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1.0 PURPOSE 

The purpose of these calculations is to determine the gamma and neutron dose rates as a 
function of distance from the boundary (security fence) of the Private Fuel Storage ISFSI. The 
calculations are based on a cask array containing 4000 casks that are loaded with 40 GWd/MTU 
- 10 year cooled PWR fuel. These calculations are based upon the preliminary ISFSI layout 
provided by Stone & Webster Engineering Corp. (Ref. 1).  

Since a PWR basket loaded with design basis fuel produces higher dose rates on the 
storage cask surface than a BWR basket containing design basis BWR fuel (Ref. 2), the PWR 
case will be bounding. Also, the assumed 10 year cooling time is extremely conservative, since 
the fully loaded PFS ISFSI is expected to have an average spent fuel cooling time that is well 
over 20 years. The minimum cooling time required to ship 40 GWd/MTU PWR fuel to the PFS 
ISFSI is 7 years (Ref. 3), just three years under the assumed average cooling time. The'potential 
effects of higher burnup fuel on ISFSI dose rates is also discussed in this document.  

The gamma and neutron dose rates are calculated at a large number of distances from the 
ISFSI security fence. Studied distances range from zero to -2000 feet (600 m) from the fence.  
Dose rates due to radiation leaving the cask side surfaces (direct + scattered) and dose rates due 
to radiation leaving the cask top surfaces (scattered only) are determined separately. The PFS 
ISFSI may employ a berm to reduce dose rates around the ISFSI. Dose rates are calculated for 
an ISFSI with and without a berm present.  

This ISFSI dose rate calculation is very similar to the one presented in SNC Document # 
PFSO1.10.02.02 (Ref. 4). The only difference between the two calculations is that this 
calculation uses the SKYSHINE II particle scattering code, whereas the Ref. 4 calculations were 
based on the MCNP monte-carlo shielding code. These calculations were performed to obtain a 
second set of dose rate predictions and to compare the results of the two codes.  

Regulations require that the dose rate be under 25 mrem/year at the site boundary (which 
is 600 m from the security fence) assuming a 2000 hour/year occupancy factor. A dose rate 
under 2 mreem/hour at the security fence is also desired. A dose rate calculation for the "nearest 
neighbor" (10,000 feet from the security fence) is also required. It is desired that both codes 
(SKYSHINE II and MCNP) predict dose rates under the regulatory (or desired) limits at these 
three locations.  
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2.0 RESULTS/CONCLUSIONS 

The dose rate contributions from four components, gammas leaving the cask sides, 
neutrons leaving the cask sides, gammas leaving the cask tops, and neutrons leaving the cask 
tops, are listed separately in Table I for the 4000 cask ISFSI. The dose rate contributions are 
shown for a large number of distances (from the ISFSI security fence).  

Based on the Table I results, the total gamma and neutron dose rates (as a function of 
distance) can be determined. These results are shown in Table 2. The Table 2 results 
correspond to an ISFSI with no berm present. The dose rate results for an ISFSI with a berm 
present are shown in Table 3. For the no-berm case, the components shown in Table 1 are 
simply summed to yield the total dose rate. For the berm case, the same is true except that the 
cask side gamma and neutron dose rate components are simply not included in the toital dose 
rate results. The berm will totally block the direct radiation leaving the cask sides from reaching 
the detector locations outside the berm.  

TABLE 1 

DOSE RATE COMPONENTS (VS. DISTANCE) 
FOR THE PFS ISFSI 

(mrem/hr) 

Distance to Gamma Dose Rate Neutron Dose Rate Gamma Dose Rate Neutron Dose Rate 
Detector (feet) From Cask Sides From Cask Sides From Cask Tops From Cask Tops 

0 2.660E-01 1.373E-03 1.846E-01 2.955E-03 
50 1.860E-01 9.349E-04 1.344E-01 2.172E-03 
100 1.564E-01 7.768E-04 1.070E-0 1 1.750E-03 
200 1.079E-01 5.235E-04 6.777E-02 1. 137E-03 

328 (100 m) 6.496E-02 3.060E-04 3.790E-02 6.563E-04 
500 3.173E-02 1.433E-04 1.771E-02 3.199E-04 
1000 4.992E-03 2.120E-05 2.953E-03 5.897E-05 
1500 1.1 12E-03 4.795E-06 9.380E-04 2.006E-05 

1968.5 (600 m) 4.489E-04 1.953E-06 7.460E-04 1.617E-05 
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TABLE 2 

TOTAL DOSE RATES VS. DISTANCE 
FOR THE PFS ISFSI - WITHOUT BERM 

(mmnm/hr) 

Distance to Total Gamma Total Neutron Total 
Detector (feet) Dose Rate Dose Rate Dose Rate 

0 4.506E-01 4.328E-03 4.549E-01 
50 3.204E-01 3.107E-03 3.235E-01 
100 2.634E-01 2.527E-03 2.659E-01 
200 1.757E-01 1.661E-03 1.773E-01 

328 (100 m) 1.029E-01 9.623E-04 1.038E-01 
500 4.944E-02 4.632E-04 4.990E-02 

1000 7.945E-03 8.017E-05 8.025E-03 
1500 2.050E-03 2.486E-05 2.075E-03 

1968.5 (600 m) 1.195E-03 1.812E-05 1.213E-03

TABLE 3 

TOTAL DOSE RATES VS. DISTANCE 
FOR THE PFS ISFSI - WITH BERM 

(mrem/hr)

Distance to Total Gamma Total Neutron Total 
Detector (feet) Dose Rate Dose Rate Dose Rate 

0 1.846E-01 2.955 E-03 1.876E-01 
50 1.344E-01 2.172E-03 1.366E-01 

100 1.070E-01 1.750E-03 1.088E-01 
200 6.777E-02 1.137E-03 6.891E-02 

328 (100 m) 3.790E-02 6.563E-04 3.856E-02 
500 1.771E-02 3.199E-04 1.803E-02 
1000 2.953E-03 5.897E-05 3.012E-03 
1500 9.380E-04 2.006E-05 9.581E-04 

1968.5 (600 m) 7.460E-04 1.617E-05 7.622E-04
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The total dose rate at the controlled area boundary must be under 25 mrem/year, based 
on a 2000 hour/year occupancy factor. This corresponds to a limiting total dose rate of 0.0125 

mremi/hour. The results show that the total dose rate at the proposed PFS boundary 600 in from 
the security fence is below the above limit by a very wide margin (more than an order of 
magnitude). This is true whether a berm is present or not. The results shown in Tables 2 and 3 
also suggest that the controlled area boundary could be as close as 1000 feet from the security 
fence, with or without a berm present. The presence of a berm does not dramatically reduce the 
required distance because the scattered radiation from the cask top surfaces ("skyshine") 
contributes significantly to the overall dose rate and because the dose rate is a very strong 
function of distance.  

As discussed in Section 4, the ISFSI dose rate is determined, through a straightforward 
arithmetic calculation, from the single cask dose rate vs. distance results shown in Table 4 of 
Section 3. The dose rate results shown in Table 4 were calculated using the SKYSHINE II 
code. SKYSHINE II single cask dose rate results are only available out to 2000 ft. from the 
cask (see Section 4). For casks that are more than 2000 ft. from the detector, the 2000 ft. dose 
rate values are conservatively used. In the case where the detector is -2000 ft. from the security 
fence, many of the casks in the ISFSI are more than 3000 ft. from the detector. The dose rate 
results presented in Table 4 of Ref. 4, and the 1000 and 2000 ft. dose rate results presented in 
Table 4 of this document show that the dose rates fall off by more than an order of magnitude 
for each additional 1000 feet of distance. Thus, assuming a distance of 2000 ft. for all casks that 
are further than 2000 ft. will yield a large amount of conservatism in the ISFSI dose rate 
calculation.  

Comparing the SKYSHINE II single cask dose rate vs. distance data shown in Table 4 of 
this document with the corresponding MCNP values shown in Table 4 of Ref. 4 shows the 
following. For the cask side gamma dose rate contributions, the codes agree fairly well with 
each other. They remain within a factor of two of each other throughout the distance range, with 
different codes predicting higher dose rates at different distances within the range. At the 2000 
ft. distance, SKYSHINE II predicts a cask side gamma dose rate that is 33% higher than that 
predicted by MCNP. The codes also agree relatively well with respect to the cask top gamma 
dose rate contributions. The results show that MCNP predicts dose rates that are about 50% to a 
factor of two higher than those predicted by SKYSHINE II for most distances. The results 
show, however, that for the critical 2000 ft. distance, SKYSHINE II over-predicts MCNP by 
17%.
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For neutron dose rates, however, there is a substantial disagreement between the two 
codes. For cask side neutron dose rate contributions, MCNP predicts dose rates that are about a 
factor of 20 higher than those predicted by SKYSHINE II over the entire distance range. For the 
cask top neutron dose rate contribution, the disagreement is even stronger for the lower 
distances. For the cask top neutron dose rate, MCNP over-predicts SKYSHINE II by a factor of 
500 for closer distances (-50 ft.) and over-predicts SKYSHINE II by a factor of 20 at the 2000 
ft. distance.  

The above differences show up in the final ISFSI dose rate results for the two codes.  
Table 1 of this document shows that neutron dose rates do not significantly contribute to the 
overall ISFSI dose rate. Table 1 of Ref. 4, however, shows that the cask top neutron dose rate 
contribution is the single largest contributor to the ISFSI dose rate. Given the relative 
agreement on gamma dose rates, and MCNP's much higher neutron dose rate predictions. one 
would expect MCNP to yield higher overall ISFSI dose rates. Comparing Tables 2 and 3 of this 
document to Tables 2 and 3 of Ref. 4 shows that this is the case over most of the distance range, 
with MCNP predicting ISFSI total dose rates that are about a factor of four higher than those 
predicted by SKYSHINE II. However, the SKYSHINE II dose rates fall off much less between 
1000 and 2000 ft. than do the MCNP results. In fact, at 2000 ft., the codes roughly agree with 
one another with SKYSHINE II over-predicting MCNP by 3%.  

The SKYSHINE II results "catch up" with the MCNP results between 1000 and 2000 ft.  
because, in the SKYSHINE II ISFSI dose calculations, the 2000 ft. dose rate values are assumed 
for all casks that are over 2000 ft. from the detector. As the detector moves from 1000 ft. (from 
the security fence) to 2000 ft., a significant number of casks in the ISFSI become significantly 
more than 2000 ft. from the detector. Thus, the conservative 2000 ft. assumption starts to 
significantly impact the SKYSHINE II dose rate calculation. At a 2000 ft. detector distance, 
this conservative effect is enough to cancel the effect of MCNP's higher neutron dose rate 
predictions. In Section 2 of Ref. 4, a dose rate based on assuming the 2000 ft. results for all 
casks beyond 2000 ft. was calculated (based on MCNP results). The calculated total ISFSI dose 
rate, using this assumption, for a detector distance of 2000 ft was 5.0 x l0-3 mrem/hr. This is 
about a factor of four higher than the 2000 ft. dose rate calculated by SKYSHINE II (as shown 
in Table 2). This is exactly consistent with the level of MCNP over-prediction that occurs over 
the rest of the distance range.
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As stated in Section 1, the dose rate results are based upon 40 GWd/MTU PWR fuel 
with a cooling time of 10 years. Since gamma dose rates fall of rapidly with time, and because 
the average cooling time for fuel in the PFS ISFSI is well over 20 years, the design basis case 
described above will clearly give conservative gamma dose rate predictions for the ISFSI. This 
is less clear, however, for neutrons, because 1) neutron dose rates decay slowly with time; 2) 
neutron source strengths (and therefore dose rates) are a very strong function of burnup, and; 3) 
fuel burnup levels as high as 60 GWd/MTU may be stored in the PFS ISFSI.  

According to the OCRWM Spent Fuel Computer Database (Ref. 5), the neutron source 
strength for 60 GWd/MTU - 15 year cooled PWR fuel is higher than the 40 GWd/MTU - 10 
year cooled fuel neutron source strength used in this analysis by a factor of -2.3. This is the 
minimum required cooling time for shipping 60 GWd/MTU fuel in the TranStorM shipping cask 
(Ref. 3). The gamma source strengths for the 60 GWd/MTLJ - 15 year case are bounded by the 
gamma source strengths for the 40 GWdIMTU case. If the ISFSI neutron dose rates (which 
make up a small fraction of the total) are multiplied by 2.3, and the gamma dose rates are left 
unchanged, the calculated 600 m dose rates are still well under the regulatory limit of 0.0125 
mrem/hr. The dose rates would remain under the regulatory limit even if the bounding approach 
of assuming all casks are 2000 ft. from the detector is used. Therefore, storage of any amount of 
fuel with bumup levels up to 60 GWd/MTU in the PFS ISFSI will not cause regulatory dose rate 
limits to be exceeded at the proposed 600 m site boundary.  

In support of calculating the dose rate at the location of the nearest neighbor to the 
ISFSI, a dose rate calculation for a distance of 10,000 feet is also desired. However, 
SKYSHINE II single cask dose rate vs. distance results are not available for distances greater 
than 2000 feet. However, an upper bound estimate of the dose rate at 10,000 ft. can be made 
using the approach described below.  

The maximum occupancy factor of 8766 hours/year is assumed for the nearest neighbor 
location. At this occupancy factor, the dose rate at -2000 feet (600 m) is about 11 mrem/year, 
even if the ultra-conservative bounding approach (all casks at 2000 feet) is used. The results 
shown in Tables 1-4 of this document and Ref. 4 also clearly show that the dose rates decrease 
by at least a factor of 5 for every additional 1000 feet of distance from the ISFSI (for distances 
over 1000 feet). Therefore, an upper bound estimate for the 10,000 foot dose rate would be only 
3.0 x l0s mren,/year (11 mrem/year divided by 5.0 to the eighth power). This extrapolation out 
to 10,000 feet does involve a significant amount of uncertainty. It can, however, be stated with 
an extremely high confidence level that the dose rate at the 10,000 foot distance is much less 
than 0.1 mrem/year.  
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3.0 DESIGN INPUT AND ASSUMPTIONS 

The only significant design input data to this calculation is the single cask dose rate vs.  
distance data for the four dose rate components described in Sections 1 and 2. Dose rate vs.  
distance data for a single TranStorTM storage cask loaded with 40 GWd/MTU - 5 year cooled 
PWR fuel is given in Refs. 6 and 7. These dose rates were calculated by adjusting dose rate vs.  
distance data previously calculated for the VSC-24 storage cask using the SKYSHiNE II code 
(Ref. 8). The dose rates calculated (for each distance) for the VSC-24 cask were multiplied by 
the ratio of surface dose rates (TranStor"M over VSC-24) to yield dose rate vs. distance data for 
the TranStorTM storage cask. The dose rate ratios were based upon VSC-24 storage cask surface 
dose rates from Ref. 9 and TranStorm storage cqask surface dose rates from Ref. 2. The dose 
rates for each of the four contributions were multiplied by the dose rate ratio for the 
corresponding cask surface and radiation type. The single TranStorTM cask dose rate vs. distance 
data (from Refs. 6 and 7) is shown below in Table 4.  

TABLE 4 

DOSE RATE VS. DISTANCE 
FROM A SINGLE TRANSTOR TM STORAGE CASK 

CONTAINING 40 GWd/MTU - 5 YEAR COOLED PWR FUEL 
(mrem/hr) 

Distance Cask Side Cask Side Cask Top Cask Top 
From Gamma Neutron Gamma Neutron 

Cask Side Dose Rate Dose Rate Dose Rate Dose Rate 
50 1.26 E-01 4.47 E-04 2.88 E-03 2.84 E-05 

200 8.63 E-03 2.70 E-05 3.81 E-04 3.53 E-06 
1000 1.94 E-04 4.93 E-07 9.49 E-06 1.07 E-07 
2000 8.47 E-06 2.22 E-08 3.73 E-07 4.87 E-09
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The data presented in Refs. 6 and 7 is for 5 year cooled fuel. For this calculation, dose 
rate vs. distance must be calculated for 10 year old fuel. Table 7 of Ref. 7 gives the fuel region 
gamma source strengths, by energy line, as a function of cooling time for 40 GWd/MTU PWR 
fuel. Gamma source strengths are shown for 5 and 10 year old fuel. Table 8 of Ref. 7 gives the 
ratio (by gamma energy line) of the gamma source strength for each cooling time over the 
gamma source strength for 5 year old fuel. The Table 8 (of Ref. 7) results show that for all of 
the gamma energy lines between 0.8 and 2.75 MeV, the gamma source strengths for 10 year old 
fuel are less than half the gamma source strengths for 5 year old fuel. As stated in the 1996 
NRC Cask Review Plan (Ref. 10), only gamma energies between 0.8 and 2.5 MeV contribute 
significantly to cask external dose rates. Also, the assembly non-fuel region gamma sources 
(the bottom nozzle, gas plenum, and top nozzle region gamma sources) are entirely due to the 
presence of Co-60, which has a - 5 year half-life.  

For the above reasons, the surface gamma dose rates for a TranStorTM cask loaded with 
10 year old fuel will be less than half the surface gamma dose rates for a TranStorTM cask loaded 
with 5 year old fuel (for all cask surfaces). Therefore, the single cask gamma dose rates (vs.  
distance) presented in Refs. 6 and 7 are divided by two to yield the gamma dose rates vs.  
distance for 40 GWd/MTU - 10 year old fuel.  

Data from the OCRWM Spent Fuel Computer Database (Ref. 5) shows that the total 
neutron source strength for 40 GWd/MTU - 10 year cooled PWR fuel is 0.83 times the total 
neutron source strength for 40 GWd/MTU - 5 year cooled PWR fuel. Since the neutron source 
spectrum and the axial neutron source profile within the assembly fuel region do not 
significantly vary with fuel cooling time, the neutron dose rates on the cask surfaces for 10 year 
old fuel will also be about 0.83 times the neutron dose rates for 5 year old fuel. Thus, the single 
cask neutron dose rate vs. distance data shown in Refs. 6 and 7 is multiplied by 0.83 to yield the 
single cask neutron dose rate vs. distance data for 10 year old fuel that shall be used in these 
analyses.  

The single cask dose rate vs. distance data for 10 year old fuel, which is the primary 
design input for these calculations, is shown in Table 5. As stated above, the gamma dose rate 
data presented in Table 5 is simply that presented in Table 4 times 0.5. The neutron dose rate 
data presented in Table 5 is that presented in Table 4 times 0.83.

Client/Project: PFS-01 Revision Prepared Date Checked Date Sheet 
bject: Private Fuel Storage SKYSHINE II ISFSI Dose 0 V 7-'" / /L 7/9 

Rate Calculation (4000 Casks) of 
Calculation Number: PFSO1.10.02.03 28



S'SNC 
Sierra Nuclear Corporation 

TABLE 5 

DOSE RATE VS. DISTANCE 
FROM A SINGLE TRANSTORTM STORAGE CASK 

CONTAINING 40 GWd/MTU - 10 YEAR COOLED PWR FUEL 
(mrem/hr) 

Distance Cask Side Cask Side Cask Top Cask Top 
From Gamma Neutron Gamma Neutron 

Cask Side Dose Rate Dose Rate Dose Rate Dose Rate 
50 6.30 E-02 3.71 E-04 1.44 E-03 2.36 E-05 

200 4.32 E-03 2.24 E-05 1.91 E-04 2.93 E-06 
1000 9.70 E-05 4.09 E-07 4.75 E-06 8.88 E-08 
2000 4.24 E-06 1.84 E-08 1.87 E-07 4.04 E-09 

U 1

Given the design input data provided in Table 5, the ISFSI dose rate calculation is a 
straightforward arithmetic calculation. No other input data is used, other than the proposed 
ISFSI layout (discussed later in this section and shown in Figure 2). There are some 
assumptions made, however, in the calculation. These assumptions are given below.  

Due to the close proximity of the casks, the cask side dose rate contributions from all 
casks except those on the edge of the ISFSI are assumed to be completely blocked by other 
casks. Thus, for a detector at some distance from a given side of the ISFSI, only the casks in the 
"front row" of the ISFSI will contribute to the cask side dose rate component. This is a valid 
assumption. The casks are spaced 15 feet apart, and the casks are 11.33 feet wide, so there is 
only 3.67 feet between casks. A very small fraction of the cask side flux can escape through this 
narrow space.  

In the ISFSI dose calculation, the detectors are placed at given distances away from the 
center of the ISFSI side. For a regular square pitched cask array, radiation from inner casks 
would have to leave the surfaces of the inner casks at a very shallow angle in order to pass 
between the front row casks and move in the direction of the detector. This is illustrated in 
Figure 1. In reality, the angular distribution of the radiation leaving the cask side surfaces is far 
from isotropic, with almost all of the radiation leaving in a direction almost normal to the cask 
surface. Thus, an extremely small amount of radiation would actually follow such a path.  
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It is also true that, for a regular square pitched cask array, radiation leaving the surface of 
a cask in the row right behind the "front" (outer) row can pass between the adjacent front row 
casks and leave the ISFSI. This radiation is leaving the cask surface in the normal direction, but 
the radiation escapes the ISFSI in a direction that is roughly 30 degrees off the normal vector 
(which points straight towards the detector). This is also illustrated in Figure 1.  

This escaping radiation is not of significant concern due to its direction of travel. If a 
detector were placed on the site boundary line at a point not directly over the center of the ISFSI 
side wall, but at an angle 30 degrees off the normal vector, the distance from the detector to the 
casks would increase by about 15%. Given the exponential drop-off rate in dose rate (vs.  
distance) at large distances, the overall dose rate at such a location would be lower than that 
measured at a detector placed above center of the ISFSI side.  

As an example, the dose rate falls by roughly an order of magnitude between 2000 and 
3000 feet. If the 2000 ft. detector were placed 30 degrees off the normal angle, the distance 
would increase to -2300 feet. Based on the dose rate's fall off with distance, this would 
correspond to at least a factor of two reduction in the total dose rate.  

Due to the small space between the front row casks, only a fraction of the cask side dose 
rate from the "second" cask row will escape the ISFSI (see Figure 1). Therefore, the cask side 
dose rate contributions would not increase by a factor of two due to this leaking radiation.  
Furthermore, the cask side dose rates are only a fraction of the overall dose rate. Thus, this cask 
side radiation leaking between casks would not nearly make up for the factor of two reduction in 
dose rate due to the increased distance to the detector. For these reasons, a detector placed 
directly over the ISFSI side will measure higher dose rates than a detector that is placed at an 
angle relative to the side wall in order to pick up the radiation leaking from the second cask row.  

For a detector directly over the center of the ISFSI side, radiation from the second cask 
row is not significant, as discussed earlier. It is true that, for a detector 2000 feet from the center 
of the ISFSI side, the angle between the casks at the ISFSI comer (on the ends of the front cask 
row) and the detector is about 30 degrees. Thus, the casks that are near the ends of the second 
cask row may contribute somewhat to the dose rate at the detector. However, since this is the 
section of the second cask row that is furthest from the detector, and since most of the radiation 
leaving the second cask row (even the radiation traveling at a 30 degree angle) is blocked by the 
first cask row, the cask side dose rate contributions from the ends of the second cask row will be 
very small. As discussed on the following page, the analyses make several conservative 
assumptions that will more than compensate for the fact that this small potential contribution 
from the second cask row is neglected.  
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To DFTECToR

FIGURE 1: POTENTIAL RADIATION LEAKAGE PATHS 
IN A REGULAR CASK ARRAY
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As discussed in Section 4, the cask top dose rate contributions for the 4000 casks in the 
ISFSI are based upon conservative lower bound distance values which will cause a significant 
over-estimation of the total cask top dose rate contributions. Also, the SKYSHINE II single 
cask dose rate vs. distance data for the cask side gamma dose rate contribution is based upon 
conservatively high cask side surface gamma dose rates (from Ref. 2). Comparisons of 
calculated (Ref. 9) cask side gamma dose rates to measured cask side gamma dose rates for the 
VSC-24 storage cask (Ref. 11) show that cask side gamma dose rates are over-predicted by over 
50%. It is also true that the cask side gamma dose rates are over-estimated by at least a factor of 
two due to the extremely low cooling time assumption of 10 years (average cooling times will 
be over 20 years for the PFS ISFSI). The cask side neutron dose rate contributions are 
negligible compared to the cask side gamma contributions. The effects of the conservative data 
and assumptions discussed above far outweigh the small cask side contributions that may come 
from the ends of the second cask row.  

Finally, it can be stated, without analysis, that the largest possible effect of leakage from 
the second cask row is to double the cask side dose rate contribution. The Section 2 results also 
show that, at 600 m, the dose rates are under the regulatory 25 mrem/year limit by a very wide 
margin. The security fence limit of 2 mrem/hour is also met by a wide margin and the dose rate 
at the nearest neighbor location is vanishingly small. Thus, even if the cask side dose rate 
contributions were doubled, the total dose rates would still be nowhere near any of the limits.  
However, in reality, for the reasons given in the preceding paragraphs, the dose rate calculations 
will actually over-predict the ISFSI dose rates even though cask side radiation from the second 
row is neglected.  

The preceding discussion showed how cask side dose rate contributions from all casks 
other than the front row of casks are insignificant for a regular cask array. However, the PFS 
ISFSI is not a regular cask array. The proposed PFS ISFSI layout is shown in Figure 2. There 
are 4000 casks laid out in a 50 x 80 rectangular array. The casks are placed in columns that run 
in the North-South direction. In these columns, the average cask spacing is 16 feet. The cask to 
cask spacing is only 15 feet, but there is some additional space between the individual storage 
slabs (see Figure 2) which brings the average cask spacing to roughly 16 feet. There is a 150 
foot space that divides each of these columns into two sections containing 40 casks (per column) 
each. In the East-West direction, the columns described above are arranged in groups of two.  
The two columns in each group are spaced 15 feet apart and there is a 30 foot space between the 
column groups. Also, at the center of the ISFSI, there is another 150 foot space. There are 12 
column groups on one side of the large space, and 13 column groups on the other side of the 
large space. Thus, there are a total of 80 casks on the East and West edges of the ISFSI, and a 
total of 50 casks on the North and South edges of the ISFSI.  

Client/Project: PFS-0 1 Revision Prepared Date Checked Date Sheet 
')ject: Private Fuel Storage SKYSHINE II ISFSI Dose 0 7'- r -r" - /:/qy7 12 

Rate Calculation (4000 Casks) of 
Calculation Number: PFSO1.10.02.03 28



SNC 
Sierra Nuclear Corporation

0 
o

tp qeS 

IC .,-,

- U- C*t*C'fq M. PLM4 
PRIVA*TE FUL, STORAGE PMCtLTY 

IS?~•.L (wCII. * N.j

FIGURE 2: PROPOSED PFS ISFSI LAYOUT

"Iient/Project: PFS-O1 
)ject: Private Fuel Storage SKYSHINE II ISFSI Dose 

Rate Calculation (4000 Casks) 
Calculation Number: PFSO 1.10.02.03

K

I



SNC 
Sierra Nuclear Corporation 

The ISFSI layout described above has significant spaces between casks and dose rate 
contributions from inner casks may be significant. The effects of large spaces between casks are 
conservatively treated by artificially "filling" these spaces with additional casks. Additional 
casks are placed in any gaps that occur in the front cask row (i.e. the cask row on the ISFSI edge 
facing the detector). The resulting front cask row has no spaces between the casks larger than 
the 3 or 4 feet that would be present in a regular cask array.  

An additional cask will produce more radiation than that which would leak (from inner 
casks) through a cask sized hole in the front row, so this assumption is conservative. This 
assertion is based on the fact that the projected cask surface area that can be viewed through a 
cask sized hole is no greater than the surface area of the cask that would be placed in the front 
row to "plug" the hole. Also, the projected surface area viewed through the cask sized hole will 
primarily consist of cask surface areas that are viewed at a very shallow angle (i.e. far from the 
normal direction). Given that most radiation leaves the cask surface in a direction more normal 
to the surface, the projected area of the inner casks will release less radiation in the direction of 
the "viewer" than would the equivalent projected area of an extra cask placed in the front row to 
"plug" the hole. The conservatism of this hole plugging assumption will also more than make 
up for any cask side dose rate contributions from the second cask row.  

The cask side dose rate calculations are based on this artificial front cask row which has 
more casks than are actually present in the front row. This procedure does not apply to the cask 
top dose rate contribution calculations, since cask blockage issues do not effect the cask top 
contributions (which are already based upon all 4000 casks). The ISFSI dose rate calculations 
are based on detectors placed over the ISFSI side that has the highest number of casks in the 
front row, after additional "hole plugging" casks have been artificially added.  

Dose rates at distances between the distances shown in Tables 4 and 5 (for which actual 
SKYSHINE II dose rate results are available) are determined using logarithmic interpolation.  
This means that the logarithms of the dose rates between data points are determined using linear 
interpolation between the logarithms of the dose rates at the data points. The anti-log of the 
results are taken to produce the intermediate distance dose rates.  

A copy of Figure 6-2 of Ref. 6, which shows a semi-log plot of dose rate vs. distance 
data for 5 year old fuel, is shown in Figure 3. The logarithmic interpolation approach would 
correspond to drawing straight lines (on the semi-log paper) between the data points, as is 
shown in Figure 3. It can be seen by examining the data points shown in Figure 3 that the actual 
curves would have negative curvature in the semi-log plot. Therefore, the actual curves would 
lie below the straight lines that are drawn between the data points in Figure 3. This illustrates 
the conservatism if the logarithmic interpolation method.  
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The dose rate vs. distance functions for 10 year old fuel are simply the dose rates vs.  
distance for 5 year fuel times a constant (as discussed earlier in this section). Therefore, the 
dose rate vs. distance curves for 10 year old fuel will have the same shape as those shown in 
Figure 3. Thus, logarithmic interpolation will be conservative for 10 year old fuel, as well as for 
5 year old fuel.  

Dose rates (vs. distance) are calculated for an ISFSI with and without a berm. Since the 
berm is higher than the tops of the casks, the berm is assumed to completely block all radiation 
that leaves the cask side surfaces. Thus, the cask side dose rate contributions are completely 
eliminated for the berm case calculations.
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4.0 METHODOLOGY 

These ISFSI dose rate calculations are based upon single cask dose rate vs. distance 
calculations that were performed using the SKYSHINE II computer code. With this code, 
energy dependent, average surface fluxes for the cask side and top surfaces are entered into the 
code, which then calculates dose rate contributions, vs. distance, for radiation leaving the cask 
side and top, respectively.  

SKYSHINE II calculations were performed to determine dose rate vs. distance data for 
the VSC-24 storage cask (Ref. 8). Dose rates, vs. distance, were determined separately for 
gammas leaving the cask side, neutrons leaving the cask side, gammas leaving the cask top, and 
neutrons leaving the cask top. The average gamma and neutron fluxes for the cask side and top 
surfaces were taken from the VSC-24 storage cask design basis shielding analyses (Ref. 9).  
These average surface fluxes are the primary input to the SKYSHINE II code.  

The dose rate vs. distance data presented in Refs. 6 and 7 for a single TranStorTM cask 
loaded with 40 GWd/MTU - 5 year cooled PWR fuel is determined from the VSC-24 
SKYSHINE II data (from Ref. 8) using the cask surface dose rate ratio methodology discussed 
in Section 3. As also discussed in Section 3, this is then converted into 10 year cooled fuel data.  
The results of these conversions are presented in Table 5 in Section 3 of this document This 
dose rate vs. distance data (for each of the four contributing components) is the primary design 
input for the ISFSI dose rate calculations.  

The SKYSHINE II dose rate calculations presented in Refs. 8 and 6 only consider 
distances out to 2000 feet. Using extrapolation from the available SKYSHINE II results for 
larger distances would involve a significant amount of uncertainty. Therefore, to be 
conservative, the 2000 ft. dose rate results are assumed in the ISFSI dose rate calculations for all 
casks that are more than 2000 ft. from the detector (as discussed in Sections 2 and 3).  

Unlike the MCNP monte-carlo code, SKYSHINE II is a deterministic code. Therefore, 
there is no statistical error level associated with the dose rate results. Thus, no error levels are 
shown with the results in Tables 4 and 5 (unlike Table 4 of the Ref. 4 MCNP calculations).  

The ISFSI dose rate calculation is a straightforward arithmetic exercise, based on the 
design input data shown in Table 5 and the assumptions listed in Section 3. Detector locations 
at various distances from the ISFSI security fence are considered. In each case, the detectors are 
lined up directly over the center of the ISFSI side, to yield maximum dose rates (as discussed in 
Section 3).  
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There are two basic steps that are performed to determine the dose rate contributions 
from each cask in the ISFSI. The first step is to determine the distance between each cask and 
each detector location (i.e. each distance from the security fence). The second step is to 
determine the dose rate contributions for each cask, based on the determined distance, from the 
data shown in Table 5 through use of logarithmic interpolation. After determining the dose rate 
contributions from each cask in the ISFSI, the contributions are summed to yield the total ISFSI 
dose rate contributions shown in Table 1. Different approaches are used to determine the cask 
distances for the cask side and cask top dose rate contribution calculations, as is discussed 
below.  

As discussed in Section 3, only the first cask row contributes to the cask side dose rate 
contributions shown in Table I. The distance to each cask in the front row is accurately 
calculated as a function of detector distance (from the security fence). These distance 
calculations include both vector components of the overall distance to the cask, including the 
distance from the detector to the center of the front cask row, and the distance from the center of 
the front cask row to each individual cask in the row.  

Once the distance (from the detector) to each cask in the front row is determined, the 
cask side gamma and neutron dose rate contributions from each cask can be calculated, using 
logarithmic interpolation between the Table 5 data points. The cask side gamma and neutron 
dose rate contributions calculated for each cask are then summed to yield the total gamma and 
neutron cask side dose rate contributions for the entire ISFSI. The total cask side dose rate 
contributions are calculated as a function of the detector distance (from the security fence).  

As discussed in Section 3, gaps in the cask rows at the ISFSI edge are treated by filling 
the gaps with extra casks so that no gaps are present in the row (i.e. there are no gaps bigger than 
-4 feet between the casks). This "full" cask row will yield a total cask side dose rate 
contribution that bounds the effects of any streaming through gaps in the row.  

On the East and West sides of the ISFSI, there are two solid rows of 40 casks (with an 
average cask spacing of 16 feet) that are separated by a large 150 foot gap. At a typical cask 
spacing, about 10 casks could fit inside this 150 foot gap. Thus, cask side dose rate contribution 
calculations for detectors above the East or West ISFSI sides would be based upon a solid 
(uninterrupted) front row containing 90 casks (80 actual casks plus 10 artificial casks).
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On the North and South sides of the ISFSI, the front cask rows have only 50 casks, but 
there are more spaces between the casks. On one side of the 150 foot central alley, there are 13 
cask pads, each of which is 30 feet wide and has two casks (in the front row). There is a 30 foot 
space between each cask pad. On the other side of the central alley, there are 12 cask pads, with 
a 30 foot space between each pad. This is illustrated in Figure 2. Thus, there are a total of 25 
cask pads (containing a total of 50 casks), and there is a total of 23 thirty foot gaps between the 
pads. Each of these 30 foot gaps are artificially filled with two casks (on the ISFSI edge). Also, 
the 150 foot wide central alley is filled with an additional 10 artificial casks. This creates a solid 
front cask row containing a total of 106 (50 + 23x2 + 10) casks that have an average spacing of 
15 feet. Thus, 56 artificial casks are added to the 50 actual casks in the front row.  

Since the effective number of front row casks is higher for the North and South ISFSI 
sides than it is for the East and West ISFSI sides (106 vs. 90), the cask side dose rate 
calculations are based upon detectors over the North side of the ISFSI. Therefore, the cask side 
dose rate contributions are calculated based on a solid (uninterrupted) front cask row containing 
106 casks spaced 15 feet apart. As shown in Figure 2, the security fence is farther from the 
ISFSI South side than it is from the ISFSI North Side, so the distances between the detectors and 
the cask rows are based upon the North security fence.  

Due to symmetry, only half of the front cask row needs to actually be treated by the cask 
side dose rate contribution calculations. Thus, calculations are based upon a half row, 
containing 53 casks, that extends in one direction from the ISFSI centerline. The resulting dose 
rates are multiplied by two (at the end of the calculation) to yield the final total dose rate 
contributions.  

Unlike the cask side dose rate contributions, all 4000 casks in the ISFSI contribute to the 
overall cask top (scattered) dose rate contributions. Calculating an accurate distance (to the 
detector) for each of the 4000 casks in the array would be very cumbersome and time 
consuming. Therefore, for the cask top dose rate contribution calculations, conservative 
simplifying assumptions were made. These assumptions are discussed below.  

Instead of being considered individually, the casks are considered in large sub-groups.  
Each sub-group consists of two full cask rows. Cask rows run in the East-West direction, where 
the detector locations are above the North side of the ISFSI (see Figure 2). The distance for all 
casks in each pair of rows is conservatively set to equal the distance between the detector and 
the closest cask in the pair of cask rows. Thus, one of the vector components (of the overall 
distance) discussed on the previous page, i.e. the distance between the row center and each 
individual cask, is neglected in the distance calculation. Also, the distance to the front row is 
conservatively used for all casks in the back row.  
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This approach is conservative because is under-estimates the distance for the casks near 
the ends of the cask rows. For a 2000 foot detector distance, the distance to the casks at the ends 
of the front row is under-estimated by about 7%. The degree of under-estimation is less for the 
other cask rows, with a 3% under-estimation for the farthest cask row in the ISFSI. Two rows at 
a time are considered because the difference in distance between two cask rows (front row to 
back row) is much smaller than the difference in distance between the centers of the rows and 
the ends of the rows. In other words, assuming the front row distance for the back row is a 
much smaller effect than the under-estimation already present for casks at the ends of the rows.  

Given the strong exponential dependence of dose rate on distance, this small degree of 
under-estimation in the distance can lead to large levels of over-estimation (i.e. conservatism) in 
the calculated dose rates. Also, the degree (percentage) of the distance under-estimation 
becomes much larger for the smaller detector distances. At the detector 100 meters from the 
security fence, the distance to the casks on the ends of the front row is under-estimated by more 
than a factor of two. Thus, this approach leads to very conservative dose rate estimates for the 
lower detector distances. This conservatism adds to the other sources of conservatism discussed 
in Section 3.  

The casks in the columns (running North to South) are, on average, 16 feet apart. The 
distance from the detector to each cask group is determined as follows. The casks are divided 
into 40 sub-groups, with 100 casks in each sub-group. There are 80 cask rows (running East to 
West) in the array, so there are 40 sub-groups with two rows in each sub-group. Each sub-group 
is 32 feet deep (on average).  

The distance between each detector and the first cask group is equal to the distance 
between the security fence and the detector plus the 150 foot distance between the security fence 
and the cask pads for the first cask row (see Figure 2). An additional 2.3 feet exists between the 
cask side and the cask pad edge (assuming the casks are spaced evenly on the 64 foot long pads 
shown in Figure 2). Thus, 152.3 feet is added to the distance from the security fence to yield the 
distance to the first cask row. For each subsequent cask group, 32 feet is added to the distance 
calculated for the preceding cask group. There is one exception to this, due to the presence of 
the 150 foot central alley. An additional 150 feet is placed between cask group #20 and cask 
group #21 (i.e. 182 feet is added to the distance of the preceding row, as opposed to 32 feet).  
The above process is repeated until a distance is determined for all 40 cask groups.
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Once the distances for each cask group are determined, the dose rate contributions for 
each cask group are then determined. First, the dose rate contributions for a single cask in each 
group, based on the lower bound group distance determined above, is calculated. The two dose 
rate contributions (cask top gamma and cask top neutron) are separately determined. Once the 
distance has been determined, these two dose rate contributions can easily be determined from 
the dose rate vs. distance data shown in Table 5 using the logarithmic interpolation technique 
discussed in Section 3.  

The cask top dose rate contributions for each cask group is equal to the single cask dose 
rate contributions (determined based on the cask group distance) times the number of casks in 
the group (i.e. 100). After the cask top dose rate contributions for each sub-group are 
determined, the contributions are summed over the 40 sub-groups to yield the ISFSI total cask 
top dose rate contributions.  

The ISFSI dose rate values shown in Table 2 assume no berm is present around the 
ISFSI. Dose rates for an ISFSI surrounded by a berm are also calculated. For these 
calculations, the exact same approach as before is used. The only difference is that the cask side 
dose rate contributions are simply eliminated. No cask side radiation is assumed to reach the 
detector, since the berm is taller than the casks and the detectors are assumed to be near ground 
level. Thus, the total gamma and neutron dose rates shown for the berm case in Table 3 are 
simply equal to the cask top gamma and neutron dose rates shown in Table 1.  
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5.0 CALCULATIONS 

The ISFSI dose rate calculations were performed using two EXCEL spreadsheets. The 
first spreadsheet is used to calculate the total cask side dose rate contributions from the front 
cask row in the ISFSI. The single cask side dose rate vs. distance data (from Table 4), along 
with the corresponding distances, was entered (by hand) into the spreadsheet as a data table.  
This input data table is shown in the upper section of the spreadsheet. Based on this input data, 
the spreadsheet calculates the total ISFSI cask side dose rate contributions (gamma and neutron) 
as a function of the distance between the security fence and the detector. The spreadsheet user 
enters the distance between the detector and the security fence in a box at the top of the 
spreadsheet. The spreadsheet will then output results based on the entered distance. To obtain 
results for different detector distances, the user enters new distances at the top of the 
spreadsheet. Thus, the spreadsheet is rerun for each studied distance shown in Tables 1-3.  

As discussed in Section 4, the spreadsheet considers a front cask row containing 106 
casks spaced 15 feet apart. Due to symmetry, only half of this row is actually modeled. The 
first step performed by the spreadsheet is to determine the distance between the detector and 
each of the 53 modeled casks.  

There are two components to the vector between the detector and each cask. The first 
component is the distance from the detector to the center of the front cask row. This distance is 
equal to the distance between the detector and the security fence (entered by the user for each 
case), plus the distance between the security fence and the front edges of the first row of 
modular storage pads (150 ft.), plus the distance between the pad edge and the surfaces of the 
casks (-2.3 ft.). Thus, the distance between the first cask row and the security fence is 152.3 ft..  

The second component is the distance between the center of the row and each individual 
cask in the row. The casks are spaced 15 feet apart. Also, since there is an even number of 
casks in the row (106), the row centerline passes halfway between two casks. Thus, in the half 
row that is modeled, the distance (from the row center) for the first cask is 7.5 feet. This 
distance then increases by 15 feet for every subsequent cask in the row. The distance 
calculations performed by the spreadsheet are summarized in the three equations shown on the 
next page:
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The distance between the detector and the center of the first cask row is given by the 
equation: 

DR= DF+ 152.3 

where DR is the distance to the center of the cask row and DF is the distance between the 
detector and the security fence (entered by the user). All distances are in feet.  

The distance between the center of the cask row and each individual cask is given by the 
equation: 

DN= (15.0 x N) - 7.5 

where DN is the calculated distance to the Nt cask in the row, and N is the cask number, with a 
value of 1 corresponding to the cask that is closest to the ISFSI centerline, and a value of 53 
corresponding to the cask at the end of the first cask row (i.e. the cask at the ISFSI comer).  

These two distances (i.e. vector components) are summed to yield the total distance 
between the detector and each cask in the front row using the following equation: 

Dc = DR2 + DN2 

The cask number (1-53) is listed in the left column of the spreadsheet. The calculated 
distance (Dc) for each cask is shown in the next column of the spreadsheet.  

After the distance to the detector is determined for each cask in the front row, the dose 
rate is determined for each cask. For each calculated distance in the second column, the 
spreadsheet determines which pair of distances shown in Table 4 the calculated distance lies 
between. These two distance values from Table 4, and the dose rate values shown in Table 4 for 
those distances, are used to determine the dose rate contributions at the calculated distance.  
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The spreadsheet uses a nested series of"IF" statements to search, or iterate, over the data 
points presented in Table 4. The spreadsheet starts at the lowest distance from Table 4 (50 ft.) 
and asks if it is greater than the calculated distance for the cask in question. If it is not, the 
spreadsheet moves to the next higher distance. As soon as the test is met, and a distance higher 
than the calculated distance is encountered, the spreadsheet defines the Table 4 distance value it 
just tested as the "upper bound" distance value (du). It then defines the previous Table 4 
distance value it considered as the "lower bound" distance value (dL). The lower and upper 
bound distance values (dL and du) are shown in the fourth and fifth columns of the spreadsheet, 
respectively.  

The spreadsheet then defines the corresponding dose rate values from Table 4 (which 
were entered into the spreadsheet by the user) as the bounding dose rate values. Upper and 
lower bound dose rate values (DU and DL) are determined for both the gamma and neutron dose 
rate contribution components. With upper and lower bound distance and dose rate values, the 
intermediate dose rate values (for the calculated distances) can be determined using the 
logarithmic interpolation approach. This approach is summarized in the equation below: 

Dc = exp [ In (DO) - ((dc-dL)/(du-dL)) x ( In (DO) - In (Du)) ] 

where "exp [ x ]" implies el " 1, Dc is the calculated dose rate, dL is the lower bound distance, dc 
is the calculated distance (at which the dose rate, Dc, needs to be determined), du is the upper 
bound distance, DL is the dose rate at the lower bound distance (from Table 4), and DU is the 
dose rate at the upper bound distance (from Table 4).  

The lower and upper bound gamma dose rate values (DL and Du) are shown in the 
seventh and eighth columns of the spreadsheet, respectively. The gamma dose rate value for the 
calculated distance (Dc) is shown in the ninth column. For the neutron dose rates, the lower and 
upper bound dose rate values (DL and Du) are shown in columns #11 and #12, and the neutron 
dose rate at the calculated distance (Dc) is shown in column # 13.  

The spreadsheet then sums over the 53 casks to yield the total cask side dose rate 
contributions. Then the spreadsheet multiplies the gamma dose rate contribution by 0.5 and 
multiplies the neutron dose rate contribution by 0.83. This is done in order to adjust the results 
(which are based on 5 year cooled fuel input data from Table 4) to correspond to 10 year cooled 
fuel. The same result would be achieved if the data shown in Table 5 were simply entered into 
the spreadsheet, as opposed to the Table 4 data. Finally, the total contribution results are 
multiplied by 2 in order to correspond to a full (as opposed to f front cask row.  
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The final result is the total ISFSI cask side gamma and neutron dose rate contributions, 
expressed as a function of the distance between the detector and the security fence (this variable 
being entered into the spreadsheet by the user). These final results are shown at the bottom of 
the spreadsheet page. A separate spreadsheet calculation is performed for each studied distance 
shown in Tables 1-3. The spreadsheet results are shown in Table 1.  

As discussed in Section 4, a different calculational methodology is used to calculate the 
cask top dose rate contributions from all 4000 casks in the array. Therefore, a second EXCEL 
spreadsheet is used to perform the cask top dose rate contribution calculations. The cask array is 
sub-divided into 40 sub-groups, each containing two full rows of casks, 50 casks each, for a total 
of 100 casks. In this spreadsheet, the single cask top dose rate contributions, vs. distance, from 
Table 4 are entered manually into the spreadsheet. The user also enters the number of casks in 
each cask sub-group (i.e. 100). Also, each time the spreadsheet is run, the user enters the 
distance between the security fence and the detector.  

Based on the input data, this spreadsheet gives the total ISFSI cask top dose rate 
contributions (gamma and neutron) for a given detector distance (between the detector and the 
security fence) entered by the user. Thus, the spreadsheet is run once for each distance value 
shown in Tables 1-3.  

Once the distance from the security fence is entered, the spreadsheet calculates the 
distance from the detector to each of the 40 cask groups. Each cask group contains two full cask 
rows. As discussed in Section 4, the distance assumed for each cask group is the distance to the 
center of the nearer of the two rows. The spreadsheet uses the following formulas to determine 
the distance for each cask group. The distance to the first cask group (in feet) is given by the 
following formula: 

D1 = DF + 152.3 

where D, is the distance between the detector and the first cask group and DF is the distance 
between the detector and the security fence (entered by the user).  
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The distance for the subsequent cask groups is determined by the following iterative 
formula: 

DN = DN-1 + 32.0 

where DN is the distance to the Nh cask group and DN-I is the distance to the (previously 
determined) preceding cask group. There is one exception to this. For the 21"t cask row, the 
distance is equal to the distance to the 20th cask row plus 182 feet, as opposed to plus 32 feet.  

After the distances are determined for each cask group, the cask top dose rate 
contributions are determined for each cask in that group. The dose rate contributions 
corresponding to each calculated distance value are determined using the same approach.used by 
the first spreadsheet to determine cask side dose rates for the front row casks. Using an iterative 
process with conditional "IF" statements, the spreadsheet determines the two distance values in 
Table 4 (and the corresponding cask top dose rate contribution values) that bound the calculated 
distance value. Based on the upper and lower bound distance values, and their corresponding 
dose rate values, the dose rate value for the calculated distance is determined using the 
logarithmic interpolation method. The formula used to calculate the dose rate contributions for 
a given calculated distance is (once again) shown below: 

Dc = exp [ In (DL) - ((dc-dL)/(du-dL)) x ( In (DL) - In (Du)) ] 

where "exp [ x ]" implies el x 1, Dc is the calculated dose rate, dL is the lower bound distance, dc 
is the calculated distance (at which the dose rate, Dc, needs to be determined), du is the upper 
bound distance, DL is the dose rate at the lower bound distance (from Table 4), and Du is the 
dose rate at the upper bound distance (from Table 4).  

After determining the gamma and neutron cask top dose rate contributions for each cask 
in each of the 40 cask groups using the above formula, the spreadsheet sums the 40 calculated 
dose rate contribution values. The resulting sum is multiplied by 100, the number of casks in 
each cask group, to yield total ISFSI cask top dose rate contribution values. Then the gamma 
dose rate results are multiplied by 0.5 and the neutron dose rate results are multiplied by 0.83 to 
yield final dose rate values that correspond to 10 year cooled fuel. These final dose rate results 
are shown in Table 1.  
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The layout of the second spreadsheet is exactly the same as that of the first, with the 
same parameter values in the same locations. The only difference is that instead of having the 
front row cask number in the left column, the second spreadsheet has the cask group number in 
the left column. Although the formula for calculating the distances is different between the two 
spreadsheets, the calculated distance is still shown in the second column in both spreadsheets.  
After the distance values are determined, the calculations performed in the other columns are 
similar for both spreadsheets.  

Copies of the spreadsheets used to determine the total ISFSI dose rate contribution 
values are included in Attachment A to this document. For each of the two spreadsheet types 
(cask side and cask top), a spreadsheet is presented for each studied distance value shown in 
Tables 1-3. Thus, since dose rates are calculated for 9 distances, there are a total of 18 
spreadsheets shown in Attachment A. The distance between the security fence and the detector 
is shown near the top of each spreadsheet. The first nine spreadsheets presented are 'the cask 
side dose rate spreadsheets.
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Sheet1

Distance= 0, 

Single Cask Results 

Distance Top Gam Top Neut 
100: 1.47E-03 1.42E-05 
200! 3.81E-04 3.53E-06 
3281 2.11E-04 2.02E-06 
5001 9.54E-05 9.52E-07 

10001 9.49E-06 1.07E-07 
20001 3.73E-07 4.57E-09 
30001 3.73E-07 4.87E-09 
40001 3.73E-07 4.87E-09 

Distance to Cask Groups Distance Interval -Cask Group Dose Rate Calculain (Single Cask) 

Groupw DiDstance Drmin Drmax ;GITMin G'rMax TGammai NrrMn 'N/TMax TopKNeu 
Group 1 152.31 100! 200: 1.470E-03 3.810E-04;7.255E-041 1.420E-0S13.530E.0616.BS7E.06 
Group 2 184.3' 100; 200' 1.470E-03'3.810E-04,4.710E-041 1.420E-0513.530E-0614.392E.06 
Group 3 216.3' 200' 328i 3.810E-04 2.110E-04 3-534E-041 :3.530E-0612.020E-06 3.288E.06 
Group 4 248.31 200: 328! ;3.810E-0412.11OE.,0413.048E-041 '3.530E-06: Z020E-06 2.860E.06 
Group 5 280.31 200, 3281 !3.810E-0412.110E.042.630E-O4 0 . 3.530E-0612.020E-06 i 2.487E.06 
Group 6 312.3' 200, 328. i3.S10E-04,2.IIOE-04 2.269E-041 3.530E-0612.020E-0eff.163E-06 
Group 7 344.3. 328; 500! :2.1IOE-04g 9.540E.05 i 1.957E-041 2.020E-0619.520E-07i 1.881E-06 
Group 8 376.3 328 500, 2.11OE-04,9.540E-05 1.688E-04 i 2.020E-06 i 9.520E-07,1.635E-06 
Group 9 408.3, 328' 500i -2.11OE-04, 9.540E.05,1.457E-04 i 2.020E-0619.520E-0711.422E-06 
Group 10 440.3: 328; 500; .2.110E-04.9.540E-05:1.257E-041 .2.020E-0619.520E-07:1.236E.06 
Group 11 472.3: 328: 5001 12.110E-04'9.540E-05 1.084E-041 2.020E-0619.520E-07; 1.075E-06 
Group 12 504.31 500' 1000; 9.540E-05t9.490E-0619.353E-05 I 9.520E-07 1.070E-0719.343E-07 
Group 13 536.31 500; 10001 ;9.S40E-05i9.490E-0618.068E-051 9.520E-07:1.070E-0718.123E-07 
Group 14 568.31 5001 10001 19.540E-0519.490E.0616.960E-05 I 9.520E-0711.070E-0717.063E.07 
Group 15 600.31 500i 10001 19.540E-05 9,490E-06 I 6.005E-05 I 19.520E-0711.070E-0716.141E-07 
Group 16 632.31 5001 10001 i 9.540E-05 9.490E-0615. 18E-05 i 2-9.520E-07 1.070E-07! 5.339E-07 
Group 17 664.31 500' 10001 19.540E-059.490E-06-4.469E.05 I '9.520E-0711.070E-0714.642E.-07 
Group 18 696.31 500' 1000! 19.540E-05,9.490E-06; 3.855E.051 9.520E-0711.070E-0714.036E-07 
Group 19 728.31 500s 10001 9.540E-05;9.490E-0613.32SE-.05 9.520E-0711.070E-07: 3.509E.07 
Group 20 760.3; 5001 10001 ! 9.540E-05 i 9.490E-06!2.869E-051 9.520E-07?1 070E-0713.051E-07 
Group 21 942.3. 500 1000; 19.540E-05 9.490E-06; 1.239E-051 9.520E-07' 1.070E-07:1.377E-07 
Group 22 974.3. 5001 1000' 1 9.540E-05: 9.490E-0611.069E-05 i 9.520E-0711.070E-0711.197E-07 
Group 23 1006.3 1000' 2000; '9.490E-06,3.730E-07 i 9.29E-06 i 1.070E-07'4.870E-09i 1.049E-07 
Group 24 1038.3 1000' 20001 : 9.490E-06; 3.730E-07! 8.394E-061 1.070E-0714.870E-09I 9.506E-08 
Group 25 1070.3, 1000 2000: i 9.490E-0613.730E-07'7 559E-061 1.070E-07 i 4.870E-0918.611E-08 
Group 26 1102.3: 1000. 2000! 19.490E.06 3.730E.0716.815E-061 1.070E-0714.870E-0917.800E-08 
Group 27 1134.3, 1000, 2000' ,9.490E-06 3.730E-07 6.145E-061 1.070E-07! 4.870E-0917.066E-08 
Group 28 1166.3 1000, :000 .9.490E-06 3.730E-07 5.540E-06, 1.070E-0714.870E-0916.401E-08 
Group 29 1198.31 1000 2000' 9.490E-06 3.730E-07:4.995E-06i 1.070E-07; 4.870E-0915.798E-0, 
Group 30 1230.3 10001 2000: 19.490E-06-3.730E.07 4.504E-06i 1.070E-07 4.870E-0915.252E-08 
Grout) 31 1262.3: 10001 20001 9.490E-06: 3.730E-07,4.061E-061 -1.070E-0714.870E-0914.758E-08 
Group 32 1294.31 10001 2000! 9.4940E-06 i 3.730E.07:3.661 E-061 1.070E-07 i 4.870E-09 14.310E.08 
Group 33 1326.31 10001 2000 9.490E-06! 3.730E-07 3.301E-06W I 1.070E-0714.870E-0913.904E.08 
Group 34 1358.31 1000; 20001 '9.490E-.06!3.730E-07!2.976E.061 , 1.070E.0714.870E-0913.537E-08 
Group 35 1390.3! 10001 20001 i 9.490E-06 i 3.730E.07 i 2.683E-061 1.070E-07: 4.870E-0913.204E.08 
Group 36 1422.3' 1000, 20001 19.490E-,06 3.730E.071 2.419E061 '1.070E-0714.870E.0912.902E.08 
Group 37 1454.31 10001 20001 19.490E-0613.730E.0712.181E.06 i . 1.070E-.0714.870E.0912.629E.08 
Group 38 1486.31 10001 20001 1 9.490E.0613.730E-071 1.967E-061 1.070E-0714.870E-0912.381E.08 
Group 39 1518.3Y 1000. 20001 i 9.490E-06 i 3.730E-07 i 1.773E-061 .1.070E-0714.870E-0912.157E-08 
Group 40 1550.3: 10001 20001 i 9.49gE-0613.730E-07:1.599E-061 '1.070E-0714.870E-091 1.954E.08 

Number of Casks per Group i 1001 I 

ISFSI Dose Caculaibon (from SU 4000 casks) i 

Top Gamma a 1.846E-01 
Top Neutron z 2.955E-031 I 
Total Dose Rate • 1.876E-01
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Sheet1

Distance= 50 

Single Cask Results 

Distance Top Gain Top Neut 
100 1 47E-03 1.42E-05 
200 3.8 1E-04 3.53E-06 
328 2.11E-04 i 2.02E-06 i 
500 9.54E-05 9.52E-07 

1000 9 49E.06 1.07E-07 
2000 3.73E-07 4.87E-09 
3000- 3.73E-07 4.87E-09 
4000 3.73E-07 4.87E-09 I 

Distance to Cask Grouos Distance interval .Cask Group Dose Rate Calculatoni (Single Cask) 

Group # Distance 0 ID min D max G/T Min -GIT Max T Gamma N/T Mm N/T Max Top Neut 
Group 1 202.31 ' 2001 3281 3.810E-04! 2.11OE-04,3.770E-04, 3.530E-06; 2.020E-06 3.495E-06 
Group 2 234.3; 1 2001 3281 3.810E-0412.11OE-04 3.252E-041 '3.530E-06:2.020E-06 3.040E-06 
Group 3 266.31 200, 3281 3.810E-04'2.110E-0412805E-041 3.530E-06..Z020E-06 2.644E-06 
Group 4 298.3' 200, 3281 3.810EI.0412.11OE-04:2.420E-04I 3.530E-0612.020E-06 2.299E-06 
Group 5 330.3' 328; 5001 2.110E-O419.640E-05 2.088E-041 i2.020E-06i9.520E-07 2.000E-06 
Group 6 362.3 328' 500, 2.11OE-0419.840E-05; 1.801E-04: '2.020E-06:9.520E-0714.739E-06 
Group 7 394.3 328. 5001 2.11OE-0419.540E-05! 1.554E-041 2.020E-06ig.520E-07 1 512E-06 
Group 8 426.3 328 500. 2.110E,04 9.540E-05.1.340E-041 i2.020E-06;9.520E-07 1.314E-06 
Group 9 458.31 328! 5001 2.110E-0419.540E-0S 51.1562E-041 .2.020E-06 9.520E-07 1.142E-06 
Group 10 490.3: 328' 5001 2.110E-049.540E-05g9.977E-051 '2.020E-06 9.520E-07 9.933E-07 
Group 11 522.3. 500 10001 9.540E-05i9.490E-06 8.607E-05 i 9.520E-0711.070E-07 8.636E-07 
Group 12 554.3 500, 10001 '9.540E-05:9.490E-06:7.425E-05I 19.520E-07'1.070E-07 7.502E-07 
Group 13 586.3 500 10001 ,9.540E-05I9.490E-06i6.406E-05I ;9.520E-07'1.070E-07 6.528E-07 
Group 14 618.3, 5001 10001 '9.540E-0519.490E-06i5.526E-05i 19.520E-07 1.070E-07 5.676E-07 
Group 15 650.3. 5001 10001 9.540E-05!9.490E-0614.767E-051 19.520E-07:1.070E-07 4.935E-07 
Group 16 682.31 5001 10001 '9.540E-0519.490E-0614.113E-051 19.520E-07:1.070E-07 4.291E-07 
Group 17 714.31 5001 10001 9. 40E-0519.490E-06 3.548E-05 I 19.520E-07'1.070E-07 3.731E-07 
Group 18 746.31 5001 10001 9.540E-05i9.490E-0613.061E-05I 19.520E-07;1.070E-07 3.244E-07 
Group 19 778.31 5001 10001 9.540E-0519.490E-0612.640E-05I !9.520E-07; 1.070E-07 2.802E.07 
Group 20 810.31 5001 10001 9.540E-0519.490E-0612.278E-05I 19.520E-07!1.070E-07 2.452E-07 
Group 21 992.3 5001 10001 9.540E-0519.490E-0619.833E-061 :9.520E-0711.070E,07 1. 107E-07 
Group 22 1024.31 10001 20001 :9.490E-0613.730E-07: 8.772E-061 1.070E-07,4.870E-09 9.926E-08 
Group 23 1056.3: 1000i 20001 9.490E-0613.730E-07;7.909E-061 1.070E-07'4.870E-09 8.992E-08 
Group 24 1088.3. 1000. 20001 9.490E-06:3.730E-07'7.131E-061 :1.070E-0714.870E-09 8.145E-08 
Grouo 25 1120.3! 1000' 20001 9.490E-06:3.730E-07'6.430E-06: 1.070E-07 4 870E-09 7.378E-08 
Group 26 1152.3, 10001 20001 9.490E-06i3.730E-07:5797E-06i 1.070E-07 4.870E-09 6.684E-08 
Group 27 1184.3. 1000 2000: 9.490E-06:3.730E-07 S.227E-06 1 070E-07 4.870E-09 6.055E-08 
Group 28 1216.3, 10001 2000' 9.490E-06i3.730E-07,4.712E-061 1.070E-07 4.870E-09 5.485E-08 
Group 29 1248.3 1000: 20001 9.490E-06;3.730E-07 4.249E-06i 11.070E-07 4.870E-09 4.968E-08 
Group 30 1280.3, 10001 2000D 9.490E-06i3.730E-07'3.831E-061 11.070E-07 4 870E-09 4.501E-08 
Group 31 1312.3; 10001 20001 9.490E-06;3.730E-07!3.454E-06i 1.070E-074.870E-09 4.077E-08 
Group 32 1344.3; 1 1000' 2000! 9.490E-0613.730E-07'3.114E-061 1.070E-07:4.870E-09 3.693E-08 
Group 33 1376.3 ! 10001 20001 9.490E-06 3.730E-07:2.808E-061 1.070E-07;4.870E-09 3.345E-08 
Group 34 1408.3i 10001 20001 9.490E-06 3.730E-07:2.531E-061 '1.070E-07:4.870E-09 3.030E-08 
Group 35 1440.31 1 1000? 20001 9.490E-06 3.730E-07 2.282E-061 1.070E-07'4.870E-09 2.745E-08 
Group 36 1472.31 1 10001 20001 .9.490E-061 3.730E-07:2.058E-06 I 1.070E-0714.870E-09 2.487E-08 
Group 37 1504.3; 10001 20001 9.490E-0613.730E-07!1.855E-061 1.070E-0714.870E-09 2.253E-08 
Group 38 1536.31 10001 20001 9.490E-0613.730E-07!1.673E-061 11.070E-07:4.870E-09 2.041E-08 
Group 39 1568.31 10001 20001 9.490E-0613.730E-07'1.508E-061 11.070E-07 4.870E-09 1.848E08 
Group 40 1600.31 10001 20001 9.490E-0613.730E-07'1.360E-061 1.070E-07:4.870E-09 1.674E-08 

Number of Casks per Grou 1001 , 

ISFSI Dose Calcuataion (from all 4000 cmalos 

Top Gamma - 1.344E-011 I , 

Top Neutron = 2.172.-031 : 
Total Dose Rate 1.366E-01 I
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Distance= 100 

Single Cask Results 

Distance Top Gam Top Neut 
100 1.47E-03' 1.42E-05 
200; 3.81E-04 i 3.53E-06 
3281 2.11E-041 2.02E-06 
500; 9.54E-05 9.52E-07 

1000 9,49E-06 1.07E-07 
20001 3.73E-07 4.87E-09 
3000 3.73E-07 4.87E-09 
4000 3.73E-07 4.87E-09 

Distance to Cask Groups !Distance Interval Cask Group Dose Rate Calmitatmon (Single Cask) 

Group 0 Distance mDmin D max GIT Min G/T Max T Gammai Nrr Min N/T Max Top Neut 
Group 1 252.31 200, 328 :3.810E-04: 2.110E-04: 2.993E-04 i 3.530E-06. 2.020E-06; 2.810E-06 
Group 2 284.31 200, 3281 .3.810E-04 2.110E-04;2.582E-041 3.530E-06 2.020E-06 I 2.444E.06 
Group 3 316.31 200; 3281 ! 3.810E-042.110E-04:2.227E-041 3.530E-06 2.020E-06:2.126E-06 
Group 4 348.31 3281 5001 '2.11OE-04 i 9.540E-05 11.921E-041 '2.020E-0619.520E-0711.848E-06 
Group 5 380.31 328a 5001 2.11OE-04-9.540E-05;1.658E-041 .2.020E-06g9.520E-07! 1.607E-06 
Group 6 412.3, 328, 500, 2.1I1E-04.9.540E-05 1.430E-04; 2.020E-0619.520E-07!1.397E-06 
Group 7 444.31 328 500 .2.110E-04;9.540E-05 1.234E-041 2.020E-06:9.520E-07 1.215E-06 
Group 8 476.3 328: 500. 2.11OE-04 9.540E-05 1 064E-04. 2.020E-06 9.520E-07 '1.056E-06 
Group 9 508.31 500' 1000G 9.540E-05 9.490E-06,9.181E-051 9.520E-07'1.070E-07; 9. 181E-07 
Group 10 540.3; 500S 1000i 9.540E-05 9.490E-06 7.921E-05i 9.520E-0711.070E-07; 7.982E-07 
Group 11 572.3; 500' 1000 ; 9.540E-05 9.490E-06 i 6.833E-05 i 9.520E-07 ' 1.070E-0716.940E-07 
Group 12 604.3 . 500: 1000! 9.540E-05, 9.490E-06,5.895E-051 9.520E-07:1.070E-07 6.034E-07 
Group 13 636.31 500 1000, 9.540E-05 9.490E-0615.085E-05i 9.520E-0711.070E-07:5.247E-07 
Group 14 668.31 500S 1000i 9.540E-05, 9.490E-06:4.387E-05 i 9.520E-07! 1.070E-0714.562E-07 
Group 15 700.31 500: 10001 19.540E-059,.490E-0613.785E-05r 9.520E-07 1.070E-07 3.966E-07 
Group 16 732.31 500, 10001 9.540E-05; 9.490E-06i3.265E-05I 9.520E-07'1.070E-07,3.448E-07 
Group 17 764.31 500. 1000! 9.540E-05 9.490E-06; 2.817E-051 9.520E-07 T 1.070E-07; 2.998E-07 
Group 18 796.31 500S 1000i 9.540E-05. 9.490E-06i 2.430E-05i 9.520E-071 1.070E-07; 2.607E-07 
Group 19 828.3 j SO0I 10001 '9.540E-05i9.490E-0612.096E-051 I9.520E-07' 1.070E-0712.267E-07 
Group 20 860.3i 5001 1000! .540IE-05 9.490E-06. 1.808E-051 9.520E-07! 1.070E-07'1.971E-07 
Group 21 1042.3 1000' 20001 9.490E-06! 3.730E-07 8.276E-061 1.070E-0714.870E-0919.389E-08 
Group 22 1074.31 1000! 2000 i 9.490E-06:3.730E-07'7.462E-06! 1.070E-07'4.870E-091 8.505E-08 
Group 23 1106.31 1000' 2000D 9.490E-06; 3.730E-07 ' 6.728E-061 1.070E-07; 4.870E-09 i 7.705E-08 
Group 24 1138.31 10001 2000 ; 9.490E-06! 3.730E-07; 6.066E-06 ; 1.070E-07,4.870E-09 I 6.979E-08 
Group 25 1170.31 1000, 20001 9.490E-06 3.730E-07,5469E-06i 1.070E-07,4.870E-0916.322E-08 
Group 26 1202.3. 1000 2000 1 9.490E-06 3.730E-07'4.931E-06 i 1.070E-07,4.870E-0915.727E-08 
Group 27 1234.3 1000 2000 9.490E-06 3.730E-07 4446E-06, 1.070E-07 4.870E-09,5.188E-08 
Group 28 1266.31 1000 2000! 9.490E-06 3730E-07 4.008E-061 1.070E-07:4.870E-09!4.699E-08 
Group 29 1298.3; 10001 2000' 9.490E-06,3.730E-07! 3.614E-06 i 1.070E-07.4.870E-0914.257E-08 
Group 30 1330.31 1000, 2000, 9.490E-06:3.730E-07 3.258E-06i 1.070E-0714.870E-0913.856E-08 
Group 31 1362.31 1000. 2000' ,9.490E-06 3.730E-07:2.938E-061 1.070E-07:4.870E-0913.493E-08 
Group 32 1394.31 11000; 2000 1 9.490E-06 3.730E-07! 2.649E-061 1.070E-0714.870E-0913.164E-08 
Group 33 1426.31 1000, 20001 9.490E-06 3.730E-07 2.368E-06 I 1.070E-0714.870E-0912.866E-08 
Groutp 34 1458.31 10001 20001 '9.490E-06i3.730E-07 2.153E-06! 1.070E-07;4.870E-09:2.597E-08 
Group 35 1490.31 1000; 20001 9.490E-06:3.730E-07'1.941E-06! 1.070E-0714.570E-0912.352E-08 
Group 36 1522.31 10001 20001 9.490E-06:3.730E-07,1.750E-06i 1.070E-0714.870E-09! 2.131E-08 
Group 37 1554.31 10001 20001 19.490E-06,3.730E-07 1.578E-06i ;:1.070E-0714.870E-0911.930E-08 
Group 38 1586.3 i 1000 20001 19.490E-06 3.730E-07 1.423E-06! 1.070E-0714.870E-0911.748E-08 
Group 39 1618.31 1 10001 2000; 1 9.4906-06:3.730E-0711.293E-06i 1.070E-0714.870E-09; 1.584E-08 
Group 40 1650.31 1000i 2000 '9 .490E-06;3.730E-07 1 157E-06, '1,070E-0714.870E-0911.435E-08 

Number of Casks perGroups 1001 

ISFSI Dose Calcuation (from am 4000 casks) 

Top Gamma m 1.07GE-01 i 
Top Neutrona '1.750.-03i 
TotalDoseRate- '1.0876-01!
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Shoeti

Distance- 200 

Single Cask Results 

Distance iTop Gam Top Neut 
100i 1.47E-03 1.42E-05 
200; 3. 81 E-04 i3.53E-06 
328: ZlIE-U04 2.02E-06 
5001 9.54E-05 9.52E-07 

1000, 9 49E-06 i1.07E-07 
2000! 3.73E-07 4 87E-09 
30001 3.73E-07 4.87E-09 
40001 3.73E-07 i4.87E-09 

Distance to Cask Groups Distance interval Casw Growp Dose Rate Calculabon (Single Cask) 

Group # Distance Dmin D max -G/T Min G/T Max JTGamma; NI Min :NITMax Top Neu 
Group 1 352.3, 32a 500'Z .1IOE-04,9.540E.O5! 1.886E-04 i2.020E-0619.520E-07 1.816E-06 
Group 2 384.3 1 328. 5001 Z.I1IOE-04 -9.5406-05 i 1.627E-041 2.020E-06; 9.520E-07; 1. 579E-06 
Group 3 416.3'1 32a8; 5001 Z I1I0E-44!9.540E-05;11AO4E-041 2.020E-06 .520E.07; 1.373E-06 
Group 4 448.3! 328' 5001 2.11IE0E449.540E.05I 1.21 1E-041 2.020E-0619.520E-07; 1.194E-06 
Group 5 410.3; 328 5001 2.1IOE.04.9.540E-051I 1.045E.041 2.020E-0619.520E-07; ¶.038E-06 
Group 6 512.3, 500! 1000; '9.S4OE.05:9.490E-0619.013E-05; 9.520E-07' 1.070E-0719-022E-07 
Grout) 7 544.3 500 1000' 9.540E-05 9.490E-0617.77GE.05 ; 9.520E.07'1.070E.07'7.84E-07 
Group 8 576.3 500 10001 9.540E-05 9.490E-06;6.708E-05, 9.520E.07:1.070E-07 6.820E-07 
Group 9 608. 3 500 10001 9.640E-05-.9490E.06 i5.787E-05; 9.520E-07 1.070E-07 5.930E-07 
Group 10 640.3 500 10001 9.540E-0519.490E-0614.992E-05 i9.520E.07'1.070E-07: 5.156E-07 
Group 11 672.3' 500 1000; 9.540E.O5:9.490E-0614.307E-05 i9.520E-07! 1.070E-0714.483E-07 
Group 12 704.3. 500. 10001 9.540E-05ig.490E.0613.715E-051 9.520E-07 1.070E-07'3.897E.07 
Group 13 736.3' 5001 10001 9.540E-05:9.490E-0613.205E.051 9.520E-07 i 1. 070E-0713.389E-07 
Group 14 788.3;1 500! 1000; ;9.540E-05 i9.490E.0612.76SE-051 9.520E-07! 1.070E-0712.94SE-07 
Group 15 800.3 ' 500! 10001 2.340E-05 i9.490E.0612.385E.05 i9.520E-07; 1.070E.07 i2.562E-07 
Group 16 832.31 i 500; 10001 19.640E-05 i9.490E-06 I2.05BE.051 9.52DE-071 1.070E-07! 2.227E-07 
Group 17 ' 884.3, 500; 10001 9.540E-05 i9.490E-0611.775E-051 9.520E-0711.070E-07'1.93GE-07 
Group 18 896.3; 1 500: 10001 :9.540E-05 I9.490E.0611.532E.051 9.520E-07 I1.070E.07 ý1.684E-07 
Group 19 928.3;1 500, 10001 9.54OE.0519.490E-061 1.321 E-051 9.520E-071 1.070E-07! 1.464E-07 
Group 20 960.3i 500' 10001 19.540E-05 i9.490E-061 1.10E-05 i 9.520E-0711.070E-07'1.273E.07 
Group 21 1142.3; . 1000: 20001 :9.490E-06 i3.730E-07! 5.98SE-061 1. 070E-07 i4.a70E-09 i6.8g3E-08 
Grout) 22 1174.3i 1000; 2000; 1 9.490E-06;: 3.730E-071I5.399E-06. 1 .07GE-07; 4.a7OE-09 16.245E.08 
Group 23 1206.3;i 1000, 20001 9.490E-06'3.730E-0714.867E-06 I 1.070E-07'4.870E-0915.657E.08 
Group 24 1238.3! 1000 20001 *9.490E-06!. 3.730E-07; 4.3a9E-06 i I .070E-07 14.870E-0915.124E-08 
Group 25 1270.3 1000. 20001 9.490E-06;3.730E-07; 3.957E-061 1.070E-07 4.870E-09'4.642E-08 
Group 26 1302.3 1000 20001 -9.490E-06:3.730E-0713.56BE-061 1.070E-07-4.870E-09,4.205E.08 
Group 27 1334.3 1000 2000; 9.490E-06 3.730E..07'3.217E-06; 1.070E-07:.4870E-09i3.809E-08 
Group 28 1368.3 1000 2000; 9.490E-06 3.730E.07! 2.900E-06: 1.070E-0714.870E-09 i3.450E-08 
Group 29 1398.3, 1000 20001 9.490E.06. 3.730E-07:2.615E.061 1 .070E-07 4.870E-09; 3. 126E-08 
Group 30 1430.3, 1000. 20001 19.490E-06-3.730E-07 2.Z358E-06 1 .070E-07! 4.870E-09 i2.831 E-08 
Group 31 1462.3 ' 1000. 2000;1 19-490E-06 i3.730E-07; 2.126E-0oeI 1.070E-0714.870E.Ogr2.565E-08 
Group 32 1494.3, 1000! 2000; .9-49E06.063.730E-07! 1.916E-06 I 1.070E-0714.870E-o9I 2.323E-08 
Group 33 .1526.3;1 1000; 20001 9.490E-06 i3.730E-071 1 ý728E-06 i 1.070E-07!'4.670E.0912.1OSE-08 
Group 34 1558.3; 1000i 20001 *9.490E-06 r3.730E-07 i1. 558E-061 1.070E-07;4.870E.0911.906E.08 
Group 35 1590.3; iooo. 20001 .9.490E-06 i3.730E.07: 1.405E-06 I 1.070E-07i4.870E-09i 1.727E-08 
Group 36 1622.3: 1000; 20001 1 9.490E-06 I3.730E.07; 1.266E-061 1.070E.0714.870E-091 1.584E-08 
Group 37 1654.31 1000; 20001 19-490E-06;3.7'30E.0711.142E-061 1.707E-0714.870E-09; 1.417E-03 
Group 38 1686.3 , 1000; 20001 '9.49DE-06; 3.730E-07: 1.030E-061 1.070E-0714.870E-091 1.284E.08 
Group 39 1718.3; 1000! 2000; !'9.490E-06:1 3.730E-0719.292E-07 I 1.070E-07; 4.870E.09; 1.163E-08 
Group 40 1750.3 11000; 20001 19.490E-06 3.730E.0718.369E.071 1. 070E-07'4.870E-0g;11 053E.08 

Numnber of Casks per Group a 100' 1 

ISFSI Dose Calcutacu (from aOl 4000 cass) 

Top Gamma a 6.777E-021 
Top Neutron- 1. 137E-03i 
Total Dose Rat*. 6.890E-021

Pope 1



Sheeti

Distance= 328 

Single Cask Results 

Distance Top Gain Top Neut 
100 1 47E-03 1.42E-05 
200' 3.81E-04 3.53E-06 
3281 2.11E-04 2.02E-06 
500! 9.54E-05 9.52E-07 

1000' 9.49E-06 1.07E-07 
2000 3.73E-07 4.87E-09 
3000 3.73E-07 4.87E-09 
4000 3.73E-07 4.87E-09 

Distance to Cask Groups Distance Interval Cask Group Dose Rate Calculabon (Single Cask) 
I 

Group # Distance D mmm D max GIT Min G/T Max T Gammai NT Min 'NIT Max Top Neut 
Group 1 480.3. 328; 500'i .2.1 10E-0419.540E-05 11.045E-0.41 2.020E-0619.520E-07; 1.038E-06 
Group 2 512.31 5001 10001 :9.540E-0519.490E-06 9.013E-05 I 9.520E-0711.070E-0719.022E-07 
Group 3 544.31 5001 10001 ,9.540E-05 9.490E-06; 7.776E-05I 9.520E-07 i 1.070E-0717.844E.07 
Group 4 576.31 5001 10001 9.S40E-0519.490E-0616.708E-051 9.520E-07 1.070E-07 6.820E-07 
Group 5 608.3; 5001 10001 9.540E-05 i 9.490E.-06!5.787E-05 I 9.520E-0711.070E-07 i 5.930E-07 
Grouw 6 640.3 500' 10001 9.540E-05 9.490E-06 i 4.992E-056 9.520E-07 f 1.070E-07 4. 156E-07 
Group 7 672.3 500 10001 9.540E-05, 9490E-0614.307E-051 9.520E-07 :1.070E-07;4.483E-07 
Group 8 704.3' 500; 10001 9.540E-05i9.490E-06 3.715E-05i 9.520E-07.1.070E-07'3.897E-07 
Group 9 736.3i 500D 10001 9.540E-05 i 9.490E-06: 3.205E-051 9.520E-0711.070E-07: 3.389E-07 
Group 10 768.31 500; 10001 .9.540E-0519.490E-06,2.765E-051 9.520E-07 1.070E-07! 2.946E-07 
Group 11 800.31 500 1000! 9.540E-05 i 9.490E-06:2.385E-05 i 9.520E-0711.070E-07: 2.562E-07 
Group 12 832.31 5001 10001 :9.540E-0519.490E-06 i2.058E-05I 9.520E-07' 1.070E-07!2.227E-07 
Group 13 864.31 5001 10001 9.540E-05 i 9.490E-06 i 1.775E-05 i 9.520E-07' 1.070E-07 1.936E-07 
Group 14 896.31 5001 1000! ,9.540E-05 i 9.490E-06! 1.532E-051 9.520E-0711.070E-0711.684E-07 
Group 15 928.31 5001 10001 i 9.540E,05; 9.490E-06,1.321E.05I 9.520E-0711.070E-07! 1.464E-07 
Group 16 960.31 5001 10001 ! 9.540E-05 9.490E-06. 1.140E-051 9.520E-071 1.070E-0711.273E-07 
Group 17 992.31 5001 1000i 19.540E-05!9.490E-06; 9.833E-061 9.520E-071 1.070E-07' 1.107E-07 
Group 18 1024.3' 1000! 20001 9.490E-06 i 3.730E-07 8.772E-061 1.070E-0714.870E-09!9.926E-08 
Group 19 1056.31 10001 20001 '9.490E-06 I3.730E-07; 7.909E-061 1.070E-0714.870E-0918.992E.08 
Group 20 1088.31 10001 20001 *9.490E-0613.730E-07; 7.131E-061 1.070E-0714.870E-0918.145E-08 
Group 21 1270.3 1000M 20001 9.490E-06.3.730E-07'3.957E-061 1.070E-0714.870E-0914.642E-08 
Group 22 1302.3 1000! 20001 9.490E-06; 3.730E-07 3.568E-06 i 1.070E-07:4.870E-0914.205E-08 
Group 23 1334.3, 1000D 2000! 9.490E-0613.730E-073'.217E-061 1.070E-07;14.870E-0913.809E-08 
Group 24 1366.3! 1000, 20001 9.490E-06I3.730E-07'2.900E-061 1.070E-0714.870E-0913.450E-08 
Group 25 1398.3: 1000, 20001 9.490E-06i.730E-07 2.615E-06i 1.070E-07;4.870E-0913.126E-08 
Group 26 1430.31 1000; 20001 9.490E-06i3.730E-07 2.358E-061 1.070E-07i4.870E-0912.831E-08 
Group 27 1462.3' 1000, 2000! 9.490E-06 3.730E-07'2.126E-06; 1.070E-07 4.870E-09! 2.56SE-08 
Group 28 1494.31 10001 2000! 9.490E-06. 3.730E-07 -1.916E-06 i 1.070E-07 4.870E-09: 2.323E-08 
Group 29 1526.3 1000i 20001 9.490E-06; 3.730E-07:1.728E-061 1.070E-07 '4.870E-09!2.105E-08 
Group 30 1558.3 1000! 20001 9.490E-06 3.730E-07 1.558E-061 1.070E-0714.870E-09 11.906E-08 
Group 31 1590.3 1000! 20001 9.490E-0613.730E-07 1.405E-06M 1.070E-07!4.870E-0911.727E-08 
Group 32 1622.31 1000: 20001 .9.490E-0613.730E-07 1.266E-06! 1.070E-0714.870E-09!1.564E-0a 
Group 33 1654.3 1 10001 20001 9.490E-0613.730E-071.142E-061 1.070E-07 i4.870E-0911.417E-06 
Group 34 1686.31 1000' 20001 19.490E-06i3,730E-07:1.030E-061 1.070E-07i4.870E-0911.254E-08 
Group 35 1718.3! 10001 20001 '9A490E-0613.730E-0719.282E-071 1.070E-0714.870E-09! 1.163E-08 
Group 36 1750.31 1000! 20001 '9.490E-06I3.730E-0718.369E-071 1.070E-0714.870E.0911.053E-08 
Group 37 1782.31 1000: 20001 9.490E-06 ! 3.730E-0717.546E-071 1.070E-07 4.870E-09 9.542E-09 
Group 38 1814.31 10001 20001 9.490E-0613.730E-07! 6.803E-071 1.070E-0714.870E-091 8.644E-09 
Group 39 1846.31 10001 20001 9.490E-06! 3.730E-07 16.134E-071 1.070E-07' 4.870E-09I 7.830E-09 
Group 40 1878.31 1000! 20001 9.490E-06 i 3.730E-07 5.531 E-071 1.070E-0714.870E-09 i 7.093E-09 

Number of Casks per Groups 1001 

ISFSI Dose Calculation (from all 4000 casks) 

Too Gamma a 3.790E-02, 
Top Neutron . 6.563E-04 
Total Dose Rate. 3.856E-02
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Distance= 500, 

Single Cask Results 

Distance Top Gam Tog Neut 
100: 1 47E-03 1.42E-05 
2001 3-81E-04 i 3.53E-06 
328? 2.11E-04 I 2.02E-06 
5001 9.54E-05 I 9.52E-07 

1000, 949E-06 1.07E-07 
2000 3.73E-07 4.87E-09 
3000D 3.73E-07 4.87E-09 
4000? 3173E-07 4.87E-09 

Distance to Cask Groups -Distance Interval -Cask Group Dose Rate Calculition (Single Cask) 

Group 0 Distance D min D max .GJTMin GITMax TGamrnmai N/TMin NIT Max ToPNet.  
Group 1 652.31 5001 10001 9.540E-05 9.490E-06 14.723E-05i 9.520E-07! 1.070E-07 1.892E-07 
Group 2 684.31 5001 10001 i9.540E-05 9.490E-0614.075E-05; 9.520E-07' 1.070E-0714.253E-07 
Group1 3 716.3i 5001 10001 9.640E-059.490E-06 1 3.515E-051 9.520E-07; 1.070E-0713.698E-07 
Group 4 748.3; 5001 10001 9.540E-05; 9.490E-0613.033E-051 9.520E-07:1.070E-07: 3.210E-07 
Group 1 710.31 50!l 10001 9.240E-05 9.490E-060i2.61E-051 1.520E-07 3 1.070E-07.2.796E-07 
Group1 6 812.3 5000 10001 9.540E-0 93.49OE-0612.237E-05I 9.520E-07' 1.070E-07"2.431E-07 
Group 7 844.3, 500 10001 9.40E-05 9.490E6-07 7.6086.056 9.520E-07 1.070E-07 2.113E-078 
Group 1 876.3; 500 10001 9.540E-0569.490E-06; 1.680E-05; 9.520E-07 1.070E-07 1.838E-07 
Group 9 908.31 5000 10001 9.540E-05 9.490E-06:1.449E-056 9.520E-07 1.070E-07 1.598E-07 
Group 10 940.31 5000 10001 9.540E-05,9.490E90606.250E-071.50E-05; 9.520E-07'41.070E-07 1.389E-07 
Group 11 972.3; 5000 10001 I9.40E-06 3.730E-07 51.078E-05 I 9.520E-07:1.070E-07:1.208E-07 
Group 12 1004.3! 1000; 20001 9.490E-06; 3.730E-07:9.359E-061 1.070E-07 4.870E-0911.056E-07 
Group 13 1036.3 10001 20001 -9.490E-06 3.730E-0718.438E-06 1.070E-07 '4.870E-0949.565E-08 
Group 14 1068.3? 10001 20001 9.490E-06; 3.730E-0727.608E-061 1.070E-07! 4.870E-0918.7A6E-08 
Group 15 1100.31 10001 20001 9.490E-06; 3.730E-07; 6.959E-06 i 1.070E-07 4.870E-0917.2.47-08 
Group 16 1135.31 10001 20001 1 9.490E-06 i 3.730E-0716.185E-061 1.070E-07,4.870E-0917.110E-08 
Group 17 1164.3? 1000! 20001 ; 9.490E-06 3.730E-0715.576E-061 1.070E-0714.870E-09I6.440E-08 
Group 25 1196.31 10001 20001 i 9.490E-06; 3.730E-0715.029E-061 1.070E-0714.870E-09 i 5.834E.08 
Group 19 1228.31 10001 20001 '9.490E-06 i 3.730E-07 1.533E5-06 1.070E-07 4.870E-09 I 5.21 -08 
Group 20 1260.34 1000i 20001 ; 9.490E-06 3.730E-0714.087E-061 1.070E-07! 4.870E-09 4.7871E-08 
Group 21 1442.31 1000o 20001 9.490E-065 3.730E-0712.266E-061 1.070E-07: 4.870E-09 i 2.723E-08 
Group 22 1474.31 10001 20001 9.490E-06,3.730E-0792.045E-067 1.070E-07'4.870E-09,2.471.2-08 
Group 23 1306.31 1000, 20001 1 9.490E-06:3.730E-0711.843E-06 i 1.070E-07 4.870E-091 1269E-08 
Group 24 1538.31 10001 20001 19.490E-06 3.730E-07; 1.662E-076 1.070E-074.870E-09; 2.021E-08 
Group 25 1570.3' 1000M 20001 9.490E-06 3.730E-0771.499E-067 1.070E-07:4.870E-091 1.837E-08 
Group 26 1602.31 10001 20001 9.490E-06 3.730E-07 1.3514E-06 1.070E-07 4.870E-09i 1.664E-08 
Group 27 1634.31 1000 20001 9.490E-06 3.730E-07'1.218E-060 1.070E-07 4.870E-09 1.507E-08 
Group 28 1666.31 1000? 20001 9.490E-06,3.730E-07:.1-09E-061 1.070E-07 4.870E-09 1.366E-08 Group 29 1698.3; 1000! 2000-1 9.490E-06 3.730E-07 -9.903E-071 1.070E-07,4.870E-091r1.237E-08 

Group 30 1730.31 10001 20001 9.490E-06,3.730E-0717.929E-071 1.070E-07 4.870E-09!.1.21E-0 Group 31 1762.31 10001 20001 -9.490E-06: 3.730E-07;i 8.050E-07 i 1.070E-07: 4.870E-09 ! 1.015E.06 

Group 32 1794.31 10001 20001 9.490E-06'3.730E-07;7.325-E07! 1.070E-07 4.870E-0919.195E-09 
Group 33 1826.31 10001 20001 9.490E-06 . 3.730E-07:36.544E-07 1.070E-07; 4.870E-0915.329E-0g Group 34 1858.31 1000; 20001 , 9.490E-06 3.730E.07! 5.900E-071 1.070E-07:4.870E-09 I7.545E.09 
Group 3S 1890.3 1 10001 20001 .9-490E-06 i 3.730E-071]5.320E-071 1.070E-07: 4.870E-091!6.936E.09 
Group 36 1 1922-31 10001 20001 :9.490E-06: 3.730E-0714.796E-07! 1.070E-07:4.870E-Og16.191E-09 
Growp 37 :19S,4.31 10001 20001 !9.490E-06-3.730E-O714.325E.07! 1.070E-07 4.870E-091S.609E-09 
Group 38 1986.31 10001 20001 •9.490E-6. 3.730E-07:3.899E-07 1 1.070E-07 4.870E-09,5.081E-09 
Group 39 2018.31 20001 30001 3.730E-07: 3.730E-0713.730E-071 4.870E-09! 4.870E-0914.870E-09 
Group 40 2050.31 2000? 30001 3.730E.07 3.730E-0713.730E.071 4.870E-09,4.870E-09I4.870E-09 

Number of Casks per Group i 1001 I 

ISFSI Dose Calcuiaton (from al 4000 casks) 

Top Gamma - 1.771E-021 1 
Top Neutron = 3.199E-04' 
Total Dose Rate a 1.803E-02,

Pae 1



Sl'et1

Distance= 1000 

Single Cask Resuts 

Dtstance Top Gain Too Neut 
100 1.47E-03; 1 42E-05 
200 3.81E-04 1 3.53E-06 
328, 2.11E-04 I 2.02E-06 
5001 9.54E-05 I 9.52E-07 

1000, 9.49E-06 1.07E-07 
2000, 3.73E-07 4.87E-09 
3000 3.73E-07 4.87E-09 
4000 i 3.73E-07 I 4.87E-09 

Distance to Cask Groups Distance Interval Cask Group Dose Rate Calculaton (Single Cask) 

Group# Distance Dmm Dmax GITMin G/TMax 'TGammal N/rMn 'NITMax TopNeut 
Group 1 1152.31 10001 20001 :'9.490E-06; 3.730E-07'5.797E-061 1.070E-0714-870E-09 I 6.684E.08 
Group 2 1184.31 10001 20001 9.490E-0613.730E-0715.227-061 .1.070E-07,4.870E-0946.05S5E-08 
Group 3 1216.31 10001 2000, '9.490E-06; 3.730E-07 i 4.712E.06 I .1.070E-07.4.870E-09I 5.485E-08 
Group 4 1248.31 1000r 20001 9.490E-06i 3.730E-07 4.249E-061 .1.070E-07 4.870E-09 14.968E-08 
Group) 5 1280.31 10001 2000: 9.490E-0613.730E-07' 3.831E-061 1.070E-0714.870E-0914.501E.Oa 
Group 6 1312.3, 1000, 2000, ,9.490E-06!3.730E-07'3.454E-06 i 1.070E-07:4 870E-09M4.077E-08 
Group 7 1344.3 1000: 2000: :9.490E-06;3 730E-07 3.114E-061 1.070E-07; 4.870E-09 i 3.693E.08 
Group 8 1376.3: 1000' 2000 9.490E-06; 3.730E-07 2.808E-061 1.070E-07:4.870E-09,3.345E-08 
Group 9 1408.3! 1000, 2000! 9.490E-06 I3.730E-07'2.531 E-06 I 1.070E-07 4.870E-09 3.030E-08 
Group 10 1440.31 1000i 2000! :9.490E-06 i 3.730E-07-2.282E-061 1.070E-07:4.870E-09. 2.745E-08 
Group 11 1472.3 10001 20001 9.490E-06;3.730E-07!2.058E-061 1.070E-07 4.870E-09:2.487E-08 
Group 12 1504.3 1000i 2000' 9.490E-06;3.730E-07:1.855E-061 1.070E-07 4.870E-09 2.253E-08 
Group 13 1536.3: 10001 20001 9.490E-06; 3.730E-0711.673E-061 1.070E-07 4.870E-09; 2.041E.08 
Group 14 1568.31 10001 20001 :9.490E-06 I 3.730E-07! 1.508-E.06 I 1.070E-07 i 4.870E-09! 1.848E-08 
Group 15 1600.31 1000, 20001 :'9.490E-0613.730E-0711.360E-061 '1.070E-07,4.870E.09 i 1.674E-0 
Group 16 1632.31 1000J 20001 19.490E-0613.730E-0711.226E-061 '1.070E-0714.870E-09, 1.517E-08 
Group 17 ' 1664.31 1000J 20001 1 9.49OE,0613.730E-07 1.105E-061 '1.070E-07'4.870E.09' 1.374E-08 
Group 18 1696.31 10001 20001 ;9.490E-06;3.730E-0719.967E-07! 1.070E-0714.870E-09 11.245E-08 
Group 19 1728.31 1000! 20001 19.490E-0613.730E-0718.987E-071 ;1.070E-0714.870E-09 11.127E-08 
Group 20 1760.31 10001 20001 i9.490E-0613.730E-0718.103E-071 1.070E-0714.870E-ogi 1.021E-08 
Group 21 1942.3: 10001 2000' I 9.490E-0613.730E-0714.496E-071 1.070E-07! 4.870E-09.5.820E-09 
Group 22 1974.3 1 1000, 20001 19.490E-0613.730E-07'4.054E-071 '1.070E-07 4.870E.09 i 5.272E-09 
Group 23 2006.3 1 2000' 3000' i 3.730E-0713.730E-07'3.730E-071 4.870E5094 870E-09,4.870E-09 
Group 24 2038.3! 20001 30001 13.730E-07; 3.730E-07 3.730E-07; 4.870E-09I4.870E-09:4.870E-09 
Group 25 2070.31 2000 3000 '3.730E-07'3.730E-07: 3.730E-07 ,4.870E-0914.870E-09 i 4.870E-09 
Group 26 2102.3: 2000 3000' .3.730E-07:3.730E-07: 3.730E-071 4.870E-09i4.870E-09 4.870E-09 
Grout 27 2134.31 2000, 3000' 3.730E-07'3.730E-07 ' 3.730E-07 ' 4,870E-09,4.870E-0914 870E-09 
Group 28 2166.3 2000, 30001 3.730E-07 i 3.730E-07:3.730E-071 4.870E-09 i 4.870E-09 o 4.870E.09 
Group 29 2198.3! 20001 3000! 3.730E-07! 3.730E-07,3.730E-071 •4.870E-09 '4.870E-09 4.870E-09 
Group 30 2230.31 20001 30001 3.730E-07:3.7305.073-730E-071 4.870E-09i4.870E-09,4.870E-09 
Group 31 2262.3! , 20001 30001 .3.730E-07! 3.730E-07:3.730E-071 4.870E-09 i4.870E-09 ,4.870E.09 
Group 32 2294.31 ' 20001 30001 1 3.730E-07.3.730E-07'3.730E-071 :4.870E-0914.870E.09 4.870E-09 
Group 33 2326.31 20001 30001 13.7305-07! 3.730E-071 3.730E.071 '4.870E-09 i 4.870E409; 4.870E-09 
Group 34 2358.31 20001 30001 13.730E-07'3.730E-07; 3.730E-071 ,4.870E-09 I 4.870E-09 i 4.870E-09 
Group 35 2390.31 20001 30001 ! 3.730E-07' 3.730E-07 :3.730E.071 ,4.870E-09I4.870E-09,4.870E-09 
Group 36 2422.31 . 20001 30001 i 3.730E-0713.730E-07:3.730E-071 ,4.870E-0914.870E-0914.870E-09 
Group 37 2454.31 20001 3000; 13.730E-0713.730E-07! 3.730E-071 14.870E-09 i 4.870E-09 I 4.870E-09 
Group 38 2486.31 2000: 30001 !3.730E-0713.730E-07'3.730E-07' '4.870E-09 4.870E-09'4.870E-09 
Group 39 2518.31 2000! 30001 13.730E-07 * 3.730E-07! 3.730E-071 ,4.870E-0914.870E-09 4.870E.09 
Group 40 2550.3! 20001 30001 '13.73E-07! 3.730E-0713.730E-071 14.870E-0914.870E-09 14.870E-09 

Number of Casks per Grou w 1001 

ISFSI Dose CalcuMaon (from all 4000 casks) 

Top Gamma a 2.953E-031 
Top Neutron - 5.897E-05i 
Total Dose Rate 3.012E-031
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Sheell

Distance= 1500D 

Single Cask Results 

Distance Top Gain Top Neut 
100 1.47E-03 1.42E-05 
200. 3.81E-04 3.53E-06 
328. 2.11E-04 2.02E-06 
500: 9.54E-05 9.52E-07 

1000' 9.49E-06' 1.07E-07 
2000 3.73E-07 4.87E-09 
3000! 3.73E-07 4.87E-09 
4000i 3.73E-07 4.87E-09 

Distance to Cask Groups Distance interval I Cuk Group Dose Rate CaIdjlatcon, (Single Cask) 

Group# Distance ;Dmin Dmax IG/TMin G/TMax iTGamma, N/TMon NITMax ,TopNeut 
Group 1 1652.3 1000' 20

00i 1 9.490E-06 i 3.730E-0711.149E-061 1.070E-07 4.870E-09'1.426E.08 
Group 2 1684.3 1000. 20001 '9.490E-061 3.730E-0711.036E-061 :1.070E-07,4.870E.0911.292E.08 
Group 3 1716.3 1000' 20001 !9.490E-0613.730E.0719.343E071 1.070E-07' 4.870E-0911.170E.08 
Group 4 1748.3, 10001 20001 :9.490E-06 i 3.730E.0718.423E-071 '1.070E-07 4.870E-09 1.060E.08 
Group 5 1780.3: 1000' 20001 i9.490E.06 3.730E-07:7.595E-071 11.070E-07 -4.870E-0919.601E-.09 
Group 6 1812.3 1000 20001 9.490E-0613.730E-07:6.847E-07! 1:.070E-07 4.870E-09i8.698E-09 
Group 7 1844.3, 1000 20001 9.490E-06 i 3.730E-0716.174E-07! 1.070E-07 4.870E-09f7.879E-09 
Group 8 1876.3 1000 20001 :9.490E-06.3.730E-07!5.566E-07 1.070E-07 4.870E-0917.137E-09 
Group 9 1908.3 1000. 20001 '9.490E-06 i 3.730E-07! 5.019E-07' 1.070E-07T4870E-09i6.465E-09 
Group 10 1940.3 1000! 20001 ,9.490E-0613.730E-0714.525E-07' 1.070E-07. 4.870E-09 i 5.856E-09 
Group 11 1972.3 1000, 20001 :9.490E.06; 3.730E-0714.080E-07; 1.070E-07 4.870E-09 15.305E-09 
Group 12 2004.3 2000' 30001 13.730E-0713.730E.0713.730E-07! 4.870E-09i4.870E-09l4.870E.09 
Group 13 2036.3 2000 30001 i 3.730E-0713.730E-0713.730E-07; 14.870E-0914.870E-0914.870E.09 
Group 14 2068.3; 2000; 30001 13.730E-07:3.730E-0713.730E-07' '4.870E-09,4.870E-0914.870E-09 
Group 15 2100.3! 2000; 30001 :3.730E-07: 3.730E-0713.730E-07: '4.870E-09! 4.870E-0914.870E-09 
Group 16 2132.31 20001 30001 13.730E-0713.730E-0713.730E.07! 4.870E-0914.870E-0914.870E-0g 
Group 17 2164.3 20001 30001 13.730E-0713.730E-0713.730E-071 14.870E-0914.870E-0914.870E-09 
Group 18 2196.3. 2000' 30001 i 3.730E-07: 3.730E-0713.730E.071 4.870E-09,4.870E-0914.870E.09 
Group 19 2228.3'1 20001 30001 3.730E-07; 3.730E-0713.730E-07! 14.870E-09 i 4.870E-0914.870E.09 
Group 20 2260.3. 2000! 30001 3.730E-07 i 3.730E-0713.730E.071 '4.870E-09,4.870E-0914.870E-09 
Group 21 2442.3 20001 30001 3.730E-07'3.730E-07:3.730E-07 ' 14.870E-09 4.870E-0914.8702-09 
Group 22 2474.3 2000; 30001 ! 3.730E207 3.730E-07;3.730E-07: '4.870E-09; 4.870E-0914.870E.09 
Group 23 2506.3' 2000' 30001 :3.730E-07 3.730E-0713.730E.07! 14.870E-09! 4.870E-0914.870E-09 
Group 24 2538.3 2000 3000; '3.730E.07 3.730E-0713.730E.07! ,4.870E-09,4.870E-0914.870E-09 
Group 25 2570.3 2000 3000 ý 3.730E-07 3.730E-07:3.730E-07 '4.870E-09,4.870E-0914.870E-09 
Group 26 2602.3 2000 30001 .3.730E-07: 3.730E-0713.730E-071 ,4.870E-09-4.870E-09 I 4.870E-09 
Group 27 2634.3 2000 30001 .3.730E-07 3.730E-0713.730E-07; 4.870E-09.4.870E-09; 4.870E-09 
Group 28 2666.3 2000 30001 3.730E-07 3.730E-07! 3.730E-07 i -4.870E-09 4.870E-.094.870E-09 
Group 29 2698.3 2000, 30001 3.7302-07: 3.730E.07 3.730E-07: 4.870E-09,4.870E-09'4.870E.09 
Group 30 2730.3 2000: 30001 '3.7302.07'3.730E-0713.730E.07: 4.870E.09 4.870E-09 4.870E-Og 
Group 31 2762.3 2000! 30001 '3.7 -07! 3.730.-07:3.730..07 ý 4.870E-0914.870E-09 i 4.870E.09 
Group 32 2794.3; 20001 30001 13.730E-07:3.730E-0713.730E-07; 14.870E-09!4.870E-0914.870E-09 
Group 33 2826.3 2000! 30001 !3.7302-0713.730E-07:3.730E-.07: 4.870E-0914.870E-09! 4.870E-09 
Group 34 2858.3. 2000: 30001 i 3.730E-0713.730E-0713.730E-07 i 4.870E-09,4.870E-09 i 4.870E-09 
Group 35 2890.31 2000, 30001 i .730E-07T3.730E-07;3.730E-07' '4.870E-09! 4.870E-09 i 4.870E-09 
Group 36 2922.3 2000: 30001 13.730E-0713.730E-0713.730E.071 i 4.870E-0914.670E-0914.870E-09 
Group 37 2954.3 1 20001 30001 .3.730E-07:3.730E-07:3.730E.071 ,4.870E-0914.870E-09•14.870E-09 
Group 38 2986.3- 20001 30001 3.730E-07'3.730E-07:3.730E.071 i 4.870E-0914.870E-091 4-870E-09 
Group 39 3018.3: 30001 40001 3.730E-0713.730E-0713.730E-07; ' 4.870E.0914.870E-0914.870E-09 
Group 40 3050.3; 3000' 40001 .3.730E.07'3.730E-0713.730E-071 t4.870E-0914.870E-0914.870E-09 

Number of Casks per Group 1001 

ISFSI Dose Calculatbon (from all 4000 casks) 

Top Gamma a 9.380E-04i 
Top Neuon = 2.006E-05! 
Total Dose Rate 9.580E-04,
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Sheell

Distance- 1968.5.  

Single Cask Results 

Distance Top Gain Top Neut 
100i 1.47E-03 1.42E-05 
200! 3.81E-04, 3.53E-06 
328; 2.11E-04 i202E-06 
5001 9.54E-05 i 9.52E-07 

10001 9.49E-06 1.07E-07 
2000. 3.73E-07 4.87E-09 
3000! 3.73E-07 4.87E-09 
4000 3.73E-07 i 4.87E-09 

Distance to Cask Groups Distance Interval Cask Group Dose Rate Calcutatbo (Sngle Cask) 

Group # Distance D min D max . GIT Mn GIT Max .T Gamma I N/T Min i N/T Max -Top Neut 
Group 1 2120.81 20001 30001 3.730E-0713.730E.0713.730E-071 4.870E-0914.870E-094.a870E-09 
Group 2 2152.$1 20001 30001 3.730E-0713.730E-07: 3.730E-071 4.870E-0914.870E-09 14.870E.09 
Group 3 2164.8! 20001 30001 1 3.73E-07 3.730E-07 I 3.730E-071 4.870E-09 14.870E-09; 4.870E-09 
Group 4 2216.81 20001 30001 13.730E.07; 3.730E.07 3.730E.071 14.870E-0914.870E-09 i 4.870E.-0 
Group 5 2248.81 20001 3000! 13.730E-07! 3.730E-0713.730E.071 14.870E.0914.870E-0914.870E-0g 
Group 6 2280.81 20001 30001 1 3.730E-07; 3.730E-07: 3.730E-07 I 4.870E-09 14.870E-09r4.870E.09 
Group 7 2312.8; 2000! 30001 .3.730E-07! 3.730E.07 '3.730E-071 '4.870E-09 ,4.870E-0914.870E.09 
Group 8 2344.8 2000' 30001 3.730E-07.3.730E.07 3.730E-071 4.870E-09I4.870E-0g,4 .870E-09 
Group 9 2376.81 2000i 30001 3.730E-07:3.730E-0713.730E.071 ,4.870E-09!4.870E-09S4.870E-09 
Group 10 2408.8; 20001 30001 :3.730E-0713.730E-07; 3.730E-071 '4.870E-0914.870E-09! 4.870E-09 
Group 11 2440.8. 20001 30001 3.730E-07 3.730E-07! 3.730E-071 4.870E-09 14.870E-09 14.870E-09 
Group 12 2472-8; 20001 30001 3.730E-07 13.730E-0713.730E-071 :4.870E-0914.870E-09 4.870E-09 
Group 13 2504.81 2000! 30001 13.730E-0713.730E-07; 3.730E-071 ,4.870E-0914.870E-0914.870E.09 
Group 14 2536.81 2000. 30001 13.730E-0713.730E-0713.730E.071 i 4.870E-0914.870E-0914.870E-09 
Group 15 2568.8i 20001 30001 1 3.730E-07; 3.730E-07; 3.730E-071 14.870E-0914.870E-0914.870E.09 
Group 16 2600.81 20001 30001 13.730E-0713.730E.0713.730E-071 14.870E-0914.870E-0o94.870E-05 
Group 17 2632.81 20001 30001 i 3.730E-07 , 3.730E-0713.730E-071 I 4.870E-0914.870E-09 14.870E-09 
Group 18 2664.8: 20001 30001 13.730E.-07; 3.730E-07 3.730E-071 i 4.870E-0914.870E-0g 14.870E-Og 
Group 19 2696.81 20001 30001 ; 3.730E-0713.730E.-0713.730E-071 ,4.870E-0914.870E-0914.870E.og 
Group 20 2728.81 20.00 30001 13.730E-0713.730E-07; 3.730E-071 14.870E-09;4.870E-0914.870E-Og 
Group 21 2910.81 20001 30001 1 3.730E-07 '3.730E.07 '3.730E.07 1 4.870E-09 i 4.870E-0914.870E-0g 
Group 22 2942.8, 2000- 30001 13.730E-07'3.730E.07: 3.730E.071 '4.870E-09g4 870E-0914.870E-Og 
Group 23 2974.81 20001 30001 13.730E-07; 3.730E-07!3.730E-071 '4.870E-09i4.870E-0914.870E.09 
Group 24 3006.81 30001 40001 3.730E-07: 3.730E-07 3.730E-07! 4.870E-0914.870E-09 14.870E-09 
Group 25 3038.8. 3000, 40001 13.730.-0713.730E-07! 3.730E-071 4.870E-0914.870E-09 i4 870E-09 
Group 26 3070.8, 3000, 40001 3.730E-07 i 3.730E-0713.730E-071 .4.870E-0914.870E-0914.870E.09 
Group 27 3102.8' 30001 4000, 3.7

30E-07; 3.730E-0713.730E-07I ,4.870E-0914.870E-0g 4.7OE-09 Group) 28 3134.81 3000: 140w., 3.730E-07 ý 3.730E-07.3.730E-071 ' 4.870E-091•4.870E-09 1 4.870E-09 

Group 29 3166.81 30001 40001 I3.70--07'3.730E-07 3.730E-071 14.870E-0914.870E-09g4.870E-09 
Group 30 3198.81 30001 40001 ;3.730E-07l3.730E-07:3.730E-07) 4.870E-09I4.s70E-0I14.870E-09 
Group 31 3230.81 30001 40001 : 3.730E-07: 3.730E-07 ' 3.730E-071 14.870E-0914.870E-09 I 4.870E.09 
Group 32 3262.81 30001 40001 13.7305-071 3.730E-0713.730E-071 14.870E-0914.870E-0914 870E.09 Groupo 33 i3294.81 30001 40001 ;3.730E-07'3.730E-07: 3.730E-071 14.870E-091•4.870OE-09 14.870E-09 
Groupo 34 3326.a 1 30001 40001 1 3.730E•F-07; 3.730E.07; 3.730E.071 1 4.870E-091I4.870E-09 14.870E-09 
Group 35 3358.81 , 30001 40O001 i 3.rJ-40-0713.7-30E-071 3.730E.071 i 4.870E-0914.870E-0914.870E-09 
Group 36 3390.81 1 30001 40001 13.70E-07 •3.730E.-071i3.730E-071 i 4.870E-09 I4.870E-09 14.870E.09 
Group 37 3422.51 30001 40001 i 3.?-WE-0713.730E-0713.730E.071 f 4.870E-091I4.870E-091I4.870E-09 

Group 34 3454.81 30001 40001 13.730E-0713.730E-071 3.730E-071 !4.870E-0914.870E-0914.870E.09 Group 39 13486.8 1 30001 40001 i 3.730E-07; 3.730E-071f3.730E-071 1 4.870E-0914.870E-0914.870E-09 
Group 40 351a.ai 30001 40001 3.730E-071I3.730E-0713.730E..071 i 4.870E-091•4.570E-09 1 4.670E-09 

II I I I 
Number of Ca••sper Group 100i I I 

ISFSI Dose Ca•cult•on (from, a# 4000 cask) 

Top Gamma a I 7.460E-041 
I ! 

Top Neutron,- 1.617E-05i 
Total Dose Rate * 7.622E-04i
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