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Norma,

| made the correction to the maximum dose rates.
Travis,

I made a mistake when | put the values for the dose rates. | already corrected the values. |
made a summation of the dose rates from top, surface, and bottom, which is incorrect.

Sorry for the inconvenience.

Alexis
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5.0	SHIELDING REVIEW

The applicant requested a one-time shipment of a spent fuel segments from Oak Ridge National Laboratory (ORNL) to Idaho National Laboratory (INL) under 10 CFR 71 for exclusive use transport. The objective of this review is to verify that the shielding design of the BRR package provides adequate protection against direct radiation from its contents and that the package design meets the external radiation requirements of 10 CFR Part 71 under normal conditions of transport (NCT) and hypothetical accident conditions (HAC).  

5.1	Description of Shielding Design

5.1.1	Features

The BRR package design features consist of a lead-filled shield plug, lead-filled cask, and lead filled bottom.  The lead in the side wall of the cask is 8 inches thick.  Also in the side wall, the inner steel shell is 1 inch thick and the outer stainless steel shell is 2 inches thick.  The top plug consists of approximately 9.5 inches lead with a 1 inch stainless steel bottom cover plate and 0.5 inch stainless steel top plate.  The lid is constructed of stainless steel 2 inches thick.  The cask bottom consists of 7.7 inches of lead through the centerline, with a 1 inch stainless steel bottom cover plate, and approximately 1.2 inch stainless steel inner forging.  An external view of the BRR package is shown in Figure 4-1 of the application, while a cross-section of the package is shown in Figure 4-2 of the application.

5.1.2 Summary of Maximum Radiation Levels

The summary of the maximum dose rates are shown in Table 6-6 and Table 6-7 of the application for NCT and HAC, respectively. For NCT, total dose rates at top of the package surface is computed to be 15.3 mrem/hr, the total dose rates at the side of the package is computed to be 29.7 mrem/hr, and the total dose rates at the bottom of the package is computed to be 4.4 mrem/hr.  The total dose rates at the top of the vehicle surface is computed to be 15.3 mrem/hr, the total dose rates at the side of the vehicle surface, the total dose rates is computed to be 3.5 mrem/hr, and at the bottom of the vehicle surface the total dose rates is computed to be 4.4 mrem/hr. The total dose rates at 2 meters from vehicle surface is computed to be 0.3 mrem/hr, and the total dose rates at the occupied location is computed to be 4.95 E-02. For HAC, the maximum total dose rates at one meter from the top of the package surface is computed to be 5.2 mrem/hr, the total dose rates at one meter from the side of the package surface is computed to be 1.6 mrem/hr, and the total dose rates from the bottom of the package surface is computed to be 1.8 mrem/hr. 

5.2	Radiation Source Specification

The shielding performance of the BRR package during transport of the spent fuel payload is evaluated using SCALE 6.2.1 and MCNP. SCALE 6.2.1 is used to decay the payload contents and generate gamma and neutron source terms. SCALE 6.2.1 is also used to determine the fissile mass content of the payload. The MCNP model is based on the current SAR shielding model.  The applicant generated the spent fuel payload source term in two steps.  First, the applicant performed decay modeling to determine the current radioactive isotope inventory of the spent fuel payload (as of January 1, 2018).  The spent fuel payload is composed of three radioactive isotope sets corresponding to payload fuel segments, labeled "605", "616", and "649/650". Radioactive isotope sets "605", "616", and "649/650" are shown in Table 4-1, Table 4-2, and Table 4-3 of the application, respectively.  Set "605" is decayed 17.67 years, set "616" is decayed 9.42 years, and set "649/650" is decayed 10.67 years.  Second, the applicant combined all isotope sets to generate gamma and neutron source spectrums.  The applicant multiplied sets "616" and "649/650" by factors of 2.67 and 1.33, respectively, to account for possible additional lengths of fuel beyond that described in the previous Section.

5.2.1	Gamma Source

For gamma source terms, the applicant performed calculations using ORIGEN module in SCALE 6.2.1 code package along with an ENDF/B-Vll.1 19-group energy distribution.  The gamma source term includes modeling of Bremsstrahlung and daughter products.  Secondary gamma radiation is properly accounted for in the MCNP shielding calculation.  The staff found that maximum gamma source strength and spectra were appropriately calculated based on the data provided by the applicant.  The gamma source spectrum is shown in Table 4-4 of the application.  The staff performed confirmatory analysis using ORIGEN-ARP within the SCALE 6.1 depletion code based on the data provided by the applicant and found that the staff’s results are in agreement with the applicant’s results. Also, the staff found the applicant’s calculation acceptable because ORIGEN is a widely-used depletion code that has been previously found acceptable by the staff and includes source contribution from radioactive daughter products.

5.2.3	Neutron Source

For neutron source terms, the applicant performed neutron source calculations using ORIGEN module in SCALE 6.2.1 code package with an ENDF/B-Vll.1 28-group energy distribution.  Neutrons from subcritical multiplication are not accounted for due to the low mass of fissile material.  The staff found that maximum neutron source strength and spectra were appropriately calculated based on the data provided by the applicant.  The neutron source spectrum is shown in Table 4-5 of the application.  The staff finds the calculations acceptable mainly because ORIGEN is a widely-used depletion code that has been previously found acceptable by the staff and includes source contribution from radioactive daughter products.  The staff performed confirmatory analysis based on the data provided by the applicant and found that the staff’s results are in agreement with the applicant results.   

5.3	Shielding Model

The applicant states that for the shielding model, the assumptions are as follow:

I. The vehicle width is assumed 8 feet.  

2. The cask lead radial shrinkage gap is 0.0625 inches and the cask lead axial gap is 1.18 inches. 

3. The occupied location is assumed to be 25 feet from the centerline of the cask.  This is a reasonable assumption based on the transportation configuration.

4. All spent fuel and fuel basket geometry is conservatively ignored.  The spent fuel source is modeled as a point source within a 1 cm diameter sphere.  The source is able to move to any location within the cask inner cavity, bounding any possible reconfiguration of the spent fuel during NCT or HAC.  The spent fuel will be contained within a robust, sealed container.  All segments will be contained in closed-end tubes and up to four containers. The container will be constrained within one of the openings of the square fuel basket.

5. Subcritical multiplication is not accounted for.  The package payload is exempt from criticality analysis.

The staff finds these assumptions acceptable because of the following reasons:

1.	the width is a standard width of a trailer.

2.	the cask lead radial shrinkage gap and the cask lead axial gap increases the streaming path for gamma rays resulting in conservative dose rates calculations.

3.	a point source geometry is conservative because it does not account for any self-shielding from the source 

4.	the subcritical multiplication does not have a significant effect on dose rates is.  .  

The applicant states that the spent fuel payload consists of fuel segments between 1.0 and 13 inches in length. The fuel segments have a 0.4-in outer diameter. The spent fuel payload will be transported using the Square Fuel Basket shown in Figure 4-3. An additional 20 inches of set "616" and 9 inches of set "649/650" may be included in the payload (Table 4-1 and Table 4-3 show the customer-provided radioisotope sets corresponding to total aggregate fuel lengths of 12 inches for "616" and 27 inches for "649/650"). The parameter used to model the fuel segments radioactive isotope set were provided by the applicant in document No. FS-18-0235.

The applicant performed the shielding analysis of the package using MCNP6.1 with continuous energy ENDF/B-VII neutron and photon cross section libraries.  The calculated energy distribution of the source term is used explicitly in the MCNP model but separate calculations are performed for each of the three source terms (i.e., primary gamma dose rates, neutron dose rates, and secondary gamma dose rates).  The applicant modeled the source for the spent fuel as a point source to determine five worst-case locations where streaming path can occur with three runs per location. The staff found this approach acceptable for bounding any possible reconfiguration of the spent fuel during NCT or HAC.  In order to account for possible additional lengths of fuel, Sets "616" and "649/650" are multiplied by factors of 2.67 and 1.33, respectively.  The applicant’s five source locations within the cask cavity are 1) source shifted to the lower wall and radial wall ("Bottom" case); 2) source shifted to the lower wall and aligned with the drain port ("Drain" case); 3) Source shifted to the radial wall in the axial center of the cavity ("Middle" case); 4) source shifted to the upper wall and radial wall ("Top" case) and, 5) source shifted to the upper wall and aligned with the vent port ("Vent" case).  These runs included primary gamma dose rates, neutron dose rates, and secondary gamma dose rates.  The modeled package is presented in Figure 5-1 of the SAR.  The applicant modeled all relevant package features in three-dimensions. The impact limiters are modeled as void.  All space outside of the package is modeled as void.  The staff finds these modeling assumptions acceptable because modeling in three-dimension can provide accurate results based on previous analysis and to obtain uniformly small relative uncertainties. Using void in the model is conservative since in reality those components provide shielding to the system.  For NCT, the applicant included both the neutron shield and impact limiters in the package model.  For HAC, the applicant replaced the neutron shield with void and completely removed the impact limiters.  This approach is acceptable because it makes the model conservative.  The staff determine that all reconfiguration of the cask internal cavity during an accident condition is bounded by the evaluated worst-case locations due to the non-physical concentration of the spent fuel source terms.  

5.4	Shielding Evaluation

The applicant utilizes several assumptions throughout the shielding calculations to provide assurance that the actual dose rates remain below the regulatory limits. 

For NCT, the applicant used five mesh tallies at different locations of the package to measure the surface dose rates.  Those location are as follow: the cask side surface, the top surface of the top impact limiter, the bottom surface of the bottom impact limiter, the impact limiter side surfaces, and the impact limiter ' underside' surfaces. The impact limiter ' underside' surfaces are considered to be part of the package side surface.  Also, two segmented surface tallies are used on the conical surfaces of the top and bottom impact limiters. These conical surfaces are considered to be parts of the top and bottom surfaces of the package.  Vehicle surface dose rates are measured using one mesh tally at the projected transport vehicle side surface (4 feet from cask centerline).  The vehicle top surface is the same as the package top surface, while the vehicle bottom surface is conservatively measured at the package bottom surface. Two-meter dose rates are measured using one mesh tally 2 meters from the transport vehicle projected side surface. For HAC, 1 meter dose rates are measured using three mesh tallies at the following locations: 1 meter from the cask side, 1 meter from the cask top surface, and 1 meter from the cask bottom surface.

The staff finds the inclusion of the impact limiters in the shielding analysis for NCT acceptable.  

For HAC dose rates, the applicant takes no credit for the geometry of the impact limiters, bounding the crush of the impact limiters during an accident. The staff finds this approach acceptable because their omission should, in all cases, be conservative

MCNP uncertainties, as a statistical code, are expressed as the standard deviation of the mean. The applicant chose parameters, such as variance reduction and the number of starting particles for each run, so that the relative error for the dose rates were typically less than 3.5%.  The staff finds this method acceptable since the main reason to use variance reduction in the shielding calculations is to calculate fluxes and dose rates with low uncertainties.

For NCT, external dose rates on the surface of the package are presented in Tables 6-6 of the application, and for HAC, external dose rates on the surface of the package are presented in Tables 6-7 of the application.

5.5	Evaluation findings

The staff evaluated the parameters used to calculate the gamma and neutron source terms. The staff reviewed the description of the package design features related to shielding and the source terms for the design basis fuel and found them acceptable.  The methods used are consistent with accepted industry practices and standards.  The staff reviewed the maximum dose rates for normal conditions of transport and hypothetical accident conditions and determined that the reported values were below the regulatory limit in 10 CFR 71.47 and 71.51.  

Based on its review of the statements and representations provided in the application, the staff has reasonable assurance that the shielding evaluation is consistent with the appropriate codes and standards for shielding analyses and NRC guidance, and that the package design and contents satisfy the shielding and dose limits in 10 CFR Part 71.


