
 
 

July 12, 2011 
 
 
 
Richard W. Boyle, Chief 
Chief, Radioactive Materials Branch 
Office of Hazardous Materials 
  Technology 
U.S. Department of Transportation 
1200 New Jersey Ave., S.E. 
Washington, D.C. 20590 
 
SUBJECT: REVIEW OF UNITED KINGDOM CERTIFICATE OF APPROVAL                    

NO. GB/3981A/B(U)-96 – REQUEST FOR ADDITIONAL INFORMATION 
 
Dear Mr. Boyle: 
 
This refers to your application, dated March 10, 2011, requesting our recommendation 
concerning revalidation of the United Kingdom Certificate of Approval No. GB/3981A/B(U)-96, 
for the Model No. R7021 transportation package. 
 
In connection with our review, we need the information identified in the enclosure to this letter.  
We request that you provide this information by September 12, 2011.  Inform us at your earliest 
convenience, but no later than September 12, 2011, if you are not able to provide the 
information by that date. To assist us in re-scheduling your review, you should include a new 
proposed submittal date and the reasons for the delay. 
 
Please reference Docket No. 71-3085 and TAC No. L24524 in future correspondence related to 
this revalidation action.  If you have any questions regarding this matter, feel free to contact me 
at (301) 492-3292. 
 
      Sincerely, 
 
       
 
      /RA/ 
      Michele Sampson, Senior Project Manager 
      Division of Spent Fuel Storage and Transportation 
      Office of Nuclear Material Safety 
         and Safeguards 
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Request for Additional Information 
Model No. R7021 Package 

Competent Authority Certificate No. GB/3981A/B(U)-96 
Docket No. 71-3085 

 
 

By application dated March 10, 2011, the U.S. Department of Transportation requested our 
recommendation regarding revalidation of the Model No. R7021 transport package, United 
Kingdom Certificate of Approval No.  GB/3981A/B(U)-96.  The International Atomic Energy 
Agency (IAEA) Safety Standards Series No. TS-R-1, “Regulation for the Safe Transport of 
Radioactive Materials,” 2009 Edition (TS-R-1) was used for this review.  This request for 
additional information (RAI) identifies information needed by the U.S. Nuclear Regulatory 
Commission (NRC) staff in connection with its review of the amendment.   
 
Each individual RAI describes information needed by the staff for it to complete its review of the 
application and to determine whether the applicant has demonstrated compliance with the 
regulatory requirements of the International Atomic Energy Agency (IAEA). 
 
STRUCTURAL EVALUATION 
 
S1: Provide additional analysis or justification for the tie-down attachment and handling 

device acceleration factors used in the package design.  
 

The factors provided in the application are not consistent with the minimum 
recommendations for transport in the U.S., as described in Safety Guide No. TS-G-1.1, 
“Advisory Material for the IAEA Regulations for the Safe Transport of Radioactive 
Material,” Appendix V, Package Stowage and Retention During Transport, Table V.2.  
Tie-down devices that are a structural part of the package must be capable of 
withstanding, without generating stress in any material of the package in excess of its 
yield strength, a static force applied to the center of gravity of the package having a 
vertical component of 2 times the weight of the package with its contents, a horizontal 
component along the direction in which the vehicle travels of 10 times the weight of the 
package with its contents, and a horizontal component in the transverse direction of 5 
times the weight of the package with its contents. 

 
This information is needed to verify compliance with TS-R-1, paragraphs 606, 650, and 
636. 

 
S2: For other than special form contents, provide evaluation of vibration effects for the 

package components, particularly those associated with the containment system, 
including resonant conditions and fatigue analysis for closure bolts.   

 
No evaluation of vibration effects has been presented in the application. 

 
This information is needed to verify compliance with TS-R-1, paragraph 612.   
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S3: For other than special form contents, provide additional information related to the 
physical testing results and the changes made to the package to ensure the containment 
performance.   

 
The application identifies that design changes were made after physical testing to 
address weld failures.  The two failures requiring additional explanation are as follows: 
(a) Per QR 284, “UK Type B(U) Design Approval Application for the R7021 Transport 

Container,” (QR 284) Section 5.1.1, a weld failure was observed between the flask 
top flange and the side wall of the closure counterbore.  Per IR 0673, “Inspection 
After Normal Conditions Drop Testing,” Section 3, Item 9, (IR 0673) the containment 
boundary was found not to be leak-tight following other than special condition of 
transport drop testing.   

(b) Per IR 0675, “Inspection After Accident Conditions Drop Testing,” Section 3.1, (IR 
0675) a large leak approximately 70 mm inside the drain opening was detected 
following the hypothetical accident condition drop testing.  As a result, it was not 
possible to pull a vacuum in the shielding space and the containment boundary was 
not leak tight.   

 
The application does not provide adequate justification for the post-testing design 
changes and modeling.  In particular, additional description is needed to justify the 
“leaktight” performance of the package for other than special form contents. 
 
Include discussion of any failure analyses, metallurgical evaluations, and welding 
procedure evaluations and changes that were considered or implemented.  The 
information should also include: 
 
(a) A list of specific changes to the 1) package design and 2) finite element model that 

address the weld failures in the containment boundary during the article testing. 
 
(b) Detailed comparison of displacements, strains and stresses for the region of the 

model where the weld failed for the analyses 1) before and 2) after the package 
features were redesigned. This should include direct comparison between the test 
article, the initial drop model, and the model with the redesigned region. 

 
(c) Detailed justification to provide assurance that the package will meet the leaktight 

criteria, as described in ANSI N14.5-1997, “Radioactive Materials – Leakage Tests 
on Packages for Shipment” or an equivalent international standard, for the revised 
design. 

 
This information is needed to verify compliance with TS-R-1, paragraph 657.   
 

MATERIALS EVALUATION 
 
M1: Specify the pass/fail criteria in OP 219, “Transport Container Thermal Test Procedure,” 

Section 3.3. 
 
Thermal performance testing is necessary to ensure that the as-built package performs 
as designed.  However, without adequate pass/fail criteria, it is unclear whether the test 
will successfully demonstrate adequate thermal performance. 
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This information is needed to determine compliance with TS-R-1, paragraphs 501(b) and 
653. 
 

M2: For other than special form contents, clarify QR 284, Section 6.3, and/or RTM 126, 
“Justification of the R7021 Containment System,” to fully define the components of the 
containment system.  Provide justification for including or not including the spring gasket 
as a part of the containment system.  Describe the intended function of the spring 
gasket.  If the spring gasket is considered to be part of the containment system, then 
provide supplemental information for drawing R7021/018, to specify the applicable U.S. 
or international standard(s) used for fabrication. 
 
In QR 284, the components of the containment system for non-Special Form material 
are identified as including:  the flask and closure inner surfaces, the closure fixings, the 
vent and drain plugs and the three inner O-ring seals.  However, it is unclear whether the 
spring gasket serves a critical containment function.   
 
This information is needed to determine compliance with TS-R-1, paragraphs 618, 638, 
and 807(e). 

 
M3: Clarify the physical environment described in RTM 126, “Justification of the R7021 

Containment System,” Section 4.1.3, Physical Environment (RTM 126) and the 
operating instructions described in OP 381, “Operating and Maintenance Instructions: 
R7021 Transport Container,” Section 5.4, Reassembly (OP 381) to reconcile ambiguity.   

  
 RTM 126 describes the physical environment as “an inert noble gas such as helium or 

neon (see OP 381).”  However, OP 381, Section 5.4, has several reassembly directions 
some of which do not include an inert noble gas backfill procedure.  It is unclear that OP 
381 requires an inert noble gas environment to be present for all shipment of contents 
not in special form. 

 
This information is needed to determine compliance with TS-R-1, paragraphs 618, 
646(b), and 656. 
 

M4:  For other than special form contents, identify a specification for all the materials of 
manufacture of the containment system.  Provide supplemental information for drawings 
R7021/008 and R7021/009, to reflect the applicable manufacturing standards.  Include a 
manufacturing specification for the three O-Rings that are a part of the containment 
system (drawing R7021/001, Items 28, 30, and 32).  Include a description of acceptance 
tests performed to ensure quality.  Staff also noted an apparent typographical error 
identifying the manufacturing standard as “BE EN 100088-2 or -3” in drawing 
R7021/026. 

 
 Per QR 284, Section 6.3, “Containment System,” the components of the containment 

system for non-special form material include:  the flask and closure inner surfaces, the 
closure fixings, the vent and drain plugs, and the three inner O-ring seals.  However, a 
specification is not included for the vent or drain plugs.   

 
This information is needed to determine compliance with TS-R-1, paragraphs 638 and 
807(e). 
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M5: Clarify the material property data used in the finite element models described in 15578-
TR-0002, “Impact Assessment of the REVISS R7021 Flask” (15578-TR-0002).  Provide 
the US-recognized equivalent standard, British Standard material data sheet, Certified 
Material Test Report, or equivalent, as applicable, for the properties provided in 15578-
TR-0002, Tables 3 and 4. 

 
 As noted below, the application does not provide clear and well justified material 

property data. 
(a) Per 15578-TR-0002, Section 2.1, “Material Properties,” it appears that the 

benchmarking finite element model utilized initial material test data supplied by 
REVISS on April 7, 2009.  This data is summarized in 15578-TR-0002, Table 3.  The 
origin of and justification for use of this data in the benchmarking model is not 
evident. 

(b) Per 15578-TR-0002, Section 8.1.5, “Material Definition,” and Section 11.1, “Material 
Properties,” it appears that the orientation finite element model and the detailed finite 
element model utilized material properties that represented a combination of data 
provided by REVISS and contained in applicable British Standards.  This data is 
summarized in 15578-TR-0002, Table 4.  The origin of and justification for use of this 
data in the orientation and detailed models is not evident. 

 
 This information in needed to demonstrate compliance with TS-R-1, paragraphs 651 and 

657. 
 
M6: Specify the materials which are permitted within the flask, including materials acceptable 

for both material encapsulation and baskets. 
 

OP 381, Section 4.3, items 3 and 4 state that “all radioactive material must by 
encapsulated” and “all capsules must be supported in a basket”.  Regarding the 
encapsulations, it is not clear whether acceptable materials are limited to those shown in 
drawing GA20890 or if additional, alternative capsule materials are also proposed.  OP 
381, Section 4.4 states that “baskets shall be manufactured from materials compatible 
with the contents and the flask,” but does not specify the acceptable materials that meet 
this criteria.  A listing of the materials is needed to confirm that these materials are 
compatible with both the contents and the flask. 

 
This information is needed to demonstrate compliance with TS-R-1, paragraph 613. 

 
THERMAL EVALUATION 
 
T1: Provide an explanation and justification for shipment of the package before thermal 

equilibrium conditions have been approached.  Additional detail is needed on the 
conditions and basis for those conditions for the shipment of a package which has not 
reached equilibrium conditions. 

 
In accordance with paragraph 502(d) of TS-R-1, the package should be held until 
equilibrium conditions have been approached closely enough to demonstrate 
compliance with the requirements for temperature and pressure, unless an exemption 
from these requirements has received unilateral approval.  However, the application, 
R7021BU, “REVISS Services (UK) LTD, UK Type B(U) Design Approval Application for 
the R7021 Transport Container” (R7021BU), page 14, states the package may be 
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shipped before equilibrium is attained though it is unlikely given the typical time taken to 
prepare it for shipment. 

 
This information is needed to determine compliance with TS-R-1, paragraph 502(d). 

 
T2: Clarify why, for air transport only, the package surface temperature may exceed 50°C in 

the shade, as stated in R7021BU, page 30. 
 

Paragraph 617 of TS-R-1 states that for packages to be transported by air, the 
temperature of the accessible surfaces shall not exceed 50°C at an ambient temperature 
of 38°C with no account taken for insolation.  Contrary to this requirement, the 
application, R7021BU, notes that the surface temperature may exceed 50°C. 
 
This information is needed to determine compliance with TS-R-1, paragraph 617. 

 
T3: Provide justification for limiting the temperature range, or evaluate the performance of 

the package containment for the ambient temperature from -40°C to 55°C for air 
transport.   

 
Contrary to this requirement, the application in R7021BU, Section 6.5.1, states that the 
evaluation was performed for ambient temperature ranges between -40°C to 38°C.  
Paragraph 618 of TS-R-1 states that packages to be transported by air shall be so 
designed that if they were exposed to ambient temperatures ranging from –40°C to 
+55°C, the integrity of containment would not be impaired.  
 
This information is needed to determine compliance with TS-R-1, paragraph 618. 

 
T4: Describe how the package heat load distribution was developed. 
 
 The package heat load distribution is shown in Table 1 of R7110/1.1, “Thermal Analysis 

of the R7021 Radioactive Materials Transport Container” (R7110/1.1) and R7410/1.1, 
“Thermal Analysis of the R7021 Radioactive Materials Transport Container at 3074W 
Internal Heat Load” (R7410/1.1), however there is no explanation of how this distribution 
was obtained. 

 
This information is needed to determine compliance with paragraph 501(b) of TS-R-1. 

 
T5: Clarify if a sensitivity study was performed for the thermal evaluation model and provide 

an estimate of the numerical uncertainty and the grid convergence index (GCI).  The 
information should include: 
a) Has a sensitivity analysis been performed concerning turbulence modeling, boundary 

conditions, grid independence, and grid convergence? 
b) Was GCI used to assess uncertainty of the predicted results? 
c) Has a sensitivity analysis been performed concerning turbulence modeling, boundary 

conditions, grid independence, and grid convergence? 
d) Was GCI used to assess uncertainty of the predicted results? 

 
R7110/1.1, page 6, states that a sensitivity study was performed to determine the 
sensitivity of the design to any assumed modeling values.  It is not clear if computational 
fluid dynamics (CFD) best practice guidelines (BPG) were used to perform the thermal 
evaluation and to obtain the discretization error.  In order to facilitate the review, the 
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analysis results should include an estimate of the numerical uncertainty, grid 
convergence, and sensitivity of the performed CFD analyses.   

 
The applicant may consult the following documents for further information on CFD BPG: 
(1) “Best Practice Guidelines for the use of CFD in Nuclear Reactor Safety Applications,” 
NEA/CSNI/R(2007)5, (ADAMS accession number ML071581053); and (2) “Policy of 
Journal of Fluid Engineering of ASME about CFD Analyses.” 

 
This information is needed to determine compliance with TS-R-1, paragraph 501(b). 

 
T6: Clarify the reason why a doubled insulation thermal conductivity will result in the highest 

temperatures for normal conditions of transport.    
 

In the application, it is not clear how increasing the material thermal conductivity would 
result in higher temperatures since increasing conductivity would increase the heat 
transfer and therefore, lower temperatures.  For normal conditions of transport, realistic 
or conservative thermal properties should be used in the thermal evaluation. 

 
This information is needed to determine compliance with TS-R-1, paragraph 501(b). 

 
T7: Clarify if a sensitivity calculation was performed to characterize the air flow and to 

choose an adequate turbulent flow model.   
 

Is it not clear from the thermal evaluation in Appendix 2 of Reports R7110 and R7410, 
how the flow characteristics inside the air gap between the flask and the jacket and the 
outside ambient were obtained. 

 
This information is needed to determine compliance with TS-R-1, paragraph 501(b). 

 
T8: Explain the reasons why during other than special conditions of transport the maximum 

surface temperature is the same (79°C) for two different heat sources (2.46 kW for other 
than special form material and 3.074 kW for special form material). 

 
The surface temperature and heat source information is shown in Table 9 and Table 3 of 
R7110 and R7410 reports, respectively.  There is not any description of how the same 
temperature was selected for the two different heat sources. 

 
This information is needed to determine compliance with TS-R-1, paragraph 501(b). 

 
T9: Perform an NCT calculation to demonstrate that the maximum surface temperature 

would be below 50°C with a maximum activity of 2.08 PBq.   
 

Page 22 of RTM 120 report states that a surface temperature of 49.5°C is obtained by 
taking the temperature difference proportional to the heat load, which is basically an 
extrapolation approach.  The staff finds this approach unacceptable because the 
temperature distribution of the package with respect to the total decay heat is not linear. 

 
This information is needed to determine compliance with TS-R-1, paragraph 501(b). 
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CONTAINMENT EVALUATION 
 
C1: Provide documentation to show the units of helium leakage rate from atm-cc/s and 

mbar.l/s, helium to ref-cm3/sec, air, for shipment of other than special form contents. 
 

The application, in Section 5.2.1 of R7021BU, identifies that the containment boundary 
(including three flask O-ring seals) is helium leak tested to 2.6x10-7 atm.cc/s, helium, at 
manufacture (fabrication test), 1.0 x 10-5 atm.cc/s in periodic leakage test, 1.0x10-5 
mbar.l/s in maintenance leakage test, and 5.0x10-4 mbar.l/s at loading (pre-shipment 
leakage test).  The applicant is required to convert these units to the standard leakage 
rate (ref-cm3/sec, air) for consistency and show its leak-tightness in accordance with 
ANSI N14.5 or an equivalent international standard. 

 
This information is needed for the staff to access compliance with TS-R-1, paragraphs 
619 and 646. 

 
C2:  For other than special form contents, clarify the allowable helium leakage rates of the 

containment boundary for periodic, maintenance, and pre-shipment leak tests. 
 

The applicant described in Section 6.4 of R7021BU that the containment boundary is 
required to be leak tested to verify a total leak-tightness of 1.0x10-5 atm.cc/s (helium) in 
periodic leakage test and 1.0x10-5 mbar.l/s in maintenance leakage test.  The applicant 
is required to: 
 Explain the inconsistency between the allowable fabrication leakage rate (2.6x10-7 

atm.cc/s) and the allowable periodic leakage rate (1.0x10-5 atm.cc/s). 
 Explain the inconsistency between the allowable fabrication leakage rate (2.6x10-7 

atm.cc/s) and the allowable maintenance leakage rate (1.0x10-5 mbar.l/s). 
 
This information is needed for the staff to access compliance with TS-R-1, paragraphs 
619, 644, and 807(c). 

 
C3:  Clarify the helium leakage test to apply to the entire containment boundary, including the 

base materials of the flask and closure inner surfaces, and the closure fixings.  This 
information is required for other than special form contents. 

 
The applicant delineated in Section 6.3 of R7021BU that the containment system 
comprises of the flask and closure inner surfaces, the closure fixings (closure nuts and 
closure studs), the vent and drain plugs, and the three inner O-ring seals (closure O-ring, 
vent plug O-ring, and drain plug O-ring).  Section 11.3 of R7021BU describes the helium 
leak testing procedures on the containment boundary and closure, vent, and drain plug 
seals.  The applicant is required to provide additional explanation regarding the 
operation to “connect mass spectrometer to interest test point on plug and measure leak 
rate,” and how this operation qualitatively represents the helium leak test to the entire 
containment boundary, including the base materials of the flask and closure inner 
surfaces, and the closure fixings, in accordance with ANSI N14.5 or an equivalent 
international standard. 
 
This information is needed for the staff to access compliance with TS-R-1, paragraphs 
619, 644, and 807(c). 
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C4:  Clarify the exact containment boundary.  This information is required for other than 
special form contents. 

 
The applicant listed, in Section 6.3 of R7021BU, the flask containment system 
components, including the drain tube assembly; however the exact components of the 
containment boundary are not clearly identified in all parts of the application.  The 
applicant should provide an exact description of the containment boundary, such as a 1-
page drawing to mark the containment boundary (with a dashed line). 

 
This information is needed for the staff to access compliance with TS-R-1, paragraph 
807(b). 

 
C5:  Explain the equation used to calculate the closure fixings tensile stress, either document 

how the equation was derived or provide the references to show the validity of the 
equation suitable for the stress calculation at closure fixings. 

 
In Section 4.3.1 of RTM 119, “Internal Stresses in the R7021 Transport Container,” the 
applicant listed the equation used to calculate the tensile stress at closure fixings.  
However, the application does not provide any support to confirm that this equation is 
appropriately used. 
 
This information is needed for the staff to access compliance with TS-R-1, paragraphs 
639, 641, and 807(c). 

 
SHIELDING EVALUATION 
 
R1: Provide the explicit method(s) used and the justification for use to calculate gamma 

source strengths, correction factors, weighting factors, and dose rates. 
 

In RTM 124, “Shielding Performance of the R7021 Transport Container,” Issue 2, the 
applicant states that the calculations estimate the maximum surface dose and Transport 
Index (TI) when the package is carrying the maximum activity contents.  The application 
also identifies that results were obtained by adjusting measurements made on the 
prototype to take account of differences in content, shielding, and distance.  However, 
no evidence based on calculative methods was provided. 
 
This information is required to meet TS-R-1, paragraph 807(c). 

 
EDITORIAL 
 
E1: Correct the reference to regulations that govern road and rail transport within the U.S.A.   
 

Page 4 of OP 381 states that road and rail transport within the U.S.A. is governed by 10 
CFR Part 49.  It should be corrected to say road and rail transport within the U.S.A. is 
governed by the regulations of the U.S. Department of Transportation in 49 CFR 
“Transportation.” 
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