March 1, 2010

Mr. Maximo A. Barela

Radioactive Material Packaging Manager
DOE-NNSA

P.O. Box 5400

Albuquerque, NM 87185

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION FOR REVIEW OF
THE MODEL NO. PAT-1 PACKAGING

Dear Mr. Barela:

By letter dated September 21, 2009, you submitted an application for revision to Certificate of
Compliance (CoC) No. 0361 for the Model No. PAT-1. The application proposes to add
plutonium metals to the list of authorized contents for the PAT-1 transportation package. Our
established schedule provides a CoC issuance date of May 31, 2010.

In connection with the staff’s review, we need the information identified in the enclosure to this
letter. We request that you provide this information by April 5, 2010, or earlier if possible. Inform
us at your earliest convenience, but no later than March 22, 2010, 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. 71-0361 in future correspondence related to this request. The
staff is available to meet to discuss your proposed responses. If you have any questions
regarding this matter, | may be contacted at (301) 492-3394 or you may contact Chris Staab of
my staff at (301) 492-3321.

Sincerely,
/RA/
Eric Benner, Chief
Licensing Branch
Division of Spent Fuel Storage and Transportation
Office of Nuclear Material Safety
and Safeguards

Docket No. 71-0361
TAC No. L24377

Enclosure: Request for Additional Information

cc: E. Redmond, Nuclear Energy Institute
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DOE-NNSA
Docket No. 71-0361
Request for Additional Information
Model No. PAT-1

By letter dated September 21, 2009, you submitted an application for revision to Certificate of
Compliance (CoC) No. 0361 for the Model No. PAT-1 packaging. 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 application. Each individual RAI describes
information needed by the staff for it to complete its review of the application to determine
whether the applicant has demonstrated compliance with the regulatory requirements.

General Information

1-1

1-2

(a) Clarify whether the elastomeric O-ring or the copper gasket (within the TB-1 vessel)
serve as parts of the PAT-1 containment boundary.

The applicant stated in the PAT-1 SAR Addendum 1.0 that the TB-1 vessel is the
containment boundary of the PAT-1 package. However, based on the thermal tests
performed in the PAT-1 SAR Addendum 3.0, the TB-1 maintains containment, when the
elastomeric O-ring decomposes, but the copper gasket still maintains its seal during post-
fire plutonium air transport accident conditions. The applicant should clarify whether the
elastomeric O-ring or the copper gasket at TB-1 is a part of the PAT-1 containment
boundary.

(b) Clarify how pre-shipment leak testing will verify that the copper gasket is able to
maintain containment, independently of the elastomer seals.

The elastomer seals do not contribute to containment during the 60-min. fire test, thus
pre-shipment leak testing of only the copper gasket may be necessary to meet the
regulatory requirements.

This information is required by the staff to determine compliance with 10 CFR 71.33,
71.43,71.74, and 71.88.

Explain the need to require a minimum content weight for the Pu hollow cylinder within
the T-ampoule.

The applicant does not require the minimum content weight limits for the T-ampoule with
the sample containers (SC-1 or SC-2), but requires a minimum content weight of 731
grams (electro-refined or alloyed) for the Pu hollow cylinder within the T-ampoule in SAR
Addendum Table 1-1. Compared to the zero content weight allowed in the T-ampoule
with sample container SC-1 or SC-2, the applicant should explain this non-zero minimum
weight requirement (731 grams) from both containment and transportation safety views
and should document it as guidelines in SAR Addendum for package users for preparing
the air-transport of the Pu hollow cylinder within the T-ampoule.

This information is required by the staff to determine compliance with 10 CFR 71.33,
71.64, and 71.88.



1-3

1-4

1-5

1-6

(a) Specify the limit of surface oxides allowed in plutonium metals such that the surface
oxides will not cause a chemical-reaction issue for the PAT-1 package and;

(b) Explain how the limit of surface oxides is determined with respect to 71.64
requirements.

The applicant addressed in SAR Addendum 1.2.2 that the plutonium metal must be in
solid form (pure, alloyed or composite) with small amounts of surface oxides. The staff
needs to know: (a) what will be the maximum amount of surface oxides allowed in Pu
metal such that the existence of surface oxides will not be significant to safety, and (b)
how the limit of the surface oxides is determined, in compliance with Part 71.

This information is required by the staff to determine compliance with 10 CFR 71.31,
71.43(d), 71.64, and 71.88.

Clarify and document the factors that may differentiate the level of volatilization between
the fluorocarbon O-rings located within the TB-1 container and the Viton Parker O-rings
located within the following containers: T-ampoule, SC-1, and SC-2.

SAR Addendum 1.2.2 indicates that the O-rings within the TB-1, T-ampoule, and sample
containers (SC-1 or SC-2) are subject to the volatilization, and pressure increase due to

O-Ring decomposition during post-fire plutonium air transport accident (SAR Addendum

4.5.4).

The applicant should clarify the factors (such as temperature, pressure, and reaction with
oxygen) that may differentiate the level of volatilization between the fluorocarbon O-rings
in the TB-1 and the elastomeric Viton Parker O-rings located in the following containers:
T-ampoule, SC-1 and SC-2. The applicant should document these factors in the SAR
Addendum to instruct the package users how to use of the O-rings.

This information is required by the staff to determine compliance with 10 CFR 71.33,
71.43(d), 71.64, 71.74, and 71.88.

Specify the criteria or conditions in which the bare or tantalum-foil-wrapped plutonium
metal contents should be packed with Cu foam pieces in the sample containers.

The applicant described in SAR Addendum 1.2.1 that, as a packing option, the bare or
tantalum-foil-wrapped plutonium metal contents may be packed in the sample containers
using Cu foam pieces. It's not clear what kind of criteria or conditions are used to justify
that the bare or tantalum-foil-wrapped plutonium metal contents be packed with Cu foam.
The applicant should clarify and document these standards and conditions in the SAR
Addendum for appropriate packing operations.

This information is required by the staff to determine compliance with 10 CFR 71.33,
71.43(d), 71.64, and 71.88.

(a) Clarify how the limits of oxygen content (< 0.5%) and moisture content (< 20 ppm) are
determined when assembling the PAT-1 package in a glove box,

(b) Provide the required procedures to maintain a standard glove box line atmosphere
with oxygen and water contents below allowable limits during package assembly, and

(c) Evaluate the performance of inert gases being used to prevent the oxidation and
specify the criteria used for prevention of oxidation during package assembly.



The applicant addressed in SAR Addendum 1.2.2 that the T-ampoule, sample containers
and radioactive materials will be assembled in a typical glove box and/or laboratory with a
standard line atmosphere consisting of nitrogen, argon, or helium inert gas, with an
oxygen content not exceeding 0.5% and water content not exceeding 20 ppm (parts per
million). The applicant should:

(a) Provide information or calculation package to clarify how these limits are determined
and demonstrate these limits are acceptable to safety,

(b) Provide the procedures to maintain a standard glove box line atmosphere with both
oxygen and water contents below their allowable limits during the assembly of the T-
ampoule, sample containers, and radioactive materials, and

(c) Evaluate performance of nitrogen, argon, and helium being used as inert gases to
prevent oxidation during package assembly and specify the criteria per which
nitrogen, argon, or helium is selected as an oxidation barrier.

This information is required by the staff to determine compliance with 10 CFR 71.33,
71.35,71.43(d), 71.64, and 71.88.

Structural

2-1

Place restrictions on the operating time of the package to prevent radiation damage to
the elastomer seals in the package, and/or change the elastomeric seal materials.
Clarify the radiation dose received by the elastomer seal on the TB-1.

The analysis in Section 2.2.3 of the SAR states that the calculated gamma dose to the
seal on the T-ampoule is 3.38 x 10° rads / yr. In general, however, 10° rads is
considered the threshold dose for radiation damage in non-fluorine bearing elastomeric
materials. The threshold radiation dose for fluorine bearing elastomers (including
Viton®) is significantly lower, approximately 10* rads. Degradation of fluorine bearing
elastomers could result in the release of corrosive fluorine compounds during Normal
Conditions of Transport.

The basis for staff’s limits on the threshold dose for radiation damage are taken from the
references cited below."?

This information is needed to determine compliance with 10 CFR 71.43(d).
References:

' The Parker O-ring Handbook, ORD-5700, Sections 3.9.13 and 3.9.14, pp 3-4. Parker
Hannifin Corporation, Cleveland, OH, 2007.

? Radiation Damage in Materials, 4" ed, Figure 1-1, pp 1-3. F. Bouquet. Systems Co.,
Inc., 1994.

Correct or justify the thermal conductivity of Ti-6Al-4V alloy in Table 3-4. If necessary
perform a new thermal analysis of the package.



2-5

2-6

The thermal conductivity of Ti-6Al-4V alloy listed in Table 3-4 appears to be incorrect.
Correct or justify the thermal conductivity of Ti-6Al-4V alloy.

This information is needed to determine compliance with 10 CFR 71.73(c)(4).

Restrict the shipping temperature of the package, or use alternate elastomer seal
materials, if the elastomer seals are necessary for containment.

Elastomeric seals of Viton® are not acceptable for maintaining leak tight seals at -
40°C."? Without direct leak test measurements of the containment vessel at -40°C, the
staff considers the temperature of retraction (TR-10) the minimum permissible operating
temperature of the seal.

References:
' “Performance Testing of Elastomeric Seal Materials Under Low- and High-
Temperature.” D. Bronowksi. Sandia National Labs Report SAND94-2207, June 2000.

2 “Investigation into Replacement of Viton ‘O’-Rings.” G. Holden and G. Hall.

RAMTRANS, Volume 13, No. 3-4, pp. 233 — 242, 2002.

This information is needed to determine compliance with 10 CFR 71.71(c)(2).

Provide Pronto 3D post processor as requested during the June 11, 2009 meeting.

Staff requested a Pronto 3D post-processor from Sandia staff and an action item was
recorded which indicated Sandia National Lab staff would provide the necessary
software as requested. Staff requests this software so that output may be verified.

This information is needed to determine compliance with 10 CFR 71.73 (c) (2) and 71.74.

Staff requests output files for a representative sample of the PAT-1 accident scenarios
for plutonium transport as well as for dynamic crush.

This information is needed to determine compliance with 10 CFR 71.73 (c) (2) and 71.74.

Given that the PAT-1 as tested was not instrumented with accelerometers or strain
gauges, provide reasonable assurance that the results derived from analytical
calculations are representative of those that would be found in a testing scenario.

While exhaustive, the analysis presented by the applicant is insufficient for the staff to
make a safety finding due to the following factors:

a) Use of gross deformation results to “tune” a constitutive model is not aligned with best
practices for modeling impact limiting material, specifically one such as wood or other
material with properties that are environmentally sensitive. ®

b) Limitations of constituent model behavior subsequently obscure any potential spurious
effects due to the fact that tuning of material properties have been incorporated in the
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model development. This approach makes it nearly impossible to discern whether a
material is behaving as expected in a test scenario. °

c) While employing component testing to remove uncertainty from the use of only gross
package deformation is ideal, the component testing must be sufficient for the range of
behaviors that could reasonably be expected under testing conditions. Because the
velocity limitations of the component testing, it is unreasonable to assume that structural
and material behavior under component test conditions sufficiently envelope structural
and material behavior under regulatory test conditions. °

@ Section 2.8.1, pp 2-23 states: ‘this deformation data from the original certification tests
was used to tune the redwood constitutive properties and finally validate the high-speed
impact model.”

b Section 2.12.2.2, pp 2-38 states: “However, the orthotropic crush model in PRONTO-3D
is oriented relative to the three orthogonal global axes of the model; a local coordinate
system is not available in this model. Therefore, modeling many small segments around
the circumference is not possible. Instead, the model material blocks were constructed in
90° segments rotated 45° to the model’s global axes; this is shown in Figure 2-10. This is
an attempt to maximize the strength of the material in the radial direction during side
impacts within the constraints imposed by the constitutive model.”

¢ Section 2.12.3.1, pp 2-49: “Although the actuator assembly has a limited velocity of 200
ft/sec, which is less than the 422 ft/sec specified for the aircraft accident (10 CFR 71.74),
this is not a problem, since the impact between the TB-1 wall and the contents will not be
at the maximum velocity. The impact between the contents and the TB-1 occurs while
the TB-1 is decelerating but is still moving. Therefore, the relative velocity between the
TB-1 and the contents is only a fraction of the initial package velocity.”

This information is necessary to determine compliance with 10 CFR 71.73 and 10 CFR
71.74.

Demonstrate that Equation 2-7 is applicable to the titanium alloy (Ti-6Al-4V) used to
construct the T-Ampoule.

The applicant states that this equation is generally true for most ductile metals, but the
work presented by Bao only appears to consider thin plates comprised of aluminum.
Previous work (Johnson and Cook) upon which this equation was based, focused on
copper, iron, and 4350 steel, although it was unclear if the samples used in that work
were also thin plates. Staff is unclear as to whether the titanium alloy (Ti-6Al-4V) is
similar enough to aluminum, steel, copper, and iron such that this equation can be
universally used, whether there is a significance in the types of specimens tested (thin
plate punching versus thicker plate or shell behavior), and whether this equation, which
considers three dimensional behavior can be used as part of an acceptance criteria
method wherein the Critical Tearing Parameter only considers a static uniaxial tension
test (see RAIs ST4 and ST5).

This information is necessary to determine compliance with 10 CFR 71.74.



2-8

2-9

2-10

Describe in detail how the critical tearing parameter is determined and its relationship to
the locus in equivalent plastic strain — stress triaxiality space.

The applicant derived the critical tearing parameter based on a finite element simulation
of a uniaxial tension test. Given the multiple references to stress triaxiality, staff is
unclear whether the formulation and use of a 1D acceptance criterion in conjunction with
a 3D stress strain state locus is a consistent and relevant methodology.

This information is necessary to determine compliance with 10 CFR 71.74.

Demonstrate that the locus in equivalent plastic strain — stress triaxiality space is not
strain rate dependent.

Given that this locus was developed at speeds of 200 ft/s rather than 422 ft/s, the
applicant should provide a velocity range for which the locus is applicable. Alternatively,
the applicant should provide a thorough explanation as to why the locus developed at
lower velocity is acceptable to use outside of the regulatory framework requiring a
velocity of 422 ft/s.

This information is necessary to determine compliance with 10 CFR 71.74.

Define the terms “Function” and “Function Calc” with respect to comparison graphs of
deceleration time history.

Figures 2-13, 2-16, and 2-19 show the analytical deceleration time history and another
curve labeled “Function” or “Function Calc”

This information is necessary to determine compliance with 10 CFR 71.73 and 71.74.

Thermal

3-1

3-2

Justify that the thermal performance of the PAT-1 package as described in the original
1978 SAR satisfies the current 10 CFR 71.71, 71.73, and 71.74 regulations.

Page 3-1 of the addendum states that “The thermal performance of the PAT-1 package
is adequate and will safely contain its contents as described in the SAR under the test
conditions specified in 10 CFR 71.71, 71.73, and 71.74.” This should be clarified since
the original SAR does not reference these regulations explicitly. For example, the 1978
SAR refers to Appendix A and Appendix B of 10 CFR 71.

This information is needed to determine compliance with 10 CFR 71.71, 71.73, and
71.74.

Show that the safety performance of the PAT-1 package will not be adversely affected if
the maximum TB-1 vessel temperature is 1100°F.

It is stated twice on page 3-24 of the original SAR that the maximum TB-1 vessel
temperature is approximately 1100°F. The basis of many current addendum calculations
is 1080°F. The effects of a higher vessel temperature should be evaluated, especially



3-3

3-4

3-5

relating to the eutectic state and TB-1 pressures described in Section 3.4.5 of the
addendum.

This information is needed to determine compliance with 10 CFR 71.73 and 71.74.

Resolve the correct TB-1 O-ring/seal operating temperature range between the top of
page 3-15 and Table 3-5 of the addendum.

The service temperature range of the TB-1 O-ring is listed as -40°C to 204°C in Table 3-
5. Page 3-15 of the addendum states a TB-1 elastomeric seal operating temperature
range of -40°C to 248°C. This discrepancy should be resolved.

This information is needed to determine compliance with 10 CFR 71.71, 71.73, and
71.74.

Provide a derivation of the maximum pressure calculations listed on pages 3-15 and 3-27
of the addendum.

The basis of the 1.801 atm pressure presented on page 3-15 and 3-27 of the addendum
should be justified.

This information is needed to determine compliance with 10 CFR 71.71 and 71.73.

Confirm that the horizontal position of the package is the bounding orientation when
performing the HAC analysis.

The HAC analysis starting on page 3-16 of the addendum is based on horizontal cylinder
heat transfer correlations during the fire and cool down process after the fire. It should
be confirmed that horizontal cylinder correlations provide conservative heat transfer
coefficients.

This information is needed to determine compliance with 10 CFR 71.73.

Clarify how the PAT-1 package finite element analysis model was modified to consider
the effect of wood burn/decomposition on the package thermal response during and after
the regulatory fire.

Page 3-25 of the SAR addendum states that the redwood regions to the outer skin of the
package are expected to degrade as wood chars at temperatures above 288°C. The
PAT-1 thermal model developed by the applicant does not appear to address these
phenomena.

This information is needed to determine compliance with 10 CFR 71.71 and 71.73.
Provide a copy of Reference 12, Nakos, J.T., “Uncertainty Analysis of Steady-State
Incident Heat Flux Measurements in Hydrocarbon Fuel Fires,” SAND2005-7144, Sandia
National Laboratories, Albuquerque, NM, December 2004.

Reference 12 (page 3-30 of the Addendum) was used to calculate proposed heat



transfer coefficients associated with HAC fire conditions. A review of this document will
aid in evaluating the addendum’s HAC calculations.

This information is needed to determine compliance with 10 CFR 71.73.

Containment

4-1

4-2

Revise the markings of the Viton Parker O-rings in SAR Addendum Table 4-1 or
drawings of 2A0263, 2A0265, and 2A0268.

(a) The applicant marked Viton Parker O-ring, at TB-1, as Parker 1-147 in SAR
Addendum drawing of 2A0263, but listed it as Parker 2-242 in SAR Addendum 4.5.4
Table 1.

(b) The applicant marked Viton Parker O-rings, at SC-1/SC-2, as Parker 1-147 in SAR
Addendum drawings of 2A0265 and 2A0268, but listed them as Parker 2-147 in SAR
Addendum 4.5.4 Table 1.

The applicant should revise all inconsistency per NUREG/CR-5502 because these Viton
Parker O-rings are different in size.

This information is required by the staff to determine compliance with 10 CFR 71.33 and
71.43.

(a) Clarify the bases and performance criteria for selection of the part materials used to
make the O-rings for both TB-1 and T-ampoule,

(b) Determine how the part material is qualified as an approved equivalent for an

an elastomeric Viton O-ring, and

(c) Clarify why the service temperature range for the O-rings within T-ampoule and TB-1
(SAR Addendum Table 3-5) are the same.

The applicant identified in SAR Addendum 4.3.1 that the O-rings at TB-1 and T-ampoule
are elastomeric O-rings, but specified in Table 7-1 that the O-rings at TB-1 are made of
part materials of Viton®, and the O-rings at T-ampoule are made of part materials of
AMS-R-832488/1, Viton®, Parker Compound V0747-75 or approved equivalent. The
applicant also stated in Table 3-5 that both O-rings at T-ampoule and TB-1, which are
made of different part materials, have the identical service temperature range. The
applicant should:

(a) Clarify the bases and performance criteria in SAR Addendum that the part materials
used for O-ring at TB-1 are different from the part materials used for O-rings at T-
ampoule,

(b) Justify the qualification of an approved equivalent based on the critical characteristics
of a part material in low temperature performance, high temperature performance
under NCT, high temperature performance under HAC, dimensional tolerance,
hardness, permeability, radiation resistance, and environmental (corrosion)
resistance, and

(c) Address why the service temperature ranges are the same when both elastomeric
Viton O-ring (at T-ampoule) and fluorocarbon O-ring (at TB-1) are made of different
part materials.



4-4

This information is required by the staff to determine compliance with 10 CFR 71.33,
71.43,71.64, and 71.88.

Provide the calculations of allowable helium leak rate and maximum mass of powder
release from TB-1 vessel during the post-fire plutonium air transport accident.

The original SAR and SAR Addendum state that based on the thermal tests performed
for plutonium air transport accident, the TB-1 vessel maintained containment after
experiencing temperature as high as 582°C during post-fire plutonium air transport
accident, because (a) the copper gasket at TB-1 maintains seal even though the
elastomeric O-ring seal at TB-1 fails at 582°C which is above its service temperature
range (-40 to 204°C), (b) the maximum internal pressure of 964.2 psia is below the
maximum allowable pressure of 1,100 psia within TB-1, and (c) both helium leak-rate and
maximum mass of powder release from TB-1 are below the allowable limits of 4.5x10°
atm-cc/sec and 0.17 mg/week, respectively.

NUREG-0361 (PAT-1 SAR issued in 1978) and PAT-1 Addendum do not have any
calculations demonstrating both allowable leak-rate (from ANSI N14.5) and maximum
mass powder release from TB-1 are below the allowable limits. The applicant should
provide the calculations of both allowable helium leak rate and maximum mass of powder
release from TB-1, for validation, in accordance with ANSI N14.5, for plutonium air
transport HAC.

This information is required by the staff to determine compliance with 10 CFR 71.35,
71.51, and 71.88.

Provide the equations and the related parameters/values used to derive the helium
generation per gram of plutonium isotopic mixture.

The applicant calculated the helium generation based on the mass loss of the Pu
isotopic mixture up to 52 weeks and displayed the helium generation per gram of Pu
isotopic mixture in Table 2 of SAR Addendum 4.5.3. The applicant should provide the
equations and the related parameters/values used in the equations for validation.

This information is required by the staff to determine compliance with 10 CFR 71.35
71.43(d), 71.64, and 71.88.

Evaluate the potential risks and reactions due to damage of copper foam under post-fire
plutonium air transport test.

The applicant stated in SAR Addendum 1.2.1.2 that as a package option, the bare or
tantalum-foil-wrapped plutonium metal may be packed with copper (Cu) before they are
loaded in sample containers and indicated that the Cu foam material is high-purity Cu
foam shapes with a minimum of 1.24 Mpa (180 psi) compressive strength and nominal
9.5% relative density.

With the maximum pressure within TB-1 up to 964.2 psia (SAR Addendum 4.3.1) which
is much above the compression limit of 180 psi of Cu foam, the applicant is required to
evaluate the potential risks or the unexpected reactions caused by damage of the copper
foam under the post-fire plutonium air transport test.

This information is required by the staff to determine compliance with 10 CFR 71.35,
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4-7

4-8

4-9

71.43(d), 71.74, and 71.88.

Correct the typo errors of R value of the Viton O-ring (Parker 2-241) contained within the
TB-1 containment boundary.

The applicant listed the dimensions and volumes of Viton A O-rings in SAR Addendum
4.5.4 Table 1. The applicant should correct the typo errors of the R value (a distance
from the center of the torus to the center of the cross-sectional area) for the Viton O-ring
Parker 2-241 located at T-ampoule. The volumes of the Viton O-rings are important to
evaluate the pressure rise in TB-1 during post-fire accidents.

This information is required by the staff to determine compliance with 10 CFR 71.33 and
71.43.

Provide the referenced literature to validate the reaction products which are produced by
pyrolysis of Viton A O-rings in air.

The applicant stated in SAR Addendum 4.5.4 that based on the literature review (no
literatures are listed in Reference), the reaction products produced by pyrolysis of Viton A
in air is similar to that of pyrolysis of PTFE in air, namely, CO, CO,, HF, CF,, C,F,4, CsFs,
C4Fs. The applicant should provide the literature to staff to ensure that the pyrolysis
reaction and its products by pyrolysis, described in literatures, can be applied to the
thermal decomposition of Viton O-rings during post-fire plutonium air transport test in this
application.

This information is required by the staff to determine compliance with 10 CFR 71.35,
71.43(d), 71.74, and 71.88.

Provide References Ill and IV in SAR Addendum 4.5.4 to validate the excess of carbon
will not form CO(g) or CO,(g) under post-fire plutonium air transport accident.

The applicant assumed in SAR Addendum 4.5.4 that instead of further reacting with
oxygen to form CO(g) or CO»(g), the theoretical excess of carbon after decomposition
reaction will remain as solid, unreactive char based on (a) any oxygen present at the time
of initial packaging is scavenged completely by the formation of plutonium oxide and (b)
the TB-1 remains intact at the theoretical accident conditions. The applicant is required
to provide References lll and IV in SAR Addendum 4.5.4 to ensure that the phenomena
and criteria in References lll and IV can be suitably applied to this application.

This information is required by the staff to determine compliance with 10 CFR 71.35,
71.43(d), 71.74, and 71.88.

(a) Demonstrate that the amount of carbon char represents 32% of the original elastomer
mass and 93% of the carbon contained in the original elastomer for PAT-1 package,

(b) Clarify how the statement above provides evidence that the volatilization of the
polymer is incomplete under thermal degradation of the O-rings in a non-oxidizing
environment.

The applicant cited the references and delineated in SAR Addendum 4.5.4 that (a) an
incomplete volatilization of the polymer is evidenced by a low yield of fluorine due to
thermal degradation of the Viton O-rings in non-oxidizing environments, and (b) the
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calculated amount of char represents 32% of the original elastomer mass and 93% of the
carbon contained in the original elastomer.

The applicant should provide the calculations to demonstrate that the amount of char
represents 32% of the original elastomer mass and 93% of the carbon contained in the
original elastomer; and explain how these data of 32% and 93% can be used to identify
the volatilization of polymer is incomplete under thermal degradation of O-rings in a non-
oxidizing environment.

This information is required by the staff to determine compliance with 10 CFR 71.33,
71.35,71.43(d), 71.74, and 71.88.

Explain why the exhaust filtration system is needed during loading and unloading of T-
ampoule assembly in the PAT-1 package.

The applicant stated in SAR Addendum 4.5.4 that the excess of carbon will not react with
oxygen to form CO and CO, in the thermal decomposition of Viton O-ring. Then, the
applicant should explain (a) why the exhaust filtration system is needed (SAR Addendum
7.1.2.1 and 7.2.2.2) when there is no CO or CO, generated during loading/unloading of
T-ampoule and (b) what kinds of gases are filtrated from the package during loading and
unloading of T-ampoule assembly.

This information is required by the staff to determine compliance with 10 CFR 71.43(d),
71.87 and 71.88.

Reconcile the Table 4-4 and Table 4-5 designations on page 4-7 of the addendum and
their descriptions in the text on page 4-6.

The applicant should correct the inconsistent designation of “No Pu-241 Decay” in Table
4-2 and “100% Pu-241 Decay” in Table 4-3 to make both tables consistent with the text
in SAR Addendum 4.1.2.2 (page 4-6).

This information is required by the staff to determine compliance with 10 CFR 71.31 and
71.33.

Correct the activity A%to A,in Tables 4-2, 4-3, 4-4, 4-5, and 4-6.

The applicant should correct the typo errors and revise the activity A% to A, in SAR
Addendum Tables 4-2, 4-3, 4-4, 4-5, and 4-6.

This information is required by the staff to determine compliance with 10 CFR 71.31 and
71.33.

Operating Procedures, Acceptance Criteria, and Maintenance Tests

7-1

Explain the basis that the O-ring for the containment vessel (TB-1) is replaced after every
third use.

The applicant addressed in SAR Addendum 7.1.1 (step f) that the O-ring for the TB-1 is
replaced after every third use for radioactive material shipment or annually, whichever
occurs first. The applicant should provide the basis, based on O-ring material
characteristics and performance, to support that the O-ring can be replaced after every



7-2

7-3

7-4

7-5

third use of shipment.

This information is required by the staff to determine compliance with 10 CFR 71.33 and
71.87.

Describe the criteria for selecting the inert glove box/bag for loading and unloading
plutonium metal and include the photos or schematic drawings of the glove box/bag in
the SAR Addendum.

The applicant stated in SAR Addendum 7.1.1 that the glove box/bag can be used to load
and unload the plutonium metal contents into the SC-1, SC-2 or T-ampoule. The
applicant should describe any criteria of selecting the inert glove box/bag for usage and
provide the photos or schematic drawings in the SAR Addendum for documentation.

This information is required by the staff to determine compliance with 10 CFR 71.33 and
71.87.

Provide the criteria required to characterize a part material as an approved equivalent
used to make the O-ring.

The applicant identified Viton O-rings for both the T-ampoule and sample containers
made of part material AMS-R-83248/1, Viton, Parker Compound V0747-75 or approved
equivalent in SAR Addendum Table 7-1. The applicant should provide the criteria to
characterize a part material as an approved equivalent for the O-ring, based on the
critical characteristics of a seal in low temperature performance, high temperature
performance under NCT, high temperature performance under HAC and 60-minute post-
fire accident, dimensional tolerance, hardness, permeability, radiation resistance, and
environmental (corrosion) resistance.

This information is required by the staff to determine compliance with 10 CFR 71.33 and
71.87.

Specify the free release limits and describe the procedures/methods to determine the
free release limits for decontamination of the T-ampoule assembly exterior.

The applicant described in SAR Addendum 7.1.2.1 that the appropriate processing,
handling, and contamination control in loading the T-ampoule assembly is implemented
to maintain an uncontaminated (< free release limits) T-ampoule assembly exterior. The
applicant should specify the free release limits and describe the procedures or the
methods to determine the free release limits (for SC-1, SC-2, and Pu hollow cylinder) to
instruct the cask user for appropriate decontamination of the T-ampoule assembly.

This information is required by the staff to determine compliance with 10 CFR 71.33,
71.37,and 71.87.

Clarify the need to lubricate the O-ring installed in the TB-1 container to ensure
containment integrity.

The applicant stated in SAR Addendum 7.1.2.1 that the O-ring installed at the body of the
T-ampoule and the O-ring installed in the SC-1 or SC-2 are visually inspected and
lubricated to ensure proper installation. The applicant should clarify whether the
lubrication is also required for the O-ring installed in the TB-1 containment vessel
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(containment boundary) or not and what is the basis for the decision with respect to
containment safety.

This information is required by the staff to determine compliance with 10 CFR 71.33,
71.51, and 71.87.

Explain why the step 8 in SAR Addendum 7.1.2.1.2 is repeated for the SC-1, but not
repeated for the SC-2, when loading these sample containers into the T-ampoule.

The applicant described in step 12 of SAR Addendum 7.1.2.1.2 (Loading the Sample
Containers) that the user should repeat the steps 3 through 8 to ensure the sample
container-1 (SC-1) are in place (only to step 7 for sample container-2, SC-2).

The applicant should explain why there is no need to repeat step 8: “the lid of sample
container should be engaged and tightened by hand until the lid and body flange are fully
seated and the hand tightening until seated is only required for proper closure,” for the
SC-2, when both SC-1 and SC-2 are similar in configuration.

This information is required by the staff to determine compliance with 10 CFR 71.87 and
71.88.

Acceptance Tests and Maintenance Program

8-1

Provide the criteria or the guidance used to: (a) define the leak rates on the T-ampoule,
SC-1 and SC-2, and (b) to ensure the retention of the glove box atmosphere in
acceptance tests.

The applicant noted in SAR Addendum Table 8.2 that both the T-ampoule and sample
containers (SC-1 and SC-2) are not containment boundaries, and the leakage rate tests
on the T-ampoule and sample containers are mainly used to demonstrate retention of the
glove box atmosphere that is required as part of laboratory support operations to
minimize metal contents degradation. Therefore, these leakage rate acceptance
requirements are user-defined.

The applicant should provide the criteria or the guidelines in the SAR Addendum to
instruct the cask users how to define the leakage rates for the T-ampoule, SC-1, and SC-
2, and provide the required guidance and procedures for package users to ensure the
retention of glove box atmosphere in package acceptance test.

This information is required by the staff to determine compliance with 10 CFR 71.35,
71.87,and 71.88.

Describe the test or procedure necessary to ensure that any adverse effects of
accumulated moisture absorption by the redwood do not affect package integrity and
operation.

The applicant should provide a test or procedure to ensure that any adverse effects of
accumulated moisture absorption by the redwood in the PAT-1 package do not affect the
package integrity and operation.

This information is required by the staff to determine compliance with 10 CFR 71.85 and
71.87.
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Explain why the original SAR lists a leak test specification for the PC-1 product can, while
the current addendum does not provide a detailed leakage test specification for the T-
Ampoule.

The applicant should explain why the original SAR lists a leak test specification for PC-1,
while the current addendum does not provide a leak test specification for the T-Ampoule.

This information is required by the staff to determine compliance with 10 CFR 71.87 and
71.88.
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