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1 Purpose

The purpose of this calculation package is to estimate the far field neutron and gamma
dose rates in the vicinity of a customer, Prairie Island (Pl), designed ISFSI. When fully
loaded, the ISFSI admits 65 TN4OHT Dry Storage casks arranged in two arrays. Each
cask contains 40 fuel assemblies. The shielding calculation provides the dose rates as a
function of distance (from the north-west corner of the array) at 600, 700 and 800 meters.
Dose rates account for radiological source terms decrease due to scheduled loading at a
pace of two casks per year until the ISFSI contains in total 65 casks.

2 References

1.

2.

TN Document, “Prairie Island ISFSI Safety Analysis Report”, Revision 9.

TN Calculation “TN-40HT Near Field Shielding Calculation.” TN40OHT-0501
Revision 0.

NMC Letter, “Request for Proposal for More realistic PI ISFSI Offsite Dose
Calculation”, Letter Ref.# PINGP: 04FS03-A210-059

TN Calculation “TN-40HT Far Field Shielding Calculations.” TN4OHT-0502
Revision 0.

TN Calculation “Representative Source terms for the Prairie Island ISFSI.”
TN40HT-0510, Revision 0.

‘“MCNP/MCNPX — Monte Carlo N-Particle Transport Code System Including
MCNP5 1.40 and MCNPX 2.5.0 and Data Libraries,” CCC-730, Oak Ridge
National Laboratory, RSICC Computer Code Collection, January 2006.

“MCNP5 v1.40 Verification Test Report on the 64-Bit Opteron Running Linux.” TN
File No. E-23526, Revision 0,

Title 10, “Energy,” Code of Federal Regulations, Part 20, “Standards for Protection
Against Radiation.”

Title 10, “Energy,” Code of Federal Regulations, Part 72, “Licensing Requirements
for the Independent Storage of Spent Nuclear Fuel and High-Level Radioactive
Waste.”

10.Title 40, “Protection of Environment,” Part 190, “Environmental Radiation

Protection Standards for Nuclear Power Operations.”
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11.“American National Standard for Calculation and Measurement of Direct and
Scattered Gamma Radiation from LWR Nuclear Power Plants,” ANSI/ANS-6.6.1-
1977, American Nuclear Society, lllinois, 1977.

12. TN Calculation “Standardized NUHOMS® System HSM Surface Dose Rates for
High Burnup Fuel.” NUH-HBU.0501, Revision 0.

13.Oak Ridge National Laboratory, RSIC Computer Code Collection, “SCALE: A
Modular Code System for Performing Standardized Computer Analyses for
Licensing Evaluation," NUREG/CR-0200, Rev. 6 (ORNL/NUREG/CSD-2/R6), Vols.
I, I, and Il

14.“CASK-81 - 22 Neutron, 18 Gamma-Ray Group, P3, Cross Sections for Shipping
Cask Analysis.” ORNL DLC-23 Updated (June 16, 1981)

156.R.W. Roussin and J.B. Wright, “Contents, Energy Group Structure, and Weighting
Function Used for DLC-23/Cask”. Informal Notes (1972). DLC-0023/03

16. TN Calculation, “TN-40 Transport Fuel Qualification and Source Terms.” 10421-
012 Rev.1
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3 Assumptions

The shielding calculation is performed based on the following assumptions regarding
ISFSI layout, casks arrangement and MCNP models. The assumptions are itemized
under various sub-sections. Other assumptions are documented, wherever used in the
calculation. The assumptions are based on data from reference [1] (Figure 1.3-1, Figure
2.5-6 and Figure 2.5-7 in particular from [1]) and [3].

3.1 ISFSI Layout.

Proprietary Information Withheld Pursuant to 10 CFR 2.390
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4 Methodology

The three-dimensional Monte Carlo particle transport computer code, MCNP, reference
[6] has been utilized to calculate the dose rates. The MCNP computer code has been
utilized by Transnuclear for shielding evaluations in NRC approved applications as shown
in reference [1].

4.1 Source Determination

Source information required by MCNP includes neutron and gamma spectra, total neutron
and gamma activities for each fuel assembly axial exposure zone and total neutron and
gamma activities for the entire ISFSI. The neutron and gamma radiation source terms
strength per fuel assembly and spectra are determined in reference [5].

Proprietary Information Withheld Pursuant to 10 CFR 2.390
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5 MCNP Analysis - Input and Outputs

The 3-D Monte Carlo code MCNP [6] is utilized to calculate the dose rates at the points of
interest specified in item 4, Section 3.3.

Proprietary Information Withheld Pursuant to 10 CFR 2.390

5.1 Geometry

Assumptions specified in Section 3 provide a “skeleton” for building ISFSI geometry in
MCNP models. Casks in arrays are represented as lattice cells in MCNP input decks.
Indices of the lattice cells can be mapped onto casks depicted on Figure 1 using Figure 2.
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5.2 Flux-to-Dose Rate Factors

Flux-to-dose rate factors for both neutrons and gammas are taken from reference [11].
MCNP logarithmically interpolates the flux-to-dose factor for each scoring particle from
the tabulated values input in the DE and DF variables.

5.3 MCNP Input Files

Three MCNP runs are used to calculate the dose rates around the ISFSI.

. GD.mi and NGD.mi determines gamma radiation dose rate

. ND.mi and ND_4.mi determine the neutron radiation dose rate

The MCNP input and all associated output files(namely, *.mo, *_tI, * tpe,) are listed in
Section 8. They are also included on the attached compact disk. Note that information
provided in the comment cards, either after $ or “¢c” character (when “c” is the first

character in a line) is optional and may not correspond to the actual parameter(s)
used.

5.4 Calculations

Proprietary Information Withheld Pursuant to 10 CFR 2.390
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