
 
 
 
 
      August 22, 2011 
 
 
 
Mr. Charles J. Temus 
Project Manager  
AREVA FEDERAL SERVICES LLC 
505 336th ST Suite 400 
Federal Way, WA 98003 
 
SUBJECT: CERTIFICATE OF COMPLIANCE NO. 9341 FOR THE MODEL 

NO. BRR PACKAGE 
 
Dear Mr. Temus: 
 
As requested by your application dated June 24, 2011, enclosed is Certificate of Compliance 
No. 9341, Revision No. 2, for the Model No. BRR package.  The staff’s Safety Evaluation 
Report is also enclosed. 
 
AREVA Federal Services, LLC, is registered as user of the package under the general license 
provisions of 10 CFR 71.17.  This approval constitutes authority to use the package for 
shipment of radioactive material and for the package to be shipped in accordance with the 
provisions of 49 CFR 173.471. 
 
If you have any questions regarding this certificate, please contact me or Chris Staab of my staff 
at (301) 492-3321. 
 

Sincerely, 
 

 
      /RA/ 
       

Michael D. Waters, Chief 
Licensing Branch 
Division of Spent Fuel Storage and Transportation 

      Office of Nuclear Material Safety 
  and Safeguards 

 
Docket No.  71-9341 
TAC No.  L24548 
 
Enclosures: 1.  Certificate of Compliance 

No. 9341, Rev. No. 2 
2. Safety Evaluation Report 

 
cc w/encls.:   R. Boyle, Department of Transportation 
           J. Shuler, Department of Energy 
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Safety Evaluation Report 
Model No. BRR Package 

Docket No. 71-9341 
Certificate of Compliance No. 9341 

Revision 2 
SUMMARY 
 
By application dated June 24, 2011, AREVA Federal Services, LLC (AREVA) submitted an 
application to the U.S. Nuclear Regulatory Commission for an amendment to Certificate of 
Compliance (CoC) for the BEA Research Reactor (BRR) package.   
 
The revision adjusts the assumed minimum cladding thickness in the criticality analysis for 
irradiated University of Missouri Research Reactor (MURR), Massachusetts Institute of 
Technology Research Reactor (MITR-II) and Advanced Test Reactor (ATR) fuel types.  
Previously, the minimum cladding thickness did not envelop the minimum that may be 
encountered in actual fuel components.  TRIGA fuel types remain unaffected.  The staff’s 
evaluation of the criticality analysis of the BRR package with the adjusted cladding thickness is 
discussed in the safety evaluation report. 
 
The staff has concluded the package meets the requirements of 10 CFR Part 71 by using the 
guidance in NUREG-1609, “Standard Review Plan for Transportation Packages for Radioactive 
Material,” and guidance in NUREG-1617, “Standard Review Plan for Transportation Packages 
for Spent Nuclear Fuel.” 
 
References 
 
AREVA Federal Services LLC, application dated June 24, 2011. 
 
GENERAL INFORMATION 
 
Minimum cladding thicknesses are reduced and maximum local channel spacing at time of 
fabrication are now provided for MURR, MITR-II, and ATR fuel.  For MURR, MITR-II, and the 
majority of ATR fuel plates, the minimum cladding thickness is 0.008-inch.  For two of the ATR 
fuel plates, the minimum cladding thickness is 0.018-inch.  The maximum local channel spacing 
for MURR and MITR-II fuel is 0.090-inch.  For ATR fuel, the spacing is 0.087-inch. 

CRITICALITY EVALUATION 

Criticality Design Criteria and Features 

Staff reviewed the changes and information in the proposed SAR revision and verified that the 
information is consistent as well as all descriptions, drawings, figures and tables are sufficiently 
detailed to support an in-depth staff evaluation. 

Packaging and Design Features 

 
The package consists of a payload basket, a lead-shielded cask body, an upper shield plug, a 
closure lid and upper and lower impact limiters.  The body is cylindrical, 77.1 inches long (cm) 
and, excluding the impact limiters, 38 inches (cm) in diameter.  The end structures are cast, with 
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lead sheets firmly packed into place.  The upper and lower end structures are connected by the 
inner and outer shells, with lead cast-in-place between the two shells. 
 
Since the cask is designed for use in a pool or hot cell environment, a drain port is present in 
the lower end structure with a vent in the top end structure extending through the closure lid.  
These are intended for use with a drying system to ensure water is not present during transport.  
Both the drain and vent are closed with a threaded plug sealed with a butyl rubber washer. 
 
The BRR package provides a single level of leak-tight containment.  This consists of two butyl 
rubber O-ring seals, with the inner seal providing the containment boundary, and the outer being 
a test seal. 
 
The payload cavity is 16 inches (cm) in diameter with a length of 54 inches (cm). The contents 
are held within welded stainless steel baskets containing multiple cavities unique to each fuel 
type carried. 
 
The BRR package maintains criticality control by means of mass limits.  There is no component 
or material whose primary function is neutron absorption. 

Codes and Standards 

 
The applicable regulations considered in the review of the criticality safety portion of this 
application include the fissile material requirements in 10 CFR Part 71, specifically the general 
requirements for fissile material packages in §71.55, and the standards for arrays of fissile 
material packages in §71.59.  The staff also used the review guidance contained in NUREG-
1617. 

Summary Table of Criticality Evaluations 

 
Table 1 

Normal Conditions of Transport (NCT)
 MURR MITR-II ATR TRIGA 

Case ks ks ks ks 
Single Unit Maximum 0.085 0.058 0.088 0.417 

Infinite Array Maximum 0.197 0.144 0.234 0.539 
Hypothetical Accident Conditions (HAC)

 MURR MITR-II ATR TRIGA 
Case ks ks ks ks 

Single Unit Maximum 0.784 0.574 0.704 0.709 
Infinite Array Maximum 0.827 0.609 0.721 0.720 

USL = 0.9209 
 

Criticality Safety Index (CSI) 

 
The applicant demonstrated that an infinite array of Areva-BRR packages with the most reactive 
fuel in both NCT and HAC remains adequately subcritical.  Therefore, the CSI is 0.0 in 
accordance with 71.59(b). 
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Spent Nuclear Fuel Contents  

 
The applicant evaluated the fuel types for which the cladding thickness changes applied.  The 
change only applies to plate-type fuel and not the previously reviewed TRIGA fuel types.   
 
The wedge-shaped MURR fuel elements contain 24 fuel elements, with element 1 having the 
smallest radius.  The fuel meat is uranium aluminide (UAl), while the cladding and structural 
materials are an aluminum alloy.   The side plates are fabricated of ASTM B 209, aluminum 
alloy 6061-T6 or 6061-T651.  Overall length, including irradiation growth is 32.75 in; the 
bounding weight of a single assembly is 15 lbs. 
 
Fresh MURR elements contain up to 782.8 g U-235 with an enrichment of 93 wt%.  The isotope 
weight percents are shown in Table 1.  The MURR fuel element may be irradiated for a 
maximum of 218,196 MWD/MTU with a minimum of 180 days cooling. The maximum allowed 
decay heat is 158 W per assembly. 
 
MITR-II fuel is box-shaped and consists of 15 flat fuel plates. The fuel meat is UAl, while the 
cladding and structural materials are an aluminum alloy.  The side plates are fabricated of 
ASTM B 209 or aluminum alloy 6061-T6.  Overall length including irradiation growth is 26.52 in; 
the bounding weight of one assembly is 10 lbs. 
 
Fresh MITR-II elements contain up to 513.0 g U-235 with an enrichment of 93 wt%.  The isotope 
weight percents are presented in Table 1.  The MITR-II element may be irradiated for a 
maximum of 309,900 MWD/MTU with a minimum cooling time of 120 days.  Maximum decay 
heat allowed is 150 W per assembly. 
 
ATR fuel elements are wedge-shaped and contain up to 19 curved fuel plates with element 1 
having the smallest radius.  The fissile material is UAl and the clad is an aluminum alloy.  The 
side plates are fabricated of ASTM B 209, aluminum alloy 6061-T5 or 6061-T651.  Overall 
length of the assembly after removal of the end box structures is 51.0 in.  The bounding weight 
for one assembly is 25 lb. 
 
ATR fuel elements fall into two general classes, XA and YA.  The XA fuel element is further 
subdivided into types 7F, 7NB, and 7NBH.  The fuel element with the greatest reactivity is the 
7NB type which contains no burnable poison.  Fuel type 7NBH is similar to the 7NB except that 
it contains one or two borated plates.  The 7F type fuel has burnable poison in the 4 inner- and 
outer-most plates. The XA type fuel elements have up to 1085 g U-235 with an enrichment of 93 
wt%.  YA type fuel elements are identical to the 7F elements except that plate 19 is an 
aluminum alloy plate containing neither fuel nor burnable poison.  The YA elements have up to 
1032.4 g of U-235.  ATR fuel elements may be irradiated up to 491,155 MWD/MTU with a 
minimum cooling time of 1670 days.  The maximum decay heat allowed is 30 W per assembly. 
 
The staff viewed the information in Section 1 and 6 of the SAR and verified that the description 
of the fuel used in the criticality analysis bounds that of the allowable fuel contents. 
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General Considerations for Criticality Evaluations 

Model Configuration 

 
The BRR cask is modeled using conservative simplifying assumptions.  The impact limiters are 
not included in the model, and the cask is fully reflected with 12 in. (30.48 cm) of water.  The 
omission of the impact limiters results in a minimized separation of casks when modeling an 
infinite array, increasing the system reactivity.  The cask body is modeled as nested steel-lead-
steel cylinders.  Minor cask details having negligible effect on reactivity are also omitted. 
 
The cask upper region in the model is simply representative of the shield plug thickness, and 
the steel lid is not included.  This omission also reduces separation in the cask array models.   
 
Each fuel type has its own unique basket design.  With the basket models, structure details that 
capture relevant criticality near the active fuel region are included.   
 
All structures are modeled without damage or deformity as prior analysis has shown that the 
structures remain elastic and the fuel undamaged during HAC. 

Material Properties 

 
The fuel, clad and structural materials are presented.  Aluminum structures that are part of the 
fuel assembly are modeled as pure aluminum with a density of 2.7 g/cm3.  The inner and outer 
tubes of the package are constructed from stainless steel.  The SCALE standard composition 
for stainless steel 304 was used in the criticality analysis. 
 
Water density is varied from 0.0 to 1.0 g/cm3 to determine optimum reflection and moderation. 

Computer Codes and Cross Section Libraries 

 
The applicant used MCNP5 v1.30 for the criticality analysis.  The uranium isotopes use the 
ENDF/B-VII cross section data.  ENDF/B-VI cross section data is used for all other isotopes 
unless it is unavailable, in which case the ENDF/B-V cross sections are used.  The applicant 
applied the appropriate S(a,b) data (LWRT.60T) for the ambient temperature of the system.  
Sample input decks are provided by the applicant. 

Demonstration of Maximum Reactivity 

 
The fuel assemblies impacted by the scope of this amendment are bounded by the TRIGA fuel 
during NCT due to its hydrogenous fuel matrix. 
 
During HAC, the package is assumed to be flooded and fully water reflected. The applicant 
evaluated the displacement of fuel elements and a shifting of assemblies.  Moving assemblies 
toward the center of the package increased reactivity.  Water density was varied to determine 
optimum moderation and reflection.  Under optimum flooded conditions, the MURR fuel is the 
most reactive. 
 
A parametric study of the fuel assemblies is included to determine the impact of various 
tolerances on reactivity.  In the most reactive fuel type (MURR), reactivity is maximized by 
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maximizing the arc length of the fuel meat and the channel spacing.  The channel spacing is 
increased by modeling an artificially reduced clad thickness. 

Confirmatory Analyses 

 
Staff developed a model using the KENO-VI module in SCALE 6.  The model consists of MURR 
fuel assembly plates and aluminum structure with the clad thickness minimized to increase 
moderation to the fullest extent. 
 
Staff analysis used multigroup ENDF/B-VII cross section data.  The KENO-VI model maximized 
the uranium enrichment and mass within the range of uncertainty provided by the applicant.  
The configuration used in the analysis was determined from the limiting case presented by the 
applicant in the single package evaluation.  Both a single package and an infinite hexagonal 
array were examined, and staff results were within reasonable agreement with those from the 
applicant.   

Single Package Evaluation 

Configuration 
 
The fuel assemblies are shifted radially inward, outward and upward in conservative manners.  
The configuration of the model is often impossible to achieve in actual practice due to structural 
materials that are not included in the analysis.  This yields a more conservative result. 
 
Results 
 
In all cases, the most reactive system keff under both NCT and HAC remains below the stated 
USL.  

Evaluation of Package Arrays under Normal Conditions of Transport (NCT) 

Configuration 

In the array configurations, the most reactive NCT single package model for each fuel type was 
utilized.  A hexagonal reflective surface is added to simulate a close-packed infinite hexagonal 
array of packages.  There is a reflective boundary on the top and bottom surfaces as well. 
 
Water density between the packages is varied from 0.25 to 1.0 g/cm3.  In each case, reactivity is 
maximized with no water between the packages. 

Results 

Table 1 summarizes the most reactive case for each fuel type in an infinite array of packages 
under NCT. 
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Evaluation of Package Arrays under Hypothetical Accident Conditions (HAC) 

Configuration 

An infinite hexagonal array is modeled in the same manner as the NCT array.  The most 
reactive single package configuration under HAC is used in the array. The changes to this 
amendment under HAC include flooded cases with the cladding thickness changed as 
appropriate in the model.  Water density inside the package is varied, as is the water externally, 
to determine the maximum reactivity of the system. 

Results 

 
Table 1 summarizes the most reactive case for each fuel type in an infinite array of packages 
under HAC. 

Benchmark Evaluations 

 
The applicant used MCNP5 v1.30 for benchmark analysis.  The USLSTATS code developed at 
Oak Ridge National Laboratory (ORNL) was used to establish a USL for the analysis.  Both the 
methodology and software are appropriate for determining criticality safety limits. 

Experiments and Applicability 

 
The MURR, MITR-II and ATR fuel types analyzed in this amendment all fall under the category 
of high-enriched aluminum plate fuel.  The critical experiment benchmarks are selected from the 
International Handbook of Evaluated Criticality Safety Benchmark Experiments. 
 
35 benchmarks meet the criteria of high-enriched uranium plate fuel in a thermal system.  One 
benchmark is derived from the ATR itself, so the benchmark is essentially the same as the ATR 
fuel modeled in the package analysis.  Of those 35, 17 meet the criteria of having a UAl and 
aluminum fuel matrix, aluminum cladding and no absorbers and are directly applicable.  The 
other 18 are applicable to a lesser degree.  The USL selected is the minimum of both 
benchmark sets. 

Bias Determination 

 
The calculated upper subcritical limit for fresh fuel evaluations includes both the bias and 
uncertainty in the bias, with the most limiting of these presented in Table 1. 

Burnup Credit 

 
No credit is taken for fuel reactivity reduction due to burnup.  All analyses are modeled using 
fresh, un-irradiated fuel. 

Evaluation Findings 
 
The staff has reviewed the description of the packaging design and concludes that it provides 
an adequate basis for the criticality evaluation. 
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The staff has reviewed the summary information of the criticality design and concludes that it 
indicates the package is in compliance with the requirements of 10 CFR Part 71. 
 
The staff has reviewed the description of the spent nuclear fuel contents and concludes that it 
provides and adequate basis for the criticality evaluation. 
 
The staff has reviewed the criticality description and evaluation of the package and concludes 
that it addresses the criticality safety requirements of 10 CFR Part 71. 
 
The staff has reviewed the criticality evaluation of a single package and concludes that it is 
subcritical under the most reactive credible conditions. 
 
The staff has reviewed the criticality evaluation of an infinite array of the most reactive 
configuration in under both NCT and HAC and concludes that it is subcritical under these 
conditions. 
 
The staff has reviewed the benchmark evaluation of the calculations and concludes that they 
are sufficient to determine an appropriate bias and uncertainty for the criticality evaluation. 
 
CONDITIONS 

- Condition 5.(b) was revised to reduce the minimum cladding thicknesses for MURR, 
MITR-II, and ATR fuel.  For MURR, MITR-II, and the majority of ATR fuel plates, the 
minimum cladding thickness is now 0.008-inch.  For two of the ATR fuel plates, the 
minimum cladding thickness is now 0.018-inch.   

 
CONCLUSION 

Based on the statements and representations contained in the application, as supplemented, 
and the conditions listed above, the staff concludes that the Model No. BRR package meets the 
requirements of 10 CFR Part 71. 
 
Issued with Certificate of Compliance No. 9341, Revision No. 2, 
on  August 22, 2011. 
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