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(PFS Response to RAI SAR 7-1, February 10, 1999)



John D. Parkyn, Chairman or the Board 

February 10, 1999 

Director, Office of Nuclear Material Safety and Safeguards 
U. S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 
PRIVATE FUEL STORAGE FACILITY 
PRIVATE FUEL STORAGE, L.L.C.  
DOCKET NO. 72-22/TAC NO. L22462 

Reference: 1) NRC Letter, Delligatti to Parkyn, Request for Additional Information, dated 
December 10, 1998 

2) NRC Letter, Delligatti to Parkyn, Request for Additional Information on 
License Application, dated April 1, 1998 

3) PFS Letter, Parkyn to Director, Office of Nuclear Material Safety and 
Safeguards, U. S. Nuclear Regulatory Commission, dated January 21, 1999 

Enclosed are the responses of Private Fuel Storage, L.L.C. to the Requests for Additional 
Information (RAI) set forth in Reference #1. Also enclosed are the remaining responses to the 
first RAI transmitted by Reference #2. The timingfor submittal of these latter responses was 
governed by the Staffs statement in Reference #1 that it would review the remaining first round 
RAI responses at the same time it reviews the responses to the second round RAI responses. As 
explained in our letter of January 21, 1999 (Reference #3), we have taken that statement to mean 
that we should submit the remaining first round RAI responses when the second round RAI 
responses were submitted. The enclosed submittal reflects that understanding.  

RAI reference material that includes proprietary data, safeguards information, or extensive 
calculations/reports willbe submitted under separate covers. If you -have any questions regarding 
this response, please contact me at (608) 787-1236 or our Project Director, John Donnell, at (303) 
741-7009.  

Sincerely, 

J D. Parkyn, Chairman 
Private Fuel Storage 

JDP:cls 
Enclosures
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Director. Office of Nuclear Material Safety and Safeguards 
Page 2 
February 10. 1999 

Copy to: Ms. Denise Chancellor. Esq. - State of Utah 
Mr. Richard Condit - Land and Water Fund of the Rockies 
Mr. Mark Delligatti - U.S. NRC 
Mr. John Donnell - Private Fuel Storage 
Mr. John Paul Kennedy, Esq. - Confederated Tribes of the Goshute Reservation 

Mr. Danny Quintana. Esq. - Skull Valley Band of Goshute Indians 
Mr. Jay Silberg, Esq. - Shaw, Pittman, Potts & Trowbridge 
Mr. Sherwin Turk - U.S. NRC 
Mr. Joro Walker, Esq. - Land and Water Fund of the Rockies 
Mr. Scott Northard - Private Fuel Storage 
Mr. Leon Bear - Skull Valley Band of Goshute Indians 
Mr. Asadul H. Chowdhury, Ph.D. - CNWRA 
Mr. Murray C. Wade - Oak Ridge National Laboratory



SAFETY ANALYSIS REPORT

CHAPTER 7 - RADIATION PROTECTION 

7-1 Revise the calculation of the impacts of the accident using the release 
fractions and methodology contained in Interim Staff Guidance-5 (ISG-5), 
Accident Dose Calculations (Nuclear Regulatory Commission, 1998) to show 
compliance with the accident dose limits in 10 CFR 72.106(b).  

" The calculation in the SAR has been conducted inappropriately. The use 
of a respirable fraction of 5% for the release of Co-60 is not appropriate.  
The SAR cites Table XX of SAND80-2124 to justify the use of this 
fraction. However, page 39 of this document indicates that this fraction 
was measured for particulates released from the interior of the fuel via a 
burst-rupture mechanism. The majority of the source of Co-60 from the 
spent fuel would be from the CRUD on the exterior of the fuel assemblies.  

" The licensee's calculation of accident impacts in the SAR does not follow 
the most recent staff guidance on calculating the consequences of a 
postulated loss-of-confinement event. The current staff guidance on this 
calculation is published by the Spent Fuel Project Office as Interim Staff 
Guidance - 5 (ISG-5) (Nuclear Regulatory Commission, 1998).  

RESPONSE 

The calculation of the impacts (individual doses) resulting from the hypothetical canister 
leakage accident for the PFSF has been revised in accordance with Interim Staff Guidance-5 
(ISG-5) to show compliance with the accident dose limits in 10 CFR 72.106 (b).  

For the hypothetical accident case, the calculated releases are based on leakage of the canister 
design that could lead to the largest release of radioactive material. Both TranStor and HI
STORM canisters were evaluated. It was determined that maximum dose rates are associated 
with postulated leakage of a TranStor canister containing 61 design basis BWR fuel 
assemblies. While the HI-STORM MPC-68 canister contains seven more BWR fuel 
assemblies, the calctlated leak rate for the MPC-68 under bounding accident conditions of 
temperature and pressure (1.58 E-5 cc/sec, presented in Section 7.3.3.1 of the HI-STAR 
TSAR, Holtec Report No. HI-941184, NRC Docket No. 72-1008) is less than that assumed 
in this analysis for the TranStor canister. A leak rate of 1.0 E-4 cc/sec was used for the 
TranStor canister under the hypothetical accident conditions. Sufficiently low leak rate test 
criteria will be established for TranStor canisters to be stored at the PFSF to assure that the 
leak rate from these canisters will not exceed 1.0 E-4 cc/sec under hypothetical accident 
conditions.  

The radionuclide inventory for the TranStor BWR canister was based on 61 design basis 
BWR fuel assemblies (GE 8X8) with a burnup of 40,000 MWd/MTU, 6 years cooling time,
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and 2.95% enrichment. This is conservative, since fuel with these characteristics is too "hot" 
for shipment to the PFSF as indicated in Figure 5.0-1 of the TranStor Shipping Cask SAR 
(SNC-95-7ISAR, Docket No. 71-9268), as well as the technical specifications in Chapter 12 
of the HI-STORM SAR. This ensures that the inventory used in the calculation exceeds that 
of fuel authorized for storage at the PFSF. The inventory of isotopes other than 6°Co was 
calculated with the SAS2H and ORIGEN-S modules of the SCALE4.3 system. Isotopes that 
contribute greater than 0.1% to the total curie inventory for the fuel assembly and iodine were 
considered.  

The 6oCo inventory was determined using the 140 tCi/cm 2 crud surface activity for PWR 
rods and the 1254 4Ci/cm2 crud surface activity for BWR rods provided in NUREG/CR
6487, multiplied by the surface area per assembly (3 E5 cm2 and 1 E5 cm 2 for PWR and 
BWR rods respectively), also provided in NUREG/CR-6487. The 5Co source terms were 
then decay corrected to account for the cooling time, using the half life of 6Co.  

The activity released is estimated as the product of: 1) the estimated activity per fuel 
assembly, 2) the number of fuel assemblies contained in one canister, 3) the fraction of the 
canister volume released per second, 4) the release fraction (by radionuclide group), and 5) 
the accident duration. The hypothetical accident duration is assumed to be 30 days. Items 1 
and 2 were provided by the cask vendors. Item 3 was calculated by dividing the canister 
release rate under accident conditions by the canister free gas volume, which was also 
provided by the cask vendors. Items 4 and 5 are based on the NRC regulatory guidance 
provided in NUREG/CR-6487 and ISG-5. No credit was taken for holdup (plateout, 
depositon, etc) of particulates or volatile fission products released from the fuel inside the 
canister.  

The primary approach used in this analysis is to estimate inhalation committed effective dose 
equivalents for the airborne pathway, since it has been noted by the NRC that, for accident 
conditions, for all materials of greatest interest for fuel cycle and other radioactive material 
licenses, the dose from the inhalation pathway will dominate the (overall) dose (NUREG
1140). The approach of conducting inhalation dose estimates is also consistent with guidance 
provided in NUREG/CR-6410 (Nuclear Fuel Cycle Facility Accident Analysis Handbook, 
1998) and in DOE-HDBK-3010-94 (Airborne Release Fractions/Rates and Respirable 
Fractions for Nonreactor Nuclear Facilities, 1994). However, as a verification of this 
approach, three additional calculations are performed: 1) an estimate of the doses from 
submersion in the plume following the accident (to calculate the TEDE from the release), 2) 
an estimate of thyroid doses from radioiodine in the plume, and 3) an estimate of the doses 
from environmental pathways following deposition of material from the plume using the 
RESRAD computer program.  

The revised accident analysis evaluates the potential inhalation dose to an individual located 
at two distances downwind: at 500 m (representing the nearest distance from a canister to the 
OCA fence), and at 3,219 m (representing the location of the nearest resident). For these 
revised calculations, the respirable fraction of the material released for all radionuclides is 
assumed to be 1.0. Inhalation committed effective dose equivalent factors and external dose 
conversion factors for submersion in air for the radionuclides that are greater than 0.1% of the
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activity present in the fuel (plus radioiodine) were obtained from the EPA Federal Guidance 
Report Nos. 11(I 1988) and 12 (1993). No correction is made for the amount of time the wind 
blows in a given direction over the 30-day release period. The accident X/Q values were 
estimated using a wind speed of I m/s and atmospheric stability Class F, which is consistent 
with the guidance in ISG-5. The resulting values are: 1.94E-3 s/m 3 at 500 m downwind, and 
9.42E-5 s/mn3 at 3,219 m downwind.  

The release and dose estimates for plume passage were conducted using simple calculations 
and spreadsheet software. A printout of the calculations is shown in Tables 1 through 8 
(attached) for downwind distances of 500 m and 3,219 m. For 500 m downwind, Table 1 
shows the resulting inhalation CEDE as 74.7 mremi/y and Table 2 shows the effective dose 
from external exposure during submersion in the plume as 0.153 mrem. The resulting TEDE 
at 500 m downwind is 74.9 mrem/y, as shown in Table 3. The estimated dose to thyroid 
from 1- 129 at 500 m downwind is 0.0234 mrem, as shown in Table 4. For 3,219 in 
downwind, Table 5 shows the inhalation CEDE as 3.63 mrernL/y, and Table 6 shows the 
effective dose from external exposure during submersion in the plume as 0.00743 mirem.  
The resulting TEDE at 3,219 m downwind is 3.64 mrem/y, as shown in Table 7. The 
estimated dose to thyroid from 1-129 at 3,219 m downwind is 0.00114 mrem, as shown in 
Table 8. The radionuclide that contributes the largest amount to the TEDEs in the 
radionuclide mixture is Co-60 at both downwind distances. Both of the estimated TEDEs are 
a small fraction of the 0.05 Sv (5 rem) accident limit imposed by 10 CFR 72.106 (b) (i.e., 75 
mrem/y is about 1.5% of the 5 rem limit). In addition, the estimated thyroid doses are a small 
fraction of the 0.5 Sv (50 rem) individual organ limit from 10 CFR 72.106(b) (i.e., 0.0234 
mrem is a very small fraction of the 50 rem limit). Because of the small doses that result 
from the accidental releases, and because these doses are a small fraction of the regulatory 
limit, it is obvious that doses to the eye, skin, extremities, and internal organs would not 
exceed their respective limits of 0.15 Sv (15 rem) and 0.5 Sv (50 rem).  

As an evaluation of the potential doses from environmental pathways following deposition of 
material in the plume, a pathway analysis using the RESRAD computer program was next 
conducted. The first step of this evaluation was to estimate the amount of material deposited 
on the ground from the plume. This estimate was made assuming that the efflu ent 
concentration in a given sector is uniform across the sector at a given distance, as described 
in Regulatory Guide 1. 111 (1977). Using a straight-line trajectory model, this approach 
requires that the relative deposition rate should be divided by the arc length of the sector at 
the given downwind distance being considered to estimate deposition. The values of relative 
deposition (m-1) wee obtained from Figure 6 of Regulatory Guide .. 11 1., with resulting 
values of 8.0 E-5 m"' at 500 m, and 2.3E-5 in' at 3,219 m, downwind. As shown in Tables I 
and 5, the deposition estimates were made for each of the radionuclides in the source term.  
These values, in units of pCi/m2, were next modified to units of pCi/g to match the input 
requirements of the RESRAD computer program, by assuming a soil density of 1.5 E+6 g/m 3 

and an effective soil depth of I cm.  

The exposure scenario considered in the RESRAD analysis includes direct exposure to 
contaminated ground, inhalation of resuspended radioactive material, ingestion of milk and 
beef following grazing, and ingestion of soil. This scenario is considered to be a conservative
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representation of the land use conditions and environment of the land surrounding the PFSF.  
Since the 500 m downwind location is considered to be along the OCA fence line, it is not 
possible for an individual to continuously occupy this location. Therefore, for purposes of 
calculation, an exposure duration of 2,000 h/y is assumed at 500 m downwind. Although 
natural vegetation at the facility is quite sparse. it is conservatively assumed that the 
RESRAD default values for fodder intake are met both for the dairy and beef cattle. Default 
values for human consumption shown in RESRAD for air, milk, beef, and soil were 
assumed. The default values include inhalation of 1,918 m3 of air (over 2.000 h/y) with a 
mass loading factor for air of 2.OE-4 g/m3, ingestion of 92 L/y of milk, ingestion of 63 kg/y 
of beef, and ingestion of 36.5 g/y of soil. The same scenario is evaluated at a downwind 
distance of3,219 m, except that continuous exposure (8760 h/y) is assumed since this is the 
location of the nearest resident. The resulting TEDEs for these accident cases were: 2.67 
mrem/y at 500 m downwind, and 0.522 mrem/y at 3,219 m downwind. Both of these doses 
are quite small compared to the 0.05 Sv (5 rem) accident limit imposed by 10 CFR 
72.106(b). The dominant exposure pathway is external exposure to contaminated land and 
the radionuclide with the largest contribution to the dose is Co-60. From this analysis, it is 
concluded that these doses are sufficiently small compared to the inhalation TEDEs from 
plume passage (about 4% at 500 m and about 14% at 3,219 m) that they can justifiably be 
ignored in the accident analysis.  

Finally, the doses presented here are likely overestimates of the doses that would potentially 
result from the estimated airborne releases over a 30-day period since this analysis assumes 
that the wind blows in a constant direction for 30 days. Variation of wind direction over the 
release period would reduce the magnitude of the estimated doses downwind.  

References: 

"* DOE-HDBK-3010-94. December 1994. Airborne Release Fractions/Rates and 
Respirable Fractions for Nonreactor Nuclear Facilities. U.S. Department of Energy, 
Washington, D.C.  

"* Federal Guidance Report No. 12. September 1993. External Exposure to Radionuclides 
in Air, Water, and Soil. U.S. Environmental Protection Agency, Washington, D.C.  

"* Federal Guidance Report No. 11. September 1988. Limiting Values of Radionuclide 
Intake and Air Concentration and Dose Conversion Factors for Inhalation, Submersion, 
and Ingestion. UJ.S. Environmental Protection Agency, Washington, D.C.  

"* NUREG-1 140 (McGuire, S.). January 1988. A RegulatoryAnalysis on Emergency 
Preparedness for Fuel Cycle and Other Radioactive Material Licensees, U.S. Nuclear 
Regulatory Commission, Washington D.C.  

"* NUREG/CR-6410. March 1998. Nuclear Fuel Cycle Facility Accident Analysis 
Handbook. Prepared for the U.S. Nuclear Regulatory Commission by Science 
Applications International Corporation, Washington, D.C.  

"* Regulatory Guide 1. 111. July 1977. Methods for Estimating Atmospheric Transport and 
Dispersion of Gaseous Effluents in Routine Releases from Light-Water-CooledReactors.  
U.S. Nuclear Regulatory Commission, Washington, D.C.
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Table 1 SNC TranStor Cask with BWR Fuel Accident Conditions: Committed Effective Dose Equivalent From 

Inhalation Plus Deposition Estimates (uCi/m2) at 500 m Downwind 

Fraction Deposition al 

Canister Released Release Breathing Exposure Inhalation Deposition 500 m Depth 

Inventory Number of Volume Leak Rate per Release Rate X/Q Rate DCF DCF Duration CEDE at 500 m = 0.01 m 

Nuclide (Ci/Assembly) Assemblies (cm3) (cm31s) second Fraction (Ci/s) (slm3) (m31s) (SvlBq) (mrem/uCi) (s) (mremly) (Ci/m2) (pCilg) 
SGases 

H-3 7.96E+01 61 5.71E+06 1.00E-04 1.75E-11 0.3 2.55E-01 1.94E-03 3.30E-04 1.73E-11 6.40E-04 2.59E+0{ 2.71E-0:: 2.70E-01 1.80E+0( 

1-129 7.64E-03 61 5.71E+06 1.00E-04 1.75E-11 0.3 2.45E-14 1.94E-03 3.30E-04 4.69E-0 1.74E+02 2.59E+0E 7.05E-0, 2.59E-14 1.73E-0, 

Kr-85 1.30E+03 61 5.71E+06 1.OOE-04 1.75E-11 0.3 4.17E-0 1.94E-03 3.30E-04 0.00E+0( 0.OOE+00 2.59E+÷0 0.OOE+0( 4.41E-07 2.94E+01 

Crud I I 

Co-60 6.00E+01 61 5.71E+06 1.00E-04 1.75E-11 1 6.41E-08 1.94E-03 3.30E-04 5.91E-01 2.19E+02 2.59E+÷0 2.33E+0" 6.78E-01 4.52E+0( 

Volatiles 1 

Sr-90 1.46E+04 61 5.71E+06 1.00E-04 1.75E-11 2.OOE-04 3.12E-01 1.94E-03 3.30E-04 3.51E-0 1.30E+0• 2.59E+06 6.72E+01 3.30E-05 2.20E-01 

Ru-106 1.85E+03 61 5.71E+06 1.00E-04 1.75E-11 2.OOE-04 3.95E-1C 1.94E-03 3.30E-04 1.29E-0 4.77E+0; 2.59E+06 3.13E-01 4.18E-1( 2.79E-0: 

Cs-134 4.77E+03 61 5.71E+06 1.00E-04 1.75E-11 2.OOE-04 1.02E-01 1.94E-03 3.30E-04 1.25E-01 4.63E+01 2.59E+0• 7.82E-04 1.08E-01 7.19E-0 

Cs-137 2.20E+04 61 5.71E+06 1.00E-04 1.75E-11 2.OOE-04 4.70E-0 1.94E-03 3.30E-04 8.63E-04 3.19E+01 2.59E+04 2.49E-01 4.97E-01 3.31E-01 

I____ _Fines I I 

Pu-241 1.85E+04 61 5.71E+06 1.OOE-04 1.75E-11 3.OOE-05 5.93E-1l 1.94E-03 3.30E-04 2.23E-04 8.25E+01 2.59E+04 8.12E+0C 6.27E-1( 4.18E-04 

Y-90 1.46E+04 61 5.71E+06 1.0OE-04. 1.75E-11 3.OOE-05 4.68E-1( 1.94E-03 3.30E-04 2.28E-01 8.44E+0( 2.59E+04 6.55E-03 4.95E-1( 3.30E-04 

Pm-147 6.37E+03 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 2.04E-1C 1.94E-03 3.30E-04 1.06E-04 3.92E+01 2.59E+01 1.33E-0, 2.16E-1( 1.44E-04 

Ce-144 8.39E+02 61 5.71E+061 1.00E-04 1.75E-11 3.OOE-05 2.69E-11 1.94E-03 3.30E-04 1.01E-07 3.74E+04 2.59E+0H 1.67E-02 2.84E-11 1.90E-03 

Pr-144 8.39E+02 61 5.71E+06 1.0OE-04 1.75E-11 3.OOE-05 2.69E-11 1.94E-03 3.30E-04 1.17E-11 4.33E-0 2.59E+04 1.93E-0 2.84E-1I 1.90E-0, 

Eu-154 8.98E+02 61 5.71E+06 1.00E-04 1.75E-11 3.OOE-05 2.86E-11 1.94E-03 3.30E-04 7.73E-01 2.86E+0 2.59E+04 1.37E-04 3.04E-11 2.03E-0: 

Cm-244 8.66E+02 61 5.71E+06 1.OE-04 1.75E-11 3.OOE-05 2.78E-11 1.94E-03 3.30E-04 6,70E-01 2.48E÷0 2.59E+01 1.14E+01 2.94E-11 1.96E-0: 

Pu-238 7.12E+02 61 5.71E+06 1.OOE-04 1.75E-11 3.OOE-05 2.28E-11 1.94E-03 3,30E-04 1.06E-0 3.92E+0 2.59E+01 1.49E+01 2.41E-11 1.61E-0" 

Sb-125 5.04E+02 61 5.71E+06 1.00E-04 1.75E-11 3.OOE-05 1.62E-11 1.94E-03 3.30E-04 3.30E-0 1.22E+01 2.59E+0{ 3.27E-04 1.71E-11 1.14E-04 

Eu-155 2.93E+02 61 5.71E+06 1.OOE-04 1.75E-11 3.OOE-05 9.39E-14 1.94E-03 3.30E-04 1.12E-01 4.14E+01 2.59E+01 646E-0, 9.93E-12 6.62E-0 

Am-241 2.37E+02 61 5.71E+06 1.00E-04 1.75E-1I 3.OOE-05 7.60E-14 1.94E-03 3.30E-04 1.20E- 4.44E+05 2.59E+0 5.60E+0( 8.03E-1; 5.36E-0 

Pu-240 1.21E+02 61 5.71E+06 1.00E-04 1.75E-11 3.OOE-05 3.88E-11 1.94E-03 3.30E-04 1.16E-21 4.29E+01 2.59E+ 2.76E+0( 4.10E-I 2.73E-0 

Pu-239 5.53E+01 61 5.71E+06 1.OOE-04 1.75E-1 3.OOE-05 1.77E-11 1.94E-03 3.30E-04 1.16E-0j 4.29E+01 2.59E+0 1.26E+0( 1.87E-1, 1.25E-0 

Total: 7.47E+o1
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Table 2 SNC TranStor Cask with BWR Fuel Accident Conditions: Effective Dose 

External Exposure from Submersion at 500 m Downwind 

Canister Fraction Release Exposure Effective 
Inventory Number of Volume Leak Rate Released Release Rate Release X/Q Duration DCF DCF Dose 

Nuclide (Ci/Assembly) Assemblies (cm3) (cm31s) per second Fraction (Ci/s) (Ci) (s/m3) (s) (Sv m3/Bq s) (mrem m3/uCi s) (mrem) 

H-3 7.96E+01 61 5.71E+06 1.00E-04 1.75E-11 0.3 2.55E-0E 6.61E-0, 1.94E-03 2.59E+06 3.31E-19 1.22E-09 1.57E-07 
1-129 7.64E-03 61 5.71E+06 1.00E-04 1.75E-11 0.3 2.45E-1 6.34E- 1.94E-03 2.59E+0f 3.80E-16 1.41E-06 1.73E-08 
Kr-85 1.30E+03 61 5 .71ME6 1.00E-04 1.75E-11 0.3 4.17E-07 1.08E+0C 1.94E-03 2.59E+06 1.19E-16 4.40E-07 9122E-04 

Co-60 6.OOE+01 61 5.71E+06 1.00E-04 1.75E-11 1 6.41E-01 1.66E-01 1.94E-03 2.59E+06 1.26E-13 4.66E-04 1.50E-01 

Sr-90 1.46E+04 61 5.71E+06 1.OOE-04 1.75E-11 2.OOE-04 3.12E-04 8.08E-04 1.94E-03 2.59E+01 7.53E-18 2.79E-08 4.37E-07 
Ru-106 1.85E+03 61 5.71E+06 1.00E-04 1.75E-11 2.OOE-04 3.95E-lq 1.02E-0 1.94E-03 2.59E+0 0.OOE+00 0.OOE+00 0 OE+00 
Cs-134 4.77E+03 61 5.71E+06 1.00E-04 1.75E-11 2.OOE-04 1.02E-04 2.64E-0 1.94E-03 2.59E+04 7.57E-14 2.80E-04 1.43E-03 
Cs-137 2.20E+04 61 5.71E+06 1.00E-04 1.75E-1I 2.OOE-04 4.70E-01 1.22E-0 1.94E-03 2.59E+04 7.74E-18 2.86E-08 6.76E-07 

Ba-137m 2.20E+04 61 5.71E+06 1.00E-04 1.75E-11 3.OOE-05 7.05E-l 1.83E-0 1.94E-03 2.59E+04 2.88E-14 1.07E-04 3.78E-04 
Pu-241 1.85E+04 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 5.93E-1 1.54E-0 1.94E-03 2.59E+04 7.25E-20 2.68E-10 7.99E-10 
Y-90 1.46E+04 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 4.68E-1( 1.21E-0 1.94E-03 2.59E+04 1.90E-16 7.03E-07 1.65E-06 
Pm-147 6.37E+03 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 2.04E-1(. 5.29E-01 1.94E-03 2.59E+04 6.93E-19 2.56E-09 2.63E-09 
Rh-106 1.85E+03 61 5.71E+06 1.00E-04 1.75E-11 3.OOE-05 5.93E-11 1.54E-O4 1.94E-03 2.59E+04 1.04E-14 3.85E-05 1.15E-05 
Ce-144 8.39E+02 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 2.69E-11 6.96E-01 1.94E-03 2.59E+04 8.53E-16 3.16E-06 4.26E-07 
Pr-144 8.39E+02 61 5.71E+06 1.OOE-04 1.75E-11 3.OOE-05 2.69E-11 6.96E-01 1.94E-03 2.59E+01 1.95E-15 7.22E-06 9.75E-07 
Eu-154 8.98E+02 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 2.88E-11 7.45E-01 1.94E-03 2.59E+04 6.14E-14 2.27E-04 3.29E-05 
Cm-244 8.66E+02 61 5.71E+06 102OE-04 1.75E-11 3OOE-05 2.78E-11 7.19E-01 1.94E-03 2.59E+04 4.91E-18 1.82E-08 2-53E-09 
Pu-238 7.12E+02 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 2.28E-11 5.91E-01 1.94E-03 2.59E+04 4.88E-18 1.81E-08 2.07E-09 

Sb-125 5.04E+02 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 1.62E-11 4.18E-01 1.94E-03 2.59E+04 2.02E-14 7.47E-05 6.07E-06 
Eu-155 2.93E+02 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 9.39E-11 2.43E-01 1.94E-03 2.59E+04 2.49E-15 9.21E-06 4.35E-07 
Am-241 2.37E+02 61 5.71E+06 1.O0E-04 1.75E-11 3.00E-05 7.60E-14 1.97E-01 1.94E-03 2.59E+0 8.18E-16 303E-06 1.16E-07 

Pu-240 1.21E+02 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 3.88E-14 1.00E-01 1.94E-03 2.59E+ 4.75E-18 1.76E-08 3.43E-10 

Pu-239 5.53E+01 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 1.77E-14 4.59E2-1 1.94E-03 2.59E+ 4.24E-18 1.57E-08 1.40E-10 
______ I I I I Total: 1.53E-01

PFSF Safety RAI No. 2, SAR 7-1 
Attachment
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Table 3 SNC TranStor Cask with BWR Fuel Accident I 
Total Effective Dose Equivalent at 500 m Downwind 

External Inhalation 
Do& CEDE TEDE 

_mrenlny Plus -mremy) Equals (mremly) 

1.53E-01 Plus ! 7.47E+01 Equals 7.49E+01

Table 4 SNC TranStor Cask with BWR Fuel Accident Thyroid Dose at 500 m Downwind 

Canister Fraction Release Breathing Thyroid Thyroid 
Inventory Number of Volume Leak Rate Released Release Rate Release X/Q Rate Exposure Thyroid DCF DCF Dose 

Nuclide (Ci/Assembly) Assemblies (cm3) [ (cm3/s) per second Fraction (C0is) (Ca) (s/m3) (m3/s) Duration (s) (Sv/Bq) (mrem/uCi) (mrem) 

1-129 7.64E-03 61 5.71E+06 1.00E-04 1.75E-11 0.3 2.45E-12 6.34E-06 1.94E-03 3.30E-04 2.59E+06 1.56E-06 5.77E+03 2.34E-02

PFSF Safely RAI No. 2, SAR 7-1 
Attachment

/
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Table 5 SNC TranStor Cask with BWR Fuel Accident Conditions: Committed Effective Dose Equivalent From 

Inhalation Plus Deposition Estimates (uCi/m2) at 3,219 m Downwind 

Deposilion 
Fraction at 3.219 m 

Canister Released Release Breathing Inhalation Deposition Depth = 
Inventory Number of Volume Leak Rate per Release Rate X/Q Rate DCF DCF Exposure CEDE at 3,219 m 0.01 m 

Nuclide (Cl/Assembly) Assemblies (cm3) (cm3/s) second Fraction (Ci/s) (slm3) (m31s) (SvlBq) (mrem/uCi) Duration (s] (mrem/y) (Cilm2) (pCilg) 
_Gases I 

H-3 7.96E+01 61 5.71E+06 1.00E-04 1.75E-11 0.3 2.55E-0 9.42E-05 3.30E-04 1.73E-11 640E-0, 2.59E0 1.32E-0 1.20E-0 802E-0 
1-129 7.64E-03 61 5.71E+06 1.OOE-04 1.75E-11 0.3 2.45E-14 9.42E-05 3.30E-04 4.69E-0I 1.74E+0 2.59E+0f 3.42E-05 1.15E-12 7.70E-01 
Kr-85 1.30E+03 61 5.71E+06 1.00E-04 1.75E-11 0.3 4.17E-07 9.42E-05 3.30E-04 0.OOE+01 0.OOE+0 2.59E*0E 0.OOE+0C 1.96E-01 1.31E+0• 

Cud 
Co-60 6.00E+01 61 5.71E*06 1.00E-04 1.75E-11 1 6.41E-08 9.42E-05 3.30E-04 5.91E-0! 2.19E+0; 2.59E+0• 1.13E+0C 3.02E-0• 2.02E-01 

Volatiles !Sr-90 1.46E+04 61 5.71E+06 1.00E-04 1.75E-11 2.00E-04 3.12E-0• 9.42E-05 3.30E-04 3.51E-0; 1.30E+0• 2.59E*0 3.26E-01 1.47E-11 9.81E-0: 
;Ru-106 1.85E÷03 61 5.71E+06 1.00E-04 1.75E-11 2.00E-04 3.95E-'1 9.42E-05 3.30E-04 1.29E-0; 4.77E+02 2.59E+0 1.52E-0; 1.86E-11 1 24E-0" 
Cs-134 4.77E+03 61 5.71E+06 1.00E-04 1.75E-11 2.00E-04 1.02E-0• 9.42E-05 3.30E-04 1.25E-0O 4.63E+01 2.59E+0 3.80E-0: 4.81E-11 3.20E-0• 
Cs-137 2.20E+04 61 5.71E÷06 1.00E-04 1.75E-11 2.00E-04 4.70E-09 9.42E-05 3.30E-04 8.63E-0, 3.19E+01 2.59E+0 1.21E-0. 2.22E-1C 1 48E-0; 

__________ ________ _______ ________ Fines _________________ 
Pu-241 1.85E+04 61 5.71E÷06 1.00E-04 1.75E-11 3.00E-05 5.93E-1( 9.42E-05 3.30E-04 2.23E-0 8.25E+03 2.59E+0 3 94E-0" 2.80E-11 1.86E-0• 
Y-90 1.46E+04 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 4.68E-1( 9.42E-05 3.30E-04 2.28E-0. 8.44E+0C 2.59E+0 3.18E-0, 2.21E-l11 147E-0O 
Pm-147 6.37E+03 81 5.71E+06 1.00E-04 1.75E-11 3.00E-05 2.04E-1( 9.42E-05 3.30E-04 1.06E-0E 3.92E+01 2.59E+0 6.45E-0, 9.63E-12 6 42E-0z 
Ce-144 8.39E+02 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 2.69E-11 9.42E-05 3.30E-04 1.01E-0; 3.74E+02 2.59E+0 8.10E-0, 1 27E-12 845E-0.  
Pr-144 8.39E+02 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 2.69E-11 9.42E-05 3.30E-04 1.17E-11 4.33E-02 2.59E+0O 9.38E-0• 1 27E-12 8.45E-0.  
Eu-154 8.98E+02 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 2.88E-11 9.42E-05 3.30E-04 7.73E-0E 2.86E+02 2.59E+0 6.63E-0 1 36E-12 9.05E-0 
Cm-244 8.66E+02 61 5.71E+06! 1.00E-04 1.75E-11 3.00E-05 2.78E-11 9.42E-05 3.30E-04 6.70E-0. 2.48E+05 2.59E+0 5.54E-01 1.31E-12 8.73E-0.  
Pu-238 7.12E+02 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 2.28E-11 9.42E-05 3.30E-04 1.06E-0 3.92E+05 2.59E+0 7.21E-01 1.08E-1; 7 17E-0 
Sb-125 5.04E+02 61 5.71E+06• 1.O0E-04 1.75E-11 3.00E-05 1.62E-11 9.42E-05 3.30E-04 3.30E-0€ 1.22E+01 2.59E+0 1.59E-0. 7.62E-1: 5.08E-0.  
Eu-155 2.93E÷02 61 5..71E+06 1.00E-04 1.75E-11 3.00E-05 9.39E-1; 9.42E-05 3.30E-04 1.12E-0E 4.14E+01 2.59E+0( 3.14E-0. 4.43E-1: 2 95E-0.  
Am-241 2.37E+02 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 7.60E-12 9.42E-05 3.30E-04 1.20E-0. 4.44E+05 2.59E+0 2.72E-01 3.58E-13 2.39E.0.  
Pu-240 1.21E+02 61 5.71IE+06 1.00E-04 1.75E-11 3.00E-05 3.88E-12 9.42E-05 3.30E-04 1.16E-0 4.29E+05 2 59E+0t 1.34E-01 1.83E-1l 1 22E-0.  
Pu-239 5.53E+01 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 1.77E-12 9.42E-05 3.30E-04 1.16E-0 4.29E+05 2.59E•+0( 6.13E-0; 8.36E-14 5.57E-0E 

______ _______ _______ _____ ____________ _____ _____ _____ ____________ ______ otalTot 3El0__3.63___+0__

/
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Table 6 SNC TranStor Cask with BWR Fuel Accident Conditions: Effective Dose 

External Exposure from Submersion at 3,219 m Downwind 

Canister Fraction Release Exposure Effective 

Inventory Number of Volume Leak Rate Released Release Rate Release X/Q Duration DCF DCF Dose 

Nuclide (Ci/Assembly) Assemblies (cm3) (cm3/s) per second Fraction (Ci/s) (Ci) (s/m3) (s) (Sv m3/Bq s) (mrem m3/uCi s) (mrem) 

H-3 7.96E+01 61 5.71F.+06 1.00E-04 1.75E-11 0.3 2.55E-08 6.61E-02 9.42E-05 2.59E+06 3.31E-19 1.22E-09 7.62E-09 

1-129 7.64E-03 61 5.719+06 1.00E-04 1.75E-11 0.3 2.45E-12 6.34E-06 9.42E-05 2.59E+06 3.80E-16 1.41E-06 8.40E-10 

Kr-85 1.30E+03 61 5.71E+06 1.00E-04 1.75E-11 0.3 4.17E-07 1.08E+00 9.42E-05 2.59E+06 1.19E-16 4.40E-07 4.48E-05 

Co-60 6.00E+01 61 5.71E+06 1.00E-04 1.75E-11 1 6.41E-08 1.66E-01 9.42E-05 2.59E+06 1.26E-13 4.66E-04 7.29E-03 

Sr-90 1.46E+04 61 5.71E+06 1.00E-04 1.75E-11 2.00E-04 3.12E-09 8.08E-03 9.42E-05 2.59E+06 7.53E-18 2.79E-08 2.12E-08 

Ru-106 1.85E+03 61 5.71E+06 1.00E-04 1.75E-11 2.OOE-04 3.95E-10 1.02E-03 9.42E-05 2.59E+061 O.OOE+00 0.OOE+00 0.OOE+00 

Cs-134 4.77E+03 61 5.71E+06 1.00E-04 1.75E-11 2.OOE-04 1.02E-09 2.64E-03 9.42E-05 2.59E+06 7.57E-14 2.80E-04 6.96E-05 

Cs-137 2.20E+04 61 5.71E+06 1.OOE-04 1"75E-11 2.OOE-04 4.70E-09 1.22E-02 9.42E-05 2.59E+06 7.74E-18 2.86E-08 3.28E-08 

Ba-137m 2.20E+04 61 5.71E+06 1.00E-04 1.75E-11 3.OOE-05 7.05E-10 1.83E-03 9.42E-05 2.59E+06 2,88E-14 1.07E-04 1.83E-05 

Pu-241 1.85E+04 61 5.71E+06 1.00E-04 1.75E-11 3.OOE-05 5.93E-10 1.54E-03 9.42E-05 2.59E+06 7.25E-20 2.68E-10 3.88E-11 

Y-90 1.46E+04 61 5.71E+06 1.00E-04 1.75E-11 3.OOE-05 4.68E-10 1.21E-03 9.42E-05 2.59E+06 1.90E-16 7.03E-07 8.03E-08 

Pm-147 6.37E+03 61 5.71E+06 1.00E-04 1.75E-11 3.00E-05 2.04E-10 5.29E-04 9.42E-05 2.59E+06 6.93E-19 2.56E-09 1.28E-10 

Rh-106 1.85E+03 61 5.71E+06 1.00E-04 1.75E-11 3.OOE-05 5.93E-11 1.54E-04 9.42E-05 2.59E+06 1.04E-14 3.85E-05 5.57E-07 

Ce-144 8.39E+02 61 5.71E+06 1.OOE-04 1.75E-11 3.OOE-05 2.69E-11 6.96E-05 9.42E-05 2.59E+06 8.53E-16 3.16E-06 207E-08 

Pr-144 8.39E+02 61 5.71E+06 1.00E-04 1.75E-11 3.OOE-05 2.69E-11 6.96E-05 9.42E-05 2.59E+06 1.95E-15 7.22E-06 4.73E-08 

Eu-154 8.98E+02 61 5.71E+06 1.00E-04 1.75E-11 3.OOE-05 2.88E.11 7.45E-05 9.42E-05 2.59E+06 6.14E-14 2.27E-04 1.60E-06 

Cm-244 8.66E+02 61 5.71E+06 1.OOE-04 1.75E-11 3.OOE-05 2.78E-11 7.19E-05 9.42E-05 2.59E+06 491E-18 1.82E-08 1.23E-10 

Pu-238 7.12E+02 61 5.71E+06 1.00E-04 1.75E-11 3.OOE-05 2.28E-11 5.91E-05 9.42E-05 2.59E+06 4.88E-18 1.81E-08 1.01E-10 

Sb-125 5.04E+02 61 5.71E+06 1.OOE-04 1.75E-11 3.OOE-05 1.62E-1 1 4.18E-05 9.42E-05 2.59E+06 2.02E-14 7.47E-05 2.95E-07 

Eu-155 2.93E+02 61 5.71E+06 1.OOE-04 1.75E-11 3.OOE-05 9.39E-12 2.43E-05 9.42E-05 2.59E+06 2.49E-15 921E-06 2.11E-08 

Am-241 2.37E+02 61 5.71E+06 1.00E-04 1.75E-1t 3.OOE-05 7.60E-12 1.97E-05 9.42E-05 2.59E+06 8-18E-16 3.03E-06 5.61E-09 

Pu-240 1.21E+02 61 5.71E+06 1.00E-04 1.75E.11 3.OOE-05 3.88E-12 1.00E-05 9.42E-05 2.59E+06 4.75E-18 1.76E-08 1.66E-11 

Pu-239 5.53E+01 61 5.71E+06 1.00E.04 1.75E-11 3.OOE-05 1.77E-12 4.59E-06 9.42E-05 2.59E+06 4.24E-18 1.57E-08 6.78E-12 
I __1____1_ Total: 7.43E-03

PFSF Safety RAI No. 2, SAR 7-1 
Attachment
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Table 7 SNC TranStor Cask with BWR Fuel Accident 
Total Effective Dose Equivalent at 3,219 m Downwind 

External Inhalation 
Doe% CEDE TEDE 

(mremly) Plus (mrnmly) Equals (mremly) 

17.43E-03 Plus 3.63E+00 Equals 3.64E+00

I I I - I I -I I I I I I 
Table 8 SNC TranStor Cask with BWR Fuel Accident Thyroid Dose at 3,219 m Downwind 

Canister Fraction Release Breathing Thyroid Thyroid 

Inventory Number of Volume teak Rate Released Release Rate Release X/Q Rate Exposure Thyroid DCF DCF Dose 

Nuclide (Ci/Assemb!y) Assemblies (cm3) (cm3/s) per second Fraction (Ci/s) (Ci) (s/m3) (m3/s) Duration (s) (Sv/Bq) (mremluCi) (mrem) 

1-129 7.64E-03 61 5.71E+06 1OOE-041 1.75E-11 0.3 2.45E-12 6.34E-06 9.42E-05 3.30E-04 2.59E+06 1.56E-06 5.77E+03 1.14E-03

PFSF Safety RAI No. 2. SAR 7-1 
Attachment


