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1. INTRODUCTION

1.1 Objective

The objective of this calculation is to demonstrate that the total dose rate on the VSC-24 cask top
surface after 20 years of storage will be lower than those occurring at the time of initial cask loading,
even if the neutron shielding properties of the MSB's RX-277 neutron shielding are completely
neglected. The total dose rate will also be lower than the VCC top surface average dose rate limit of
200 mrem/hr shown in Section 4.2 of Reference 3.1.1 (and specified in Technical Specification 1.2.4
of the VSC-24 FSAR). The objective is to demonstrate that this is the case for any cask payload
allowed by the VSC-24 license.

1.2 Purpose

The purpose of this evaluation is to show that the neutron shielding properties of the MSB lid RX-277
material are not needed during and extended (20-60 year) storage period for the VSC-24 system. That
would demonstrate that the only design function of the MSB lid RX-277 material over the extended
storage period is to provide a small amount of bulk gamma shielding (with the only requirement being
that the bulk mass within the MSB lid chamber not decrease significantly). Given that significant loss
of bulk mass out of the sealed MSB lid chamber is not credible, monitoring of the RX-277 material
over the extended storage period, to detect signs of degradation, will not be necessary.

1.3 Scope

These calculations only apply for the VSC-24 cask system.

This calculation was prepared in accordance with QAP ET-SF-EP-302. Computer runs were
performed using software in accordance with QAP CA-QA-PR-0 15.
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2. REQUIREMENTS

2.1 Design Inputs

None.

2.2 Regulatory Commitments

As it supports the VSC-24 system license extension application, this calculation must address any
impacts that may occur over a 60 year storage period.
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3. REFERENCES

3.1 Calculation Packages

3.1.1 VSC02.6.2.1.05, Rev. 0, "VSC-24 Design Basis Shielding Evaluation"

3.1.2 CMPC.1703.002, Rev. 1, "Generic Decay Calculation"

3.1.3 VSC02.6.2.1.04, Rev. 0, "VSC-24 Cooling Table Generation"

3.2 General References

None.
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4. ASSUMPTIONS

4.1 Design Configuration

These analyses repeat the Reference 3.1.1 VCC neutron shielding analyses with one change to the
modeled physical configuration. The RX-277 neutron shield material in the MSB lid is removed (i.e.,
replaced with void).

The geometry of the VCC model geometry is illustrated in Figure 4-1 of that calculation. The
compositions and densities of the modeled shield region materials are shown in Tables 4-1 and 4-2 of
the Reference 3.1.1 calculation. A watt neutron energy spectrum (expressed in formulaic form in
Section 4.1.3.3 of Reference 3.1.1) is modeled. The (normalized) axial neutron source strength profile
is shown in the right column of Table 4-9 of the Reference 3.1.1 calculation. A large air mass is
modeled above and around the cask, and a thick concrete slab is modeled below the cask, to treat air
and ground scattering effects.

As discussed in Section 4.1.3.3 of the Reference 3.1.1 shielding calculation, the design basis analysis
total neutron source strength in the MSB is 5.064 x 109 neutrons/sec. This source strength is increased
by 20% to account for axial burnup profile effects, resulting in a modeled neutron source strength of
6.077 x 109 neutrons/sec. Calculations (presented in Section 6.1) are performed to determine the
(reduced) neutron source strength that will occur after 20 years of storage. That reduced total neutron
source strength will be modeled in the analysis (along with the void-filled MSB neutron shield
chamber).

4.2 Design Criteria

The criterion for this calculation is that the total average dose rate on the VCC top surface be under the
Technical Specification value of 200 mrem/hr. The objective of this calculation is to show that for any
payload allowed by the VSC-24 license, the VCC top average surface dose rate will remain under
200 mrem/hr after 20 years of storage, even if no credit is taken for the neutron shielding properties of
the MSB lid RX-277 neutron shielding material.

4.3 Calculation Assumptions

All analysis assumptions of the Reference 3.1.1 licensing-basis shielding calculations apply for these
calculations as well. No other, additional assumptions are made.
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5. CALCULATION METHODOLOGY

These calculations are performed using Version 1.5.1 of the MCNP5 code. (The Reference 3.1.1
shielding analyses used an older version of the code, MCNP4A). There are no other differences in
calculation methodology. The same cross-section sets and neutron flux-to-dose conversion factors are
used. Those flux-to-dose factors are presented in Table 5-2 of Reference 3.1.1.

Reference 3.1.2 is a compendium of ORIGEN2 results which presents neutron source strengths for
PWR spent fuel (in units of neutrons/sec-MTU) for a wide range of PWR spent fuel assembly burnup
levels, initial enrichments and cooling times. This data is used to estimate the relative (percentage)
reduction in neutron source strength that will occur over 20 years of additional assembly cooling time
(from the time the assembly was initially placed into dry storage). This evaluation is done for the
design-basis, 35 GWd/MTU, 3.2% enriched, 5 year cooled PWR fuel (i.e., the design basis of the
Reference 3. 1.1 shielding calculations), as well as for the worst-case set of fuel parameters presented in
Reference 3.1.3 (as discussed in Section 6.4).

Once the reduced neutron source strengths are determined, the Reference 3.1.1 neutron shielding
model is modified to remove the MSB lid RX-277 neutron shielding material and to apply the reduced
neutron source strength. The analysis is run to determine the average neutron dose rate on the VCC
top surface. For the 35 GWd/MTU, 3.2% enriched, 5 year cooled PWR fuel case, the resulting neutron
dose rates are compared to those presented in the Reference 3.1.1 (initial licensing-basis) calculation.
For the worst fuel parameter case (discussed in Section 6.4), the VCC top surface average neutron dose
rate is compared to that presented in Reference 3.1.3. The comparison will show that the neutron dose
rate calculated in this evaluation (which correspond to 20 years of storage (and neutron source decay)
but no MSB lid RX-277 neutron shield material), are lower than those determined in the initial
licensing-basis calculations. By extension, the evaluation will show that the 20-year, no MSB lid
RX-277 VCC top surface average total dose rates are under the specified 200 mrem/hr limit.

Note that the parameter for which a (Technical Specification) limit is established, in the original
VSC-24 FSAR, is the VCC top surface average dose rate (as opposed to any local or peak dose rates
on the cask top surface). The reason for this is that cask top (skyshine) dose rate contributions at
locations a significant distance away from the cask (such as the plant site boundary where the annual
dose limit of 25 mrem/year applies) will be scale roughly with the cask top surface average dose rate,
as opposed to any local dose rates. Thus, the sole requirement is that the VCC top surface average
dose rate be under 200 mrem/hr. For this reason, the Reference 3.1.3 analyses, which determine
required cooling times for assemblies with different burnups and initial enrichments (other than the
design basis values of 35 GWd/MTU and 3.2%), only present cask top surface average gamma and
neutron dose rates. The required cooling time calculations are based upon a cask top surface average
dose rate limit (and do not consider the spatial variations in cask top surface dose rate). For the above
reasons, these analyses calculate the VCC top surface average dose rate, and compare it to the
corresponding, initial licensing basis surface average dose rate presented in Reference 3.1.1. The
Section 6.4 analysis also compares the VCC top surface average neutron dose rate to the corresponding
value presented (for the initial licensing case) in Reference 3.1.3.

While the analyses will show that the neutron dose rates (alone) are actually lower for the 20-year, no
MSB lid RX-277 case, the total dose rates are lower, than those at the time of initial cask loading, by a
far wider margin due to the decay (reduction) in the gamma dose rates. An evaluation is performed (in
Section 6.3) which estimates the reduction in gamma, and total, dose rates. No gamma shielding
analyses are performed for this evaluation. Simple source scaling methods are used. The
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Reference 3.1.1 calculation presents the gamma dose rate contributions (for the VCC top surface) from
the assembly fuel zone and top hardware (gas plenum and top nozzle) regions separately. To
determine the reduction in gamma dose rates over 20 years of storage, the Section 6.3 evaluation
assumes that the assembly top hardware gamma dose rate contributions decay with a 5.27 year half
life, since Co-60 is responsible for all of the top hardware dose rate (and only Co-60 sources are
modeled in the licensing basis, Reference 3.1.1 and Reference 3.1.3 shielding analyses). The
Section 6.3 evaluation conservatively neglects any decay (reduction) in the assembly fuel zone gamma
dose rates, even though the assembly fuel zone gamma dose rate contributions are dominated by
assembly hardware (Co-60) and other -1.25 MeV gamma sources that decay with a similar, -5 year
half life.
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6. CALCULATIONS

6.1 Design-Basis Case 20-Year Neutron Source Strength Calculation

The Reference 3.1.1, design basis shielding analysis is based on 35 GWd/MTU, 3.2% enriched, 5 year
cooled spent PWR fuel. For this evaluation, the neutron source strength after 20 years of storage must
be determined. That is, the neutron source strength for 35 GWd/MTU, 3.2% enriched, 25 year cooled
fuel must be calculated. The reduction in neutron dose rate over the 20 year storage period is
estimated using the data presented in Reference 3.1.2.

Reference 3.1.2 presents neutron dose rates, in neutrons/sec-MTU, for a wide range of PWR assembly
bumups, enrichments and cooling times. It does not, however, present a neutron source strength
specifically for 35 GWd/MTU, 3.2% enriched, 25 year cooled PWR fuel. Furthermore, although the
Reference 3.1.2 neutron source strengths are calculated using ORIGEN2 (the same code that was used
in References 3.1.1 and 3.1.3 to calculate neutron source strengths), the absolute neutron dose rates
given in Reference 3.1.2 differ somewhat from those presented in References 3.1.1 and 3.1.3, due to
somewhat different assumptions about the conditions seen by the assembly during irradiation (i.e.,
reactor operation). However, those differences are not expected to result in a significant difference in
the ratio between 5 year and 20 year neutron dose rates (which is based on simple isotope decay
calculations). It should be noted that (as shown in the Reference 3.1.2 ORIGEN2 output files) the
overall neutron source strengths are mostly (> 90%) due to a single isotope, Cm-244, which has a
specific half life.

Neutron source strengths from Reference 3.1.2, in neutrons/sec-MTU, are presented for several
combinations of PWR assembly burnup, initial enrichment and cooling time, in Table 6-1. Neutron
source strengths are presented for burnup levels of 34 and 36 GWd/MTU, initial enrichment levels of
3.0% and 3.5%, and cooling times of 4 and 6 years (i.e., the fuel parameter cases, available in
Reference 3.1.2, that "surround" the shielding design basis, 35 GWd/MTU, 3.2% enriched, 5 year
cooled case).

For each of the above cases, a corresponding case with a cooling time that is 20 years longer is also
determined from the Reference 3.1.2 data. This involves determining neutron source strengths for
cooling times of 24 and 26 years (cooling times that are not specifically treated in Reference 3.1.2).
The neutron source strengths for those cases are determined by interpolating between the 20-year and
50 year values presented in Reference 3.1.2, Linear interpolation is used, which is very conservative
given the negative curvature of the neutron source strength vs. cooling time curves (which results from
the negative, exponential decay curves of the isotopes).

For each of the fuel parameter cases shown in Table 6-1, the +20-year neutron source strength is
divided by the initial neutron source strength to yield a ratio. That ratio is shown in the right column
of Table 6-1. The results show that the ratio does not vary significantly for the various sets of fuel
parameters (that are near the design-basis parameters of 35 GWd/MTU, 3.2% enriched, 5 year cooled,
and for which data is directly available in Reference 3.1.2). Thus, it is concluded that the ratio that
would apply for the actual design basis fuel parameters is similar to those shown in Table 6-1.

The highest of the ratios shown in Table 6-1 (0.529) is therefore used as a bounding value, to apply to
the initial design basis neutron source strength. The initial, Reference 3.1.1 neutron source strength of
5.064 x 109 neutrons/sec-MSB is multiplied by this value (and by 1.2, as discussed in Section 4.1) to
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yield a neutron source strength of 3.215 x 109 neutrons/sec-MSB. That neutron source strength is
modeled in the 20-year, no RX-277 neutron shielding analysis.

6.2 Post-Storage No-RX-277 Neutron Shielding Calculation

As discussed in Section 5, two changes are made to the initial licensing basis, Reference 3.1.1 neutron
shielding analysis model (which is given in the "vccn l" MCNP input file of Reference 3.1.1). The
RX-277 neutron shielding material in the MSB lid is removed (and replaced with void), and the total
neutron source strength is reduced from the Reference 3.1.1 analysis value of 6.077 x 109 neutrons/sec-
MSB (5.064 x 109 x 1.2) to the value of 3.215 x 109 neutrons/sec-MSB calculated above in Section 6.1.
Tallies not used in this evaluation are also removed (which has no impact on the modeled physical
configuration, or the analysis results). A single tally is used, which calculates the VCC top surface
average neutron dose rate.

The MCNP model is instructed to calculate the dose rate on a per source neutron basis (in units of
mrem/hr per source neutron/sec). The result is multiplied by the total neutron source strength to yield
an absolute neutron dose rate, in mrem/hr. This allows the same MCNP run to be used for cases with
different total neutron source strengths, if needed (as long as the energy and spatial distributions of the
neutron source remain the same). The MCNP analysis is run for a sufficient amount of computer time
to yield statistical error levels of less than 1% in the dose rate results.

An additional run ("VCC TopBaseline") is performed to verify that the change in code version
(MCNP5, Version 1.5.1 vs. MCNP4A) and the change in computer platform do not significantly affect
the dose rate results. In that run, the RX-277 neutron shield material is modeled. The run yielded a
cask top surface average dose rate of 2.387 x 10-9 mrem/hr per neutron/sec. Multiplying that by the
licensing basis (Reference 3.1.1 analysis) neutron source strength of 6.077 x 109 neutrons/sec-MSB
yields an absolute cask top surface average neutron dose rate of 14.51 mrem/hr. That neutron dose rate
result agrees with the value (of 14.61 mrem/hr) presented in Reference 3.1.1 (Attachment D) to within
the statistical error level of the results.

The results of the post-storage, no RX-277 neutron shielding analysis are presented in Table 6-2. The
cask top surface average neutron dose rate is presented along with the corresponding initial licensing
basis neutron dose rate from Reference 3.1.1 (Attachment D). In the right column of Table 6-2, the
ratio of the post-storage, no RX-277 case neutron dose rate over the initial licensing analysis neutron
dose rate is presented.

The Table 6-2 results show that the VCC top surface average neutron dose rate for the post-storage, no
RX-277 case is lower than the licensing-basis neutron dose rate calculated in Reference 3.1.1. This
demonstrates, for the licensing-basis fuel parameter case, that the neutron shielding properties of the
MSB lid RX-277 material are not needed for the extended storage period (after 20 years), since the top
surface average dose rate is the sole parameter for which a limit is given in the FSAR Technical
Specifications.

6.3 Evaluation of Gamma Source Strength Reduction

The Section 6.2 results (presented in the top row of Table 6-2) demonstrate that the neutron shielding
properties of the MSB lid RX-277 neutron shielding material are not necessary after 20 years of
storage, by showing that the cask top surface average neutron rate is lower than the initial licensing-
basis value, by a small margin. However, the actual total (gamma + neutron) dose rate (after 20 years
of storage, neglecting all RX-277 neutron shielding properties) will be smaller than the initial
licensing-basis value by a large margin, due to the significant reduction in gamma source strengths that
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will occur over the 20-year storage period. The reduction in gamma dose rate contribution is estimated
and evaluated in this section.

Table 6-2 presents the breakdown of gamma and neutron dose rate contributions to the total, initial
licensing-basis cask top surface average dose rate. Dose rate contributions include those from
assembly fuel region primary gammas, assembly gas plenum region (activated hardware) gammas, and
assembly top nozzle region (activated hardware) gammas, as well as the assembly fuel zone neutron
source (including secondary gammas created from that neutron source). The total (gamma + neutron)
cask top surface average dose rate is also presented. All the dose rate contributions presented in Table
6-2 are taken directly from Attachment D of Reference 3.1.1.

The corresponding dose rate contributions that apply for the post-storage, no RX-277 case are also
presented in Table 6-2. As secondary gamma source strengths scale with the primary neutron source
strength, the secondary gamma dose rate contributions are calculated by multiplying the initial
licensing basis dose rate contributions by the bounding neutron source ratio of 0.529 from Table 6-1.
As discussed in Section 5, no reduction in the assembly fuel zone gamma source strength is
conservatively assumed. Thus, the initial licensing basis dose rate contribution is conservatively
assumed for the post-storage case as well. Since the assembly hardware (gas plenum and top nozzle)
gamma sources are entirely due to Co-60, the post-storage values are determined by multiplying the
initial licensing basis values by a factor of 0.072, which is determined based on the decay period of
20 years, and the Co-60 half life of 5.27 years. The dose rate contributions are then summed to yield
the total dose rate, at each location, for the post-storage, no RX-277 case.

The right column of Table 6-2 shows the ratio of the post-storage cask top surface average dose rate
contribution values over the corresponding initial licensing basis dose rate values. The ratio is also
presented for the total cask top surface average dose rate. The ratio results show that the total (gamma
+ neutron) cask top surface average dose rate for the post-storage, no RX-277 case is substantially
lower than the initial licensing-basis values at all locations. Also, the total post-storage case cask top
surface average dose rate (of 52.36 mrem/hr) is below the Technical Specification limit of
200 mrem/hr by a wide margin.

6.4 Worst-Case Fuel Parameter Evaluation

The analyses presented in Sections 6.1 through 6.3 are based upon the design basis PWR fuel
parameters of 35 GWd/MTU burnup, 3.2% initial enrichment, and 5 year cooling time. However, a
wide range of fuel parameter combinations are allowed to be loaded in the VSC-24 cask system.
Reference 3.1.3 determines required cooling time as a function of PWR assembly burnup and initial
enrichment. In this section, it is demonstrated that the post (20 year) storage, no MSB lid RX-277
configuration produces a cask top surface average dose rate lower than the initial licensing basis value,
for all allowable fuel parameter combinations (that are described in the Reference 3.1.3 required
cooling time table).

The smallest amount of reduction in neutron and gamma cask top dose rate, over the 20 year storage
period, will occur for the maximum assembly burnup and the minimum assembly initial enrichment.
That is true for two reasons. First, as shown in Table 6-5 of Reference 3.1.3, higher burnup and lower
initial enrichment results in longer required cooling times. Due to the exponential nature of the
neutron and gamma source decay curves, a longer initial assembly cooling time will result in a lower
degree of decrease (in the source) over a subsequent (storage) period of 20 years.

Calc Package No.: VSC-04.3206 Page 14 of 22 Revision 0



Furthermore, the neutron source strength increases significantly with increasing assembly bumup and
decreasing assembly initial enrichment. (The gamma sources have a far weaker dependence.) As a
result, at the cooling times which yield acceptable total dose rates, the fraction of the total dose rate
from neutrons is higher for assemblies with a higher bumup and lower initial enrichment. Thus, for
such higher burnup, lower enrichment, longer cooling time fuel, the impact (on total dose rates) of
removing the MSB lid RX-277 neutron shielding material will be larger.

Although Table 6-5 of Reference 3.1.3 presents bumup levels up to 52 GWd/MTU, the maximum
burnup allowed by the VSC-24 license is 45 GWd/MTU. The minimum evaluated (and allowable)
initial enrichment level is 1.5%. Thus, the 45 GWd/MTU, 1.5% initial enrichment case is selected as
the basis of this evaluation. Table 6-5 of Reference 3.1.3 gives a minimum required cooling time of
15 years for that case. (It should be noted that this analysis basis is extremely conservative, as
45 GWd/MTU fuel with an initial enrichment of 1.5% does not exist. A more realistic lower bound
enrichment for 45 GWd/MTU fuel of-2.6% would yield a cooling time of only 10 years and a much
lower neutron dose rate fraction.)

Attachment D of Reference 3.1.3 shows a cask top surface average neutron and gamma dose rate of
84.31 and 68.07 mrem/hr, respectively.

A process similar to that described in Section 6.1 and presented in Table 6-1 is performed to estimate
the (fractional) decrease in the neutron source strength that occurs after 20 years of storage, for the
above, worst-case initial set of fuel parameters (i.e., for 45 GWd/MvTU, 1.5% enriched, 15 year cooled
fuel). Specifically, the ratio between the neutron source strength for 45 GWd/MTU, 1.5% enriched,
35 year cooled PWR fuel and the neutron source strength for 45 GWd/MTU, 1.5% enriched, 15 year
cooled PWR fuel is determined.

Reference 3.1.2 presents neutron source strengths (in neutrons/sec-MTU) for 1.5% enriched, 15 year
cooled fuel, at burnup levels of 44 GWd/MTU and 46 GWd/MTU. It also presents neutron source
strength data (for that initial enrichment level and those burnup levels) for cooling times of 20 and 50
years. For the two burnup level cases, Table 6-3 presents the 15-year, 20-year and 50-year neutron
source strength values, which are taken directly from Reference 3.1.3 ORIGEN2 outputs. Table 6-3
also presents the 35-year neutron source strength values, which are calculated by interpolating between
the 20-year and 50-year values. Liner interpolation is used, which is conservative given the negative
curvature of the (exponential) decay curves. The 35-year source strength values are then divided by
the 15-year source strength values to yield neutron source strength fractions for the 44 and
46 GWd/MTU cases.

The Table 6-3 results show that for both 44 and 46 GWd/MTU, the 35-year neutron source strength is
0.556 times the 15-year source strength. Thus, the same ratio is assumed to apply for 45 GWd/MTU.
Thus, it is concluded that, for worst case fuel parameters, the reduction in neutron source strength over
a 20-year storage period is a factor of 0.556. It is concluded that the 0.556 factor bounds (i.e., is higher
than) the factor that would occur for any of the allowable fuel parameter combinations presented in
Table 6-5 of Reference 3.1.3.

Reference 3.1.3 does not directly present the neutron source strength that applies for 45 GWd/MTU,
1.5% enriched, 15 year cooled PWR fuel. Thus, instead of directly calculating an absolute cask top
surface average neutron dose rate for the post-storage (35-year, no RX-277) case, that neutron dose
rate is calculated from the cask top neutron dose rate (of 84.31 mrem/hr) presented for the initial
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licensing basis (15-year) case in Reference 3.1.3, by applying two scaling factors. The first factor is
the factor of 0.556, presented in Table 6-3, which accounts for the reduction in neutron source strength
over the 20-year storage period. The second factor accounts for the impact of removing the RX-277
from the MSB lid. That factor is determined by dividing the no-RX-277 case, per-source-neutron, cask
top surface average neutron dose rate of 4.177 x 10-9 mrem/hr per neutron/sec (taken directly from the
f2 tally of the "VCC TopNo_RX-277" MCNP output file) by the corresponding, with-RX-277
per-source-neutron dose rate of 2.387 x 10-9 mrem/hr per neutron/sec (taken directly from the f2 tally
of the "VCCTopBaseline" MCNP output file). The resulting factor, which accounts for the loss of
the RX-277 MSB lid neutron shield, is 1.75.

The product of the RX-277 loss factor (1.75) and the neutron source strength reduction factor (0.556)
is 0.973. The cask top surface average neutron dose rate of 84.31 mrem/hr, presented (for 45
GWd/MTU, 1.5% enriched, 15 year cooled fuel) in Reference 3.1.3 is multiplied by 0.973 to yield a
cask top surface average neutron dose rate of 82.03 mrem/hr. That is the neutron dose rate that would
apply after a 20-year storage period (for the initial fuel parameters in question), if the RX-277 in the
MSB lid were to completely disappear.

The post-storage cask top surface average gamma dose rate is also estimated, using the same method
that is used for the design basis case in Section 6.3. Reference 3.1.3 does not give the fraction of the
cask top surface average gamma dose rate that is due to the assembly fuel (vs. activated hardware).
Thus, for this evaluation, it is assumed that the fraction of the cask top gamma dose due to the fuel is
similar to that which occurred for the design-basis case. It should be noted that any uncertainty in the
fuel contribution fraction is more than offset (by a very wide margin) by the very conservative
assumption that the fuel gamma source does not decay at all over the 20-year storage period. In
reality, the 20-year reduction in the fuel zone gamma source strength is similar to that which occurs for
the activated assembly hardware.

The results of the worst fuel parameter case evaluation are presented in Table 6-4, which presents data
very similar to that presented for the design basis case in Table 6-2. The results show that even the
neutron dose rates are lower for the post-storage, no MSB lid RX-277 configuration than they are for
the initial licensing basis configuration. That is, the total cask top surface average neutron dose rate is
lower even if no credit is taken for any MSB lid RX-277 material neutron shielding properties. Also,
the total dose rates are lower even if no credit is taken for gamma source decay. Finally, as shown in
Table 6-4, when gamma source decay is accounted for, the post-storage cask top dose rate is much
lower than the initial licensing basis dose rate (even if all neutron shielding properties of the MSB lid
RX-277 material are completely neglected). The results show that the cask top surface average total
(neutron + gamma) dose rate is 101.46 mrem/hr, which is below the 200 mrem/hr limit by a wide
margin.
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Table 6-1 - 20-year Neutron Source Strength Reduction Ratio Calculation

Ref. 3.1.2 Neutron Source Strength (neutrons/sec-MTU)' Ratio of

Initial Storage Storage Storage
Initial Cooling Start 20-year 50-year End End vs.

Bumup Enrichment Time Cooling Cooling Cooling Cooling Storage
(GWd/MTU) (w/o U-235) (years) Time Time Time Time2  Start3

34 3.0 4 3.685E+08 2.051E+08 7.285E+07 1.875E+08 0.509

34 3.5 4 2.363E+08 1.327E+08 4.879E+07 1.215E+08 0.514

36 3.0 4 4.806E+08 2.664E+08 9.325E+07 2.433E+08 0.506

36 3.5 4 3.129E+08 1.747E+08 6.283E+07 1.598E+08 0.511

34 3.0 6 3.418E+08 2.051E+08 7.285E+07 1.787E+08 0.523

34 3.5 6 2.193E+08 1.327E+08 4.879E+07 1.159E+08 0.529
36 3.0 6 4.456E+08 2.664E+08 9.325E+07 2.318E+08 0.520

36 3.5 6 2.902E+08 1.747E+08 6.283E+07 1.523E+08 0.525

Notes:

1. The neutron source strengths for the "Storage Start", 20-year and 50-year cooling times are taken directly from the Reference 3.1.2
"34gwd dk" and "34gwd dk" ORIGEN2 output files. The results are shown in the 3.0% and 3.5% enrichment neutron source sections
(blocks) of the output file. In the total (alpha-N + spontaneous fission) row of the output tables, the neutron source strengths are shown
for the storage start (i.e., 4 or 6 year), 20-year and 50-year cooling times.

2. The "Storage End" cooling time case neutron source strengths are calculated for cooling times of 24 or 26 years (based on the storage
start cooling time). The 24 and 26 year values are calculated by interpolating (linearly) between the 20 year and 50 year values shown in
the previous columns.

3. Calculated by dividing the "Storage End" cooling time neutron source strength by the "Storage Start" cooling time neutron source
strength.
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Table 6-2 - Cask Top Surface Average Dose Rate Comparisons
(design basis fuel parameter case1 )

Post Storage Initial
No RX-277 Licensing Basis Ratio
Dose Rate Dose Rate (Post/Pre-
(mrem/hr) (mrem/hr)2 Storage) 7

Neutron 13.43' 14.61 0.919

Fuel Zone Gamma 31.314 31.31 1.000

Secondary Gamma 0.06' 0.12 0.529
Gas Plenum Zone Gamma 2.666 36.99 0.072

Top Nozzle Zone Gamma 4.856 67.40 0.072

Total 52.36 150.43 0.348

Notes:

1. Design basis fuel parameters are 35 GWd/MTU, 3.2% enriched, 5 year cooled PWR fuel.

2. These dose rates are taken directly from the tables in Attachment D of Reference 3.1.1.

3. The cask top surface average, per-source-neutron dose rate of 4.177 x 10-9 mrem/hr per neutron/sec
is taken directly from the f2 tally of the "VCCTopNo-RX" MCNP output file. The per-source-
neutron dose rate is multiplied by the total neutron source strength of 3.215 x 109 neutrons/sec-MSB
calculated in Section 6.1 to yield the neutron dose rates, in mrem/hr, shown in the "Post Storage"
column of this table.

4. Conservatively assumed to equal the initial licensing basis value. No credit is taken for decay of the
assembly fuel zone gamma source strength over 20 years of storage.

5. Calculated by scaling the initial licensing basis secondary gamma dose rate contribution by a factor
of 0.529, i.e., the maximum ratio of neutron source strengths shown in the right column of Table 6-1.
The secondary gamma source scales with the primary neutron source.

6. Calculated by scaling down the initial licensing basis dose rate contributions by a factor of 0.072,
i.e., the decay factor for Co-60 over the 20-year storage period, based on its 5.27-year half-life.

7. These ratios are calculated by dividing the 'Post Storage - No RX-277" dose rates by the "Initial
Licensing Basis" dose rates.
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Table 6-3 - 20-year Neutron Source Strength Reduction Ratio Calculation

Ref. 3.1.2 Neutron Source Strength (neutrons/sec-MTU)l Ratio of

Initial Storage End Storage
Initial (15-year) 20-year 50-year (35-year) End vs.

Bumup Enrichment Cooling Cooling Cooling Cooling Storage
(GWd/MTU) (w/o U-235) Time Time Time Time2  Start 3

44 1.5 2.040E+09 1.694E+09 5.745E+08 1.134E+09 0.556

46 1.5 2.326E+09 1.932E+09 6.568E+08 1.294E+09 0.556

Notes:

1. The neutron source strengths for the initial (15-year), 20-year and 50-year cooling times are taken directly from the
Reference 3.1.2 "44gwd dk" and "46gwd dk" ORIGEN2 output files. The results are shown in the 1.5% enrichment
neutron source section (block) of the output file. In the total (alpha-N + spontaneous fission) row of the output tables, the
neutron source strengths are shown for the storage start (i.e., 15 year), 20-year and 50-year cooling times.

2. The 35-year ("Storage End") values are calculated by interpolating (linearly) between the 20 year and 50 year values shown
in the previous columns.

3. Calculated by dividing the "Storage End" cooling time neutron source strength by the "Initial" cooling time neutron source
strength.
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Table 6-4 - Cask Top Surface Average Dose Rate Comparisons
(worst case fuel parameters1)

Post Storage Initial
No RX-277 Licensing Basis Ratio
Dose Rate Dose Rate (Post/Pre-
(mrem/hr) (mrem/hr) Storage) 7

Neutron 82.034 84.312 0.973

Fuel Zone Gamma 15.66' 15.66' 1.000

Top Hardware Gamma 3.776 52.41' 0.072

Total 101.46 152.38 0.666

Notes:

1. Worst case fuel parameters are 45 GWd/MTU, 1.5% enriched, 15 year cooled PWR fuel (at initial
cask loading).

2. Taken directly from Attachment D of Reference 3.1.3.

3. Calculated based on the 68.07 mrem/hr total gamma dose rate given in Attachment D to
Reference 3.1.3. The fuel zone contribution to the total gamma dose rate is assumed to be equal to
the 23% value that applies for the design basis fuel case (as shown in Attachment D of
Reference 3.1.3). The very small secondary gamma dose rate contribution is neglected.

4. Calculated by multiplying the initial licensing basis neutron dose rate shown in the subsequent
column by 1.75 (the RX-277 removal increase factor discussed in Section 6.4) and by 0.556 (the
ratio of post-storage vs. initial neutron source strength shown in Table 6-3).

5. Conservatively assumed to equal the initial licensing basis value. No credit is taken for fuel zone
gamma source decay over the 20 year storage period.

6. Calculated by scaling down the initial licensing basis dose rate contribution by a factor of 0.072,
i.e., the decay factor for Co-60 over the 20-year storage period, based on its 5.27-year half-life.
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7. CONCLUSIONS

7.1 Results

The results presented in Table 6-2 and Table 6-4 show that after 20 years of storage, cask (VCC) top
surface average dose rates will be lower than the initial licensing-basis values even if no credit is taken
for the neutron shielding properties of the MSB lid RX-277 neutron shielding material. Furthermore,
the 200 mrem/hr limit on the cask top surface average total (neutron + gamma) dose rate that is
specified in VSC-24 FSAR Technical Specification 1.2.4 would be met by a wide margin. The
following conclusion applies for any assembly payload that is qualified for loading in the VSC-24 cask
system.

The evaluation does not consider a significant reduction in the (minor) gamma shielding properties of
the MSB lid RX-277 neutron shield material. Overall gamma attenuation is a function of the overall
bulk mass of the RX-277 shielding, and a significant loss of overall mass, out of the sealed MSB lid
neutron shield chamber, is not credible. Most of the RX-277 material mass is in the form of non-
dispersible solids, that are not subject to transport by leakage or off-gassing.

Furthermore, even if a significant loss of bulk mass were to occur, it would not affect the conclusions
of this evaluation. The amount of gamma attenuation from the MSB lid RX-277 material is small,
with its 2.0-inch thickness and density of 1.135 g/cc equating to gamma dose rate attenuation of-25%.
Thus, any gamma streaming effects (due to RX-277 material degradation) would be minimal. Also,
the cask top gamma dose rate increase that would result from complete removal of the RX-277 shield
would be more than offset (by a wide margin) by the substantial reduction in gamma source strengths
that occur over a 20-year storage period. Thus, even of the RX-277 material were completely
removed, both the gamma and neutron dose rates would be lower after a 20 year storage period.

7.2 Compliance With Requirements

This evaluation shows that the cask top surface average total (neutron + gamma) dose rate limit of
200 mrem/hr, given in VSC-24 FSAR Technical Specification 1.2.4 would be met by a wide margin
after 20 years of storage, even if the shielding properties of the MSB lid RX-277 material were
completely neglected.

7.3 Range of Validity

These results are valid the VSC-24 cask system, and all PWR assembly payloads allowable by the
system's Technical Specifications.

7.4 Summary of Conservatism

The Section 6.2 and 6.4 evaluations conservatively neglect any decay (reduction) in the assembly fuel
zone gamma source term that would occur over a 20 year storage period.

Complete removal of the RX-277 neutron shielding material for the post-20-year-storage configuration
is extremely conservative, compared to any realistic degree of material degradation.

7.5 Limitations or Special Instructions

None.
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8. ELECTRONIC FILES

8.1 Computer Runs

Filename
VCC TopNo RX-277

VCCTopBaseline

Run Date
2/14/2014
2/15/2014

Code
MCNP

MCNP

I
+

Version

MCNP5 Version

MCNP5 Version

1.5.1

1.5.1

Platform

Windows

Windows

8.2 Other Electronic Files

None.
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