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10 CFR71 CERTIFICATE OF COMPLIANCE

FOR RADIOACTIVE MATERIAL PACKAGES

1. a. CERTIFICATE NUMBER b. REVISION NUMBER c. DOCKET NUMBER d. PACKAGE IDENTIFICATION NUMBER

9320 4 71-9320 USA/9320/B(U)-96

2. PREAMBLE

a. This certificate is issued to certify that the package (packaging and contents) described in Iltem 5 below meets the applicable safety standards set
forth in Title 10, Code of Federal Regulations, Part 71, “Packaging and Transportation of Radioactive Material.”

b. This certificate does not relieve the consignor from compliance with any requirement of the regulations of the U.S. Department of Transportation or
other applicable regulatory agencies, including the government of any country through or into which the package will be transported.

3. THIS CERTIFICATE IS ISSUED ON THE BASIS OF A SAFETY ANALYSIS REPORT OF THE PACKAGE DESIGN OR APPLICATION

a. ISSUED TO (Name and Address) b. TITLE AND IDENTIFICATION OF REPORT OR APPLICATION

EnergySolutions EnergySolutions application dated January 30, 2017.
2105 South Bascom Ave., Suite 230
Campbell, CA 95008

4. CONDITIONS

This certificate is conditional upon fulfilling the requirements of 10 CFR Part 71, as applicable, and the conditions specified below.

5.
(a) Packaging

(1) Model No.: MIDUS
(2) Description

A depleted-uranium shielded package for the transport of medical isotopes. The package has
two primary components: (1) an inner cask assembly that provides containment of the
radioactive material and radiation shielding, and (2) an overpack that provides impact and
thermal protection.

The cask assembly consists of the cask body, closure lid, shield plug, and shield lid. The cask
body is a monolithic, machined 2.5-millimiter (mm) thick stainless steel containment vessel,
surrounded by approximately 62 mm of depleted uranium gamma shielding, and a 4-mm thick
stainless steel outer shell. The containment system closure lid is a 19-mm thick stainless steel
plate which is attached to the cask body by 8, M10 x 1.5 x 30 socket head cap screws. The
containment system is sealed by two concentric ethylene propylene O-rings, and the lid is
equipped with a leak test port. A stainless steel clad depleted uranium shield plug in the cask
cavity and a shield lid that is installed over the closure lid provide shielding at the top end of the
package. The overpack base and lid are constructed of thin stainless steel shells filled with rigid
polyurethane foam. The overpack lid is attached to the base by eight recessed alloy steel bolts.
The overpack lid is equipped with four stainless steel lugs for lifting and tie-down, and the
overpack base has a bottom flange with four lugs that may also be used for tie-down.
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5.(a) (2) Description (Continued)

The approximate dimensions and weight of the package are:

Overall package outer diameter 520 mm
Overall package height 551 mm
Cask assembly diameter 225 mm
Cask assembly height 347 mm
Cask cavity inner diameter 85 mm
Cask cavity inner height 134 mm
Maximum package weight 330 kg

(3) Drawings

The packaging is constructed and assembled in accordance with EnergySolutions
Drawing Nos.:

TYCO01-1601, Sheets 1 and 2, Rev. 2 “General Arrangement of Packaging and Contents”
TYC01-1602, Sheets 1 through 4, Rev. 2  “General Arrangement of Cask Assembly”
TYCO01-1603, Sheets 1 through 3, Rev. 1 “General Arrangement of Overpack Assembly”
TYCO01-1604, Sheets 1 through 3, Rev. 3  “Containment System”

TYCO01-1605, Sheets 1 and 2, Rev. 2 “Closure Devices”
TYCO01-1606, Sheets 1 through 3, Rev. 2  “Gamma Shielding”
TYCO01-1607, Sheets 1 and 2, Rev. 0 “Heat Transfer Features”
TYCO01-1608, Sheet 1, Rev. 0 “Energy Absorbing Features”
TYCO01-1609, Sheets 1 and 2, Rev. 0 “Lifting and Tie-Down Devices”

(b) Contents
(1) Type and form of material

(i) Molybdenum-99 (°**Mo) with its daughter products as natrium molybdate
(NaNO3z 1M / NaOH 0.2M) in liquid form.

The liquid may be contained within product bottles, consisting of stainless steel flasks
with stainless steel caps, with or without elastomeric seals. Various stainless steel
components may be used as dunnage. The total volume of the payload hardware may
not exceed 125 ml (as indicated by a maximum mass of 1.0 kg).

(ii) Molybdenum-99 with its daughter products as solid, metallic molybdenum.
The metal will be contained within a sealed aluminum target can and placed in an

aluminum carrier. The total mass of the payload shall not exceed 1.0 kg, including the
target cans and carrier.
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5.(b) (2) Maximum quantity of material per package

Maximum activity 4,400 Ci *°*Mo
Maximum specific activity 60 Ci/ml **Mo
Liquid product volume 0 to 150 ml
Maximum mass of material 1.0 kg

6. In addition to the requirements of Subpart G of 10 CFR Part 71:

(a) The package shall be prepared for shipment and operated in accordance with the Package
Operations in Section 7.0 of the application. Optional polymeric dunnage may be placed in the
space between the cask assembly and the overpack.

(b) The package must meet the Acceptance Tests and Maintenance Program in Section 8.0 of the
application.

7. The package authorized by this certificate is hereby approved for use under the general license
provisions of 10 CFR 71.17.

8. Revision No. 3 of certificate may be used until April 30, 2018.

9. Expiration date: November 30, 2021.

REFERENCES

EnergySolutions application for the Model No. MIDUS transportation package dated January 30, 2017.

R THE U.S. NUCLEAR REGULATORY COMMISSION

W }) /Lw/w»\

uk{hn McKirgan, Chief

Spent Fuel Licensing Branch

Division of Spent Fuel Management

Office of Nuclear Material Safety
and Safeguards

Date: l,71//7’ 7]
/]
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SUMMARY

By letter dated January 30, 2017, (ADAMS Accession No. ML17039A879), EnergySolutions (the
applicant), requested a revision to the Certificate of Compliance (CoC) for the Model No. MIDUS
transportation package (MIDUS stands for Medical Isotope Depleted Uranium Shielded) (Model
No. MIDUS). The applicant also submitted a consolidated application by letter dated January
30, 2017 (ADAMS Accession No. ML17039A888). Therefore, the CoC for the Model No.
MIDUS references the application submitted by letter dated January 30, 2017.

The applicant proposed changing the minimum density of depleted uranium (shielding material).
The NRC staff (the staff) evaluated the proposed change to the package against the regulatory
standards in 10 CFR Part 71, “Packaging and transportation of radioactive material,” including
the general standards for all packages and performance standards for Type B packages under
normal conditions of transport (NCT) and hypothetical accident conditions (HAC). The staff
used NUREG-1609, "Standard Review Plan for Transportation Packages for Radioactive
Material," as guidance to perform this review. Based on the statements and representations
provided by the applicant, the staff concludes that the package meets the requirements of 10
CFR Part 71.

The following sections include the staff’'s evaluation and findings in the areas related to the
review.

1.0 GENERAL INFORMATION

1.1 Package Description

1.1.1 Packaging

The main materials of construction of the packaging are stainless steel, elastomers

(e.g., ethylene propylene), polyurethane foam, steel, and depleted uranium alloys. The

packaging consists of two primary components:

(1) an inner package assembly that provides containment of the radioactive material and
radiation shielding, and

(2) an overpack that provides impact and thermal protection.

The package assembly includes a machined stainless steel containment vessel, surrounded by
depleted uranium for radiation shielding. The containment system closure lid is a stainless steel
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plate attached to the package body by eight socket head cap screws. The closure lid has a leak
test port. Two concentric ethylene propylene O-rings serve to seal the containment system and,
at the top end of the package, a lid installed over the closure lid and a stainless steel clad
depleted uranium shield plug in the package cavity provide shielding. The applicant proposed
changing the minimum density of depleted uranium (used as shielding material) from 18.65
grams per cubic centimeters (g/cm?®) to 18.0 g/cm?® due to availability of material meeting the
18.65 g/cm?® specification. The overpack is constructed of thin stainless steel shells filled with
rigid polyurethane foam. The overpack lid is attached to the base by eight recessed alloy steel
bolts.

The overall dimensions of the package are approximately 520 millimeters (mm) (20.5 inches) '
in diameter and 551 mm (21.7 inches) ? in height. The maximum weight of the package is
330 kilograms (kg). The dimensions and maximum weight of the package remained
unchanged.

1.1.2 Contents

1.1.2.1 Type and form of material

The Model No. MIDUS package is a Type B(U) package currently approved for transporting
Molybdenum-99 (**Mo) with its daughter products as natrium molybdate in liquid form (Content
Number (No.) 01) and solid *®Mo (Content Number (No.) 02). The authorized contents of the
Model No. MIDUS remained unchanged.

1.1.2.2 Maximum quantity of material per package

The maximum quantity of material allowed in the Model No. MIDUS remained unchanged.

1.1.3 Drawings

Table 1 of this safety evaluation report (SER) includes the changes that the applicant made to
the licensing drawings of the Model No. MIDUS.

Table 1. Revised Drawings for the Model No. MIDUS Package.

Licensing
Drawing No.

Drawing Title  Revision No. = Sheet No.

TYCO01-1606 “‘Gamma Shielding”

' Approximated length, since the application includes the packaging dimensions in millimeters.



2.0 STRUCTURAL EVALUATION

The purpose of the structural review is to verify that the change proposed by the applicant to the
Model No. MIDUS package meets the requirements of 10 CFR Part 71 as this change relates to
the structural performance of the package, including the tests and conditions for NCT and HAC.

2.1 Description of Structural Design

The structural design of the Model No. MIDUS remained unchanged from the previously
approved design. However, the staff evaluated changes in the application to ensure the
structural design remained unaffected and assumptions remained valid. The following sections
summarize the staff’s structural evaluation.

2.2 Materials

The purpose of the materials review is to verify that the change proposed by the applicant to the
Model No. MIDUS meets the requirements of 10 CFR Part 71 as this change relates to the
materials used for the fabrication and operation of the package. This section of the SER
includes the staff’s materials evaluation for the proposed change to Model No. MIDUS package.

2.2.1 Materials Properties and Specifications

The materials used for the construction of the packaging can be classified into four major
categories:

(1) structural materials,

(2) shielding material depleted uranium,
(3) shock absorbing foam materials, and
(4) other materials.

The staff focused its evaluation on the proposed change to the minimum density of the depleted
uranium used as shielding material. The applicant provided the specifications of materials for
the packaging assembly and its components in Table 2-11, “Packaging Material Specification,”
(see Section 2.2.1.2) of the application. The staff reviewed the information presented in the
engineering drawings and found it was consistent with the materials specifications listed in Table
2-11 of the application. The staff reviewed the information provided by the applicant regarding
the change in minimum density of depleted uranium and determined that this change is
acceptable.

2.2.1:1 Depleted Uranium Density

The applicant proposed using a depleted uranium alloyed with 2% by weight of molybdenum
(i.e., U-2%Mo) for fabricating the shielding components of the package. The applicant
requested changing the density of depleted uranium from 18.65 g/cm® to 18.0 g/cm? based on
the current availability from the supplier. (The applicant included this change in Section 5.1.2,
“Summary of Maximum Radiation Levels,” of Section, 5.1, “Description of Shielding Design,” and
Section 5.3.2, “Materials Properties,” of Section, 5.3, “Shielding Model,” of the application.)



The staff reviewed the SER corresponding to Revision 3 of the CoC (Revision 5 of the
application) for the Model No. MIDUS transportation package. The applicant included
summaries of the radiation levels due to the density change of the depleted uranium used as
shielding material in Table 5-3, “Summary Table of External NCT Radiation Levels,” and Table
5-4, “Summary Table of External HAC Radiation Levels.” The staff confirms that the density
decrease results in an increase on radiation intensity. The table below includes the staff’s
comparison of Revision 5 (CoC, Revision 3) and Revision 6 (current revision request) of the
application for the Model No. MIDUS.

Transport B Radiation Level o Radiation
cangidens Application, Revision 5 | Application, Revision 6 Rengier'?i';ory
NCT 0.038— 0.55 mSv/h 2 0.053- 0.81 mSv/h 2 mSv/h
(3.8 - 55 mrem/h) 3 (5.3 - 81 mrem/h) (200 mrem/h)
per (tit;p?;t;;e 0.0025- 0.016 mSvh | 0.0035- 0.023 mSv/h 0.1 mSvh
surface) (0.25 - 1.6 mrem/h) (0.35 - 2.3 mrem/h) (10 mrem/h)
HAC 0.36— 8.1 mSv/h 0.34—- 8.4 mSv/h 10 mSv/h
(36 - 810 mrem/h) (34 - 841 mrem/h) (1000 mrem/h)

The staff finds that the thickness increase, due to this thermal expansion, is offset by the
decrease in shield density with little to no discernable effect on external dose rates. The staff
also finds that thermal conductivity increases with density decrease, with no likely temperature
rise.

Accordingly, the staff concludes that applicant provided reasonable assurance that changing the
minimum depleted uranium density from 18.65 g/cm? to 18.0 g/cm?® would not affect the
evaluations of the package under NCT and HAC.

2.2.3 Effects of Radiation on Materials

The payload of the Model No. MIDUS transportation package is heavily shielded. The
polyurethane foam materials used for the overpack cores are unaffected by gamma radiation
exposure up to 1,000 rem per hour (rem/h). The maximum radiation level due to density change
will be less than 1 rem/h. Therefore, the staff finds that:

(1) the foam materials will remain stable with this slight increase in radiation, and
(2) there will be no deleterious radiation effects on the containment seal, either directly by
radiation effects or indirectly by thermal effects.

The staff also confirms that the temperature, due to the depleted uranium density change, is not
expected to increase noticeably. Therefore, the staff concludes that the foam will be thermally
stable (up to 149 Celsius ("C)).

Moreover, the staff does not expect significant degradation of the mechanical properties of the
materials used for the construction and operation of the package under the radiation field

2 millisievert per hour
8 millirem per hour



produced by the approved contents.

2.3  Structural Evaluation under Normal Conditions of Transport and Hypothetical
Accident Conditions

The applicant requested a change of the minimum specification for the depleted uranium density
from 18.65 g/cm?® to 18.0 g/cm®. The applicant did not propose changes to the design payload
weight of 1.1 kg. Since the applicant did not request adding or removing contents to the Model
No. MIDUS, the pressure and temperature loads on the containment remained same.
Considering the change in the minimum density of depleted uranium, the package’s minimum
weight is less than the weight previously analyzed. Because of the weight, pressure and
thermal loads are the same or less than before the change requested. Therefore, the staff
concludes that the previous structural analysis is still bounding and no further structural
evaluation is required for both NCT and HAC.

24 Evaluation Findings

Based on the review of the statements and representations in the application, the staff concludes
that the applicant adequately described and evaluated the structural design, properties of the
materials, and integrity of the package in the application. Therefore, the applicant met the
requirements of 10 CFR Part 71 related to the structural evaluation of the package.

3.0 THERMAL EVALUATION

The purpose of this thermal evaluation is to verify that the change to the design of the Model No.
MIDUS transport package:

1. provides adequate protection against the thermal tests specified in 10 CFR Part 71, and
2. meets the thermal performance requirements of 10 CFR Part 71 under NCT and HAC.

The thermal design of the package described in Section 3.1.1, “Design Features,” of the
application has not changed from the previous approval.

3.1 Thermal Evaluation under Normal Conditions of Transport and Hypothetical
Accident Conditions

The applicant did not propose changes to the previously approved thermal analyses in Sections
3.3, “Thermal Evaluation Under Normal Conditions of Transport,” and 3.4, “Thermal Evaluation
Under Hypothetical Accident Conditions,” of the application. The decay heat and the maximum
activity used in the thermal analysis remained unchanged. The staff evaluated the possible
impact of the proposed change in the minimum density of depleted uranium to the thermal
evaluation of the Model No. MIDUS. The staff finds that a change in the density of the depleted
uranium will not affect the thermal analysis. The depleted uranium is not used for any structural
components in the package. Therefore the maximum operating temperature of the depleted
uranium is limited by its melting point of 1,130°C and staff finds there is sufficient margin for the
depleted uranium since its maximum temperature under HAC is 172°C. Table 3-4, “Thermal
Properties of Packaging Materials,” of the application includes the thermal properties of the
depleted uranium based upon a density of 19.06 g/cm?, per Note (7) of the table. Based upon
discussions with the materials reviewer, the staff finds that the changes associated with these
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thermal properties based upon the proposed depleted uranium density of 18.0 g/cm?® will not
have a significant impact on the thermal analysis considering the large thermal margin.
Therefore, the staff concludes that the evaluation and analyses related to Revision 3 of the CoC
are bounding for the proposed change.

3.2  Evaluation Findings

Based on review of the statements and representations in the application, the staff concludes
that the applicant adequately described and evaluated the thermal design and that the thermal
performance of the package meets the thermal standards of 10 CFR Part 71.

4.0 CONTAINMENT EVALUATION

The purpose of this containment evaluation is to ensure that the change to the design of the
Model No. MIDUS transport package satisfies the containment requirements of 10 CFR Part 71
under NCT and HAC.

4.1 Containment under Normal Conditions of Transport and Hypothetical Accident
Conditions

Section 4.1.1, “Description of the Containment System,” of the application did not change from
the previous approval. The staff finds that the proposed change in the minimum depleted
uranium density does not adversely affect previous containment safety evaluations of the Model
No. MIDUS. Therefore the previous containment evaluation is still bounding.

4.2  Evaluation Findings

Based on the review of the statements and representations in the application, the staff concludes
that the applicant adequately described and evaluated the containment design of the package,
and that the package design meets the containment requirements of 10 CFR Part 71.

5.0 SHIELDING EVALUATION

The purpose of this shielding evaluation is to determine if the proposed change to the design of
the Model No. MIDUS transport package meets the shielding requirements of 10 CFR Part 71
during NCT and HAC.

5.1 Description of Shielding Design

The package assembly provides radiation shielding protection from the contents. The Model
No. MIDUS transport package consists of a steel and depleted uranium package body assembly,
a steel package closure lid assembly, and a steel and depleted uranium shield lid assembly that
provides radiation shielding in the axial direction. The package body assembly consists of the
payload cavity and radial and axial depleted uranium shields sheathed in stainless steel.



5.2 Radiation Source

The applicant did not propose changes to the previously approved contents. Therefore, the
staff’s previous review of the source term remains appropriate for the proposed change.

5.3  Shielding Model

. The applicant’s model is the same as that approved in the prior amendment, with the exception
of the value used for the depleted uranium shield density. Staff finds the applicant made the
appropriate changes to the model to evaluate the effect of lower shield density on external dose
rates.

5.4 Shielding Evaluation

The applicant evaluated the package using MCNP5, a general-purpose Monte Carlo n-particle
(MCNP) code that is commonly used to model photon transport and to perform
three-dimensional shielding analyses. Staff finds the applicant’s use of this code to be
appropriate, as MCNP accounts for a wide range of photon interactions and also for secondary
photon production. The applicant used the flux-to-dose conversion factors from

ANSI/ANS 6.1.1-1977, “American National Standard for Neutron and Gamma-Ray Flux to Dose
Rate Factors,” as specified in NUREG-1609.

The applicant considered manufacturing tolerances in the significant shielding components, such
as the depleted uranium, to model the least shielded condition. The manufacturing tolerances
for the steel components are very small because the package is precision-machined.

Therefore, the applicant modeled the nominal thicknesses for the steel components of the
package. The applicant included summaries of the radiation levels due to the density change of
the depleted uranium used as shielding material in Table 5-3, “Summary Table of External NCT
Radiation Levels,” and Table 5-4, “Summary Table of External HAC Radiation Levels.” The staff
performed a comparative analysis for a given source to determine the relative change to external
dose rates as a result of reduced depleted uranium density, and the staff’s results showed
surface dose rates increased by a factor of 1.43 - 1.47. The staff finds this comparative analysis
confirms the results of the applicant’s analysis, which showed the dose rates to increase by a
factor of 1.39 to 1.5 with reduced density of depleted uranium shielding material.

The dose rates calculated by the applicant with the proposed change to the shielding density
were well below the regulatory limits; therefore, the staff finds the change acceptable.

5.4.1 Shielding Evaluation under Normal Conditions of Transport and Hypothetical
Accident Conditions

Aside from the depleted uranium density discusséd above, the applicant did not make any
changes to the previous evaluation under NCT and HAC.

5.5 Evaluation Findings

Based on review of the statements and representations in the application, the staff concludes
that the applicant adequately described and evaluated the shielding design, and that the
shielding performance of the package meets the radiation protection standards of 10 CFR
Part 71.



6.0 CRITICALITY SAFETY EVALUATION

There are no fissile materials authorized for transport in the Model No. MIDUS package,
therefore, criticality safety is not a concern.

7.0 PACKAGE OPERATIONS

Section 7 of the application includes information regarding operations used to:

1. load the package and prepare it for transport,
2. unload the package, and
3. prepare an empty package for transport.

The applicant did not propose changes to Section 7 of the application and the proposed change
does not affect the package operations. Therefore, the Model No. MIDUS still meets the
requirements of 10 CFR 71.87.

8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

Section 8 of the application includes information regarding acceptance testing to assure that
each packaging is consistent with the package evaluation in Sections 2 through 6, and a
maintenance program to assure that the package maintains its ability to meet the regulatory
requirements of 10 CFR Part 71 throughout its service life.

In Section 8.1.5.4, the applicant notes that the depleted uranium used in the Model No. MIDUS
should meet the acceptance criteria described in drawing No. TYC01-1606. The applicant
revised this drawing to reflect the proposed change of the minimum allowable density of depleted
uranium from 18.65 g/cm?® to 18.0 g/cm®. There were no changes in Chapter 8 of the

application. Therefore, the package still meets the requirements of 10 CFR Part 71 as it relates
to acceptance tests and the maintenance program.

CONDITIONS

The following additional condition were revised in the Certificate of Compliance:

Revised Condition No. 3.b. to add the date of consolidated application (i.e., January 30,
2017).

Revised Condition No 5.(a)(3), “Drawings,” to include the current revision of the following
drawings:

TYCO01-1606, Sheets 1 through 3, Rev. 2 “Gamma Shielding”
Revised Condition No 8. as follows:

“Revision No. 3 of certificate may be used until April 30, 2018.”



Revised the “REFERENCES” section to reflect the submittal of the consolidated application
dated January 30, 2017.

CONCLUSION
Based on the statements and representations contained in the application, and the conditions
listed above, the staff concludes that the Model No. MIDUS package meets the requirements of

10 CFR Part 71.

Issued with Certificate of Compliance No. 9320, Revision No. 4,
on April 12, 2017.



