well
water is roughly 2.5 mg m? d. According to Table 2.4 in Reference 1, the J-13 well
water used in the test contained 13 mg/L of Ca, 30 mg/L of Si and 126 mg/L of HCO3,
with pH 8.4. Therefore, the experimental conditions are comparable with those described
above, but the dissolution rates differ by two orders of magnitude. A possible reason
may be the different fuels used for testing (in the case of the J-13 well water test, the SF
was stored 4 years before testing). Nonetheless, these data needs to be reconciled with
Equation (4-59). The test with J-13 well water does not support the statement that the
presence Ca and Si reduces the dissolution rate by two orders of magnitude. For
example, the average dissolution rate of Test 9 (Figure A.20 in Reference 1) is 2.42 mg
m?2 d!. The COs concentration, oxygen overpressure, and temperature (2><10'3 M, 0.2

! Gray, W. J., and Wilson, C. N. 1995. Spent Fuel Dissolution Studies FY 1991 to 1994. PNL-10540.
Richland, WA: Pacific Northwest National Laboratory.
2 Gray, W. J., Leider, H. R., and Steward, S. A. Journal of Nuclear Materials 190 (1992) 46-52 North

Holland. W

On page 4-64 it is mentioned that the spent fuel (SF) dissolution rate (mg m>d™) can be
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atm, and 295 K, respectively) were comparable to those of the J-13 well water test. The
tests differed in the pH (8.4 versus 10) and the content of Si and Ca. The average
dissolution rates are similar, raising the issue of whether or not Si and Ca content is
relevant. These rates are consistent with rates computed via Equation (4.1) in Reference
1 and Equation (1) in Reference 2 (see Table below). These equations presume that Si
and Ca are not present in the solution. Additional experimental support of the effect of
Ca and Si on the SF dissolution rate is necessary to justify a rate expression such as

Equation (4-59).
SF dissolution rate SF dissolution rate
Equation (4.1), Reference 1 Equatlon (1), Reference 2
pH | mgm?d’ mg m™>d’!
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